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POLYMERIC OPHTHAL.."1\fiC LENS WITH CROSSLlNKER 
CONTAINING SACCHARIDE RESIDUE 

' ~;'f : ~' 

This is a continuation-in-part of U.S. Serial No. osn12,657, filed September 13, 1996, which was a 

5 continuation of U.S; Serial No. 08/409,385 filed March 23, 1995, abandoned, which was a 

continuation of U.S. Serial No. 08/164,504, filed December 9, 1993, 2bandoned, which was a 

continuation of U.S. Serial No. 08/017,709, filed April 12, 1993, abandoned, a!l of which are 

incorporated herein by reference. 

o BACKGROUND Q!:Jlm INVENTION 

lS 

This invention relates to a crosslinked polymer derived from the polymerization of a hydrophilic 

monomer and a· cro&slinking agent. More specifically, .it relates to such a polymer which has the 

propenies desired for ophthalmic lenses, particularly soft hydrogel contact lenses. 

Soft hydrogel contact lenses ~ currently the lens design of choice for extc..,ded wear applications. 

These lenses are derived from the polymerir.ation of a hydrophilic monomer such as hydn:~ 

methacrylate (HEMA): Other hydrophilic monomers can be usea.· such as N,N-dimethylacryiamide 

·(OMA) and N-vinyl pyrrolidone (NVP), although these alternative monomers have not yet found as 

20 wide-spread an acceptance as HEMA for the fabrication of commercially viable contact lenses for daily 

or extended wear applications. 

A contact lens ·composed of the polymeri7.ation reaction product of HEMA (polyHEMA) is swollen ·m 
. water to prepare a hydrogel. For higher water-containing.hydrogels., the.water content of the hydrogel 

25 lens is an imponant factor in patient comfon, because the penneability of oxygen through the lens is 

dependent on its water content. Since the corneal tissue of the eye of a contact lens wearer needs 
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oxyg~ to "breathe11
, the water content of the lens, and hence its oxygen permeability, are important 

mctors 1&1 achieving an aCceptai>le degree of wearer comfort and corneal health. 

Although polyHEMA lenses can be swollen with water to prepare hydrogels with minimally acceptable 

s water contents and oxygen permeability, such lenses composed of polyHEMA alone do not exlubit 

sufficient mechanical properties for routine handling and care. Accordingly, commercially available 

contact lenses are d~ from polymerizing not only HEMA, but also a cros.idinking monomer to 

enhance the mechanical properties of the finished lens. The crosslinldng monomer conventionally used 

is ethylene glycol dimethacrylate (EGDMA). While the crosslinking monomer improves the mechanical 

10 properties of the finished lens, and therefore enhances the handleability of the lens, it also has adverse 
. 

consequences. High levels of conventional crosslinking agents serve to reduce the water content of the 

finished lens and in~ its brittleness. The reduced~ content lowers the permeability of oxygen 

through the lens, which in t\im decreases patient comfort and corneal health over an extended period of 

wear. The increase in brittleness of the lens makes the lens more fragile, and therefore more susceptlble 

lS to tearing. 

Since neither polyHEMA a.lone nor the reaction product of HEMA with a crosslinking agent has 

produced optimum properties for a soft contact lens, commercially available lenses typically 

incorporate additional monomeric components from which the lens is derived. For example, anionic 

20 monomers such as methacrylic acid (MAA) are frequently added to further increase the water content 

of the lens; and hydrophobic monomers., such as alkyl acrylates or methacrylates, are added to further 

enhance the mechanical properties of the finished lens. Unfortunately, there is still plenty of room to 

improve the.desirec;l properties for ophthalmic lenses, particularly·soft hydrogel contact l~ and so 

therefore numerous attempts have been made to develop siich lenses from novel polymer systems. 

25 
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Numerous· examples abound in the literature of attempts to fabricate hydrogel contact lenses fro~ 

unique polymer systems. What follows is a discussion of some of the more relevant teachings with 

respect to these alternative polymers for use in fibricating ophthalmic lenses. 

s U.S. Patent 3,988,274 describes soft contact lenses made from a number of monomeric components 

designed to optimi7.e oxygen permeability and strength. The predominant monomer is an alkylene 

glycol moilomethaaylate such as HEMA, or a munomethacrylate of polyethylene glyeol (monoester of 

PEG). The crosslinking monomer is a conventional polyfunctional monomer such as EGDMA, or a 

higher molecular weight crosslinker such as polyethylene glycol dimethacrylate. Acrylic or methacrylic 

10 acid is added to ~ water content, and an alkyl ester of acrylic or methacrylic acid, such as 

N-hexyl ~ethacrylate, is added to improve strength. 

U.S. Patent 5,034,461 describes contact lenses made from copolymers of conventional ethylenically 

reactive monomers such a5 HEMA, or fluorinated analogs of these monomers, and a prepolymer. The 

15 prepolymer is prepared sequentially bv first reacting an isocyanate-terminated polyot with a 

polyalkylene glyco~ and then capping this· reaction product with HEMA. 

U.S. Patent 4,780,488 describes preparing a contact lens material from a crosslinked polymer of a 

polyfunctional monomer. In one embodiment, the polyfunctional monomer is made by first capping a 

20 polyalkylene glycol. e.g. polypropylene glycol (PPG), with a diisocyanate, and then functionalizing the 

capped polyol with ethylenic unsaturation by reacting it with HEMA. Dimensional stability may be 

improved by adding a conventional crosslinking agent. 

European Patent Application 321,403 describes contact lenses made from crosslinked polyvinyl alcohol 

25 (PV A). In one embodiment, a PV A derivative is prepared by reacting PV A with glycidyl methacrylate 
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(GMA). The PVAIGMA can be copolymerized with a vinylic monomer composition containing a 

predominant amount of a hydrophobic monomer and a minor amount of a hydrophilic monomer. 

U.S. Patent 4,921,956 describes preparing a reactive modifier which can be usrd to increase the water 

s content of a soft contact lens made from hydrophilic polymers. TI-&e·· modifier, in one embodiment, 

contains a cyanate functionality which ca:i be reacted with the hyrlrophilic monomer which is 

polymerized to form the lens. 

More recently, an attempt has been made to develop a contact lens from a polymer containing a 

o glucose or sucrose derivative. U.S. Patent No. 5, 196,458 discloses preparing a contact lens from a 

polymer containing such a ghlcose or sucrose derivatiVe. A prepolymer is fonned by reacting an 

alkoxylated glucose or sucrose with a capped, free radi~ reactive isocyanate, e.g. an ultraviolet light 

curable (UV -curable) isocyanate. The free radical reactive isocyanate is capped by first reacting it with 

a polyalkyether, such as PEG or PPG, and then reacting this intermediate with a diisocyanate. In a 

LS related disclo~ European Patent Application 394,496, published October 31, 1990, teaches 

saccharide derivatives which can be polymerized to form a polymer for biomedical applications. ·in one, 

embodiment, the saccharine derivative is a glycoside derivative prepared by reacting an ~-yl glycoside, 

such as methyl gJycoside., with an ester of acrylic or methacrylic acid. such as HEMA. 

20 Another attempt to fabricate ophthalmic lenses, especially soft hydrogel contact lenses, from alternative 

polymeric systems is desaibed in European Patent Application 493, ~20 published December 20, 

1990. This publication teaches making lenses from the following reaction product: a) a polyalkylether 

capped with a UV-curable isocyanate (including tri- o~ tetrafunctional polyalkylethers), b) a 

fluoromonomer with ethylenic functionality, c) a hydrophilic monomer such as HEMA or OMA, and 

25 d) a conventional crosslinker such as EGDMA. 
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While numerous attempts have been made to optimize the propenies of ophthalmic lenses, particularly 

soft contact lenses, these attempts have fallen short of the ultimate goaJ of fisbricating ophthalmic lenses 

with not only properties ideally suited for patient comfort and corneal health during extended wear, but 

also outstanding mechanical properties. What is truly needed is a potymer which has the requisite 

s propenies to achieve the highest degree of patient comfort and corneal health without appreciably 

sacrificing its mechanical properties when the polymer is fabricated into an ophthalmic lens, particularly 

a soft hydro15el contact lens. 

An ophthalmic lens intended for extended wear must meet a variety of fairly stringent criteria in 

o order to be acceptable for wear. The material making up the contact lens must in some way allow 

for the passage of oxygen to the eye and waste products away from the eye. With most soft 

hydrogel contact lenses this is accomplished by increasing the material water content (to SOO/o or 

more of the total Jens weight). High water content soft contact lenses, however, can act as a 

wick, drawing water away from the cornea, as it evaporates from the anterior surface of the lens. 

15 This can result in a dry eye condition. potentially making the lens uncomfortable to wear. 

In contrast, rigid gas p~rmeable contact lenses do not exhibit this wicking effect primarily because 

of their lower water content and lower permeability of water. Another advantage of hard lenses is 

that they can be manufactured much thinner. thus allowing for further enhancement of oxygen 

20 transmissibility. However, hard lenseS, because of their rigid, non-pliable natur~ can feel 

uncomfortable if the lens tit is not exactly right. When poorly fit, hard lenses can cause corneal 

abrasion as a result of mechanical agitation during the blink cycle. Also, most rigid lenses tend not 

. absorb protein and lipids. unlike soft, lightly crosslinked high water ·content hydrogel materials. 

The absorption of proteins and lipids results in the deterioration of the lens and loss of visual 

25 acuity. 
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Soft hydrophilic contact lenses have enjoyed wide acceptance because they offer a relatively high 

degree of comfort even after extended periods of wear. Most soft hydrophilic contact lens 

polymers produced over the last decade have strived to increase oxygen and carbon dioxide 

permeability through the lens by increasing the amount of water in the polymer. This increase in 

s water content, however, leads to the aforementioned problem with wicking of moisture away 

from the eye and decreases the stitlhess of the lens, resulting in poorer handling qualities. In 

additior., increasing the water content of a polymer tends to lower the reftactive index. To address 

these problems, higher water content lenses are typically made thicker, further reducing oxygen 

transmissibility. Current high water contact lenses, for example, those that contain 65-700/o water, 

to need to be made at approximately 140 to 250 microns thick to achieve the necessary optical and 

other physical properties. 

If a lens material is not permeable enough to oxygen and carbon dioxide, or does not allow for 

tear exchange· by providing adequate on-eye movement, negative physiological responses will 

ts occur. Acidosis (as a result of build up of carbon dioxide, lactic acid and _other acidic metabolites 

underneath the lens), thinning of the cornea. formation of microcysts, and stromal edema are 

among some of the problems associated with exten!ted wear of low oxygen and carbon dioxide 

permeability contact lenses. 

20 Permeability of a gas through a material Is expressed as a quantitative value given by Dk, where D 

represents the ditlbsion coefficient of the gas through the polymer and k is the solubility constant 

of the gas in the polymer. The units for gas permeability are given as (cm2/s)(mL 02'mL*mm 

Hg). 

