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BACKGROUND

15 Generally, contact lenses in wide use fall into three categories: (1) hard lenses
formed from materials prepared by polymerization of acrylic esters, such as polymethyl
methacrylate (PMMA), (2) rigid gas permeable (RGP) lenses formed from silicone
acrylates and fluorosilicone methacrylates, and (3) gel, hydroge! or soft type lenses made
of polymerized hydrophilic or hydrophobic monomers, such as 2-hydroxyethyl

20  methacrylate (HEMA). The hard acrylic type contact lenses are characterized by low
water vapor diffusion constants, resistance to the effects of light, oxygen and hydrolysis
and absorb only minor amounts of aqueous fluids.

In the normal course of wearing contact lenses, tear film and debris consisting of

proteinaceous, oily, sebaceous, and related organic matter have a tendency to deposit

25  and build up on lens surfaces. Many factors influence deposit formation, including
patient to patient variation, lens material, care regimen, and environment. In general,
high water, ionic lens materials absorb more protein than low water or non-ionic lens
materials. As part of the routine care regimen, contact lenses must be cleaned to remove
these tear film deposits and debris. If these deposits are not properly removed, both the

30 wettability and optical clarity of the lenses are substantially reduced causing discomfort

* for the wearer.



patient to patient variation, lens material, care reginen, and environment.

I n; general ; hi gh water, ionic |lens materials absorb nore protein than
| ow wat er or non-ionic |ens materials. As part of the routine care
regi men, cont awo9vsmesees nmust be cl eaned to renove t hesecr/osa7/o1331 m

deposits and debris. If these deposits are not properly renoved, both the

30 wettability and opti a t he ses are nti al

reduced causing di sg 'H’?B‘f‘{"% e cse!“ﬁ'% % hgesssaocomp!xs © W‘%’@?f%‘%w
PCT/ US97/ 01331 0f two general classesoﬁelem&t iSufadthnt clehiees, geradlly kGowh as"Watyact | enses
I s acconplished with one or of two general cl asses of cl eaners.

Surfactant cl eSkees g@H&%{‘F‘FW rmmwnagdd@apware effective £ofithe remongl Of mogt of
h
their recomnﬁﬁg?lpl '&é’%ﬁii? t%ﬁ@'edexﬁ;tfé?t ﬁe\‘;e?rthé;hﬁef\&@?\éﬁf&n%fm

car bohydrate a matter. wever ey are not as effective
for the 5 SremﬂﬁmrmmummgsxcmmcﬁmwmeymmetalIy,

Pr ot eol VUi ¢ NGRS srom lans A5l S B QULR'sBlRees HOLIR Lo vl e APl Bheigr OO

are used to renove Fﬁe nor'e en‘acflous el haceous eposli
"enzyne" cl eanepraeimaceous\depazits. | 'phesetannmm‘ld:bdne&mremnﬂyrecommended ﬁ)ravaéklgr e

I I d d I . I bl,
Col Ut ons, 0" uae b compi EbGSER Ry st et pElEsE SRR ARSI (o 1

har nful m cr oogglafidns s t hat may be present or grow on the | enses. A
nunber of nethods for d|S|nfect|ng cont ac enses have been used such
as contactilfg the | Eyrthes cqpast ﬂ“%ﬁ%bbﬁls@@ﬁﬂeéﬁmk’ﬂga@ﬁ" m’c"OOTSGSQ‘F‘Hﬁ&hP‘v

chem cal (e.g. n

t enper at ures. KWerﬂa Y fé/rﬂw(ﬁl Sl n%cegl éﬁﬂﬁggp ﬁ@?gfﬁ’gqﬁgﬁﬂ‘t‘%y exp05| ng
the | enses to ldnses havechesn B:tdtsmhmrcanmtmg thiedensepwith asduhqmmonmumlgm ti nre
This latter dIS fect on tg g)genperomde)oganan%u%rg uset%gﬁbl ocess of

el ectrical di SI
cl eani ng and dw&atm nsltmiraytdnﬁmmmap&éhmuipwwexposmgﬂieﬁmrtbact

| enses. “typical |y ipuolves LLLales] o0 COMRL 0%, 5Gh AN AdRhase
requires the use of a common electrical disinfecting apparatus.

A conventional process of cleaning and disinfecting contact lenses, particularly
soft contact lenses, typically involves initial steps comprising the cleaning phase wherein
the lenses are rubbed with a daily cleaner to remove debris and then soaked in an

20 enzyme cleaning solution at ambient temperature conditions, i.e., soaking for a period of
at least 15 minutes, to achieve effective removal of proteinaceous deposits. In this |
process, after the cleaning phase, it is necessary to subsequently disinfect the lenses.

Methods have been developed which can remove proteinaceous material from
contact lenses while simultaneously disinfecting the lenses. For example, U.S. Pat. No.

25 4,614,549 discloses a single-step method of cleaning and disinfecting contact lenses in
aqueous solutions of proteolytic enzymes at temperatures of between 60°C and 100°C.
Unfortunately, this method requires the use of an electrical disinfecting apparatus and
elevated temperatures. Another example of a method for simultaneously cleaning and
disinfecting contact lenses is described in U.S. Pat. No. Re. 32,672 which discloses a

30 method wherein lenses are immersed in a solution containing peroxide and a peroxide
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wherein Z is a connecting radical equal in valence to n, where n is 1 to 6, preferably
containing 1 to 12 carbon atoms. The Z radical can include such radicals as substituted
10  or unsubstituted saturated hydrocarbon radicals or amine-containing radicals. By
“substituted or unsubstituted” is meant unsubstituted or substituted with halogen,
hydroxy, amine, carboxyl, alkylcarbonyl, alkoxycarbonyl, or substituted or unsubstituted
phenyl, where the substituents on the phenyl may be halogen, hydroxy, amine, carboxy,
alkylcarbonyl, or alkyl, wherein said alkyl or alkoxy groups have 1 to 4 carbon atoms.
15 The method of the present invention comprises cleaning a contact lens with an
aqueous solution comprising at least 0.003 percent weight by volume of the subject
phosphonic acid, preferably 0.005 to 1.0 percent weight by volume of a subject
compound, more preferably 0.01 to 0.25 percent weight by volume.
In a preferred embodiment, the subject phosphonic acid compounds may be used
20 in combination with antimicrobial agents for providing simultaneous disinfection and
cleaning of contact lenses. In a further preferred embodiment of the present invention,
the subject lens-care solution provides a complete non-oxidative cleaning regimen for
contact lenses, without requiring any other solutions or supplemental enzymatic cleaning
agent. The cleaning regimen provides protein removal comparable to other cleaning
25  regimens that include the use of an enzymatic cleaning agent. As such, the present

invention offers significant advantages over known cleaning and disinfecting regimens.
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i nterrupt ed A t tprepared fom mepemers such as hydsepyethykrasthachiate, hydroxyethylmetid dar y or
methacrylate, vinylpyrrolidone, glycerolmethacrylate, methacrylic acid or acid esters and

the like. Such lenses absorb significant amounts of water, which amounts range from
about 4 to about 80 percent by weight.
As previously indicated, the present invention includes an aqueous solution
10  comprising a phosphonic acid, or its physiologically compatible salt, that is represented
by the following Formula (I):

@
wherein Z is a connecting radical equal in valence to n, wherein n is an integer from 1 to
15 6, preferably 1 to 3, and preferably containing 1 to 12 carbon atoms, more preferably 1
to 10 carbon atoms. The Z radical comprises substituted or unsubstituted saturated
hydrocarbon radicals or amine-containing radicals, which amine-containing radicals are
saturated hydrocarbon radicals in which the carbon atoms are interrupted with at least
one nitrogen atom, preferably 1 to 3 nitrogen atoms, that forms a secondary or tertiary.
20 amine. When Z is an amine-containing radical comprising one or more secondary or
tertiary amines, the number of carbon atoms in Z is at least n+1. By “hydrocarbon” is
meant branched, unbranched, acyclic or cyclic moieties consisting of carbon and
hydrogen atoms. By “substituted or unsubstituted” is meant unsubstituted or substituted
with halogen, hydroxy, amine, carboxy, alkylcarbonyl, alkoxycarbonyl or substituted or
25  unsubstituted phenyl, where the substituents on the phenyl may be halogen, hydroxy,
amine, carboxy, alkylcarbonyl, or alkyl, wherein said alkyl or alkoxy groups have 1 to 4
carbon atoms. A preferred halogen is chlorine. Preferred substituents are amine,
hydroxy and substituted or unsubstituted phenyl.



20 t';ertiary am ne and in which the nunber of carbon atons in t he

antne-containing radical is at least n+l, and said substituted
saturated hydrocarbon radicals may be substituted wth hal ogen,
hydr oxy, am newasaiiesoy, al kyl car bonyl , al koxycarbonyl arckrose7/01331

substituted or 25 unsubstituted phenyl, and wherein the substituted -
phenyl may be substjtuted wi fh hal agen, hydroxy, am.ne, cafboxy,

al kyl car bonyl , " and/ °‘?ﬂ’19§ﬁ’: S“H'ﬂl\?ﬁne %A%‘F‘éailsn‘g‘g'éq%“ tW?Jlﬂr““s“bﬂm’%ﬁ l@@i@‘i%ﬁoups
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t he present i nvention, there’is provided 20 a non-oxi dative
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an agueous s grL ltsggymeamanet&?&mxédep 8r £dRRPERR Mifie 5&&&?@@;&4 &?s;cgffnéraﬂ by
wher ei n eacl¥ ofeach alkylene gay inl peresshésisdegrmnebted oy phesphosiedcid group. Preferably,
all alkylene groups independently have 1 to 4 carbon atoms. '

Exemplary compounds in which the Z group is an amino tri(alkylene) radical
includes amino tri(ethylidene phosphonic acid), amino tri(isopropylidene phosphonic
acid), amino di(methylene phosphonic acid) mono(isopropylidene phosphonic acid), and

10  amino mono(methylene phosphonic acid) di(ethylidene phosphonic acid). Exemplary
compounds in which the Z group is a substituted or unsubstituted alkylidene radical
includes methylene diphosphonic acid, ethylidine diphosphonic acid, 1-hydroxy
propylidene diphosphonic acid. Exemplary compounds in which the Z group is an
alkylenediaminetetra(alkylene) or a dialkylenetriamine penta(alkylene) radical include

15 hexamethylenediaminetetra(methylene phosphonic acid) and
diethylenetriaminepenta(methylenephosphonic acid).

The compounds of the present invention are either commercially available or
may be prepared by various means known to the skilled artisan, including the methods
disclosed in U.S. Patent No. 3,671,644. Halo-substituted phosphonic acid compounds

20  may be made from the corresponding hydroxy-substituted phosphonic acid compounds
by employing, for example, PCl; or PBr3, as will be understood by the skilled artisan.

The solutions acéording to the present invention are physiologically compatible.
Specifically, the solution must be “ophthalmically safe” for use with a contact lens,
meaning that a contact lens treated with the solution is generally suitable and safe for

25  direct placement on the eye without rinsing, that is, the solution is safe and comfortable
for daily contact with the eye via a contact lens that has been wetted with the solution.
An ophthalmically safe solution has a tonicity and pH that is.compatible with the eye and
comprises materials, and amounts thereof, that are non-cytotoxic according to ISO
standards and U.S. FDA (Food & Drug Administration) regulations. The solution

30 should be sterile in that the absence of microbial contaminants in the product prior to

release must be statistically demonstrated to the degree necessary for such products.
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am ne-cont ai ning radicals are saturated bydrocarbon radi cal s in which
the carbon atons are interrupted with |__at | east one nitrogen atomthat
forms a secondary or tertiary ani ne(&@b i n h the nunmber of carbon
atons in t he am ne-contai ni ng radlc | is at st n+l, wherein 5
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and/ or substituted or unsubsti t ut ed erein the substituted
phenyl may be substituted Wwith haloéK hydroxy, am ne, carboxy, 10
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anti m cr obi als agwhdreifi eichaf &) & panid-d spérindépefdently selected from integers from O to 4,
preferably 0 or 1; X' is a phosphonic acid group (i.e., P(OH),0), hydroxy (OH), amine
(NH;) or hydrogen (H); and X* and X° are independently selected from the group
consisting of halogen, hydroxy, amine, carboxy, alkylcarbonyl, alkoxycarbonyl, or
substituted or unsubstituted phenyl, and methyl. Exemplary substituents on the pheny!

10  are halogen, hydroxy, amine, carboxy and/or alkyl groups. Preferably, the afore-
mentioned alkyl and alkoxy groups have 1 to 4 carbon atoms, more preferably 1 carbon
atom. As mentioned above, the total number of carbon atoms in Formula (II) is
preferably 1 to 12, more preferably 1 to 10.

Another preferred class of compounds for use in the solutions according to the

15  present invention comprise compounds, and physiologically compatible salts thereof,
within Formula (II) that is represented by the following Formula (III):

OH

(éﬂz)b
Hy03P—(CHy)—C—(CHa)o—PO3H,

(CH)d

¢a,
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sol uti on. - 4b- I n accordance
with a fourth aspect of the present I nvention, there is provided
a non-oxi dative aqueous solution for treating contact | enses

conprising a pwesphebc conpound represented by the forggraiseseadrer ]
10 wherein each of a, b, ¢ and d are independently sel ected .
fromintegers fromO to 4, and physiologically conpatible salts of
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of a bacteri'ci dgamihe ttRathuinberBrickBon atomsﬂf%uﬁ‘(ﬁ?)‘ié‘?ﬂeﬂﬁhb@fl 3 19UaBldes and

pol ynmeric quaternary amoni um and salts thereo
preferably 1 to 10. (In other words, the sum of a + b + ¢ +d in Formula (III) is
preferably 1 to 11, more preferably 2 to 9).

5 A particularly preferred species is that wherein a, b, ¢, and d in Formula (II) are
all 0, specifically the tetrasodium salt of 1-hydroxyethylidene-1, 1-diphosphonic acid,
also referred to as tetrasodium etidronate, commercially available from Monsanto
Company as DeQuest ® 2016 diphosphonic acid sodium salt or phosphonate.