25 Despite the increased water content,- current hydrogel contact lenses may not supply the cornea 

with enough oxygen to prevent unacceptable corneal edema levels. It is believed that extended 

6 



VTN-0393 

wear contact lenses should have a minimum oxygen transmissibility (DkfL, where L denotes 

average lens thickness) between 7S x 10_, and 90 x io·9 (cm/s)(mL 02'mL*mm Hg) to reduce 

overnight corneal edema to an acceptable level. For example a hydrogel material with a water 

content of 7S% and a Dk of SS x l.o-n ( cm2/s)(mL 02'mL *mm Hg) would have to be produced 

s at approximately 7o microns in order for its transmissibility to be 7S x 104 (cm/s)(mL 02'mL *mm 

Hg). This hydrogel material would not provide acceptable optical or other physical properties. 

It is the object of this invention to devise a contact lens material where dehydration of the lens, 

and therefore the eye is of little concern and furthermore has sufficiently high oxygen permeability 
o and mechanical strength to achieve the Dk/I.. criteria necessary to minimize corneal edema during 

extended wear. 

Furthermore, it is the object of this invention to generate a polymer with sufficiently good 

mechanical properties to allow for the contact lens to be manufactured thin enough to provide 
~s excellent ease of handling and wearer comfort. 

SUMMARY !2f I'HE _,IN .... VE,;,,,;;;;o;;;,N .... 1 ..... ,0.--....N 

20 In one aspect, the invention is a crosslinked polymer. The crosslinked polymer comprises the reaction 

product of a hydrophilic monomer and a crosslinking amount of a polyfunctional compound containing 
a saccharide residue. 

In another aspect. the invention is an ophthalmic lens. The ophthalmic lens comprises the crosslinked 
25 polymer described above. 

7 



The crosslinked polymer of this invention exhibits the requisite array of properties particularly desired 

for ophthalmic lenses, especially soft, hydrogel contact lenses. Surprisingly, in preferred embodiments 

of this invention, incorporating the polyfunctional compound as a crosslinker in the polymer ftom 

which the soft hydrogel lens is derived actually enhances not only its mechanical properties, but also i~ 

s .. properties associated with patient comfort and corneal health for extended wear application.~. This is 

contrary to the changes in properties expected when a crosslinking monomer or prepolymer is 

incorporated into a polymer from which the lens is derived. 

Specifically, one of the improvements observed by incorporating the polyfunctional compound into die 

10 lens is that its modulus increases., and hence its handling properties correspondingly improve. But the 

beneficial improvements exhibited in the properties of the lens go beyond the improved modulus. In 

addition., the water content of the lens unexpectedly can be increased with the incorporation of the 

polyfimctional compound, so that oxygen permeability through the lens likewise increases to enhance 

patient comfort and corneal health. The increased water content of the lens is achieved while 

IS maintaining its elongation, which means that the lens does not become more brittle and hence more 

fragile. All of these notewonhy changes in properties· are contrary to those changes exhibited when 

conventional crosslinking monomers such as EGDMA are incorporated into the monomer system from 

which the polymerized lens is derived. 

20 In a particularly preferred embodiment. the polymeri7.ation of the hydrophilic monomer, a suitable 

highly oxygen penneable monomer and the polyfunctional compound occurs in the presence of an inert 

diluent in a mold for an ophthalmic lens. When preferred diluents are used in combination with a 

monomeric mixture incorporating a preferred polyfurictional compound as the crosslinker, the 

stuinkage of the polymerized lens as it fonns in the mold is substantially reduced relative to that of 

25 conventional monomer-diluent systeins which have been previously used in the ophthalmic art. 
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The crosslinked polymc:r of this invention can be used for any application which could benefit from the 

optimum balance of properties it oilers. Advantageously, the polymer is used for biomedical 

applications, particularly for the fabrication of ophthalmic lenses. such as soft hydrogel contact lenses. 

s The present invention achieves the above objects by recognizing ·that the performance and 

comfort characteristics exhib!t!d by current hydrated soft contact lenses need not necessarily be 

accomplished by the use of highly ~·.ydrated materials with a high water content. In particular, 

comfort, ease of handling, excellent on-eye movement and high refractive index can be obtained in 

a low water lens that also possesses high oxygen penneability. 

0 

In another most preferred embodiment of the invention, such a lens is made by copolymerizing a 
. . 

multifunctional prepolymer with at least one hydrophilic monomer added to achieve the desired 

water content, at least one hydrophobic, oxygen permeable monomer to provide the necessary Dk 

to minimize corneal edema, a free radical initiator, and a comp~tibilizing diluent The 

.s multifunctional prepolymer is a cyclic polyol with polyalkylether segments containing free radical 

polymerizeable groups. 

io 

The reactive monomer mixture is then placed in suitable molds and polymerized by either heat, 

visible or UV light, depending on the initiator system chosen. 

DETAILED DESCRIPTION ~llm. INVENTION 

The polyfunctional compound is a crosslinking agent containing at least two reactive 

2S polymerization sites. The number of reactive sites will depend on the particular saccharide chosen 

from which the compound is derived. The polymerization sites are preferably sites of ethylenic 
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unsaturation, and each sucb site is preferably displayed at the tenninus of a branch of the 

molecular chain of the compound . 

. The compound can be a polyfunctional monomer or oligomer, but preferably it is a polyfunctional 

s prepolymer which has a relatively high molecular weight in comparison to conventional 

crosslinking agent used for the preparation of ophthalmic lensPS, such as EGDMA. Preferably, 

the number average molecular weight of such a prepolymer is between about 700 to about 

50,000. The most preferred number average molecular weight is between about 4,000 to about 

20,000, and even more preferred from about. 8,000 to about 12,000. If the molecular weight of 

o the prepolymer were less than about 700, then the crosslink density obtained when the prepolymer 

is polymerized with the hydrophilic monomer to fo~ the crcsslinked polymer may be undesirably 

high. This increased· crosslink density could adversely reduce the water content of the swollen 

polymer, and hence its oxygen permeability. Additionally, the polymer may exhibit a decreased 

elongation with an undesirable increase in its brittleness. With respect to molecular weights 

LS greater than about 50,000, although it is possible to use prepolymers with these higher molecular 

weights, it may be difficult to process such prepolymers for the preparation of desired ophthalmic 

lenses. If the crosslinker is too big, the distance between the points of :rosslinking becomes too 

large and the end result is a low modulus (i.e., floppy) lens that does not handle well. 

20 For the purpose of defining this invention,. a "saccharide residue" is a residue of a monosaccharide, an 

oligosaccharide, or a polysaccharide. Preferably, the saccharide residue is a monosaccharide or 

oligosaccharide with 1 to 6, inclusive, more preferably 1 to 5, inclusive, more preferably l to 3, 

inclusive, sugar units. Examples of some of the preferred saccharides which can be used are set forth in 

European Patent Application 394,496, published October 31, 1990, incorporated by reference herein. 

25 The most preferred saccharide residues are derived from monosaccharides and disaccharides. Of these, 

the most preferred are glucose and sucrose. 

10 
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Polysaccharides can also be used for preparing the polyfunctional prepolymer. In addition, 

carboxyl-containing polysaccharides can be used. Examples of these include alginic acid, pectin, and 

certain glucosaminoglycans. Also, saccharides such as maltose, lactose, methyl-(3-D- galactoside or 

methy-f3-D - galactopyranoside and methylated deoxyribose, can be used. 

A general structure for the alkoxylated saccharide crosslinker is: 

[S(A)Jy 

o where S denotes the residue of a five or six membered saccharide ring, i.e., the cyclic part of the 

molecule. 

For example, 

IS Another example of S could be 

Glucose, mannose, galactose, fiuctose, etc. would have y = 1. Multiple ring sugars (e.g., sucrose) are 

represented by the special case of y = 2. The variable y could also be up to 20 for polysaccharides. 

20 Depending on the specific sugar ring, n would give the number of anns coming off the cyclic part of 

II 
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the molecule, preferably n is I to 5. For example, glucose would have n = 4 and :tiuctose would have n 

=3. 

The R1 group attached to the ring anomeric carbon can be any of the following: 

(a) -CffJ; 

(c) various straight chain and branched alkyl groups up to an including 20 carbon atoms 

(d) aromatic ring's, including benzene, phenyl, p-tolyl, and naphthyl groups 

(e) 

(f) fluorinated alkyl groups such as: 

20 Here A denotes o~ the straight chain polyethers generated by polymerizing a cyclic polyether. such as 

tetrahydrofuran polyethylene oxide and polypropylene oxide, preferably ethylene or propylene oxide, 

right off the ring directly without the ~se of diisocyanates. A is either: 

12 
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(a) a random. linear copolymer of ethylenr: oxide and. propylene oxide wida .a tamiually 

unumratat group C11Ule of undergoing fiw..ndicll polym:ri:mion m me P• 1 ace ot a dlmnd.y 

ac:livatal or pboro.dvared inhiat«~ such that 

when J.i and Ka cm either bolh be H. both. be .al,. or H ~ CHs wida a and b luch 1110 ccnscna a 

rmdam capca,m.r ol ethylene oxide and ptopylme olCide. a llld b will vary !ICJ dlat(a + b) is cywhin 

ftCDI I to SOO, indu5ive, and pre&nbly &om 50 to 200, indJsive. X is a linking group ""*h is 

le:lecad .&am tbe illkwMs pap: 
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V is the unsaturated group capable of free-radical reaction and may be selected from the following 

group: 

0 

where~=HorMe 

-CH~. ~. 
or 

(b) a homopolymer of ethylene or propylene oxide where 

A= -[OCHzCHRsl~-X-V, where Rs is either H or CH3, with X and V defined as in paragraph 

(a) above and c is anywhere from about l to 500, inclusive.; 

or 

( c) a block copolymer of ethylene and propylene oxide where 

14 



\ 

VTN-0393 · 

A= -[OCH1~]c1 -[OCHiCHR1]11 -[OCHiCliRa]r-X-V, where~ R., and Ra can be 

combinatior.:; ofH or CHl. and d, e and fare such that (d + e + t) varies anywhere from 2 to 500, with 

X and V as defined above. 

s These embodi.'lk.""ntS are illustrated in Examples 24 through 95 and Tables S through 19. The 

GLUCAM'l'M methacrylate esters from Amoco are prepared without carbamate linkages, such that the 

allcoxylated methyl gl.;;:~idde is a straight chain polyether with no linking groups. Examples 1 through 

9 show synthesis of the various GLUCAM methaaylate ester prepolymers, with the remaining 

examples 10 through 72 showing polymers made using these GLUCAM prepolymers in conjunction 

o with a variety of monomers, including HEMA, TRIS, DMA. NV A, mPEG350 methaaylate, etc. 

These materials cover water contents ranging essentially from zero to 30 to 35 percent. 

The viscosity of the polymers containing the straight chain polyether materials is much lower than for 

polymers containing carbamate linkages, which makes processing much easier, even without heating. 

L5 The mechanical properties are also very different. The elastic modulus of the straight chain polyether 

materials is. much higher than fer the carbamate materials, thereby allowing stronger polymen to be 

prepared, because the materials can be used in lower concentrations in conjunction with smaller 

molecular weight comonomers. 