Organic phosphonic acids and their salts (collectively refesred to as “phosphonic

10 acid compounds”) are generally well known in the art. The salts are sometimes referred
to as phosphonates. Known uses of such phosphonic acid compounds include the
inhibition of scale formation in boilers. Other known uses include the stabilization of
hydrogen peroxide solutions. For example, U.S. Patent No. 4,812,173 to Tsao et al.
discloses the use of phosphonic acid compounds for stabilizing hydrogen peroxide

15  solutions employed for disinfecting contact lenses. This method is an example of an
“oxidative” disinfection which requires subsequent neutralization. Examples of
oxidative disinfection are disinfecting methods employing peroxides. This reference
addresses neither general “cleaning” nor removal of protein from contact lenses. Other
known uses of such phosphonic compounds include their use as potentiating agents in

20  antiseptic compositions including phenolic or quaternary ammonium bactericides. Such
compositions find application in drilling mud compositions, cosmetic compositions (e.g.,
mouthwash, hand and hair cleaners) and heavy duty antiseptic detergent compositions
(as used in commercial laundries, laundering textiles, dairy equipment, hospital
equipment, etc.). '

25 The subject aqueous solution suitably includes at least 0.003 percent weight by
volume of the subject phosphonic compound in the total solution, preferably 0.005 to
1.0 percent weight by volume and more preferably about 0.01 to 0.25 percent weight by
volume in the total solution,

The subject aqueous solution may also contain various other components

30 including, but not limited to: antimicrobial agents, buffering agents, chelating and/or

sequesterihg agents, tonicity adjusting agents, and surfactants,

-8-
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conpound, or its
atoms. Preferred non-ionic surfactants comprise block polymers of two or more

10  different kinds of oxyalkylene repeat units, which ratio of different repeat units
determines the HLB of the surfactant. Satisfactory non-ionic surfactants include
polyethylene glycol esters of fatty acids, e.g. coconut, polysorbate, polyoxyethytene or
polyoxypropylene ethers of higher alkanes (Cy9-Cjg). Examples of the preferred class
include polysorbate 20 (available under the trademark Tween® 20), polyoxyethylene

1S (23) lauryl ether (Brij® 35), polyoxyethyene (40) stearate (Myrj® 52), polyoxyethylene
(25) propylene glycol stearate (Atlas® G 2612). One non-ionic surfactant in particular
consisting of a poly(oxypropylene)-poly(oxyethylene) adduct of ethylene diamine having
a molecular weight from about 7,500 to about 27,000 wherein at least 40 weight percent
of said adduct is poly(oxyethylene) has been found to be particularly advantageous for

20  use in cleaning and conditioning both soft and hard contact lenses when used in amounts
from about 0.01 to about 15 weight percent. The CTFA Cosmetic Ingredient
Dictionary's adopted name for this group of surfactants is poloxamine. Such surfactants
are available from BASF Wyandotte Corp., Wyandotte, Michigan, under the registered
trademark “"Tetronic". An analogous of series of surfactants, suitable for use in the

25  present invention, is the poloxamer series which is a poly(oxyethylene)
poly(oxypropylene) block polymers available under the trademark "Pluronic”
(commercially available form BASF).

Various other ionic as well as amphoteric and anionic surfactants suitable for in
the invention can be readily ascertained, in view of the foregoing description, from

30  McCutcheon's Detergents and Emulsifiers, North American Edition, McCutcheon
Division, MC Publishing Co., Glen Rock, NJ 07452 and the CTFA International
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requi red, and Assodiation, wgsmﬁgmﬁ,qjat ion is required for daily cleaning of the
| ens. ;&'9 resent Il nvention_includes non-oxidatjve nethods for

treating contact teric su a"‘ﬁ\‘rﬁf“&%@é use ip acomppsitionaceordipg torthe prasent ont
i nvention incl Md&ﬁoﬁ RRhiBE kafdfial of (B yplabe biferkd commercnﬁﬂ%ﬁ@éﬁlﬁﬂdﬂ%ﬁ@

conprising a phosphonlc acid, or a physiologically compatible sal 5
thereof, r épr eMH Anothepusefidl plassof amphoterjc surfactants is exemplified by

(1) GcRbilnfiobropd bSANSAd yiRble Bl 43hfice to N, where

is 1to 6, pre containin onaoms The Z radi cal
can include such r dhedfetegoing surfabrahts will geherally Bpregent innstotabimdunt ffem0ediur at ed

hydr ocar bon radical s or cont aj ni.n "substituted
or unsubstltut@cf&‘ %{B‘{}lﬁg “(JW%&'ML)’L@LH?E%&'&"‘% and most ogen,

hydr oxy, am neprefeﬁbl;(o(yiolglpg&&ﬁar bonyI al koxycarbonyl, or substituted or
unsubsti t ut ed where the substltuents on the phenyl nmay be

hal ogen, hiRiroxy, a‘ﬁ‘?erigi 0%'&9 pessent solutions shoyldbe  mainteined, withip thesanggiof S:iter ei n
sai d al kyl .or 80KRE% pIEFRARS ablidY 8.0%0 8D, thoSiHrGeabIF WO 6.5 to 7.8, suitable buffers

may be added, such as boric acid, sodium borate, potassium citrate, citric acid, sodium
bicarbonate, TRIS, and various mixed phosphate buffers (including combinations of
Na2HPO4, NaH2PO4 and KH2PO4) and mixtures thereof. Borate buffers are
15 preferred, particularly for enhancing the efficacy of biguanides. Generally, buffers will
. be used in amounts ranging from about 0.05 to 2.5 percent by weight, and preferably,
from 0.1 to 1.5 percent. The disinfecting/preserving solutions of this invention
preferably contain a borate or mixed phosphate buffer, containing one or more of boric
- acid, sodium borate, potassium tetraborate, potassium metaborate or mixtures of the
20 same. In addition to buffering agents, in some instances it may be desirable to include
sequestering agents in the present solutions in order to bind metal ions which might
otherwise react with the lens and/or protein deposits and collect on the lens. Ethylene-
diaminetetraacetic acid (EDTA) and its salts (disodium) are preferred examples. They
are usually added in amounts ranging from about 0.01 to about 0.3 weight percent.
25  Other suitable sequestering agents include gluconic acid, citric acid, tartaric acid ar;d
their salts, e.g. sodium salts.

Typically, the aqueous solutions of the present invention for treating contact
lenses are also adjusted with tonicity agents, to approximate the osmotic pressure of
normal lacrimal fluids which is equivalent to a 0.9 percent solution of sodium chloride or

30 2.5 percent of glycerol solution, The solutions are made substantially isotonic with

physiological saline used alone or in combination, otherwise if simply blended with
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-4d- 15 The nethod of the present invention conprises cleaning

a tontact l-ens with an aqueous sol ution conprising at |east 0.003
percent wei ght by volunme of the subject phosphoni ¢ acid, preferably
0.005 to 1.0 pekweswaemwi ght by vol ume of a subject C ONP ROTYISITEIBH
preferably 0.01 to 0.25 percent wei ght by vol une. In a -

preferred enbodi nent, the suhbject phosphonic acid oun .be used 20
i n combi nation Vﬁte[rﬂe wates amd(!?agjﬁﬁgot&b%ﬂ‘?rgad%nype&og\yitﬁqq%egfv%ﬁ%ﬁegoﬁgﬂéﬁ

di si nfecti on "ancptical parafileRfs) i CiireSonifgly 2éktess Sdlinefhay teulinithi fohmationiofa er r ed
enbodi mrent of the present | n\éﬁ%i Qn, . .the suhject lens-care solution
provi des a conplyPenoNssolition ailf cause stinging and everitasion. cont act

llenses, without requigxaiplefbfsufitiEionity MjlsBhS agfthts SRS Bietiot Biied B! | C
cl eani ng agent. The cl eaning regdi men provides protein renoval

conparabl e t & otsediumyind patasium shlofidegdextnase, slyearin; ealsivsnand magngsiem ghlorde.
ol ani Ti cant adveriaf s srdt5piSis sed BB S oot epaidR R0 bl 001 & 25
WO 97/31659 % (w/v) and preferably, form about 0.2 to about 1.5% (w/v). Preferably, the tonicity
PETTUSST1 01392 e et oSl oo P oA S A BT N
conventi onal mOBA/kg and Mbie préfesdbl§ batd@ers sHout 25020 RBGUTBSY MOsmAR ard thést One
(i ncluding both hydrogel and non-

10  preferably between about 280 to about 320 mOsm/Kg.

It may also be desirable to include water-soluble viscosity builders in the
solutions of the present invention. Because of their demulcent effect, viscosity builders
have a tendency to enhance the lens wearer's comfort by means of a film on the lens
surface cushioning impact against the eye. Included among the water-soluble viscosity

15  builders are the cellulose polymers like hydroxyethyl or hydroxypropyi cellulose,
carboxymethy! cellulose and the like. Such viscosity builders may be employed in
amounts ranging from about 0.01 to about 4.0 weight percent or less. The present
solutions may also include optional demulcents.

The subject solution preferably includes at least one antimicrobial agent. As

20  used herein, antimicrobial agents are defined as non-oxidative organic chemicals which
derive their antimicrobial activity through a chemical or physiochemical interaction with
the microbial organisms. Preferred antimicrobials are the quaternary ammonium
compounds and biguanides. .

Representative examples of the quaternary ammonium compounds are

25 compositions comprised of benzalkonium halides or, for example, balanced mixtures of
n-alkyl dimethyl benzyl ammonium chlorides. Other examples include polymeric
quatemary ammonium salts used in ophthalmic applications such as
poly{(dimethyliminio)-2-butene-1,4-diyl chloride], [4-tris(2-hydroxyethyl) ammonio]}-2-
butenyl-w-(tris(2-hydroxyethyl)ammonio]dichloride (chemical registry number 75345-

30 27-6) generally available as polyquaternium 1 ® from ONYX Corporation.
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hydrogel ) | enses, but is preferably enployed wth soft | enses. Such | enses
are comonly 5 prepared from nononers such as hydroxyet hyl nethacryl ate,
hydr oxyet hyl met hyl nmet hacryl ate, vinyl pyrrolidone,

gl ycer ol net hacwoloaBss9 net hacrylic acid or acid esters and PCTAURSTIOI33 €.
Such | enses absorb significant anpbunts of water, which anmounts range from

about 4 to about SORE&F%{&J‘@BM“%{TNMbis%%a{“;dgﬂ, %b?{%ﬁ%ﬁ“ﬂarygi gdi cat ed,

the present inventio s¥an aqueous risin
phosphoni c aci dhlorhexiting opsujts thetedf) iafid.polymerivr higuianidesesusinbs polynemic | S

represent ed by .t he f.ol | ow Fatrrmula (1): [err] ,
(1) V\heref‘ﬁ"z}éﬂ?&&e%‘%ﬂé‘ﬁwgtdi cal equal in valence to n, wherein n
is an integer from Polyfedhexafethylériviguaniies (boduerdiallpddiliblefrom Ziehdca,

containing 1 to 12 carbon atons, nore preferably | to 10 carbon atons.

The Z radi cal MinirgtepDE), theiripplymers apd watec-soluble salts being most;prefered.

hydr ocar bon r ag ]émdﬁﬁﬁ Waln Egﬁ@, %ﬁﬁ prert k Ni Ng
radicals are M%’Eﬁeate ﬁg%%ﬂg&rﬁdi | %lﬂigélrerf igk?ﬁlgﬁ?g%%@atons
are interrupt ebignanide GRAPB)have moleculamweiglits ofoxpan abous 400,000 Such bompannds 3
nitrogen atons, that f ndar. ey ' IS an
am ne- cont ai ni Hg ‘f’“ggf‘@%‘i m@(ﬁ%ﬁﬁ?@ﬁﬂggoe/%&grrqg'njﬁ?%éfs%c%@@a‘fa%g%wmwgrzt lary
am nes, the nuiefein befreferenbeon atons in Z is at |east n+l. By "hydrocarbon”
S meant branched,. unpbranched, acyclj.c, or cyclic npietjes. cqQnsisting
of carbon dftd M?WUQ‘QWSQF’BH%‘.“BV’ 'g"l?b'g*ﬁgﬂft‘ ?P‘HF"‘\%E’E‘SEP’?’! ﬂ?@a' i s
nmeant unsubsti tpdiRfly RBuGURS inickdtrShtism poputelidd in ¥R fAMNationY thgéyed. Pferably,

car boxy, al kyl carbonyl, al koxycarbonyl or substituted or 2 unsubstituted

phenyl, wher e taisinfedtiogamountisthat whichewill vedwoe thewjcrobialbairdsg &y twe jagrosders in
oL a0 o R oy e B B R Ym0
Preferred substdisinfeting ampent s enragount which will¢liminptetheimicrdbial bunden:on »contact
unsubstit Utl%d Fi@n% r\%len used in regimen for the recommended soaking time (FDA Chemical
Disinfection Efficacy Test - July, 1985 Contact Lens Solution Draft Guidelines).
Typically, such agents are present in concentrations ranging from about 0.00001 to
about 0.5% (w/v), and more preferably, from about 0.00003 to about 0.5% (w/v).
A second disinfectant/germicide can be employed as a solution preservative, but
20 it may also function to potentiate, compliment or broaden the spectrum of microbiocidal
activity of another germicide. This includes microbiocidally effective amounts of
germicides which are compatible with and do not precipitate in the solution, in
concentrations ranging from about 0.00001 to about 0.5 weight percent, and more
preferably, from about 0.0001 to about 0.1 weight percent. Suitable complementary
25 germicidal agents include, but are not limited to thimerosal or other phenylmercuric
salts, sorbic acid, alkyl triethanolamines, and mixtures thereof.

The acid-addition salts of the germicides used in the present composition may be
derived from an inorganic or organic acid. In most circumstances it is preferable that the
salts be derived from an acid which is readily water soluble and which affords an anion

30  which is suitable for human usage, for example a pharmaceutically-acceptable anion.

Examples of such acids are hydrochloric, hydrobromic, phosphoric, sulphuric, acetic, D-
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PCT/ US97/ 01331 Accordingly, suitable Z radicals include
substituted or unsubstituted al kyli dene, substituted or unsubstituted
al kyl ene, am nowora@sdskyl ene) havi ng at | east n+1 carbon PCTOSPMOI3AM NO

di (al kyl ene) having at |east n+l carbon atons,

al kyl enedi am net et r kyl ene a dial kyl enetyiam )

radi cal , wherei ﬁ%%g’aieé%ﬁﬁ@f%%@ F"o'd’ﬁ [ n"s‘g‘ﬁfr;"e“?& ﬁée}g?rgg; %ﬂég#r(%llc’:t?‘g% to a
phosphoni ¢ aci d agide(Fhe hipdrotidorde! salt is preferredal | al kyl ene groups i ndependently
have 1 to 4 carbon a& unds.in which the Z

) L Ex | X
group is an am no trl’ggﬂ%msé‘ﬁé?p]}cétéﬂ“cgﬂeamg‘m °?F%&%8ﬂnglgegwthg?ﬂp?%?‘MPdene

phosphoni ¢ aci d)golufith Béotdingto Teprevant ihebafish ISR irfount formulded dad am no
di (et hyl ene phosphoni c acid) nono(i sopr ogl I dene phosphonic acid), and 10

anm no nono( mét hyintzeduceshintothe snhationat the tigieths sejution isadshosphoni ¢ aci d) .

Exenpl ary conp - | . i t

unsubstituted al kyli eﬁga?%%}s\gg%g%ts&?“ﬁﬁ@kﬁg@ag b%m#ene’htg#%%éﬁggﬁgﬁftc

aci d, ‘ethyli di ndemdicpreqspdusts] suches wettiig sohutions; soaking solutionsp yleanig and

di phosphoni ¢ aci d. .Exenpl ary coQ nds_in Leh the roup i.s.an

o) Ryl enedi ani ne SRRk solstons. 3 PO B Furpdpe sk batF odlutnd . ald Rifrurre

radi cal i ncl ude théredfexanet hyl enedi am net et ra( et hyl ene phosphoni ¢ aci d) and

di et hyl enetri am nepent a( net hyl enephosphonic acid). . ., _Jhe
conpounds of¥he presdH éﬁf%%%?@fM?dﬁﬁ%ﬁW@?Wi appapng

may be prepared tﬂéttl{@ﬂtﬁiéﬁ nﬁ?%@ﬁs&ﬂ'l&w.?eahﬂ téﬁ@rn&lﬂidiéirﬁ‘&ﬁﬁﬁtsio‘iﬁ%anhmwkng
t he net hods disclosed in U S Patent No. 3,671, 644. Halo-substTt uted

phosphoni ¢ aci d eotsptdensd §n2h)so!mi¢a§:mmbm@oﬁw“@ﬁti—pmlsplgg‘mym’g or “multi-

hydr oxy- substi t E‘Fm ' Gl : /. ' &éﬂém-
exanpl e, PCl[er ﬁ“%sggﬁr e%@gg's %eﬁ%%gﬁ}ggﬁéxrmg 35“(13%{}%%%@‘?%3

artisan. or package iirefesred totas afmukticfnctidnal gisinfectivereginen s Multispugpose on ar e
POl SO 1S ot A b Rl e
contact |ens tr epinicilariy sénsitive toschemicalatisinfectgndsrictier hesnicdl agents, maylprefet e f or
25 di rect placenent on the e rinsing, tha .solution is

e w.thoyt is, .th
safe and conf ort%’HF&'wet"m“f“B'rl)é'EFaWW splytion; ﬁe’i“ﬁ'é’iee%t‘vli’é e SoJpian. ¢
lens that has begibr@ins@fion\biithe fehS Bighétin ‘%lti-purrose séRitio Msdord Aot leksludeal €

solution has a tonicity and pH that is conpatible with the eye and

conpri ses nat er i e possibility efinetindie cleansrsaet used g @ dailycbasis ar supplementpl claapers fati ng
to I'SO 20 removing proteins, for example enzyme cleaners, which are typically used on & weekly
basis. By the term “cleaning” is meant that the solution contains one or more cleaning
agents in sufficient concentrations to loosen and remove loosely held lens deposits and .
other contaminants on the surface of a contact lens, especially if used in conjunction
with digital manipulation (for example, manual rubbing of the lens with a solution) or
25  with an accessory device that agitates the solution in contact with the lens, for example,
a mechanical cleaning aid. The critical micelle concentration of a surfactant-containing
solution is one way to evaluate its cleaning effectiveness.
A multi-purpose solution preferably has a viscosity of less than 75 cps, preferably
1 to 50 cps, and most preferably 1 to 25 cps and is preferably is at least 95 percent
30  weight by volume water in the total composition.

-13-



standards and U.S. FDA (Food & Drug Administration) regulations. The
solution 30 shoul d be sterile in that the absence of m crobial

contam nants in the product prior to rel ease nmust be statistically
denonstrat ed two$imesdegr ee necessary for such products. PCT/US97/01331
- 6- WD 97/ 31659

PCT/ US97/ 01331 Th | ing. -

i nvention prefer abl‘y S&S?ﬂaf'?'gé‘g I%geus%?eu%?%g E)"Iho?‘g& cg'?gctggpeéggiﬁ g’etsnﬁe&r esent
Ehytsihol ]99: Ical !aqueﬁﬁma:wfi&i.(e‘iufmughmm&yuiwﬁpikﬁd(by)simm;asoakiagalm inahe esent ed
y the follow ng Forpul a L PP ' f a b, c,
and d are indeﬁb‘&?ﬁéﬁ”’yn’ﬁfétc@amg‘;%qeﬁ%%%f wawgst%lga‘ﬁ,?’g]ﬁﬁm?"ﬁ?efgragl y

0 or I, Xerr ]initﬁnm%ée%n R sideT i 16HsOANA the lefs is niBb&dfof @ pérddd)of tikedfopxy

(OH), anmine ( or hydrogen w; and X[err% and Xl err] are .
i ndependentd y examplet approximately 30 sepondso The lens st thenbe sybseguently framersed Within oy y

am ne, - car boxy . al yniiRinP SFHE subfict SBROR" BroRbHAbly, e lens is permitted to soak in the

solution for at least four hours. Furthermore, the lens is preferably rinsed with fresh
solution after the rubbing step and again after being immersed within the solution. If the
subject solution includes an antimicrobial agent, the subject solution not only cleans the

10 lens, but also disinfects. However, it will be appreciated that other “non-chemical”
disinfection means may be used, e.g. heat disinfection.

Although not generally necessary, enzymatic cleaners may also be used with the
subject solution treating contact lenses, especially for patients susceptible to high levels
of protein deposits. If used, enzymatic tablets may be placed directly within the subject

15  solution, is a manner like that described in U.S. Patent No. 5,096,607.

In a first embodiment of a method according to the present invention, the
method comprises cleaning a contact lens with an aqueous solution comprising 0.005 to
1.0 percent by weight of at least one phosphonic acid compound, or its physiologically
compatible salt, having 1 to 12, preferably 1 to 10 carbon atoms. The carbon atoms may

20  be in the form of a substituted or unsubstituted branched or unbranched aliphatic, cyclic
aliphatic, or aromatic groups or combinations thereof. Exemplary phosphonic acid
compounds are those according to Formula (I) above, preferably Formula (I1) above,
most preferably Formula (IIT) above. Preferably the phosphonic acid compound has 1 or
2 phosphonic acid groups which may be in salt form.

25 Without wishing to be bound by theory, the phosphonic acid groups in the
present compounds are believed to attach to protein molecules and loosen them from the
lens material, which attachment may or may not proceed via an intermediate interaction
with calcium or other ions present in the vicinity.

Preferably, the present method comprises rubbing a lens with a multi-purpose

30  solution according the present invention, followed by soaking in the solution for a total

- period of time that is within a range of 10 minutes to 4 hours, prior to direct placement

-14-



substituted or unsubstituted phenyl, and nethyl. Exenplary substituents on
thé phenyl 10 are hal ogen, hydroxy, am ne, carboxy and/or al kyl groups.

Preferably, the afore- menti oned al kyl and al koxy groups have 1 to 4
carbon atons, neoa7piesserably 1 carbon atom As nenti one®@CEUsY3xthe
total nunber of carbon atons in Formula (I1) is preferably 1 to 12, -

nore preferably tq 10. Angt her, prefearred.cl as f ..CO unds
for use in the é’kf]ﬁ?‘f“&%‘hﬁﬂ%r% thet It ]_:nggeme tré%%rﬁ?mmﬁ%t e sgg'ﬁﬁ? Pse
conpounds, and pbydiiveddaginingdd off the lensivitb b different contdspleDiolution priowdot hi n

F la (I1) that i ' :
[Ce);ﬂj a (1) t q}méraog,,egrp?aséggén%gm eewe foll ow ng Formul a SI 1)

In yet another embodiment of a method according to the present invention, the
5  claimed solution may be used to clean a frequent replacement lens (FRL) that is planned
for replacement after not more than about three months of use in the eye, or that is
planned for replacement after not more than about 30 days of use in the eye, or that is
planned for replacement after not more than about two weeks in the eye. Prefefably, the
lens is made from a polymer comprising about 0.0 to 5 mole percent repeat units derived
10  from methacrylic acid (MAA), 10 to 99 mole percent of repeat units derived from
hydroxyethyl methacrylate, and about 0.5 to 5 mole percent of cross-finking repeat
units. Cross-linking repeat units may be derived, for example, from such monomers as
ethyleneglycol dimethacrylate, divinylbenzene, and trimethylpropane trimethacrylate.
Separately from, or supplementally to, immersing a contact lens in a contact-lens
15  solutibn according to the present invention while the contact lens is outside the eye, the
accumulation of proteins on hydrophilic contact lens can be further prevented by
applying such a solution as eye drops. Thus, a opthalmologically safe solution
comprising the claimed compound can be packaged in a container adapted for applying
the solution as drops to the eye.
20 As an illustration of the present invention, several examples are provided below.
These examples serve only to further illustrate aspects of the invention and should not be

construed as limiting the invention.

EXAMPLE 1

25 An example of a preferred formulation of the subject invention is provided below
in Table I. This solution was prepared by weighing out the necessary amount of the
tetrasodium salt of 1-hydroxyethylidene-1,1-diphosphonic acid (also referred to as
tetrasodium etidronate), commercially available as DeQuest ® 2016 from Monsanto (St.
Louis, MO.) into a glass beaker, followed by bringing the solution up to total volume

30  with ReNu ® Multi-Purpose Solution. The pH of the resulting solution was between
about 7.1 to 7.3. (If necessary, the pH of the solution may be adjusted by use of an
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Table I above, except including various amounts of the DeQuest ® 2016 compound).

gnsc( %:%t lbed in

These lenses were then compared with lenses treated with a Control solution consisting
of ReNu ® MPS with ReNu ® 1 step enzymatic tablets.

15

The lenses were treated by means of an in-vitro

protein deposit procedure as

follows. An aqueous electrolyte solution was prepared, which solution consisted of

approximately 0.70% sodium chloride, 0.17% potassium chloride, 0.22 percent sodium
bicarbonate, and 0.0005% of calcium chloride, dihydrate. The electrolyte solution was
prepared by adding the chlorides and bicarbonate to approximately 90% of the total

volume of distilied water required, followed by thorough mixing of the solution. The

pH' was measured and, if necessary, adjusted to 7.2 +/- 0.1 with either IN HCl or IN

NaOH. The solution had osmolality of between 280 to 320. An appropriate amount of
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PC¥/ US97/ 01331 The present solution conprises at |east one
surfactant. Suitable surfactants can be either anphoteric, cationic,
ani.oni c, or nonwpwmisshi ch may be present (individually ®CT/USS7/01331

conbi nation) in amunts up to 15 percent, preferably up to 5 percent weight
by vol unme (W v), of the total conposition ol ution). Preferyred
surfactants ar e(' ﬂfﬂ"e‘yme‘_”a °'lﬂ5ﬁg‘!)$ﬂ °§]6‘f‘t§°i’5?§m‘t'té°,“m e fRluHon kady
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pol yoxypr opyl ene %&ers hi gher al kanes (C[err]-Clerr]). Exanples of -the
preferred cl ass 0 m de pol ysorbate 20 (avail abl e under the trademark

Tween[err] 20), pol ¥ i ,
pol yo£<yet ]hyen)e ( I20) ygpefg% gmﬁéﬁﬁ%‘%ﬁmﬁgfﬁﬁgﬁﬁmﬁdgé Uy]pléﬁ%z 5%
propy! ene gl¥Pcoleach ieas-within 2 glessagl fllowedbywibmerging the lenses incapproximatelnd mbetf i n

particul ar JoRvkd ~ o] ~ t -

aduct of et hyl ARESERoRkE ok} A1RA-RE: ARELRIK AR sl ¢
to about 27, 000 teikakingat 4@ rinesdns & thefinalwiatsn bathat sppndximately 30T fos abotkt vekdtyCt | S
pol y(oxyet hyl ene). has en f n‘gl 0 be particu] arly adyantageous for 20
use in cleaning @H%e%oﬁ’gﬁ‘ﬁuﬁ'ﬁ&n °E?5f°ﬂw§g°f‘1“°§'ﬁ§mn"é’r° to %@@P&%’é& when
used in anmounts followed bygeiflycrabbig e fRhsek Svith I Borakd buffdré Haliab ¢@fidve arfie CTFA
Cosnetic | ngredient Dictionary's adopted nane for this group of .

surfactants s [eesslyemdprolsinen surfact ant s are avail abl e from BASF
Wandot te Corp.. \Yauges kibjecididipdth ddiBER! ink Riiscs Sohe fiiected to trbskliR ™R K
Tetronic". An anal ogous 01! series of Surfactants, suitable feor use In the
with either one of the subject solutions or the Control solution. Treatment with the
subject solutions consisted of placing several drops of the test solution on both sides of
the lens, followed by rubbing the lens for approximately twenty seconds. The lenses
20  were then rinsed with the test solution and soaked in approximately 5 ml of test solution
for four hours. The lenses were then rinsed with a borate buffered saline. Treatment
with the Control solution consisted of placing several drops of ReNu ® MPS on both
sides of the lens followed by rubbing the lens for approximately twenty seconds. The
lenses were then rinsed with fresh ReNu ® MPS and soaked in approximately 10 m! of
25 ReNu ® MPS including one ReNu ® enzyme tablet for approximately four hours. The
lenses were subsequently rubbed and rinsed with fresh ReNu ® MPS and finally rinsed
with borate buffered saline.
Following the above-described treatment, the enses were evaluated using
. microscopic image analysis to determine the amount of protein removed as a result of
30 treatment. The microscopic image analysis consisted of digitally photographing the

lenses and analyzing surface debris by gray scale image analysis. This procedure

-17-



25 present invention, is the poloxamer series which is a

pol y(oxyet hyl ene) pol y(oxypropyl ene) bl ock polynmers avail abl e under
the trademark "Pl uronic" (comrercially avail abl e form BASF).