20 For the purpose of defining this inventic;>n, a "hydrophilic monomer" refers to any monomer or mixture 

of monomers which, when polymerized, yields a hydrophilic polymer capable of forming a hydrogel 

when contacted with water. Examples of hydrophilic monomers include, but are not limited to, 

hydroxy esters of acrylic or methaaylic acid. DMA. NVP, styi-ene sulfonic and carboxylic acids, and 

other hydrophilic monomers known in the art. 

lS 
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Examples of hydroxy esters of acrylic or methacrylic acid include HEMA, hydroxyethyl acrylate, 

glyceryl methacrylate, hydroxypropyl methacrylate, hydroxypropyl acrylate and hydroxytrimethylene 

aaylate. The preferred hydroxyester is~-

s Other preferred hydrophilic monomers are those diMved from the reaction product of a suitable ftee 

radical reactive derivatizing agent with a monoalkoxy polyalkylether. The polyalkylether is desirably a 

polyalkylene glyco~ such as PEG or PPG, or a poiya!kylene glycol with amino tenninals. The free 

radical derivatizing agent can be any methacrylate, acrylate or other vinyl-group containing species 

capable of reacting with alcohol or amino groups under suitable reaction conditions. Examples of such 

to derivatizing agents include methacrylic acid, methacryloyl chloride, isocyanato ethyl methacrylate 

(IEM), styrene isocyanate, acrylic acid, methacrylic anhydride, the reaction product of HEMA with 

either isophorane diiSocyanate (IPDI) or toluene diisocyanate (IDI), vinyl-substituted benzyl chlorides 

and bromides, 4-vinyl benzoic acid, 4-vinyl benzoyl chloride, etc. To simplify the description of this 

invention, these preferred hydrophilic monomers will be referred to as "monocapped PEG". 

15 

The preferred monocapped PEG monomers are represented by t~e following fonnula: 

20 wherein: 

25 

w is between O and 20. inclusive; 

vis between 20 and 135, inclusive~ 

Rio is hydrogen or methyl~ and 

Xis a linking group which is selected from the following group: 
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-0-; -NH-; ~ ) 

-o~-~ ~o 
0 

0-;and 

s V is the unsaturated group capable of free-radial reaction and may be selected from the 

following group: 

17 
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0 

. where R.t =Hor Me 

-CH-0)-#' 
The most pretemd monocapped PEGs are represented when s is between 85 and 110, inclusive; w is 

between 0 and 3, inclusive; and Rio is hydrogen. 

In the preferred embodiment of the invention. ~he hydrophilic monomer can be a mixture of hydrophilic 

monomers. The preferred mixture is a mixture of monocapped PEG with DMA. In addition. it may be 

desirable to add a ~or amount of HEMA to the hydro-hilic monomer mixture. The weight ratio of 

monocapped PEG to. OMA in the hydrophilic_ monomer mixture is ~esirably between about 1.5:1 to 

10 about 4:1, preferably between about 1.5:1 to about 2.5:1. In addition, it may be desirable to add a 

minor amount of HEMA to the hydrophilic monomer mixture. 

The hydrophilic monomers are preferably copolymerized with comonomers in a monomer reaction 

mixture to impart specific improvements in chemical and physical properties, depending on the 

15 particular application desired. For example, the equilibrium water content of an ophthalmic lens can be 

increased ifMAA is used as a comonomer. Similarly, other components may be added for specific 
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applications, for example, to impart UV absorbency, handling or enhancement or cosmetic tint 

properties to the finished lens. 

In a particuiarly prefened embodiment, a fluorinated monomer is added as a coreactant in the reaction 

mixture. The preferred class of tluori!U'tt\! ~onomers are those derived from the reaction product of a 

fiee-radical ~;vatizi:ng agent with a fluorinated alcohol. The fluorinated alcohol is preferably a 

monohydric alcohol, preferably an aliphatic .:.l ... :='iol. The preferred monohydric aliphatic alcohol is a 

C6-30 alcohol. The most preferred fluorinated alcohol is lH, lH,SH-pertluoro pentyl alcohol. 

D Advantageously, the amount of fluorinated monomer added t<? the reactive monomer mixture is 

between about 2 to about 9 weight percent of reactive components, preferably between about S to 

about 7. The incorporation of the fluorinated monomer. is particularly desired for the fabrication of 

ophthalmic lenses because the fluorinated monomer decreases the suri3ce energy of the finished lens to 

improve its resistance to deposition of oailar tear componen~ such as lipids and proteins. If the 

s amount of fluorinated monomer added to the reaction mixture were less than about 2 percent. then the 

decrease in sur&ce energy of a finished ophthalmic lens may not be reali7.ed. Conversely, if the amount 

of fluorinated monomer were greater than about 9 percent. then the optical characteristics of a finished 

lens may diminish. and the water content may drop as well. 

io In another prefelTed embodiment, a seco"nd crosslinking agent is added to the reaction mixture to 

further increase the modulus of a finished ophthalmic lens derived from the crosslinked polymer. 

Although this crosslinking agent can be any polyunsaturated monomer. such as EGD~ it preferably 

has a number average molecular weight between about 500 to about 2000 preferably about 750-1500. 

Its concentration in the reactive mixture is between about S to about 25 weight percent of the reactive 

25 compounds, preferably about 13 to about 17 percent. A concentration less than about S percent may 
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fail to increase the lens modulus, and a concentration greater than aDOUt 25 percent may negatively 

impact water content. 

In another embodiment, it may be desirable to add fluorinated analogs of the hydrophilic monomers 

s described above, and organosilicone monomers. to the reaction mixture to further enhance properties. 

Examples of these monomers are given in U.S. Patent S,034,461, incorporated hy reference herein. 

In another preferred embodiement, it may be desirable to add a hydrophobic~ highly oxygen penneable 

monomer to further enhance the resulting polymer's oxygen penneability (Dk). Examples of such 

o monomers are silicone containing monomers like 3-methacryloxypropyltris (trimethylsiloxy)silane 

(Tris). 

The monomer reaction mixture also includes an initiator, usually from about 0. OS to l percent of a free 

radical initiator which is thennally activat~. Typical examples of such initiators include lauroyl 

.5 peroxi~ benmyl peroxide, isopropyl percarbonate, azobisisobutyronitrile ~ known redox .systems 

such as the ammonium pei:sulfate-sodium metabisulfite combination and the like .. Irradiation by 

ultraviolet light, electron beam or a radioactive source may also be employed ··to initiate the 

polymeri7.ation reaction. optionally with the addition of a polymeri7.arion initiator. e.g. benzoin and its. 

ethers, as well as charge transfer initiators such as benzophenone/amine systems known in the art. 

20 

The amount of the polyfunctional compound which is copolymerized with the hydrophilic monomer 

and other coreactants, if any, depends on numerous factors. This amount can be readily determined 

empirically. The amount chosen Will depend on the molecular weight of the polyfunctional compound. 

·its degree of functionality, and the final properties of the crosslinked polymer desired. When the 

polyfunctional compound chosen is a prepolymer having molecular weight between 9,000 and 20,000. 

and contains a glucose or sucrose residue, then the concentration of prepolymer in the reaction mixture 
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is desirably between about 0.002 to about 0.020 moles prepolymer per 100 grams of reactive monomer 

components, more preferably between about 0.003 to about 0.0045 moles prepolymer per 100 grams 

of reactive monomer components. 

The polymerimtion of the reactive monomer mixture to fonn the crosslinked polymer is convenie:r.tly 
. . 

canied out in the presence of an inert diluent. The selection of a suitable diluent js important to 

solum.uze the reactive components of ~he mixture, particularly those monomeric com~onents which 

have relatively high molecular weights. Suitable diluents for the polymeri7.ation of the reactive 

monomers described herein are disclosed in U.S. Patent Nos. 4,680,336; 4,889,664; 5,039,459; 

l 5,457,140; 5,490,959; 5,490,960; 5,494,043; 5,498,379; S,684,058; and U.S. Application Serial No. 

------.J filed All these patents and patent application are incorporated 

herein by reference. · 

For purposes of describing this invention, an 11ophthalmic lens" is any lens adapted for placement on the 

s c0mea or in the eye. Examples of such lenses include scleral lenses, contact .lenses, intrBocular l~. 

and corneal bandage lenses. The most preferred ophthalmic lens is a contact lens. The most preferred 

contact lens is a son hydrogel lens. A hydrogel lens can be prepared by swelling the crosslinked 

polymer of this invention, which has been shaped in the fonn of the lens, with a significant amount of 

water. 

~o 

The preferred methods for fanning the desired lens in the presence of a suitable inert diluent include the 

well known methods of centrifugal casting and cast molding, for example using molds described in 

U.S. Patent 4,568,348. 

zs When the polymerization reaction to prepare the lens is sufficiently complete, the lens can be hydrated 

to its equih"brium water content. Preferably, the water content of the lens will range from about 35 to 
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a00ut 85 weight p~ more preferably from about SS to about 75 weight percent. This range is · 

considered ideal for extendeU wear applications where patient comfort, corneal health and handling 

characteristics are critical properties. 

s The following examples set forth the most prefelTed embodiments of this invention. These examples 

are illustrative only7 and should not be interpreted to limit the scope of this invention as set forth in the 

appended claims. Numerous additionai embodiments within the scope and spirit of the claimed 

invention will become readily appafent to those skilled in the art upon a detailed review of this 

specification. 

.0 Test Method l - -
Oxvgen Permeabilitv (Dk). 

The oxygen permeability through the. lens is expressed as the Dk value multiplied by 10-11 in 

units of cm2 ml O,Js ml mm Hg. It is measured using a polagraphic oxygen sensor consisting of a 

lS 4 mm diameter gold cathode and silver- silver chloride ring anode. 

ImMethodl 

Tensile Properties (Modult•s Elongation !!!!!. Strength) 

The lens to be tested is cut to the desired specimen size and shape and the .cross-sectional area 

20 measured. The specimen is then attached into the upper grip of a constant 

rate-of-crosshead-movement type of testing machine equipped with a load cell. The crosshead is 

lowered to the initial gauge length and the specimen attached to the fixed grip. The specimen is 

then elongated at a constant rate of strain and the resulting stress- strain cuive is recorded. The 

elongation is expressed in percent and the tensile modulus and strength is expressed in psi (pounds 

25 per square inch). 
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Test Method 3 - -
Gravimetric Water Content (Equilibrium Water Content-EWQ 

Flat discs are made which weigh appcoximately 5-8 grams. These discs are equilibrated in -physiological 

5 saline, weighed and then dehydrated and weighed. The gravimetric water content is expressed as a 

percent dift"erence after a constant weight is recorded. 

Example 1 

D A total of SOg of dry GLUCAM PEP (7.44mmo~ water<0.04%) is poured into a flame dried, three 

necked IL, round bottom tlask set up with a magnetic stirring bar, a 60mL addition funnel, a drying 

tube filled with indicating D~ and a nitrogen gas inlet. A solution of methylene chloride (l2Sg) 

containing 80mg of stannous octoate and SOmg of 2,6-di(t-butyl)-4-methoxyphenol are added to the 

IL round bottom flask and allowed to mix thoroughly with the GLUCAM already in the flask. The 

s addition funnel is charged with 25g of methylene chloride and 4.4Sg of 2-isocyanatoethyl methacrylate 

(IEM, 0.029mol) and these are added dropwise, with vigorous stirring, to the lL reaction flask. The 

addition should be canied out slowly, preferably over a period ·of no less than 3 hrs. The reaction flask 

contents were then ·allowed to stir at room temperature for 48 hrs until the reaction is deemed 

complete. The reaction is monitoring the disappearance of the isocyanate carbonyl absorption at 2260 

~o . cm-I. 