Vari ous ot her wohgigas Wel | as anphoteric and anioni ¢ surf aceemiusomdisiiabl e
for in the invention can be readily ascertained, in view of the

foregoing description, from 30 McCut cheon's DXergents and Enul sifjers,
North Aneri can"E’Bf"FEBh?‘“K/E@M"@ﬁE@ﬂF’“m“’m"’ﬂ’%’é’f'@ﬁ, %NEFP@bIbF ', den

Rock, NJ 07452 s@l{lgq\feh@y Sidy HiBH&H NgktitAOBEN the lens. Surface debris on the lens scatters
-9- WO 97/ 3%5@ Eﬁ aﬁ

PCT/ US97/ 01331 light and appesredighter thag;the ¢leam surfagmernihe ronts lans.s Adigitel impge.of
Cosnetic, Toil fie itumifed fehéd optdind and the piee E-‘e%b.ﬁéd/se)élﬁ-iﬂu Bided By chdirfight

Anmphoteric surfactants suitab ruse 1n a conposition according to the
pr esent 5 intensities using NIH IrorgeVal.46 seftware(Natinnal inspitnteefdiesith)e 'Ehd values

commercially un he tr.ade nane 5 "M ranol . " Anot useful ¢l of
anphoteric sur]ogéﬁszftﬁtp 4%“ 34 _ PRSI CBV""S 3“’?““88’86%1‘1%‘@@%?85‘94“ ﬁfea(?tﬁ’z,
commerci al 'y apss levéls 6f grap A willik 6f6 waPdefineébas “white” while a value Bf255 #a£g0i ng
surfactants will _generally be present in a total amount from0.01 to

5.0 percent weidgfinediss “Blagk,{Becapse depositescatterlight, alighteryalpe indicates adess clgany nost
preferably 0.1 ﬁqﬁ&g ededVal vafofs | utions
shoul d be mai ntal ne&S{/‘m t hi n%m‘e r.aﬂjgse(fg?mg;%ﬁ{%%c&&% 0, (rgiratem%‘r)ef erably
about 6.0 tl@ 8 treatmeptfor gachigrouphvhichdonsistedofiOrlensgs. gA pergentags|difference before

e, sodi um 3 End el BonaBithisg TRAUAR UG cBlcEnadnn i DG b e
(i ncl udi ng comnibenatthopoteif removal. Thiaflensity valie]of the]lenstitratadfithGhe tesi solutidn
KHerr]Pd err] )waas régmianar)é& %Jvitﬁ ﬁm& Qﬁ&%%i freal?gd’ \gitthethg ngit%e Ghtrol solution. From this
data, the relative protein removal for each lens was determined. The results of this
15  evaluation are provided in Table I, in which the relative protein removal is indicated in

Table II as a percent change in pixel density compared with the Control solution.
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15 ;;referred, particularly for enhancing the efficacy of biguanides.

CGenerally, buffers wll be used in anmounts ranging fromabout 0.05 to
2.5 percent by weight, and preferably, fromO0.1 to 1.5 percent. The
di si nfecting/ preeer#iesey sol uti ons of this invention pr ePERASA7P1331

contain a borate or m xed phosphate buffer, containing one or nore of boric
acid, sodium borate, potassiumtetraboratgg @t assi um netaborate or

m xtures of the 20 same. In addition to buffering agents. in sone

i nstances it ‘'may be |desirable to to include sequestering agents inflthe
present solutions irnf order to bind nmetal ions i(nianga'ighb:elDensitymmmwr/i se
react with the | ens [eBximple Ng.0t ei n deposits andoCuntrel(Contiolt=NE0MEANS .

Et hyl ene- di anfi netetraacetic acid (EDTA)} and its salts (disodiurp are
preferred exanpl es. €¥0.01% DeQabst @5016) 1 Y 2 9,N anounts rangi ng frjom
about ‘0. 01 to about | | iing
agents include glucdid c(@@i% DeQuest ®2046)d, tarft¥%c acid and t hair

salts, e.g. sodium Saf+t Fypre ns
of t he present invent ﬁonm'%]r%PFQHﬁtﬁgm&@n act 0% | enses are al so adjjust ed

with tonicity agents 4t g.es% ®F2016F OSnDt)ig3 @r essure of norjmal

| acrimal fluids V\hich_n;wmfinaﬂg |m
chloride or 30 2.4 Yef® QSQ“@FQ:@(]Q) sol utf % The sol utions are rfade
substantially isoto UgT T n
conmbi nati on, ot herw:-g | mD"Pb“’%W"B*"g w th

-10- WO 977 3{0332/& DeQuest ®2016)

PCT/ US97/ 01331 : . 3 erHC t he
| enses will lose thegg® &€ Ds > : Oorrespondl ndly,
excess saline may reseil{(025% ®ao16pN o1 79% nypertonr c sol utl on
which will cause sti ng and eye irritation Exanpl es of

suitable tonicity adil%(ﬂ%iﬁ@&u@%@ﬂiﬁhde butlﬁr% not linmted to:

Each example is based upon data collected from ten lenses treated in identical manner.
As is shown by the data provided in Table I1, taking the average for each concentration,
5 the subject solutions and methods for treating lenses provided comparable protein
removal to that of the Control solution (which including the use of enzymatic cleaning),
although there is reduced activity at lower concentrations. In addition to providing
excellent cleaning, the subject solution also provided comparable disinfection as the
Control solution.
10
EXAMPLE 3
This example further illustrates the subject invention, by testing additional
phosphonic acid compounds for preventing or removing protein deposits from lenses.
Using the in-vitro protein deposit procedure described above in Example 2, soft
15  hydrogel lenses (FDA group III, bufilcon A) were subjected to protein deposits followed
by treatment with various test solutions similar to the solution described in Table 1
above, except including various phosphonic acid compounds in various amounts. Once

subjected to protein deposits, the lenses were subjected to treatment with either one of
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5 sodi um and pot assi um chl ori de, dextrose, glycerin, calciumand

magnesi um chl ori de. These agents are typically used individually in
anounts ranging fromabout 0.01 to 2.5 % (W v) and preferably, form
about 0.2 to =Nwwam31@95% (W v). Preferably, the tonicity pcTEsat/onssl | be

enpl oyed in an anmount to provide a final osnotic value of 200 to 450

most 10 pref aPBPEtsEM R ol ERDe S LG Apeu Ry Rkt sonsithg 7 |

may al so be” dawmmws v‘mh ReNu @el way eizymaictablers compriziigtsyblisin] shdium i n t he
sol utions ofthe presena nti on. Becaus(e;:ogf their denul cent ef fect,
vi scosity bui |ahonate, sodiumghlonde,and herigaid. Following suchtrratment, dhe Jeases were

confort by meqRgiustbd @suEF :hié}dwo pid¥iak&Ailysis to de‘i&hﬁﬁé“tﬁe SHGUR 8 ro@in remaedd
agai nst the eye. Included anong the water-soluble viscosity 15 builders

are the celdl ulasggesyliof treatment; médqwibed@@vwhe micrassapicoinage yslysis sensistedose,

b t hyl
ool oyad in  Of SRR b S s rt il fpfRee denfily 5] Segagls
percent or | esmalysidia whichsach lens is placesiainder aomisraseope siréing & friarkfieldopt i onal
demul ts. .Th t lLut i ef | t | t
one ant 1 m er oegksromdapd incidesftih SR irbnel et o B impe e "5 o

defined as norihaxingted leneway chidined 2t &iEl pixelsswetb tsilted/separatédbasecbor their fight
antimecr ob| aI acti vi tﬁt hrough_a chemical or physiochem cal interaction

Wi th 0 1 dntgpsities, The densignyalue pf thedenseireatad vith 3 testsplvtipmwas comparade
quat er mary anTgy @ of lenses. ﬁﬁ%ﬁﬂﬁe POGivRICONRA sBfifion. From this data, the

Representative exanpl es of quat ernary anmoni um conmpounds are 25
conposi tions celative He&lmﬁnbwﬁalek@dmmdsdmemaedaﬂhefrw teafthislevaluation arec ed

m xt ures of I I e ,ggbnse
exanpl es i ncl S %&{l;%@llhéﬂ méﬂﬁw}g?{%ﬁ’\éar 5‘%%‘%@%&’8 3‘5‘%
opht hal m ¢ appdhows(1)dlrespescentrchasge in pixel density employmg a subject solutnon contammg a
pol y[ (di methyl i.m ni, 0 ut.ene-1, 4-dj chl or.i drox et hyl)
DTon of - 215 siven Gtmbie sif popputid Y b GRS BR s T Bt rrkiproEY
(c Ihem’ cal regi t&iﬂpiraﬂwfhﬁymitﬁi’%ﬁmaﬁ(hnd naiheaast gslinan, qB) the relative plricent ahange
pol yquat em um ulx pgxeé\{ Jensntyrc%mp?n\ﬂ{gx(lg:? r&) %he compounds in Table III showed protein-

removal activity by a test result meeting at least one of two criteria: (1) showing a

relative percent change of about 80 percent or greater, and/or (2) showing a percent

20 change with the compound of greater than 15 percent The average value of percent

change for the negative control (ReNu® MPS solution) was about 15 percent.
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*All Compounds in Table III are commercially availiable, for example, Compounds 1, 4, 9, 10, 11, and
19 are commercially available from Monsanto Co. (St. Louis); Compounds 2, 5, and 13 are
commercially available from Aldrich Co. (Wisconsin), Compounds 3, 8, 12, and 24 are commercially
available from Lancaster Co. (Pennsylvania); Compounds 14, 17, and 23 are commercially available
from Sigma Chemical Co. (St. Louis); and Compounds 20, 21, 25, 27 and 28 are commercially
available from Oakwood Research Chemicals (South Carolina).

As is shown by the data provided in Table III, the subject solutions with

phosphonic acid compounds, and methods for treating lenses therewith, provided

protein removal better than the Negative Control in at least one test score. Selected or

preferred compounds provided protein removal comparable to, or even better than, that

of the Positive Control solution that employed an enzymatic cleaning agent.
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agents in sufficient concentrations to | oosen and renove Ioosﬁlﬂl‘wmumllﬁmullll
deposits and ot her contam nants on the surface of a con
especially if used in conjunction with digital manipul ation®(f'o

exanpl e, manual woisimiesg of the lens with a solution) or 25 \mdﬂusanmssx
accessory device that agitates the solution in contact wwth the lens, for

exanpl e, a nechanical cleaning aid. The critical mcelle
concentration of a surfactant-containing solution is one way to
evaluate its tl eamamgs ef f ecti veness. A mul ti-purpose solution
preferably has a viscosity of |less than 75 cps, preferably 1 to 50

cps, and nost preferably 1 to 25 cps and is preferably is at |east 95

percent 30 wei ght gy VOliEG oHtfafive théindd for iredtidl o4 Hetsds Bihprising contacting

PCT/ US97/ 01331 a lens with an ophthalmically sife dqueoussolution Femprisingarphosphesinedd by

contactlngthelensvm h the subiegt .- ol uti h this
may be acconplis KEwo BVI’ gf,ﬁﬂﬁﬁmg”&&ﬁ%@"ﬁ’aﬂgﬁ%?ﬁﬁﬂf prepresen ?%L}'Bﬁé%{] Fut i on,
greater cleaning can be achieved if a few dnops of the solution are
initially placed on each side of the lens,f gnd the lens is rubbed for a
period oftinme, for 5 exanpl e, approxdma ePy-QH seconds. The lens can then

be subsequently i mersed within sevqrgg m/liliters of the subject
solution. Preferably, the lens is permtted to so%tk in the . sol ution

f | f
resh o sol oMY 40t & potpha B AR eobalin ke b ] £ et BPm bl
within the sol UtGQﬁdcduftalhlhg‘]to 12 carbonitéifid, andwhiéréin Z is sefdcted donivhe gro

u
antim crobi al agent ect . sol tlon not on y cl eans fhe 10 rens but
al so disinfe ““ﬁ“gitWtF‘F‘”Ifé‘ ﬁﬁ‘ﬂ%ﬁ“&'ﬁ%ﬁl HE‘L "‘? SASH 2E¥ERi cal "

di sinfection rrea&m&mg ra8ical$ WhichGnfine-dbRflnirg r8dibdlS4rt sdMirated hydrocarbon radicals
in which the carbon atoms are interrupted with at least one nitrogen atom that forms a
secondary or tertiary amine and in which the number of carbon atoms in the amine-
containing radical is at least n+1, and said substituted saturated hydrocarbon radicals

15 may be substituted with halogen, hydroxy, amine, carboxy, alkylcarbonyl,
alkoxycarbonyl and/or substituted or unsubstituted phenyl, and wherein the substituted
phenyl may be substituted with halogen, hydroxy, amine, carboxy, alkylcarbonyl, and/or
alkyl, and wherein said alkyl or alkoxy groups have 1 to 4 carbon atoms.