25 

Once the reaction is complete, the contents of the reaction flask are poured into a. lL rotovap flask and 

the solvent stripped ·under reduced pressure. Residual methylene chloride in the product can be 

removed azeotropically with small amounts of absolute methanol. 
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Example2 

A total of 200g of diy GLUCAM PEP (0.030mo~ water<0.04%) is poured into a three ne«?ked 2L, 

two-piece jacketed round bottom flask set up with a mechanical stirrer, a SOOmL addition tbnnei, and a 

drying tube filled with indicating DRJERITE. Dry ethylene glycol dimethyl ether (~& water 

<0.04%), 22.7g of triethylamine (0.224mol), and 367mg of N,N-dimethylaminopyridine (DMAP, 

O.OO~mol) are then added to the round bottom flask. The· reaction flask contents are then heated, whiie 

stirring, to 40oC. At this point a mixture consisting of 34.Sg of methacrylic anhydride (0.224mol) and 

ethylene glycol dimethyl ether (250g) is charged to the SOOqtL addition funnel and added dropwise tu 

o the reaction flask over a 7-8 hour period. The addition should be carried out slowly, otherwise the 

product will take on an orange to dark amber coloration presumably due to a condensation product of 

the anhydride. After the anhydride addition is completed, the funnel is rinsed with SOmL of ethylene 

glycol dimethyl ether. The reaction temperature is maintained at 40°C throughout the addition. 

The reaction is monitored by analyzing aliquots of the reaction mixture worked up using the procedure 

given below. The reaction is considerCcl to be complete whenever the molar amount of capped 

hydroxyls (as detennined by hydrolysis of the product and measurement of generated methaaylic acid) 

exceeds 85% of the total (based on hydroxyl val~e of the starting GLUCAM). This conversion is 

arrived at by simply allowing the reaction to stand for S to 7 days. Alternatively, the reaction progress 

m can also be moDitored by following the decrease in intensity of the anhydride carbonyl at 1780 ~ l 

(since the anhydride is used in excess. this absorption never disappears completely) or by following the 

appearance of the ester carbonyl at 1724 cm-1. 

Once capping of >85% is achieved. the temperature of the reaction flask is decreased to 25°C, and 

is lOOmL of deionized water is added to the round bottom flask. To avoid basic hydrolysis of the ester, 

the pH of the reaction mixture. which typically is about 9. 0, is adjusted to 7. 0 using a 5% aqueous 
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hydrochloric acid S<Jlution. A total of 600g of Amberlite IRA 96 (3: 1 weight ratio relative to the 

GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

Amberlite IRA 96 ·is a pol~e-based anionic exchange resin used to remove the methacrylate salts 

fanned as by-products of the reaction. Disappearance of the anhydride peak (1780 an-1) is monitored 

s by FTIR. At tbe end of tf1js period, the Amberlite is vacuum filtered, and the ethylene glycol dimethyl 

ether is removed from the filtrate in a rotary evaporator under reduced p~. Conditions for the 

rotary evaporation are (approximately):· 120 RPM, bath temperature 30-35°C, and the pressure is 

slowly reduced to maintain maximum solvent removal. 

10 NeKt, the Glucam product/water mixture is reconstituted with chloroform (approximately IL). The 

resulting liquid is then washed with an equal volume of 5% aqueous solution of sodium bicarbonate 

twice and then washed with saturated sodium chloride s.olution once. Subsequently, the organic layer 

is passed through a 400g silica bed (2: 1 ratio of silica to product, approximate bed size: 7Snun 

diameter column, 440mm high). Next the chloroform is removed under reduced pressure in the same 

lS manner as previously described. Approximately 7SmL methanol are then added to the Rotovap flask 

and stirred for 30 minutes. Subsequently, the methanol was removed under reduced press1ire (the 

purpose of this last operation is to remove re~idual chloroform azeotropically with methanol). 

20 

Example3 

. . 
A total of200g of dry GLUCAM 201A (0.034mol, water<0.04%) is.poured into a three necked~ 

two-piece jacketed round bottom flask set up with a mechanical stirrer, a SOOmL addition funnel, and a 

drying tube tilled with indicating DRIERITE. Dry ethylene glycol dimethyl ether (600g, water 

<0.04%), 25.6g of triethylamine (0.253mol), and 415mg of N,N-dimethylaminopyridine (DMAP~ 

25 0.0034mol) are then added to the round bottom flask. The r~on flask contents are then heated, 

while stirring, to 40°C. At this point a mixture consisting of39.0g ofmethacrylic anhydride (0.253mol) 
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and ethylene glycol dimethyl ether (250g) is charged to the SOOmL addition funnel and added dropwise 

to the reaction flask over a 7-8 hour period. The addition ~uld be canied out slowly, otherwise the 

product will take on an orange to dark amber coloration presumably due to a condensation product of 

the anhydride. Aftef the anhydride addition is completed, the funnel is rinsed with SOmL of ethylene 

5 glycol dimethyl ether. The reaction temperature is maintained at 40°C throughout the addition. 

The reaction is monitored by analyzing aliquots of the reaction mixture worked up using the procedure 

given below. The reaction is considered to be complete whenever the molar amount of capped 

hydroxyls (as determined by hydrolysis of the product and measurement of generated methacrylic acid) 

o exceeds 85% of the total (based on hydroxyl value of the starting GLUCAM). This conversion is 

arrived at by simply allowing the reaction to stand for 5 to 7 days. Alternatively, the reaction progress 

can also be m0nitored by following the decrease in int~ of the anhydride carbonyl at 1780 cm-1 

(since the anhydride is used in excess, this absorption never disappears completely) or by following the 

appearance of the ester carbonyl at 1724 cm-I. 

lS 

Once capping of >85% is achieved, the temperature of the reaction flask is decreased to 25°C, and 

1 OOmL of deionized waier is added to the round bottom flask. To avoid basic hydrolysis of the ester, 

the pH of the reaction mixture, which typically is about 9.0, is adjusted to 7.0 using a 5% aqueous 

hydrochloric acid solution. A total of 600g of Amberlite IRA 96 (3: 1 weight· ratio relative to the 

20 GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

Amberlite IRA 96 is a polystrene-based anionic exchange resin used to remove the methacrylate salts 

funned as by-products of the reaction. Disappearance of the anhydride peak (1780 cm-1) is monitored 

by FI1R. At the end of this period, the Amberlite is vacuum filtered, and the ethylene glycol dimethyl 

ether is removed from the filtrate in a rotaiy evaporator under reduced pressure. Conditions for the 

25 rotaiy evaporation are (approximately): 120 RPM, bath temperature 30-35oC, and the pressure is 

slowly reduced to maintain maximum solvent removal. 
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Next, the Glucam product/water mixture is reconstituted with chlorofonn (approximately IL). The 

resulting liquid is then washed with an equal volume of 5% aqueous solution of sodium bicarbonate 

twice and then washed with saturated sodium chloride solution once. Subsequently, the organic layer 

is passed through a 400g silica bed (2: 1 ratio of silica to product, approximate bed size: 7Smm 

s diameter colwnn, 440mm high). NeKt the chloroform is remowd under reduced presmre in the same 

lO 

. . 

manner as previously described. Approximately 7SmL methanol are then added to the_ Rotovap flask 

and stimid for ~O ~utes. Subsequently, the methanol was removed under reduc.ed pressure (the 

purpose of this last operation is to remove residual chloroform azeotropically with methanol). 

Esample4 

A total of200g of dry GLUCAM 201B (0.03lmo~ wat_er<0.04%) is poured into a three necked 21.., 

two-piece jacketed round bottom flask set up with a mechaniCal stirrer. a SOOmL addition funnel. and a 

drying tube filled with indicating DRIERITE. Dry ethylene glycol dimethyl ether (600g, water 

lS <0.04%), 23.3g of triethylamine (0.231mol), and 37Smg of N,N-dimethylaminopyridine (DMAP, 

0.003 lmol) are then add~ to the round bottom flask. The reaction flask. contents are then heated, 

while stirring, to 40°C. At this point a mixture consisting of 3 5.6g of methacrylic anhydride (0.231 mol) 

and ethylene glycol dimethyl ether (250g) is charged to the SOOmL addition fumel and added dropwise 

to the reaction flask over a 7-8 hour period. The addition should be carried out slowly, otherwise the 

20 product will take on an orange to dark amber coloration presumably due to a condensation product of 

the anhydride. After the anhydride addition is completed, the fumel is rinsed with SOmL of ethylene 

glycol dimethyl ether. The reactiOn temperature is maintained at 4<>°C throughout the addition. 

The reaction is monitored· by analyzing aliquots of the reaction mixture worked up using the procedure 

25 ·given below. The reaction is considered to be complete whenever the molar amount of capped 

hydroxyls (as detennined by hydrolysis of the product and measurement of generated methacrylic acid) 
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exceeds 8S% of the total (based on hydroxyl value of the starting GLUCAM). This conversion is 

arrived at by ~ty allowing the reaction to stand for 5 to 7 days. Alternatively, the reaction progress 

can also be monitored by following the decrease in intensity of the anhydride carbonyl at 1780 cm-1 

(since the anhydride is used in ~.this absorption never disappears completely) or by following the 

appearance of the ester carbonyl at 1724 cm-I . 

. Once capping of >8S% is aciliev~ the temperature of the reaction fJask is decreased to 25°C, and 

lOOmL of deioni7.ed water is added to the round bottom flask. To avoid basic hydrolysis of the ester, 

the pH of the reaction mixture, which typically is about 9.0, is adjusted to 7.0 using a 5% aqueous 

hydrochloric acid solution. A total of 600g of Amberlite 1RA 96 (3: 1 weight ratio relative to the 

GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

Amberlite IRA 96 is a polystrene-based anionic exchange resin used to remove the methacrylate salts 

fanned as by-products of the reaction. Disappearance of the anhydride peak (1780 cm-I) is monitored 

by Fl1R. At the end of this period, the Amberlite is vacuum filtered, and the ethylene glycol dimethyl 

s ether is rem~ved from the filtrate in a rotary evaporator under reduced pressure. Conditions for the 

rotary evaporation are (approximately}: 120 RPM, bath temperature 30-35°C, and the pressure is 

slowly reduced to maintain maximum sci.vent removal. 

N~ the Glucam product/water mixture is reconstituted with chloroform (approximately IL). The 

!O resulting liquid is then washed with an eqUal volume of 5% aqueous solution of sodium bicalbonate 

twice and then washed with saturated sodium chloride solution once. SUbsequently, the organic layer 

is passed through a 400g silica bed (2: 1 ratio of silica to product. approxlliiate bed size: 7Smm 

diameter column, 440mm high). Next the chloroform is removed under reduced pressure in the same 

manner as previously described. Approximately 7SmL methanol are then added to the Rotovap flask 

25 and stirred for 30 minutes. Subsequently, the methanol was removed under reduced pressure (the 

purpose of this last operation is to remove residual chloroform azeotropically with methanol). 
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Ei:ample5 

A total of200g of dry GLUCAM 201C (0.028mol water<0.04%) is poured into a three necked 2L, 

two-piece jacketed round bottom flask set up with a mechanical stin'er, a SOOmL addition funnel, and a 

s drying tube tilled with indicating DRIERlTE. Dty ethylene glycol dimethyl ether (600g, water 

<0.04%), 21.0g of triethylamine (0.208mol), and 342mg of N,N-dimethytaminopdine (DMAP, 

0.0028mol) are then added to the round bottom flask. l ho reaction flask contents are then heated, 

while stirring, to 40°C. At this point a mixture consisting of32.lg ofmethacrylic anhydride (0.208mol) 

and ethylene glycol dimethyl ether (2S0g) is charged to the SOOmL addition funnel and added dropwise 

o to the reaction flask over a 7-8 hour period. The addition should be canied out slowly, othenvise the 

product will take o~ an orange to dark amber coloration presumably due to a condensation product of 

the anhydride. After 'the anhydride addition is completed. the fumel is rinsed with SOmL of ethylene 

glycol dimethyl ether. The reaction temperature is maintained at 4<l°C throughout the addition. 

LS The reaction is monitored by analyzing aliquots of the reaction mixture worked up using the procedure 

given below. The reaction is considered to be complete whenever the molar amount of capped 

hydroxyls (as detennined by hydrolysis of the product and measu~~t of generated methacrylic acid) 

exceed~ 85% of the total (based on hydroxyl value of the staning GLUCAM). This conversion is 

arrived at by simply allowing the reaction to stand for 5 to 7 days. Alternatively, the reaction progress 

20 can also be monitored by following the dCcrease in intensity of the anhydride carbonyl at 1780 cm-I 

(sbice the anhydride is used in excess, this absorption never disappears completely) or by following the 

ai>Pearance of the ester carbonyl at 1724 cm-l. 

Once capping of >85% is achieved, the temperature of the reaction flask is decreased to 25°C, and 

25 IOOmL of deionized water is added to the round bottom flask. To avoid basic hydrolysis of the ester, 

'the pH of the reaction mixture, which typically is about 9.0, is adjusted to 7.0 using a 5% aqueous 
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hydrochloric acid solution. A total of 600g of Amberlite IRA 96 (3: 1 weight ratio relative to the 

GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

Amberlite IRA 96 is a polystrene-based anionic exchange resin used to remove the methacrylate salts 

funned as by-products of the reaCtion. Disappearance of the anhydride peak (1780 cm-1) is monitored 

by Fl1ll At the encl of this period, the Amberlite is ·vacuum filtered, and .the ethylene glycol diniethyt 
ether is removed from the filtrate in a rotary evaporator under reduced pressure. Conditions for the 

rotmy evaporation are (approximately): i20 RPM, bath temperature Ji35°C, and the pressure is 

slowly reduced to maintain maximum solvent removal. 

:> Next, the Gtucam product/water mixture is reconstituted with chloroform (approximately IL). The 

resulting liquid is then washed with an equal volume of 5% aqueous solution of sodium bicarbonate 

twice and then washecd with saturated sodium chloride so~ution once. Subsequently, the organic layer 

is passed through a 400g -silica bed (2: 1 ratio of silica to product. approximate bed size: 75mm 

·diameter column, 440mm high). A total of lOOmg of 4-methoxyphenol are added to the dried 

s chloroform solution of the product to prevent polymeri7.ation of the material during subsequent work 

up steps. Chloroform is then removed under reduced pressure in the same manner as previously 

d~bed.· Approximately 75mL methanol are then added to the Rotovap flask and stirred for 30 

minutes. Subsequently, the methanol was removed under reduced pressure (the purpose of this last 

operation is to remove residual chloroform azeotropically with methanol). 

io 

Example6 

A total of 200g of dcy GLUCAM 301B (0.02Smol, water<0.04%) is poured into a three necked 2L, 

two-piece jacketed round bottom flask set up with a mechanical stirrer, a SOOmL addition funnel, and a 

lS drying tube filled with indicating DRIERITE. Dry ethylene glycol dimethyl ether (600g, water 

<0.04%), 18.Sg of triethylamine (0.186mol}, and 305mg of N,N-dimethylaminopyridine (DMAP, 
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0.0025mol) are then added to the round bottom flask. The reaction flask contelt'i! are then heated, 

while stini.'8, to 4G°C. At this point a mixture consisting of28.7$ of methacrylic anhydride (0.186mol) 

and ethylene glycol dimethyl ether (250g) is charged to the SOOmL addition fume1 and added dropwise 

to the reaction flask over a 7-8 how: period. The addition should be canied out slowly, otherwise the 

s product will take on an orange to dirk amber coloration presumably due to a condensation product of 

the anhydride. After the anhydride addition is completed, the funnel is rinsechvitli SO ml.. of ethylene 

glycol dimethyl ether. The reaction temperature is maintained at 4G°C throughout the addition. 

The reaction is monitored by analyzing aliquots of the reaction mixture worked up using the procedure 

.o given below. The reaction is considered to be complete whenever the molar amount_ of capped 

hydroxyls (as determined by hydrolysis of the product and measurement of generated methacrylic acid) 

exceeds 85% of the ·total (based on hydroxyl value of ~he starting GLUCAM). This conversion is 

anived at by simply allowing the reaction to stand for 5 to 7 days. Alternatively, the reaction progress 

can also be monitored by following _the decrease in intensity of the anhydride carbonyl at 1780 cm-I 

lS ·(since the anhydride is used in ex~ this absorption never disappears completely) or by following the 

appearance of the ester carbonyl at 1724 cm- I. 

Once capping of >85% is achieved, the temperature of the reaction flask is decreased to 25°C, and 

IOOmL of deionized water is added to the round bottom flask. To avoid basic hydrolysis of the ester, 

20 the pH of the reaction mixture, which typically is about 9.0, is adjusted to 7.0 using a 5% aqueous 

hydrochloric acid solution. A total of 600g of Amberlite IRA 96 (3: I weight ratio relative to the 

GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

Amberlite IRA 96 is a polystrene-based anionic exchange resin used to remove the methacrylate salts 

fonned as by-products of the reaction. Disappearance of the anhydride peak (1780 cm-I) is monitored 

25 by FI1R. At the end of this period. the Amberlite is vacuum filtered. and the ethylene glycol dimethyl 

ether is removed from the filtrate in a rotary evaporator under reduced pressure. Conditions for the 
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~tary evaporation are (approximately): 120 RPM, bath temperature 30-~5°C, and the pressure is 

slowly reduced to maintain maximum solvent removal. 

Next, the Gucam productlwatef mixture is reconstituted with chlorofonn (approximately lL). The 

; resulting liquid is then washed with an equal volume of 5% aqueous solution of sodium bicarbonate 

twice and then washed with saturated sodium chloride solution once. S~, the organic layer 

is passed through a 400g silica bed (2: 1 ratio of silica to product, approximate bed .size: 7Smm 

diameter column, 440mrii high). N~ the chlorofonn is removed under reduced pressure in the same 

manner as previously described. Approximately 75mL methanol are then added to the Rotovap flask 

o and stirred for 30 minutes. Subsequently, the methanol was removed under reduced pressure (the 

purpose of this last operation is to remove residual chlorofonn azeotropically with methanol). 

Example7 

s A total of200g of dry GLUCAM 4018 (0.025mo~ water<0.04%) is poured into a three necked 2L, 

two-piece jacketed round bottom flask set up with a mechanical stirrer, a SOOmL addition funnel, and a 

drying tube filled with indicating DRIERITE. Dry ethylen~ glycol dimethyl ether ( 600g, water 

<0.04%), 18.Sg of triethylamine (0.186mol), and 30Smg of N,N-dimethylaminopyridine (D~. 

0.0025mol) are then added to the round bottom flask. The reaction flask contents are then heated, 

to while stirring, to 40oC. At this point a mixture consisting of28.7g of methaaylic anhydride (O. l86mol) 

and ethylene glycol dimethyl ether (250g) is charged to the SOOmL addition funnel and added dropwise 

to the reaction flask over a 7-8 hour period. The addition should be carried out slowly, otherwise the 

product will take on an orange to dark amber coloration presumably due to a condensation product of 

the anhydride. After the anhydride addition is completed, the funnel is rinsed with SOmL of ethylene 

25 glycol dimethyl ether. The reaction temperature is maintained at 40°C throughout the addition. 
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The reaction is monitored by analyzing aliquots of the reaction mixture worked up using the procedure 

given below. The reaction is considered t(l be complete whenever the molar amount of capped 

hydroxyls (as determined by hydrolysis of the product and measurement of generated methaaylic acid) 

exceeds 85% of the total (based on hydroxyl value of the starting GLUCAM). This conversion is 

s anived at by simp1r allowing the reaction to stand for S to 7 days. Alterr.$t!vely, the reaction progress 

can also be monitored by following the decrease in intensity of the anhydr'£!e carronyl at 1780 cm-1 

(since the anhydride is used in excess, this absorption never disappears completetyj "r by following the 

appearance of the ester carbonyl at 1724 cm-1 . 

. o Once ~g of >85% is achieved, the temperature of the reaction flask is decreased to 2S°C, and 

1 OOmL of deionized water is added to the round bottom flask. To avoid basic hydrolysis of the ester. 

the pH of the reaction mixture, which typically is abou~ 9.0, is adjusted to 7.0 using a 5% aqueous 

hydrochloric acid solution. A total of 600g of Amberlite IRA 96 (3: I weight ratio relative to the 

GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

15 Amberlite IRA 96 is a polystrene-based anionic exchange resin used to ren:iove the methacrytate salts 

formed as by-produds of the reaction. Disappearance of the ~ydride peak (1780 cm-1) is monitored 

by FTIR. At the end of this period, the Amberlite is vacuum filtered, and the ethylene glycc! dimethyl 

ether is .removed from the filtrate in a rotary evaporator under reduced pressure. Conditions for the 

rotary evaporation. are (approximately): 120 RPM. bath temperature 30-35oC, and the pressure is 

20 slowly reduced to maintain maximum solvent removal. 

Next, the Glucam product/water mixture is reconstituted with chlorofonn (approximately IL). The 

resulting liquid is then washed with an equal volume of 5% aqueous solution of sodium bicarbonate 

twice and then washed with saturated sodium chloride solution on,ce. Subsequently, the organic layer 

25 is passed through a 400g silica bed (2: I ratio of silica to product, approximate bed size: 7Snun 

diameter column, 440mm. high). Next the chlorofonn is removed under reduced pressure in the same 
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tr.aimer as previously described. Approximately 75mL methanol are then added to the Rotovap flask 

and stirred for 30 minutes. Subsequently, the methanol was removed under reduced pressure (the 

purpose of this last operation is to remove residual chloroform azeotropically with methanol). 