20 2. A non-oxidative method for treating contact lenses according to claim 1
comprising contacting a lens with an ophthalmically safe aqueous solution comprising a

phosphonic compound represented by the formula:
x2
|
(C
Hly o
—(CH,); —P——OH

|
(CHz)d
x3

Xl-—(CI-lz)a
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Al t hough not general ly necessary, enzymatic cleaners may al sf Hmum U“|
the . subj ect solution treating contact |enses, especial
susceptible to high levels of protein deposits | f used, enzynatlc

tabl ets may beW93BWE directly within the subject 15 soluti BOT/USY/M3MaNner
| i ke that described in U S. Patent No 5 096 607. In a first

enbodi ment  of %@E&in@dn&ﬁ?%dhﬂwdw SBkctkd Bdt?élrséé}ﬂmu x';{ret hod

conpri ses cleaning a contact |ens WI a ueous so utlon conpri sing 0.005
to 1.0 paphaesphonisacid: hygdrexy, amixe of bﬂkogeomeoqphwﬁﬁmdé( zcé depengentind, or

10° chr bon'at onea i o e sFABRATRE oF Biduen, KRS, shide) o PURMERRRA | oo

or unsubstitut dﬂo*ycahmiyd;cbrmbsmtdﬂmehﬁﬂsthhthwbmylp andoyiethylowherein theal i phatii c,

or aromatic gr S or C ons t her eof a hosphom c acid
conmpounds atf e tétﬂe"é% &:glp ﬁ’y ﬂe%er?hm'ebﬂ?se&b ’9)/?'8 ing, caheYy #dfatul a (11)
above, MRI%{1 g‘%@ﬁﬁﬁﬁh&mﬁ%ﬂﬁl drlalkbxy ﬁuav?l?&@éﬁ@&i’at&ﬁ? phosphoni ¢
aci d conpound has phosphoni ¢ aci d groups which nay be in salt
form 25 Wthout WI sh| ng to be bound by theory, t he phosphoni c

acid groups in the 3 ?’Q{mg &Eﬂl{gecngﬁid

protein nol ecul es and Ioosen themftromt ?ﬂq el%sgﬁgﬁﬂh#%é}vﬂ&ﬂﬁ
attachnment mayalens with am aquepuarointion vomprisingi arphesplooic sempiund eepnestatediby the
W th calmwo er ions present in the vicinity.

Preferably, the present nethod conprises rubbing a lens with a
mul ti-purpose 30 sol ution according them@resent I nvention, followed by

soaking in the solution for a total eriod of time that is within a
range of 10 mnutes to 4 hours, prior to & t pl acenent
-14- WO 97/ 31659 HzO;P—(Cﬂz)a—é—(CHz)c'—PO3H2 _
PCT/ US97/ 01331 of the lens in the eyal:HI;Sa/ the term"direct placenent”
is herein nmeant that the solution is éHz

3

wherein each of a, b, c, and d are independently selected from integers from 0 to 4, and
physiologically compatible salts of such phosphonfc compounds.

15 4, The method of claim 1, 2, or 3 wherein the number of carbon atoms is 1
to 10.

S. The method of claim 1, 2, or 3 wherein a, b, ¢, and d are all 0.

20 6. The method of claim 1, 2 or 3 wherein the solution further comprises an
antimicrobial agent. |
7. The method of claim 6 wherein the antimicrobial agent is selected form

the group consisting of polymeric biguanides, bis(biguanides), quaternary ammonium

25 compounds, polymeric quaternary compounds, and salts thereof.
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not diluted or rinsed off the lens with a different contact-| ) !Ilﬁ"'l“l“l

prior to * "insertion" or placenent on the eye. ﬁ“mﬁm '
anot her enbodi ment of a method according to the present inventiorf, the"s $ *
cl ai med sol uti ewoesmatesee used to clean a frequent replacenent BecInSIfBERE)

that is planned for repl acenent after not nore than about three rmnt hs

of use in the eye, ed . af t

t han about 30 days o @FH“.’I“H&&@"‘??’ a‘fv{'?rgmlﬁ‘ E“'P Yt I-?gera ou

repl acenent aftefomatmd&ntdaﬁ\ambwsetmmmowasmmmﬂ(g Preferably, the
lens is made from a pol yner conprising about 0.0 to 5 nole percent repeat
units derived 10 fromnethacrylic acid (MAA), 10 to 99 nol e percent of

repeat units derived frorhe metholl beEIRMYE 2D 3 EEMIRIME YieNeuentidl GtepPtiubling 1 O

5 nol e percent of cross-1linking repeat units. Cross-lining repeat
units may beS dethe {ensiwith ghe sek@ﬁtplfdloweﬂbmmm@ﬂn&ﬂwmwhwhe solution.

et hyl enegl ycol dinethacryl ate, divinyl benzene, and trinmethyl propane
trimethacryl ate. Separately from or supplenentally to,

i mrersing a contact 10ens A soreoxidativesquebiesrselufian haviigut prbfromabaut & tagbdus 8t he

present inventign while the contact .l.ens ut.side the eye, .the
accunul ati on offobf S¥I08 Gontact lenseR, comRTising: a@bﬂi"g‘&'{w ?M"&iﬁp\é‘é@ﬂﬁw&
prevented by  formul@pp! yi ng such a solution as eye drops. Thus, a

opt hal nol ogi cal | y safe sol ution conprising the clainmed conpound can
be packaged in a container adapted for ap tying} the solution as drops

to the eye. 20 As an |IIustiat| (o] he present invention,
several exanples are provided bel ow. |Thes¢ exanpl es serve only to
further illustrate aspects of the inventiv@®Hnd/ ghoul d not be

construed afllimti ng the invention.

EXAMPLE 1 25  wherein Z is ABormecting|radical equabin @hlence @olnfwhiereih ats anintegertffiom Btobj ect

invention is provided helo in Table,l i.s sQl ution s prepared by
wei ghi ng out thgﬂg%‘%‘a\%lé?ré%;ﬁ%fb?}fat?‘n%dehm'f‘&sFé’g@mdLﬁﬂ the rp
1-hydroxyet hyl i géisiting drububoRaRd o hibstitGled sdtivafed hydtbirbditaditalddnd amine-

tetrasodiumetidronate), comercially avail able as DeQuest [err] 2016 from

Monsant o (St. containipg, fadisals,whigh amipe;Containing radigelsare saturatad, hydrogarbgn rdicalgi ng
the sol uti ogs up; ‘Qrélﬂ&é‘kuﬂ&l s € int int pwi e lJBﬁrJnL nitfgbi atE’Mrtgﬂ%&ms a

Sol uti on. Thep e res t|n tlon was t ween
7.3. (1f necesssacondapher tmﬂavranmmdm whiclhythe mapbds of catbensatoms ipthegmainef an

containing radical is at least n+1, wherein said substituted saturated hydrocarbon

to

radicals may be substituted with halogen, hydroxy, amine, carboxy, alkylcarbonyl,
alkoxycarbonyl and/or substituted or unsubstituted phenyl, wherein the substituted

20 phenyl may be substituted with halogen, hydroxy, amine, carboxy and/or alkyl, and
wherein said alkyl or alkoxy has 1 to 4 carbon atoms.

-.25.

This Sheet Has Been. Reila ced




P%J'IS'/ L'J897/ 01331 o gzzlpgrlgg?l at e anount of hydrochloric aci d |(l“|“umullll’!| “I“ " I“I

hydroxi de, as indicated in Table I). The final product hatl thet'

conposi tion skewwyseselabl e | bel ow. PCT/US97/01331
TABLE | Const i t uent % Wi ght
by Vol une Pol yhexamnet hyl ene bi guani de HO (as e:é(‘;) % 0. 00047
w w sol ution avail abl-e uhaeFoxifaivagqyeous solution acw’@%%??cfg'?% vipg 3pH,| ¢

Chenical Co’) from about 6 to aBOt8%of frédting contact lenses goTErising: a phosphonic compound 0. 64

Sodi um Bor at e Edet at e
Di sodi um represented by the formula: 0.11 Sodi um Chl ori de
0. 49 Pol oxam ne (Tetronic [err] 1107 fromBASE Co.) 1.00
Tetrasodi um Etidronate (as a 30% (w w) sol ution avail abl e
under the mark DeQuest [err] (%%6 from Monsanto Co.)
Hydrochloric Acid, 1N as regui red for pH adj ust nent
Sodi um Hydroxi de, IN | Pg'gw red for pH adjustnent
Purified Water X'—(CH).—C—(C @-I—imeel-lo 100 5
EXAVPLE 2 L | Hﬁ

(H

x3

5  wherein each of a, b, ¢, and d are independently selected from integers from 0 to 4; X'is
a phosphonic acid, hydroxy, amine or hydrogen group; and X’ and X* are independently
selected from the group consisting of halogen, hydroxy, amine, carboxy, alkylcarbonyl,
a]koxycarboﬁyl, or substituted or unsubstituted phenyl, and methyl, wherein the
substituents on the phenyl are one or more halogen, hydroxy, amine, carboxy and/or

10  alkyl groups and wherein said alkyl or alkoxy groups have 1 to 4 carbon atoms.

12. A non-oxidative aqueous solution having a pH from about 6 to about 8
for treating contact lenses comprising: a phosphonic compound represented by the

formula:
OH
Cik
H,03P—(CHy)s—C—(CHy)e—POsH;
(CHy)d
CH,
15
wherein each of a, b, ¢, and d are independently selected from integers from O to 4, and
physiologically compatible salts of said phosphonic compounds.
13.  The solution of claim 10, 11, or 12 wherein a, b, ¢, and d are all 0.
20
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content) were coated with 10 protein deposits followed by treatnmenttwt
one of several wosksteéuti ons (as described in Tabl e | alpey®mssymisapt
I ncl udi ng various amounts of the DeQuest [err] 2016 conpound). These

| enses were then co red wth | enses treafed with a ntrol solution
consi sti ng of gg%u [E’?‘]‘?P °€\ﬁ?’ﬁ‘ llgeilt"féy erps _%ff"éﬁg?ﬂﬁ‘ff’é“ldabl ets.
The | enses wer e phbgphbMe coifpdiBd Rt Rhst 8100B Peréhrt Wikight BY Pliméleposi t procedure
as 15 follows. An aqueous electrolyte solution was prepared, which

sol ution consisted of approxi mately 0.70% sodi um chloride, 0.17%

pot assi um chi'or i de. G522 P otion SPElkilo, 11, o't ARHRPBRsing BFlek BRO50 Of

cal cium chl oride, dihydrate. e ectrofyt’e solution S prepared by
addi ng- t he chl oantimicrabiatiagentandbenan esmolalityyhetween abows 2§0 803300R0sK gt ot al

vol unme of distilled water required, followed by thorough m xing of the
solution. The 20 pH was neasured and, if necessary, adjusted to 7.2 +/-
0.1 with either | N HTb. or Alndn-oxidativehiséthbdd fof¢leaninglahd disinfearingoscontast leiges Of

In order to further illustrate the subject invention, a nunbe '
hydr ogel " lenses (FDA group I1l, bufilcon A lenses with EHI mn ““ “I
h

*

S

E)(la%\_/veen 280 to ?{% : é&ﬁ%@grog&ﬁogcggg#&g of
PCT/ US97/ 01331 (@he Bdrichingla Lot APwith gn bpttthlmidslRGate Qolutich &nfiising! V1t €
solution so that the solution had a 0.10% concentration of |ysozyne.

The resul ting sdbouti®PSad.Omercent weighthypiolmernfaklegst one phosphonicyacidi nut es at
01 i U e (Rupod, PEFPiRORKCRY cofbitic s FeEaE lereil e BhPuribar . 1 °
was 5 al so priesstenephosphonic acid pryup pmt i 12adaction abn@Saadoori ¢ acid, 0.09%
F necessary. " ad] ust Q8 ¢ opipins o Bated Chngatt Ry ihe e ofthe W8T 07 1R hory
The osnolality ofthe solution was between 280
15 17. A method of disinfecting or cleaning and disinfecting a soft contact lens
with a multi-purpose solution or effective muitipurpose solution, which method
comprises:
(a)  soaking the lens in an opthalmically safe solution, such that acceptable
disinfection of the contact lens is obtained within a minimum recommended soaking
20  period, the solution comprising, in formulation, the following components:
0] 0.005 to 1.0 percent weight by volume of at least one phosphonic
acid compound, or its physiologically compatible salt, which compound
has at least one phosphonic acid group and 1 to 12 carbon atoms,
(i)  an effective amount of a surfactant,
25 (iii)  an effective amount of a germicide, and
(v) an effective amount of buffering and tonicity agents, and
(b) directly placing the treated lens on the eye of the wearer, such that (ii)
rinsing with a different solution prior to placement on the eye is not generally required,
and (iif) no other solution is generally required for daily cleaning of the lens.
30
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tsg‘f.?zgygﬁigél'(gl. enses by placi E[;Otlgi gagﬁplozintsSvmmﬂ]iend:pgisiitsgdv?g'mlm"mﬂ“I"III " |l

by subnerging the lenses in approximately 5 m of the electrofyte " $ *

(protei n-cont awo9misssol uti on. The vials were then capped andciuioaeissd
to shaking at 40 rpns in a thermal water bath at approxinmately 80[err]C for

about twenty Lhutes. Sybsequent]y, the |lenses were allowed to cool
to ambient tenperat [Flae, _ e‘%""’e‘t“f’ar’?éw&’di%‘gf laéﬁlem“ BRRURR 1 H?dlt%ﬁ's&‘m h
the borate buf fipitqsimadd froif alpblym@NEOAGPrisMY aBdut 01020 SThdle Pértent! repbat utitd derived
Once subjected to protein degosms, the | enses were then subjected to

t reat ment from methacaylicaci ). 101t 92 msjecherceninf epeat ity dertviad fromnt r ol
oo o . : \ . | noi
solution. Tr eatl#}ﬁt At r?né}iga‘?nl'ylate, and ﬁ%ﬁt@? tﬁo glﬂl eﬂst Sﬂegc{flﬁt &%P&kfihlggq %ﬁgaq ufited N9

several drops o t'est sol'utron on
f ol | owed by 5r ulznd mheteinethe ems isfplannadogprrsetdoneeplatementfier potsreonethiin. abditc 4ldayss e s

20 were then [d d with the test solution and soaked in approximately 5
m of test solution- for four hours. The | enses were then rinsed with
a borate buffered saline. Treatnment with the Control solution

consi sted of placing,.several drqps of ReN S.on both .. Sides of the
| ens followed by rugl?i ng ﬁg‘efq\?ﬂé’iflb‘m gp‘ﬂ'ﬁg)?’l’ n.the method ppovides gomplete The

| enses wer et heleahing Hf the'rs udithit tnfgatic dMRmhe0THhaIBGH bl Bovidal OXi Mat el y 10
m of 25 ReNu [err] MPS includingone ReNu [err] enzyne tablet for
approxi mat el four hours. The | enses were subsequently rubbed and

rinsed with fresh Reju [ Eh@ﬁ i I bz <\ CQ&'}U
buffered saline. ol L o|°f§%5@h‘é’x‘é‘f%%@g82%? P%néaghﬁ&r]%a rreﬂ}rlf%E t he
| enses wer e evadontsinsene of mgre hydroxylmnd/onamioppgmupsiage anal ysis to det erni ne

t he amount of protein renoved as a result of 30 treatnent. The m croscopic
i mage anal ysis consisted of digitally photographing the | enses and

anal yzing surface debris by gray scale inmage analysis. This procedure
-17-
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W0.97/ 31659 © | | ) |
P ROLsy | molved ol ectpg cacn | ens uncer o oM

t hrough the Il ens. Surface debris on the |lens scatters i ght and _
appears lighter than the clean surface on the contact lens. A digital inage
of the illum nated ns J, S ,ohtain an Rixe '
count ed/ separ-at ed based Jg e_?’ﬁ%‘lofl °PFI§W? ?'csjz’ orsn‘{dg%eslﬁtt l%(ee%offthtg({nﬁgs RIIPH ‘i*?r%‘g”é““
V. 1. 46 sof t warg 4bdat 8 efidian bssdlality bEbetivediesouh250 T0BS0vmOsmK g. of 90824
pixels in a circular pattern covering the I ens were quantified using a

scal e of O- _ 255 levels of gray. A value of 0 was dé&fined as "white"

ot fer 1Tyne oL 278, 1o The methoff SELREH'L or B Bftorisink ¥ iBEnAPRRN drSybbing

scatter light, a lighter va drcat €sa-

nmean of these thalengwiththesoldiors followeddy imbresingetie ek vithimthe salution. 10
treatnent for each group which consisted of 10 | enses. A percentage
di fference before and after was then cal cul ated. The higher the

per cent age change i [, pi xgl ﬁ@ gi tT"éE % g - . Igg ' val .
The density val ue o#b‘t he d ] safetnﬂntogga{lgés so?ﬁ{oﬁ{%tﬁin%{’ﬁggwas
conpared w th gyfisteddH b fiomsabbiriicesbont 8 And e ostnclality\of 200 rd 430 mOsin/itg fon.

Fromthis : data, the relative protein renoval for- each l'ﬁ;}? W%S )
det er ni ned. THeeatiog gprtactdensenramprising: a PROSPAPNIS FORPRURS tspregeriied by theipanyla:

in which the relative protein renoval is indicated in Table Il as a
percent change in pixel density conpared wvi fl)h thge Control solution.

WD 97/ 31659 _ 7Z— | P—OH -

PCT/ US97/ 01331 o -, o V( | TABLE 1| |

% Change in Pixel Density Relative OH ampl e No. -

to Control (Control = 100% -
wherein Z is a connecting radical equal in valence to n, wherein n is an integer from 1 to-

6, and containing 1 to 12 carbon atoms, and wherein Z is selected from the group
consisting of unsubstituted or substituted saturated hydrocarbon radicals and aming-
containing‘ radicals, whiéh amine-containing radicals are saturated 'hydrocarbon rgdicals in
which the carbon atoms are interrupted with at least one nitrogen atom that forms a
secondary or tertiary amine and in which the number of carbon atoms in the amine-
cdntaining radical is at least n+1, wh_erein séfd substituted saturated hydrocarbon radicals
may be substituted with halogen, hydroxy, amine, carboxy, alkylcarbonyl, alkoxycarbonyl
and/or substituted or unsubstituted phenyl, wherein the substituted phenyl may be
substituted with halogen, hydroxy, amine, carboxy and'/or'alkyl, and wherein said alkyl or
alkoxy has 1 to 4 carbon atoms, and an effective amount of at least one antimicrobial

agent. '
REPLACED SHEETS SG
[J Description : paged .7-.... to paged ...o...
Claim(s) : paged .22. to paged 28..
£1 Drawing(s) : paged : to paged ..T...
£J Abstract  : paged ....... to paged .......
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1 f(lo.bl% DeQuest [err] 2016) 82 % 2
[err] 2016) 59 % | 3 (0. 01% DeQuest [err] Fﬂﬂmmmi“"ll"l“l
0.6 % 4 (0.05% DeQuest [err] 2016) %

(0.-05% DeQuest [err] 2016) 76 % ' 6 (0 10% DeQJest [err]
2016) .~ 76 % " (0.10% DeQuest [err] 2016) 91 %

8 0. 10% De t 2016 ' % 9, . 5% De t
[er E ] 20 1%) Quest | %r !%) A non-)oxldatwe aqug@Js(sO@luz%angtto F@q(x ]10 %@\f@ a gi-JIet?om

167 % - ' F@ég&l gl dsiift 83h
treated in: |d§g’tsptc§ manne fért?&ﬁﬁgigm %ﬁ d}@ i Sg o4 g}r‘%\%}'&hd I'n Tabl e
I'l, taking thaepresentgichy the feramlba: concent rat i on, t he subj ect solutions and

met hods for treating | enses provided conpar abl e prot ein renoval to.
that ofthe Control solution (which incl ud'bgg'the use of enzymatic

cl eaning), al though there is reducedfactivity at ‘l oner concentrations.
In addition to providing excel | ent OCGBZDHCSQ t he subj ect soI ution al so
provi ded conparabl e disinfection as the nt r oQKBsol uti on.

EXAVPLE 3 This exa he tra es e subj ect
invention, by testing additi ongl—(fctﬁzéﬂ'r_ cacf’a'gglpounds for.
preventing or renoving protein deposits frlom I ensesQ Usi ng the
in-vitro protein deposit procedure descriff@d)gabove in.Exanple 2, soft 15
hydrogel |enses (FDA group |11, bufilcon A were subjected to protein
depositstIIowed bytreatrrent W th rious test solutions simlar to

the sol ution scr.i be Tabl e, | X ud| VALl QUST -

phosphoni ¢ acr‘ﬁ‘eﬁ §’ ? s \954 Pﬂ{fsmg%ﬁ%“gly 5%1 Q%rom o e§5’jsg&%§t‘f gui sa

lor1 gt ei n deposiphgsphbhi ahﬂpﬁﬁﬁowe afirfelW?ih98ioRen bfoup! &nf Xead XF bft ifdépeadentipe Of
selected from the group cons:stmg of halogen, hydroxy, amine, carboxy, alkylcarbonyl,
alkoxycarbonyl, or substituted or unsubstxtuted phenyl, and methyl, wherein the

substituents on the phenyl are one or more halogen, hydroxy, amine, carboxy and/or alkyl
groups and wherein said alky! or alkoxy groups have 1 to 4 carbon atoms.

12. A non-oxidative aqueoﬁs solution having a buffered pH of from about 6 to

about 8 and an osmolality of 250 to 350 mQ__g_m/Kg, for treating contact lenses
comprising; a phosphonic compound represented by the formula: '
- OH
((EHz)b
| B0sP—(CHy)s—C—(CHy)e—POsH:
CHz)d
H;

wherein each of a, b, ¢; and d are independently selected from integers from 0 to 4, and
~ physiologically compatible salts of said phosphbnic compounds and further comprising a

disinfecti unt of tericide selected from the group consi ing of biguanides and

polymeric quaternary ammonium salts.

13_; The solution of claim 10, 11, or 12 whe_rein ab,c,anddareall0.
| -26-
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WD 97/ 31659

PCT/ US97/ 01331 ~the subject solutions or the Positi ve Cowdﬂ'am "l‘"!!m Ill " ,III
(Conparative) solution, again consisting of ...- ReNu [err]

[err] 1 step enzymatic tablets conprising subtilisin, sodium

carbonate, sodium chloride, and boric acid. Follow ng such treatnent, the

| enses were : l.uat usj n L Gr.0s i,C i analysis to determ,ne
the amount of prot eﬁﬁ futtgn g}‘a fq?fgéu‘?‘t{%%ﬁ? %ﬁ centgatiof ol s3id e g
above, the nicy fAS$phBhie chiBG@mﬁ@%* adt 9. dbérb%tc%hteﬁex t by vngﬁmd' gitally

phot ogr aphi ng Phe | enses and anal yzi-ng surface debri’s by gray scale |nage
analysis in which each lens is placed under a ntcroscope *having a "dark

field" « - backgrqund d |.incident, | d through the | ens
digital immge of thd> he wt*tmafg@@alt wslmgeg ?ﬂwlaﬁglthﬁwpgt
wer e .count ed/ SQBOE@ESIﬂm@%Mg%dt zh{tx ubr%{al HofSthe %H?t th
value of the |enses treat ed w solu |on vvas conpar e

t hat of | ensesofbignamdes.and i ary afy g.ution. Fromthis data
t he relative prote| n rermval for each Iens was determ ned. The

results ofthis evaluation are provided in Table I, whi ch. shows t he

percent change in pigel densniéidatiVe thellitd Br cleamn% Mu&&ﬁngb&xﬁﬁtt&%
change in pixel density enploying a subject solution containing a

gi ven phosphonmthaondnfmmandutlprzstommumer cent change in pixel denS| ty

I t t Lut t L
(3} The Pel ati ve pofant coligise  cottact ops ik an SRbshaRfsal ot SPLHER poioadhe
(2). The conpoakiss 01005 tah!Bperédnt KRR byRORINR! oF at least onerﬁawhtc%td QGmipbuRy, 2

test result neeting at |east one of tvvo criteria: (1) showi ng a

rel ative per cem a phtamx@ﬁly&bmnwlﬁ@sqﬁdh@renﬁ wherein thetcompourdihasrat [east angowi ng
a percent 20 aﬁ‘?fﬂ h t he gﬁgﬁ g eate t han 15 percent' The
aver age val ue cé?ﬁl group an 3 shgﬁ tive control (ReNu[err]
MPS sol uti 0”) vvas aly)ut placing tHeapdated contact lens in the eyes of the wearer.

17. A method of disinfecting or cleaning and disinfecting a soft contact lens
with a multi-purposé solution or effective multipurpose solution, which method -~
comprises: | _

“(a)  soaking the lens in an opthalmically safe solution, such that acceptable
disinfection of the contact lens is obtained within a minimum recommended soaking
period, the solution comprising, in formulation, the following components:

® 0.005 to 1.0 percent weight by volume of at least one phosphonic

acid compound, or its physiologically compatible salt, which compound

has at least one phosphonic acid group and 1 to 12 carbon atoms,

(ii) - an effective amount of a Surfactant,

() an effective amount of a germicide, and

(iv)  an effective amount of buffering and tonicity agents, and

(b)  directly placing the treated lens on the eye of the wearer, such that (ii)
rinsing with a different solution prior to placement on the eye is not generally required,
and (iii) no other solution is generally required for daily cleat_ling of the lens.
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- 20-. WO 97/ 31659

PCT/ US97/ 01331 TABLE 111 lullj I!,LI"" "lll " ,"l

Rel:ative % W. % % Change
Change Test (w'v) with. with
Conpound No. Phosphoni-c Conpound* ~ Conpound Conpound Enzyme ~ To

%gt rol 1 di ph ng@oéglr g*ﬁ%ﬁ@&h@%&%@ or 17 \9&921 th%solutgo% is'used to cfean alens

Met hyl enedi phogpdtainade from a gdlykRer comprisid@ about 0.0 to65 mole percent #epéat units derived
' from methacrylic acid (MAA), 10 to 99 mole percent of repeat units derived from

: hydroxyethyl methacrylate, and about 0.5 to 5 mole percent of cross-linking repeat units

and wherein the lens is planned or set for replacement after ot more than about 14 days

of wear.

19.  The method of claim 16 or 17 wherein the method provides complete

cleaning of the lens such that énzymatic cleaning of the lens can be obviated.