Esample8 

A total of20\Jg \:f dry GLUCAM 202B (0.028mo~ water<0.04%) is poured into a three necked 2L, 

two-piece jacketed round bottom flask set up with a mechanical stirrer, a SOOmL addition funnel, .and a 

drying tube filled with indicating DRIERITE. Dry ethylene glycol dimethyl ether ( 600g, water 

.o <0.04%), 21.0g of triethylamine (0.208mol), and 342mg of N,N-dimethylaminopyridine (DMAP, 

0.0028mol) are then added to the round bottom flask. The reaction flask contents are then heated, 

while stirring, to 40°C. At this point a mixture consisting of32. lg of methacrylic anhydride (0.208mol) 

and ethylene glycol dimethyl ether (250g) is charged to the SOOmL addition funnel and added dropwise 

to ~e reaction flask over a 7-8 hour perl~d. The addition should be carried out slowly, otherwise the 

lS product will take on'8I\ orange to dark amber coloration presumably due to_ a condensation product of 

the anhydride. After the anhydride addition is completed, the funnel is rinsed with SOmL of ethylene 

glycol dimethyl ether. The reaction temperature is maintained at 40°C throughout the addition. 

The reaction is monitored by analyzing aliquots of the reaction mixture worked up using the procedure 

20 given below. The reaction is considered to be complete whenever the molar amount of capped 

hydroxyls (as determined by hydrolysis of the product and measurement of generated methacry~c ~d) 

exceeds 85% of the total (based on hydroxyl value of the starting GLUCAM). This conversion is 

arrived at by simply allowing the reaction to stand for 5 to 7 days. Alternatively, the reaction progress 

can also be monitored by following the decrease in intensity of the anhydride carbonyl at 1780 cm-I 

2S (since the anhydride is used in excess.- this absorption never disappears completely) or by following the 

appearance of the ester carbonyl at 1724 cm-1. 
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Once capping of >85% is achieved, the temperature of the reaction flask is decreased to 25~ and 

l OOmL of deionjzed water is addm to the round bottom flask. T <? avoid basic hydrolysis oft~ ester, 

the p~ of the reaction mixture, which typically is about 9.0, is adjusted to 7.0 using a 5% aqueous 

hydrochloric acid solution. A total of 600g of Amberlite 1RA 96 (3: 1 weight ratio relative to the 

s GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

Amberlite IRA 96 is a polystrene-based anionic exchange resin used to remove the methacrylate salts 

formed as by-products of the reaction. Oitiappearance of the anhydride peak (1780 cm-1) is monitored 

by FI'IR. At the e"nd of this period, the Amberlite is vacuum filtered. and the ethylene glycol dimethyl 

ether is removed from the filtrate in a rotary evaporator under reduced p~ssure. Conditions for the 

o rotary evaporation are (approximately): 120 RPM, bath temperature 30-3S°C, and the pressure is 

slowly reduced to maintain maximum solvent removal. 

Next, the Glucam product/water mixture is reconstituted with chloroform (approximately IL). The 

resulting liquid. is then washed with an equal volume of 5% aqueous solution of sodium bicarbonate 

LS twice and then washed with saturated sodium chloride solution once. Subsequently, the organic layer 

is passed through a 400g silica bed (2: l ratio of s~lica to product. approximate bed size: 7Snun 

diameter column, 440mm high). Next the chloroform is removed under reduced pressure in the same 

manner as previously described. Approximately 75mL methanol are then added to the Rotovap flask 

and stirred for 30 minutes. Subsequently, the methanol was removed under reduced pressure (the 

20 purpose of this last operation is to remove residual chloroform azeotropically with methanol). 

Example9 

A total of200g of dry GLUCAM 302B (0.028mol, water<0.04%) is poured into a three necked 2L, 

2S two-piece jacketed round bottom flask set up with a mechanical stirrer, a SOOmL addition funnel, and a 

drying tube filled with indicating DRIERITE. Dry ethylene glycol dimethyl ether (600g. water 
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<0.04%), 21.0g of triethylamine (0.208mol), and 342mg of N,N-dimethylaminopyridine (DMAP, 

0.0028mol) are then added to the round bottom flask. The reaction flask contents are then heated, 

while stirring, to 40oC. At this point a mixture consisting of32. lg of methacrylic anhydride (0.208mol) 

and ethylene glycol dimethyl ether (250g) is charged to the SOOmL addition funnel and added dropwise 

5 to the reaction flask over a 7-8 hour period. The addition should be carried out slowly, otherwise the 

product will take on an orange to dark amber coloration presumably due to a condensation product of 

the anhydride. After the anhydride addition is completed, the funnel is rinsed with 50mL of ethylene 

glycol dimethyl ether. The reaction temperature is maintained at 40°C throughoui the addition. 

to The reaction is monitored by analyzing aliquots of the reaction mixture worked up using the procedure 

given below. The reaction is considered to be complete whenever the molar amount of capped 

hydroxyls (as detemdned by hydrolysis of the product and measurement of generated methacrylic acid) 
. . 

exceeds 85% of the total (based on hydroxyl value of the starting GLUCAM). This conversion is 

arrived at by simply allowing the reaction to stand for S to 7 days. Alternatively, the reaction progress 

15 can also be monitored by following the decrease in intensity of the anhydride carbonyl at 1780 cm-1 

(since the anhydride is used in excess. this absorption never disappears completely) or by following the 

appearance of the ester carbonyl at 1724 cm-1. 

Once capping of >85% is achieved. the temperature of the reaction flask is decreased to 2S0C, and 

20 lOOmL of deionized water is added to the round bottom flask. To avoid basic hydrolysis of the ester, 

the pH of the reaction mixture, which typically is about 9.0, is adjusted to 7.0 using a 5%. aqueous 

hydrochloric acid solution. A total of 600g of Amberlite IRA 96 (3: 1 weight ratio relative to the 

GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

Amberlite IRA 96 is a polystrene-based anionic exchange resin used to remove the methacrylate salts 

25 fonned as by-products of the reaction: Disappearance of the anhydride peak ( 1780 cm-1) is monitored 

by Fl1R. At the end of this period. the Amberlite is vacuum filtered. and the ethylene glycol dimethyl 

36 

iiii~f 



VTN-03~ 

ether is removed from the filtrate in a rotary evaporator under reduced pressure. Conditions for the 

rotary evaporation are (approximately): 120 ~ bath temperature 30-3~°C, and the pressure is 

slowly reduced to maintain maximum solvent removal. 

Next, the Glucam product/water mixture is reconstituted with chloroform (approximately lL). Trie 

resulting liquid is then washed with an equal volume of 5% aqueous solution of sodium. bicarbonf!te 

twice and ·then washed with saturated sodium chloride solution once. Subsequently, the organic layer · 

is passed through a 400g silica bed (2:1 ratio of silica to product, approximate bed size: 7Smm 

diameter column, 440mm high). Next the chloroform is ~oved under reduced pressure in the same 

.o manner as previously <lescribed. Approximately 7SmL methanol are then added to the Rotovap flask 

and stirrecl for 30 minutes. Subsequently, the methanol was removed under reduced pressure (the 

purpose of this last operation is to remove residual chlorofonn azeotropically with methanol). 

lS 

Example 10 

A total of200g of dry GLUCAM 402B (0.024mo~ water<0.04%) is poured into a three necked 2L, 

two-piece jacketed rllund bottom flask set up with a mechanical stirrer. a SOOmL addition funnel, and a 

drying tube filled with indicating DRIERITE. Dry ethylene glycol dimethyl ether (600g, water 

<0.04%), 18.lg of triethylamine (0.179mol), and 293mg of N,N-dimethylaminopyridine (DMAP, 

z.o· 0.0024mol) are then added to the round bottom flask. The reaction flask contents are then. heated. 

while stirring, to 4<>°C. At this point a mixture consisting of27.6g ofmethaaylic anhydride (0.179mol) 

and ethylene glycol dimethyl ether (250g) is charged to the SOOmL addition funnel and added dropwise 

to the reaction flask over a 7-8 hour period. The addition should be carried out slowly, otherwise the 

product will take on an orange to dark amber coloration presumably due to a condensation product of 

25 the anhydride. After the anhydride addition is completed. the funnel is rinsed with SOmL of ethylene 

glycol dimethyl ether. The reaction temperature is maintained at 40°C throughout the addition. 
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The :-eaction is monitored by arldiyzing aliquots. of the reaction mixture worked up using the procedule 

given below. The reactioo is considered to be complete whenever the molar amount of capped 

hydroxyls (as determined by hydrolysis of the product and measurement of generated methacrylic acid) 

exceeds 85% of the total (based on hydroxyl value of the starting GLUCAM). This conversion is 

arrived at by simply allowing the reaction to stand for 5 to 7 days. Alternatively, the reaction progress 

can also be monitored by following the decrease in intensity of the anhydride carbonyl at 1780 cm-1 

(since the anhydride is used in excess, :t-.:~ absorption never disappears completely) or by following the 

appC8rance of the ester carbonyl at 1724 cm-1. 

o Once capping of >85% is achieved.. the temperature of the reaction flask is decreased_ to 2S°C, and 

lOOmL of deionized water is added to the round bottom flask. To avoid basic hydrolysis of the~' 

the pH of the reaction mixture. which typically is about. 9.0, is adjusted to 7.0 using a 5% aqueous 

hydrochloric acid s6lution. A total of 600g of Amberlite IRA 96 (3: 1 weight ratio relative to the 

GLUCAM product) is also added to the round bottom flask and stirred for one and a half hours. 

lS Amberlite IRA 96 is a polystrene-based anionic exchange resin used to remove the methacrylate salts 

formed as by-products of the reaction. Disappearance of the anhydride peak (1780 cm-1) is monitored 

by FrlR. At the end of this period. the Amberlite is vacuum filtered. and the ethylene glycol dimethyl 

ether is removed from the filtrate in a rotary evaporator under reduced pressure. Conditions for the · 

rotary evaporation are (approximately): 120 RPM, bath temperature 30-3S°C, and the pressure is 

20 slowly reduced to maintain maximum solvent removal. 

Next, the Glucam product/water mixture is reconstituted with chlorofonn (approximately 1 L). The 

resulting liquid is then washed with an equal volume of 5% aqueous solution of sodium bicarbonate 

twice and then washed with saturated sodium chloride solution once. Subsequently, the organic layer 

is is passed through a 400g silica be<t: (2: 1 ratio of silica to product. approximate bed size: 75mm 

diameter column, 440mm high). Next the chloroform is removed under reduced pressure in the same 

38 



s 

VTN-0393 

manner as previously desaibed. Approximately 75mL methanol are then added to the Rotovap flask 

and stirred for 30 minutes. Subsequently, the methanol was removed Under reduced pressure (the 

purpose of this last operation is to remove residual chlorofonn ~pically with methanol). 

Examples 11-15 

In these examples the GLUCAM PEP/IEM adduct (example 1) \V~s employed as crosslinker in 

conjunction with 3-methacryloxypropyltris-(trimethylsiloxy)silane (TRIS) and 2-hydroxy-2-

methylpropiophenone (Darocur 1173) as photoinitiator making up the reactive monomer mixture. The 

.o following is an illustrative preparation: 

A monomer mixture containing 94.6% by weight ofthe.GLUCAM PEP/IEM. derivative desaibed in 

example I, 5% TRIS and 0.4% Darocur 1173 is thoroughly mixed at room temperature until it became 

homogeneous. The mixture is then allowed to stir under reduced pressure ( 40 mmHg) for 30 min and 

LS subsequently transferred to contact lens molds. The tilled molds are exposed to UV light (wavelength 

300-380 nm, Dose=3-4 Jouleslcm2} for 30 minutes at room temperature. The molds are then heated to 

75°C for 2-3 minutes and separated. The formed lens is released from the frame by swelling in 

isopropanol for 5 minutes. The lenses are then extracted with isopropanol for 24 hrs, rinSed with 

deionized water and all~wed to equilibrate in physiological saline. 