20.  The method of claim 16 or 17 wherein the phosphonic acid compound

contains one or more 'hydr'oxyl and/or amine groups.
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. :s-' LACEN AT 3G
acid triNa salt,tetrahyd. 3 2- N@thylbenzylphos h ciietilh 1eed & 19 535;
18", 150 acid 4 1- hydr oxyet hyl i di. gﬂ»p@ 0, ?"QJ 2315 paged 2
8 6 133 di phosphonic acid, t tﬁa@ﬁnhq . Jggg_i paged -
Met hyl enedi phosphoni c 0.01 8 6 |0 Abstrc&% B %d to aéed -
acid triNa salt, tetrahyd. 6 2-ani noet hyl phosphoni ¢ 0.5y~ IFg =
23 19 121 SHMMARY OF THE2IANENTZORYI p
23 19 121 acid 8 2- Met hyl bel @Qﬁ“& Bﬁhﬁﬁﬁ@ P’F--lﬁ?:fﬁ.'.ﬂ.‘.!.‘?
53 5§ In aggordance wigbhi @ First aspebydoﬁxyhﬁfgiesbmm 1,1-

0. 030 303 tida, di phosphoni ¢ aci d,
DetraNa sal b igventis L %}W&ldr?g- 1,1- 0,015 5 6

83

1- hydroxyet hyl i di ne- 1

di phosphoni c
0.10
0.10

ggaquaous3§o1nulon ccmprising a dﬁ@s@ho&ic acid(

di phos[ahx)d:meom‘.ddJ:1 ve method Gﬁdxal’ﬁa'e&&hhglbom.a‘.t lenses

SofaPtsdng contdelBa a 160t pith 2B aRhtBALMISA N0 8N o

%oAgbﬂﬁB?”Zy')

phdshonic acid

39 7
Phosphon%acet?% aphysiclogigagly compagible salfyythersof, repgesggred

DL- 2- Am no- 4-py the :orﬁhﬂﬁ
phosphonobut yric acid

18 28 64

16 n- Decanephosphoni ¢ aci d
63 17 Phosphongageti c,aci d 0.10
Benzyl phosphonic aci H .10 19
— CH{
O:I n

wherein Z is a connecting radical equal in valence to n,
wherein n is an integer from 1 to 6, and containing 1 to
12 carbon atoms, and whexein Z is selected from the group.
consisting of unsubstituted or substituted saturated

~ hydrocarbon radicals and amines-containing radicals, which_

32

62 18
10
15
20
25
20

amine-containing radicals are saturated hydrocarbon
radicals in which the carbon atoms are interrupted with

at least one nitrogen atom that
tertiary amine and in which the
the amine-containing radical is

forms a secondary or
number of carbon atoms in
at least n+l, and said

substituted saturated hydrocarbon radicals may be
substituted with halogen, hydroxy, amine, cérboxy,
alkylcarbonyl, alkexycarbonyl and/or substituted or
unsubstituted phenyl, and wherein the substituted phenyvl
may be substituted with halogen, hydroxy, amine, carboxy,
alkylca*bopvl and/or alkyl, and wherein said alkyl ox
alxoty groups have 1 to 4 carbon atoms.

In accordance with a second aspect of the present
invention, there is provided

a non-oxidative method for treating contact lenses
comprising contacting a lens with an agueous solution

comprising a phosphonic compound represented by the
formula: ' |



-21- WD 97/ 31659

PCT/ US97/ 01331 TABLE T

Rel ative % W. % RE&’ERMFS&EET
% Change Change Test V) q
with »5_Conpound No. Phospf8ii ¢ Conpound MQuREB ﬁ@9
Conpound Enzyne To Control 19 o 1- hydroxyet hy} idi ne-1, 1- i
0. 003 20 34 59 di phosphontTacrd,
tetraNa salt 20 2- Phosponopr defBhi ¢ acid 0. 10 18

31 58 21 Asdpos LWCHg)c2€R@iH, 0. 10 17

31 55 22 hexanet hyl'e g netetra 0. 10 27

53 51 (nethyleneg Qghonic acid),
hexapot assi um sal t 23 Phospho@Hgcetic acid 0.10 14
28 50 har 5 onet osphani €.,

> a4 sher€4n each éf1§ 5, H?;%%& 3 9% § d%% ident %¥r§glé§t§d
0.10 35 11from integdrs ::ro"\ 0 3o 4, &8d physioleghyakhgt coapandbdrt a
0. 10 18

salts of Stch nhosphé%xc compounds.

In accordance with a third aspect of the present
invention, there is provided
an opththalmically safe non-oxldatzve _aqueous

solution } naving a buffered pH of from about 5 to about 8

25 and an osmolality of 200 to 450 mOsm/kg for treating
contact lsnses comprising a phosphonic compound.
represented by the formula:

390 ' :
\OH' /n . -
wherein 2 is a connecting radical equal in valence to n,
wherein n is an integer from 1 to 6, and containing 1 to
12 carbcn atoms, and wherein Z is selected from the group

N

L)
wn

consisting of unsubstituted or substituted saturated
hydrocarbcn radicals and amine-containing radicals, which
amine-containing radicals are 'saturated hydrccarbon
radicals in which the carbon atoms are interrupted with
at least cne nitrogen atom that forms a secondary or
tertiary amine and in which the number of carbon atoms in
the amine—'fn?aining radical is at least n+l, wherein

w
n
m
'-l
[o N
0l
b
t
[{7]
cr

ituted saturated hydrocarbon radicals may be

tstituted with halegen, hydroxy, amine, carboxy,

kylecarbenyl, alkoxycarbonyl and/or substituted or
unsubstituzed phenyl, whérein the substituted phenyl may
be substituted with halogen, hydroxy, amine, carboxy,

10 and/cr 2lkyl, and whesrein sa*d'alkyl or alkoxy has 1 to 4
carbon atems, and an effective amount of at least one non-
oxidativ -nt1m1crob1al agent for a contact lens treating
solution.



(nethylenephosphonic aci d), hexasodi um salt 27

met.hyl ene di phosphonic 0.10 10 31 32 aci d
28 3- Phosphonopr opi oni ¢ 0.10 8 28 29
acj d *All Conpounds in Table Il gre comercially availiable, for
exanpl e, Compounds 1, 4,9, 10, 11, ané 19 are commercially avail able

from Monsant o Cb (Sh abadrahncGOWthndszurSh asgedf @f ethe presemercially

avail abl e fr h c n Compounds 3, , 12, and 24 are
comercially avg agﬁsr% %1%Q§g§§ Co. (Pennsyl vani a); Conmpounds 14,

17, and 23 are co i L L.g eni. (St
Low s); and Conpoggg{&z%iﬁﬁgﬁ“ a%#& \(':’Is §ng?§g$¥C| aFf{;ahgco avai |l abl e
fron1anwoodd@nﬂ&nuﬂiiﬁﬂﬁﬁ(nnmbtfbmmg Zapbbsphpric compound As is shown

by the data pr i I subj ect solutions with 10
phosphoni ¢ aci f%ﬁ%#ﬁé%& ﬁhérég¥%%§afor treati ng | enseg tirer-ew-th

provi ded protein renoval better than the Negative Cont 5PLAGENENTIW
one tesL score. Selected or preferred conpounds prov1d¢a protem

r enoval corrparable to, or even better thg@¥H that of fhe¢ Pp@l#éél%g
Control solution that enployed an enzynagﬁfhfleanlng agenf.

-29.
Hzosp——(cnz)a—é—(cm)c POsH;

L,

10
wharein each of a, b, ¢ and d are independently selected
from integers from 0 to 4, and physiologically compatible
salts of said phosphonic compounds and further comprlslng
15 a disinfecting amount of a bactericide selected from the .

group consisting of biguanides and polymeric cuaterrazy
ammonium, and salts thereof.

In accordance with a fifth aspect of the present
invention, there is provided

a non-oxidative method for cleaning and disinfecting
a contact lsns with multi-purpose solution comprising:

(a) contacting a contact lens with an
ophthalmically safe solution comprising about 0.005 to
1.0 percent weight by volume of at lezst one phosphonic
acid compound, or a physiologically compatible salt
thereof, wherein the compound has at least one phosphonlc
acid group and 1 to 12 carbon atoms; and

(Y3
[¥]]

(b) placing the treated contact lens in the eyes of
the wearer.

In accordance with a sixth aspect of the present
invention, there is provided

a method of disinfecting or cleaning and

W

disinfectirng a soft contact lens with a multi-purpose
solution, which method co grprisss: '



-23- " CLAI M5 1. A non-oxidative nethod for treating contact

| enses conprising contacting a lens with an ophthalmcally safe
agqueous sol ution conprising a phosphonic acid conpound, 5 or a
physi ol ogi cal |y conpatible salt thereoffc-represented by the formul a:

[err] 10 wherein Zis g connect i ng rad1 cal equalnl n val ence to n,
wherein n is an infaherseaking thesleradinorraPRnhfaimisally s@decarbon

atoms, and whgsehifidni ScS&h eehad EEQ%‘EE@:‘CQB&UB 1bhe e6HBLELI NEngf is
unsubstltut ed or subsfituted saturated hydr ocar bon radi cal s and

ani ne- ct ai nPhgained culshinnd cRinimumnareserssrdainsaaking pgriogdnethe
saturated NydsgeatPen compridfhgal snl BoPhlhilekRa, CRARORCR OREng' @
interrupted wth at 1east ohe ni f'rogen atom 't fornms a Secondary or
20 terti arycamP@@eand: i n which the nunber of carbon atons in t he
am ne-cont ai ni ng;{adi c | gagt 0% n i st jkuted
saturat ed hydrogag bon ?%d??;%?{son; 6b éene Qgig ?u?gdvowﬁ'hg%oégn,

hydr oxy, am nbeasardmetyphosphoaihyécadboombpuaﬂko&ycatbonyI and/ or

henyl 15 DEGPRLOLIGRTTY AORPRRIRTE aR e nfFER, ColprBd BarLdhy

least one phosphonic acid group and 1 to 12 carbon atoms,

(i) an effective amount of a surfactant,
(ii3) an effective amount of a non-oxidative

germicide, and
20 (iv) an effective amount of buffering and tonicity
agents, and ‘ .
(b) directly placing the treated lens on the eye of
the wearer, such that rinsing with a different :sélu'tion
. prior to placement on the eye is not required, and no
25 other solution is required for daily cleaning of the
lens. R ) S ' .
The present invention includes non-oxidative methods for treating contact lenses
and compositions for the same. The present invention includes contacting a lens with an
aqueous solution comprising a phosphonic acid, or a physiologically compatible salt

5  thereof, represented by the formula:

REPLACEMENT SHEET
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wherein Z is a connecting radical equal in valence to n, where nis 1 to 6, preferably '

containing 1 to 12 carbon atoms, The Z radical can include such radicals as substituted
10 or unsubstituted saturated hydrocarbon radicals or amine-containing radicals. By

“substituted or unsubstituted” is meant unsubstituted or substituted with halogen,

hydroxy, amine, carboxyl, alkylcarbonyl, alkoxycarbonyl, or substituted or unsubstituted

phenyl, where the substituents on the phenyl may be halogen, hydroxy, amine, carboxy,

alkylcarbonyl, or alkyl, wherein said alkyl or alkoxy groups have 1 to 4 carbon atoms.




al kyl'c’ar bonyl , and/or al kyl, “and wherein said al kyl or al koxy groups

have 1 to 4 carbon atons. 30 2. A non-oxi dative nethod for treating
contact | enses according to Claim1l conprising contacting a lens with
an. opht hal m cal |l y safe aqueous sol ution conprising a phosphoni ¢
conpound represented by the formul a:

-24- [err] 10 wherein each . a, b, c, and d are independently
sel ected fromintegers fromO to 4; X[ err] is a phosphonic acid,

hydr oxy, am ne or hydrogen group; and X err] and X err] are

! ndependéfg thy The r%let 5 %P thferp%ge}lthlgvg]rtigg %or%grqgels ?:ltegrggg 2 fconqgtl:tqgﬁasn\iritltl]xg roxy,

aqueous solution comprising at least 0.003 percent weight by volume of the subject
phosphonic acid, preferably 0.005 to ]'.0 percent weight by volume of a subject
compound, more preferably 0.01 to 0.25 percent weight by volume.
In a preferred embodiment, the subject phosphonic acid compounds may be used
20 in combination with antimicrobial ageﬁts for providing simultaneous disinfection and
cleaning of contact lenses. In a further preferred embodiment of the present invention,
the subject lens-care solution providés a complete non-oxidative cleaning regimeh for
contact lenses, without requiring any other solutions or supplemental enzymatic cleaning
agent. The cleaning regimen provides protein removal comparable to other cleaning
25  regimens that include the use of an enzymatic cleaning agent. As sucl}, the present

invention offers significant advantages over known cleaning and disinfecting regimens.

REPLACEMENT SHEET
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am_ne, carboxy, alkyl carbonyl alkoxycarbonyl, or 15 ubstitute

unsubstituted phenyl, and nethyl, wherein t he subst | t uent sumlmﬂwl""""”“
phenyl are one or nore hal ogen, hydr oxy, ami ne, carboxy an

groeups and wherein said al kyl or al koxy groups have 1 to 4 carbon

at ons. 20 3. A non-oxidative method.for treating contact |enses

conprising contacting a lens with an aquéous sol ution conprising a
phosphoni c coggggﬂg%represented by the formula:. [err] 25 30

wherei n each , ¢ and d are independently selected 35 fromintegers

fromO to 4, &and pﬁysiczsi-@gimuwe;@quolr@r treafhing egniach Ignsddoni c

conpounds. comprising contacting a lens with an ophthalmically safe
' agueous solution ccmprising a phosphonic acid compound,
) oxr a physiologically compatible salt thereof, represented

by the formula:

10

wherein Z is a connecting radical equal in valence to n,
wherein n is an integer from 1 to €, and containing 1 to
12 carbon atoms, and wherein Z is selected from the group

15 consisting of unsubstituted or substituted saturated
hydrocarbon radicals and amine-contéining radicals, which
amine-containing radicals are saturated hydrocarbon
radicals in which the carbon atoms are interrupted with
at least one nitrogen atom that forms a secondary or

20 tertiary amine and in which the number of carbon atoms in
the amine-containing radical is at least n+l, and said
substituted saturated hydrocarbon radicals may be
substituted with halogen, hydroxy, amine, carboxy,
alkylcarbonyl, alkoxycarbonyl and/or substituted or

25 unsubstituted phenyl, and wherein the substituted phenyl
may be substituted with halogen, hydroxy, amine, carboxy,
alkylcarbonyl, and/or alkyl, and wherein said alkyl or
alkoxy groups have 1 to 4 carbon atoms.

30 2. A non-oxidative method for treating contact lenses
according to Claim'1 COWOIlS’ng contacting a lens with an
opntha1n1ca11v safe aqueous solution comprising a
phosphonic compound represanted by the formula:

REPLACEMENT SHEET
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4. Tﬁé met hod of Claim2l1 wherein Z contains 1 to 10 carbon atons.