20 

Examples 16-21 

In these examples either the GLUCAM PEP or the GLUCAM 2028 methacrylic anhydride adducts 

(examples 2 and 8, respectively) were employed as crosslinkers in conjunction with 3-

25 methacryloxypropyltris-(trimethylsiloxy)silane (TRIS) and 2-hydroxy-2-methylpropiophenone 
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(Darocur 1173) as photoinitiator making up the fonnulation. The following is an . illustrative 

preparation: 

A formulation containing 89.6% by weight of the GLUCAM 202B methacrylic anhydride adduct 

s described in &ample 8, 10% of TRIS and 0.4% Darocur 1173 is placed into an appropriately sized 

container, and thoroughly mixed at room temperature until it becomes homogeneous. The mixture is 

t.1\en.allowed to stir under reduced pressure (40 mmHg) for 30 min and subsequently transferred to 

contact lens molds. The filled molds are exposed to UV light (wavelength 300-380 nm, Dose=3-4 

Jouleslcm2) for 30 minutes at room temperature. The molds are then heated to 75°C for 2-3 minuies 

o and separated. The·fonned lens is released from the frame by swelling in isopropanol for 5 minutes. 

.5 

The lenses are then extracted with isopropanol for 24 hrs, rinsed with deionized water and allowed to 

equih"brate in physiological saline. 

Examples 22 .. 2s 

In these exaoples either the GLUCAM 201B or the GLUCAM 401B methacrylic anhydride adducts 

(examples .; and 7. respectively} were employed as crosslinkers in conjunction with 3-

methacryioxypropyltris-(trimethylsiloxy)silane (TRIS) and 2-hydroxy-2-methylpropiophenone 

(Darocur 1173) aS photoinitiator making up the reactive monomer mixture. The following is an 

m illustrative preparation: 

A monomer mixture containing 89.6% by weight of the GLUCAM 4018 methacrylic anhydride adduct 

described in example 8, 100/o TRIS and 0.4% Darocur 1173 is poured into an appropriately sized 

container and thoroughly mixed at room temperature until it becomes homogeneous. The mixture is 

2s then allowed to stir under reduced pressure ( 40 nunHg) for 30 min and subsequently transferred to 

contact lens molds. The filled molds are exposed to UV light (wavelength 300-380 run, Dose=3-4 
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Joules/cm2) for 30 minutes at room temperature. The molds are then heated to 7S°C for 2-3 minutes 

and separated. The formed lens is released from the frame by swelling in isopropanol for S minutes. 

The lenses are then extracted with isopropanol for 24 hrs, rinsed with deionized water and allowed to 

equihl>rate in physiological saline. 

Examples 26-30 

In these examples either the GLUCAM 201B or the GLUCAM 201C methacrylic anhydride adducts 

(examples 4 and 5, respectively) were employed as crosslinkers in conjunction with methacrylic acid 

lO and 2-hydroxy-2-methylpropiophenone (Darocur 1173) as photoinitiator making up the reactive 

monomer mixture. The following is an illustrative prep_aration: 

A monomer mixture containing 98.6% by weight of the GLUCAM 201 C methacrylic anhydride adduct 

described in ~le 5, l % of methacrylic acid and 0.4% Darocur 1173 is placed into an appropriately 

15 sized container 8nd thoroughly mixed at room temperature until it becomes homogeneous. The mixture 

is then allowed to stir under reduced pressure ( 40 mmHg) for 30 min and sub~uently transferred to 

contact lens molds. The filled molds are "".Xposed to UV light (wavelength 300-380 nm, Dose=3-4 

Joules/cm2) for 30 minutes at room temperature. The molds are then heated to 75°C for 2-3 minutes 

and separated. The formed lens is released from the frame by swelling in isopropanol for S minutes. 

20 The lenses are then extracted with isopropanol for 24 hrs, rinsed with deionized water and allowed to 

equihl>rate in physiological saline. 

Examples 31-34 

25 In these examples the GLUCM1 201B methaciylic anhydride adduct (example 4) was employed as 

crosslinker in conjunction with 1H,1H.5H-perfluoropentyl methaciylate and 2-hydroxy-2-
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methylpropiophenone (Darocur 1173) as photoinitiator making up the reactive monomer mixture. The 

following is an illustrative preparation: 

A fonnulation containing 84.6% by weight of the GLUCAM 201C methaaylic anhydride adduct 

s described in Example 4, 15% ·of lH,lH,SH-pertluoropentyl methacrylate and 0.4% Darocur 1173 is 

poured into an appropriately sized container. After thoroughly mixing the above foi'mulation at room 

temperature, the mixture is allowed to stir under reduced pressure ( 40 nunHg) for 30 min and 

subsequently transferred to contact lens molds. The filled molds are exposed to lN light (wavelength 

300-380 nm, Dose=J-4 Jouleslcm2) for 30 minutes at room temperature. The molds are then heated to 

lO 7S°C for 2-3 minutes and separated. The fonned lens is released from the fram~ by swelling in 

iiopropanol for S minutes. The lenses are then extracted with isopropanol for 24 hrs, rinsed with 

deionized water and· allowed to equihorate in physiological saline. 

LS 

20 

Examples 35-39 

In these examples the GLUCAM 201A methacrylic anhydride adduct (example 3) was employed as 

crosslinker in conjunction with 3-methacryloxypropyltris-(trimethylsiloxy)~ilane (TRIS) and 2-hydroxy-

2-methylpropiophenone (Darocur 1173) as photoinitiator making up the reactive monomer mixture. 

The following is an illustrative preparation: 

A monomer mixture containing 84.6% by weight of the GLUCAM 201A methacrylic anh.ydride 

adduct described in Example 3, 15% TRIS and 0.4% Darocur 1173 is placed into an appropriately 

sized container and thoroughly mixed at room temperature until it becomes homogeneous. The mixture 

is allowed to stir under r~uced pressure ( 40 mmHg) for 30 min .and subsequently transferred to 

2S contact lens molds. The tilled molds·are exposed to UV light (wavelength 300-380 run, Dose-3-4 

Joules/cm2) for 30 minutes at room temperature. The molds are then heated to 75°C for 2-3 minutes 
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and separated. The formed lens is released from the ftam: by swelling in isopropanol for 5 minutes. 

The lenses are then extracted with isopropanol for 24 hrs, rinsed with deionized water and allowed to 

equilibrate in physiological saline. 

Esamples 40-44 

In these examples the GLUCAM 201B methacrylic anhydrice adduct (example 4) WIS employed as 

crosslinker in ~on with 3-methacryloxypropyltris-(trimethylsiloxy)silane (TRIS) and 2-hydroxy-

2-methylpropiophenone (Darocur 1173) as photoinitiator making up the reactive monomer mixture. 

The following is an illustrative preparation: 

A monomer~ containing 49 .6% by weight of the GLUCAM 201B methacryli~ anhydride adduct . 
described in Example 4, 500.4 TRIS and 0.4% DaroCUI'. 1173 is poured into an appropriately sized 

container. After thorou8hiy miXing the above fonnulation at room temperature. the mixture is allowed 

. to stir under reduced vressure ( 40 mmHg) for 30 min and subsequently transferred to contact Jens 

.s molds. The filled molds are exposed to UV light (wavelength 300-380 nm. Dose=3-4 Joulest'cm2) for 

30 mi.'1Utes at room temperature. The molds are then heated to 75°C for 2-3 minutes and separated. 

The tb~ed lens is released from the frame by swelling in isopropanol for 5 minutes. The lenses are 

then extracted with isopropanol for 24 hrs, rinsed with deionized water and allowed to equilibrate in· 

physiological saline. 

20 

Examples 45-49 

In these examples the GLUCAM 201B methacrylic anhydride adduct (example 4) was employed as 

crosslinker in conjunction with 3-methacryloxypropyltris-(trimethylsiloxy)silane (TRIS) and 2-hydroxy-

25 2-methylpropiophenone (Darocur 1173) as photoinitiator making up the reactive monomer mixture. 

The following is an illustrative preparation: 
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A monomer b•end cuntaining 79.6% by weight of the GLUCAM 201B methacrylic anhydride adduct 

described in Exa..nple 4, 200Aa TRIS and 0.4% Darocur 1173 is weighed into an appropriately sized 

container. After thoroughly mixing the above fonnulation at room tem~ the mixture is allowed 

to stir under reduced pressure ( 40 mmHg) for 30 min and subsequently transferred to contact lens 

5 molds. The filled molds are exposed to UV light (wavelength 300-380 nm, Dose=J-4 Joules/cm2) for 

JO minutes at room temperature. The molds are then heated to 75°C for 2-3 minutes and separated. 

1be funned lens is released from the frame by swelling in isopropanol for ? minutes. 1be lenses are 

then extracted with isopropanol for 24 hrs, rinsed with deionized water and allowed to equilibrate in 

physiological saline. 

0 

Examples 50-52 

In these examples the GLUCAM 201C methacrylic anhydride adduct (example 5) was employed as 

crosslinker in conjunction with 3-methacryloxypropyltris-(trimethylsiloxy)silane (TRIS), N,N-

s dimethylacrylamide (OMA) and 2-hydroxy-2-methylpropiophenone (Darocur 11 TI) as photoinitiator 

making up the reactive monomer mixture. 'Ole following is an illustrative preparation: 

A fonnulation containing 49.6% by weight of the GLUCAM 201C methaciylic anhydride adduct 

described in Example 5, 10% of OMA. 40% ·of TRIS and 0.4% Darocur I In .is poured into an 

to· appropriately sized container. After thoroughly mixing the above mixture at room temperature, the 

mixture is allowed to stir under reduced pressure (40 mmHg) for 30 min and subsequently transferred 

to contact lens molds. The filled molds are exposed to UV light (wavelength 300-380 nm, Dose=J-4 

Jouleslcm2) for 30 minutes at room temperature. The molds are then heated to 75°C for 2-3 minutes 

and separated. The fonned lens is released from the frame by swelling in isopropanol for S minutes. 

is The lenses are then extracted with isopropanol for 24 hrs, rinsed with deionized water and allowed to 

equilibrate in physiological saline. 
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Exampaes 53-57 

In these examples the GLUCAM 201 C methacrylic anhydride adduct (example S) was employed as 

crosslinker in conjunction with 3-methacryloxypropyltris-(trimethylsiloxy)silane (TR.IS), N,N­

dimethylacrylamide (DMA) and 2-hydroxy-2-methylpropi<>J?henone (Darocur 1173) as photoinitiator 

making up the reactive monomer mixture. A diluent, either 1-hexanol or N-methyl pyrrolidone,. was 

used to help compatibilize the various components. The following is an illustrative preparation: 

A total of 38.7 parts by weight of the GLUCAM 201C methacrylic anhydride adduct described in 

Example 5, 10 parts ofDMA. 48.7 pans of TRIS, 1 pan Darocur 1173 and 1.6 pans of 1-hexanol is 

weighed into an appropriately sized container. After thoroughly mixing the above .formulation at room 

temperature, the mixture is allowed to stir under reduced pressure ( 40 mmHg) for 30 min and 

subsequently transferred to contact lens molds. The filled molds are exposed to UV light (wavelength 

300-380 nm, Dose=J-4 JouleslcmZ) for 30 minutes at room temperature. ~ molds are then heated to 

7S°C for 2-3 minutes and separated. The formed lens is released from the frame by swelling in 

5 isopropanol for S minutes. The lenses are then extracted with isopropanol for 24 hrs, rinsed with 

deionized water and allowed to equilibrate in physiological saline. 