5. »The nethod of daim2 or 3 wherein a, b, ¢, and d 5 are

6. The nmethod of Caim1l1, 2 or 3 wherein the solution furlMﬂll'l‘llll'lllllllll
conprises an antim crobial agent. 10 7. The nmethod of Clain €

wherein the antim crobi al agent is)selected fromthe group consisting

of polyneric bi guani des, bis (bi guanl des), polyneric quaternary

anmoni um conpounds, and salts thereof. 15 8. - The method of daiml,
2 or 3 wherein the solution hasXa pH fromabout 6 to about 8 and an
osnol ality of bet ween about 25&% 350 nmOsn kg. 9. The

nmethod of Caim1l, 2 or 3 conprising quential steps of rubbing
the lens with the solution, folllovved by j'imersing the lens within the

sol uti or® 10. An o}ﬁ—h—t(ﬁwz)gﬂ—dh-H(Qﬂf)ﬁ-nGH oxi dati ve aqueous
l

(CHz)d
xS

10 wherein each of a, b, ¢, and d are independently selected
from integers fromo to4,X1 is a phosphonic acid, hydroxy,
amine or hydrogen group; and X? and X° are independently
selected from the group consisting of halogen, hydroxy,
amine, carboxy, alkylecarbonyl, alkoxycarbonyl, or

15 substituted or unsubstituted phenyl, and methyl, wherein
the substituents on the phenyl are one or more halogen,
hydroxy, amine, carboxy and/or alkyl groups and wherein
said alkyl or alkoxy groups have 1 to ¢ carbon atoms.

20 3, A non-oxidative method for treating contact lenses
comprising contacting a lens with an aqueous solution
comprising a phosphonic compound represented by the
formula: '

25

OH
CHox
0 3P——(CH-s)a——é-—(CH-;)¢-—PO;,Hg
' (CH2)q
H;
30 :
wherein each of a, b, ¢ and & are independently selected
35 from integers from 0 to 4, and physiologically compatible

salts of such phosphonic corcoupas

REPLACEMENT SHEET
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sol ution having a buffered pH of fromabout 5 to about 8 25 and a

oshiol ality of 200 to 450 nmDsmi kg for treating cont act ﬁmm'|"||"m!“uﬂ"||||
conpri sing a phosphoni c conmpound represented by the for

wherein Z is a connecting radi cal equal i? val ence to n, whet ei'n n

an- integer from1l to 6, and containing 110 12 carbon atons, and

wherein Z is selected fromthe group 35 consisting of unsubstltuted or
substituted sdurat®p metho }b‘?&]eﬁf-ﬁ‘bri MREZETS LT S dorft@i J0 ng

radi cal s, whi drrbon atididle-contai ning radi cals are saturated hydrocarbon

- 26- radicals in which the carbon atons are interrupted with

at least one nitrogen atomthat forms a secondary or tertiary am ne

and in which tshe nuHemMAThdRIPTIRHINS idy 3 wheddih & NE- ONtAdI Y
radical is at |least. n+tl, wherein 5 said substituted saturated

hydr ocar Bon réﬁ%xﬁﬁrr&w'be substituted with hal ogen, hydroxy, anine,
car boxy, al kyl carbonyl , al koxycar bonyl and/or substituted or
6. The method of Claim 1, 2 or 3 wherein the solution

further comprises an antimicrobial agent.

10 7. The method of Claim 6 wherein the antimicrobiazl
agent is selected from the group consisting of polymeric
biguanides, bis(biguanides), polymeric auatevqavy
ammonium compounds, and salts thereof.

8. The method of Claim 1, 2 or 3 wherein the solution

1=
4]}

has a pH from about 6 to about 8 and an osmolality of
between about 250 to 350 nOsm/kg

S. The method of Claim 1, 2 or 3 comprising the
20 sequential steps of rubbing the lens with the solution,
followed by immersing the lens within the solution.

10. 2an opththalmically safe non-oxidative agueous
solution having a buffered pH of from about 5 to about §
25 and an osmolality of 200 to 450 mOsm/kg for treating
contact lenses comprising a pnosphonic compound
represented by the formula: [ REPLACEMENT QHEET

E—————

I_on 10 FEB 1999

: {
30 OH i

wherein Z is a connecting radical equal in valence to n,

whersin n is an integer from i to 6, and containing 1 to

12 carxbon atoms, and whersin Z is selected from the group
consisting of unsubstituted or substituted saturated

u)
(V)]

hydrocarbon radicals and amine-containing radicals, which
amina-containing radicals are satuxated hydrocarbon



unsubst i t ut ed phenyl, wherein the substituted pheny

SUBSL 11Ut oo £ Nl bger, yarony, “am e, carbony, 10 and’‘”(Llilllli'llllllIIIﬂIII|I|l|II|

wherein said al kyl or.alkoxy has 1 to 4 carbon atons

effective anount of at |east one non- oxi dative antim crobi al agent
for a contact-lens treating sol uti_ B 15 11. A non-oxidative
aqueous solution according to Claim 10 having a pH from about 6 to

cbout § Tor LERaILARs 4o wn SR oL LEISEH SHRL SLA9 beRghen Giqrround
c and d are iadepengenong Bétzcged atom them fotrmgers secomdarxyoot, X err]
is a phOSphO”&ér@f%9¥ amin h¥Q&OF Yﬁg&ﬁetﬁé ﬂﬁﬂﬁggegfg oy e a%g S%FrGJ and

X err] are 30 ende romt group cORSISEy
hal ogen, hydr@ﬂ? amnmaeconeabnxqg vedycadr bengk, least ahkRoxyberednyl, or

substitufed aig +ﬁ¥%ﬁﬁ% t@@dpgggﬁLatea h¥8%§c3§%8¥06a398%§ 8%3 P& ne,

Substituents on the
car boxy and/cﬁuQ#¢®&u¥Eﬁ W@#bu@%lgwﬂnmheyérqualdmanhylcarbakyoxy gr oups

have 1 to ° ailkylearbonyl, alkoxycarbonyl and/or substituted ox
unsubstituted phenyl, wherein the substituted phenyl may
be substituted with halogen, nydroxy, amine, carboxy,

10 and/or alkyl, and whsrein said alkyl or alkoxy has 1 to 4
carbon atoms, and an effective amount of at least one non-
oxidative antimicrobial agent for a contact-lens treating
solution.

18 11. A non-oxidative agueous solution according to Claim
10 having a2 pH from about 6 to about 8 for treating
contact lenses comprising a phosphonic compound
represented by the formula:

X2

]

(CHX

._«xgm;—T—{CHQ

|
(Cﬂz)d 10 FEB 999 | |
X l

20

REPLACEMENT SHEET
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wherein each of a, b, ¢ and d are independently selected
from integers from 0 tole;.x* is a phosphonic acid,
hydroxy, amine or hydrogen group; and X* and X* are

30 independently selected from the group consisting of
halogen, hvdroxy} amine, carboxy, alkylcarbonyl,
alkoxycarbonyl, or substituted or unsubstituted phenyl,
and methyl, wherein the substituents on the phenyl are
one or mors haleogen, hydroxy, amine, carboxy and/ox alkyl

35 groups and wherein said alkyl or alkoxy groups have 1 to

4 caxbon atecms.



4 carbon atons. -27-

non- oxi dati ve aqueous solution for treating contact |enses “I“(tllujﬁl “Hl |l||| " "
a phosphoni ¢ conpound represented by the fornula: [err]

wherein each of a, b, ¢ and d are |ndQQ9gdently sel ected fron1|ntegers
fromO to 4, and physiologically conpati salts of said phosphonlc

compounds andy § ur tﬂgﬁ?rom {a2t N6 Tqueods 481 4L £6h1 £8raRRUAL 10

bacteri ci de sel ecte group consisting of biguani es and
pol ymeri c quateREREYy lenseqpeirPxising R sahesphaeigorompound 13 The

solution of Q&hiRddnOis gy Wies efdhmuld; C and d 20 are all 0.

5 . ' - OH
(éHo)b
0P —(CH) L —(CR)—POsE: REPLACEMENT SHEET
(Egz)" 10 FEB 1999
3
10

whereln each of a, b, ¢ and d are independently selected
from integers from 0 to 4, and physiologically compatible
salts of said phosphonic compounds and further comprising

1is a disinfecting amount of a bactericide selected from the
grouvp consisting of blguanldes and polymeric quaterpary
ammonium, and salts thereof. N

13. The solution of Claim 11 or 12 wherein a, b, ¢ and d
20 are all 0.

14. The solution .of Claim 10, 11 or 12 wherein the
concentration of said phosphonic compound is at least
0.003 pexcent weight by volume.

25
15. The solution of Claim 10 or 11 wherein the
osmolality is between about 250 to 350 mOsm/kg and the
antimicrobial agent is selected from the group consisting
of biguanides and polymeric quaternary ammonium salts.

30

16. A non-oxidative method for cTeanlng and dlSlnfeCtlng
a contact lsns with multl-nurpose solution comprising:
{(a) contacting a contact lens with an
ophthalmically safe solution comprising about 0.005 to
35 1.0 percent weight by volume of at least one phosphonic
acid compound, or a physiologically compatible salt
thereof, wherein the compound has at least one phosphonic



14. The solution of Claim10, 11 or 12 wherein the concent
sai d phosphoni c conpound is at | east 0. 003 percent wei ght %Mj“‘ ||||“|m
25 15. The solution of Caim10 or 11 wherein the

bet ween about 250 to 350 nOsnf kg and the anti m crobi al agent S

sel ected fromthe group consisting -28-of biguanides and polyneric

quat ernary ammoni um salts. 30 16. A non-oxidative nethod for cleaning

and di si nf ectaaid groum zmdthcto | Ehscaylkddn raﬂd':is,ptambse sol ution
conpri si ng: sy ( on -9 t wi th an
opht hal'mi cal |y saf 123 oIﬁ% |%n éo‘?‘rbéfi e%tc Cg %%t(fc%o&etrbs 34 the £YR$ Rt

wei ght by volthee wdamgr| east one phosphonic acid compound, or a
physi ol ogi cal |y conpatlble salt t hereof, wherein the conpound has at
| east one phosphonic - 28- aci d

group arid 1 t3c7 12 angsorodtahsligindecting or clgening axidig the treated

‘contact |ens 4y 4he gy ﬁ'ggoidsoft cd NN Ss with a n&l?ltl %J?%A‘é’éj of

d|5|nfect|ng or cl'eani
solution, which method comprises:

(a) soaking the lens in an ophthalmically safe
solution, such that disinfection of the contact lens is
10 obtained within a minimum recommended soaking period, the
solution comprising, in formulation, the following

components: _
(1) 0.005 to 1.0 bercent weight by volume of at
least one pqosnho“_c acid compound, or its
15 physiologically compatible salt, which compound has at
least one phosphonic acid group and 1 to 12 carbon atoms,
(i1) an effective amount of a surfactant,
(iii) an effective amount of a non-oxidative

germicide, and
20 (iv) an effective amount of buifering and tonicity
agents, and’

(b} directly placing the treated lens on the eye of
the wearer, such that rinsing with a different solution
.prior to placement on the eye is not required, and no

25 other solution is required for daily cleaning of the

lens.

18. The method of Claim 16 or 17 wherein the solution is
used to clean a lens that is made from a polymer

30 comprising about 0.0 to 5 mole percent repeét units
derived £rom methacrylic acid (MAR), 10 to 99 wole
percent of repeat units dérived from
hydroxyethylmethacxylate, and about 0.5 to 5 mole percent
of c¢ross-linking repsac units and wherein the lens is

35 planned or set for replacement after not more than about

14 days of weaxr. REPLACEMENT SHEET

10 FEB 1999




diginfécting a soft contact lens with a nulti-purpose sol ution, which

oFuti on, Such that di sinfectioh of the contact lens (s 10 o ?Lllﬂlljmllﬁillﬁlllsl Il

wi thin a m ni mum recomrended soaki ng period, the solutlon conpri si ng,
in formulation, the follow ng conponent s: (1) 0.005 to 1.0
percent wei ght by volune of at | east2Bne phosphonic acid conpound, or

its 15 physi ol o |caIIy conpati ble salt, which conpound hag | east
one phosphoni ¢ d grigreiied @6 Gbatmrberont bigwherein ?)me“h%ﬁ

effective a”Duner$vfaé%”ééﬁ5E§Ee clean1ﬁ¢|¢ﬁ the Aewd f ©gdh viehapount of a
non- oxi dati ve erm ci fectiye anmount of

, f
buffering and t&mzmaric cl e%&ﬁﬂﬁsopa%ﬁﬁ {eng can b?téavtFF%%tly pl aci ng
the treated | engoon tihe e-Hdd of Cliiwe veaseri? %Eéréitat F‘é r@ﬂé@ﬂbﬁfba .

di fferent solutlon ripr to pJacenent on the e qU|red and
no 25 ot Rer s&GHI GPTE ‘-Hég R m@r@%ﬁufh‘éﬂ Jor amine
18. The nethod gfcdgadi.m 16 or 17 wherein the solution. |s used to
clean a lens that is nade froma pol ymer 30 conprising about 0.0 to 5
nol e percent repeat units derived fromnethacrylic acid.(MAA), 10 to
99 nol e percent of repeat units derived from

hydr oxyet hyl net hacryl ate, and about 0.5 to 5 nole percent of
cross-linking repeat units and wherein the lens is 35 pl anned or set for

repl acenment after not nore than about : 14 days of wear.

HEPLACEMENT SHEET
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) ¥ NO COVER LTeR.
-29- 19. The nethod of Claim 16 or 17 wherein the nethod prow des 'POS Cory
conpl ete cteaning of the | ens such that enzymatic cl ea | ens _dan
be obviated. 20. The nethod of Claim 16 or 17 wherein t %osp
conmpound contai ns one or nore hydroxyl and/or am ne groups. f
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