Examples 58-60 

D In these examples either the GLUCAM 201A, GLUCAM 2018 or the GLUCAM 201C methacrylic 

anhydride adducts (examples 3, 4 and 5, respectively) were employed as crosslinkers in conjunction 

with 2-hydroxy-2-methylpropiophenone (Darocur 1173) as photoinitiator making up the reactive 

monomer mixture. The following is an illustrative preparation: 

.s A formulation containing 99.6% by weight of the GLUCAM 201C methacrylic anhydride adduct 

described in example Sand 0.4% ofDarocur 1173 is placed into an appropriately sized container and 
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thoroughly mixed at room temperature until it becomes c~ear. The mixture is then allowed to stir under 

reduced pressure ( 40 mmHg) for 30 min and subsequently transferred to cmuact lens molds. The filled 

molds are exposed to UV light (wavelength 300-380 nm, Dose=3-4 Jouleslcm2) for 30 minutes at 

room temperature. The molds are then heated to 7S°C for 2-3 minutes and separated. The funned lens 

is released from the ftame by swelling in isopropanol for S minutes. The lenses are then extracted with 

isopropanol for 24 hrs, rinsed with deionized water and allowed to ~rate in physiolop;ical saline. 

Examples 61-66 

:> In these examples the GLUCAM 201 C methaaylic anhydride adduct (example 5) was employed as . 

crosslinker in conjunction with 3-methacryloxypropyltris-(trimethylsiloxy)silane (TRIS), N,N­

dimethylacrylamide (DMA) or monomethoxy polethylene glycol 350 methacrylate (mPEG3SO MA) 

and 2-hydroxy-2-methylpropiophenone (Darocur 1173) as photoinitiator making up the reactive 

m0nomer mixture. A diluent, either l-hexanol or N-methyl pyrrolidone, was used to help compatibiliZe 

s the various components. The following is an illustrative preparation: 

A total of 40 pans· by weight of the GLUCAM 20IC methacrylic anhydride adduct describetl in 

example s. IS pans of mPEG350 MA. 40 parts of TRIS. 1 part Darocur 1173 and 5 pans of 1-

hexanol is weighed into an appropriately sized containCr and thoroughly mixed at room temperature 

:o until it is homogeneous. The mixture is then allowed to stir under reduced p~sure ( 40 mmHg) for 30 

min and subsequently transferred to contact lens molds. The filled molds are exposed to UV light 

(wavelength 300-380 nm. Dose=3-4 Joules/cm2) for 30 minutes at room temperature. The molds are 

then heated to 7S°C for 2-3 minutes and separated. The. formed lens is released from the frame by 

swelling in isopropanol for 5 minutes. The lenses are then extracted with isopropanol for 24 hrs, rinsed 

?S with deionized water and allowed to equilibrate in physiological saline. 
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Examples 67-72 

In these examples either the GLUC~ 201A, GLUCAM 201B or the GLUCAM 201C methacrylic 

anhydride adlfucts (examples 3, 4 and 5, respectively) were employed as crosslinkers in conjunction 

s with ~ either N,N-dimethylacrylamide (OMA) or inonomethoxy polethylene glycol 350 
' . 

methaaylate (mPEG350 MA), and 2-hydroxy-2-methylpropiophenone (Darocur 1173) as 

photoinitiator making up the reactive m~nomer mixture. Diluent, whenever used, was 1-~l. The 

following is an illustrative preparation: 

o A monomer mixture containing 200/o by weight of the GLUCAM 201C methacrylic anhydride adduct 
. . 

described in example 5, 29% DMA, 50% TRIS and 0.4% of Darocur 1173 is poured into an 

appropriately si7.ed container. After thoroughly mixing th~ above fonnulation at room temperature, the 

mixture is allowed to stir under reduced pressure ( 40 mmHg) for 30 min and subsequently transferred 

to contact lens molds. The filled molds are exposed to lN light (wavelength 300-380 nm, Dose=3-4 

:s Jouleslcm2) for 30 minutes at room temperature. The molds are then heated to 7S°C for 2-3 mimtes 

and separated. The formed lens is released from the frame by swelling in is0propanol for 5 minutes. 

The lenses are then extracted with iso"propanol for 24 hrs, rinsed with deionized water and allowed to 

equilibrate in physiological saline. 

20 Tables 1 and 2 list the alkoxylated methyl glucosides. and the capped prepolymers, and their respective 

properties reacted to ftom the polymers of Examples 1 to IO. Tables 3-15 list the materials combined 

to fonn the hydrogels of Examples 11-72. 
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-E.xamc1e Numcer 1 

Alkoxv1ated Methvt Glucoside 
Polyol Glucam PEP 
EO Content (wt%) 22.9 
PO Content (wt%) 75.3 
Alkoxyianor: No. 199 
Hyd!'':lX'/I Value 33.4 :!: 0.3 
Mn (Hydroxyl Value) 6724 
GPC· 
Mn 
Mw 
Polydispersily 
Viscosity@ 2SC (cps) 

Caooed Preootvmer 
Capping Agent 
Residual MAA 
Residual MAAnh 
%OH React\!d 
Viscositv@ 25C (cps~ 

Exitmo1e Numbei' 

8070 (1600) 
8580 (1670) 
1.0S (1.05) 

5080 

IEM 

AllcoW.ated M ettivl Glucesice 
Polyol 
EO Content (wt%) 
PO Cement (wt%) 
Alkoxyiation No. 
Hydroxyl Value 
Mn (Hydroxyl Value) 
GPC• 
Mn 
Mw 
Polydispersity 
Viscosity@25C (cps) 

Capped Preoolvmer 
Capping Agent 
Residual MAA 
Residuai MAAnh 
%OH Reacted 
Viscos1tv@ 25C (cosl 

Gtucam ~01B 
14.9 
83.9 
300 

27.8%0.1 
8069 

10,100 (5030) 
10,400 (5140} 

1.03 (1.02) 
1872 

MAAnh 

Table 1 

Glucam PEP 
22.9 
iS.3 
199 

33.4 :t 0.3 
6724 

8070 (1600) 
8580 (1670) 
1.06 {LOS) 

5080 

MAAnh 

3 

Glucam 201A 
4.9 

93.4 
200 

27.4 = 0.2 
8180 

10.800 {5570) 
11,100 (5860) 

1.03 (1.03) 
1330 

MAAnh 
0.0058 
<0.001 
>100 
844 

Table 2 

7 

Glucam 4016 
14.8 
84.3 
400 

28.6 = 0.2 
7848 

10.500 (5350) 
10.800 (5420) 

1.03 (1.01) 
1334 

MAAnh 

8 

Glucam 2028 
14.8 
83.5 
200 

30.9 :!: 0.1 
7257 

7330 (3420) 
7530 (3540} 
1.03 (1.04) . 

1259 

MA.Anh 

4 
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s· 

Glucam 2018 
14.8 
83.S 
200 

34.8 :!: 1.5 
6451 

1 t ,700 (5720) 
11,900 (5950) 

1.02 (1.04) 
1079 

-MAAnh J 

<0.001 
<0.001 
>100 
626 

9 

Glucam :!028 
14.9 
83.9 
300 

31.6 :!:0.2 
7109 

8920 (4580) 
9160 (4660} 
1.03 (1.02) 

1348 

MAAnh 

Glucam 201C 
29.4 
68.8 
20C 

29.0 :!:0.5 
me. 

10.300 (505v) 
10,50U (5250) 

1.03 (1.04) 
3530 

MAAnh 
0.0014 
<0.0008 

98.7 

10 

~lucam 402B 
14.8 
84.3 
400 

27.4 :t 0.1 
8194 

12.800 (621 Ol 
13,200 (6350} 

1.03 (1.03) 
1855 

MAAnh 

•Number in parentheses corresponds to a second distribution, consisting of 
<t Oo/o of the total material. 
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Example 11 Example12 Example 13 Exar.1ple 14 Example15 

Composition (%) 

GLU PEP/IEM 99.6 94.5 89.6 84.6 79.7 

TRIS 0 5 10 15 19.9 

Darocur 1173 0.4 0.4 0.4 0.4 0.4 

Properties: 

Water Content (%) 15.3 14.3 12.3 12.3 11.6 

Dk (Barrer) 25.3 29.1 33.4 41.7 42.1 

Modulus (psi) 368 355 320 308 305 

% Elongation 97 111 99· 111 120 

Tens. Strength (psi) 193 206 165 169 192 

Hydrogel Clear Clear c•.aar Clear Clear 

Tabl~ 4 

Example 16 Example17 Example 18 'Example 19 Example 20 'Example 21 

Composition(%) 

GliJ PEPIMAAnh 99.6 89.6 79.4 

GLU 2028/MAAnh 99.6 89.6 79.4 

TRIS 0 10 20 0 10 20 

Darocur 1173 0.4 0.4 0.4 0.4 0.4 0.4 

Properties: 

Water Content (%) 19 14.6 12 3.7 2.7 1.7 

Dk (Barrer) 26 47.4 44.1 46.7 .67.4 

Modulus (psi) 346 296 422 368 320 

o/o Elongation 115 165 162 126 110 

Tens. Strength (psi) 207 245 343 229 167 

Hydrogel Clear Clear Clear Clear Clear Clear 
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VTN-0393 
Table s 

Exampte22 ·example 23 Example 24 Example 25 

Composition(%) 

GLU 2018/MAAnh 99.6 89.6 

GLU 401 B/MAAnh 99.6 89.6 

TRIS 0 10 0 10 

Darocur 1173 0.4 0.4 0.4 0.4 

Properties: 

Water Content (%) 4.4 2.3 4.6 3.2 

Dk (Barrer) 45.7 54.4 45.4 58.4 

Modulus (psi) 426 372 332 288 

% Elongation 164 151 147 132 

Tens. Strength (psi) 350 277 244 184 

Hydrogel Clear Clear Clear Clear 

Table·6. 

Example 26 ::xampte 27 Example 2'8 · 2xample 29 ~xample 30 

Composilion (%) 

GLU 2018/MAAnh 98.6 96.6 94.6 92.6 

GLU 201 C/MAAnh 98.6 

Methacrylic acid 1 3 5 7 1 

Oarocur 1173 0.4 0.4 0.4 0.4 0.4 
Properties: 

Water Content(%) 4.5 6.3 7.6 8.2 20.4 

Dk (Barrer) 33.3 31.8 27.7 23 29.2 

Modulus (psi) 662 628 605 651 660 

%·Elongation 55 71 64 63 108 
Tens. Strength (psi) 

Hydrogel Clear Clear Clear Clear Clear 
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Table 7 VTN-0393 

Example ·31 .Example 32 Example.33 Example34 
Composition (o/o) 

GLU 201 B/MAAnh 94.5 89.6 84.6 79.7 
Fluoromonomer• 5 10 15 20 
Darocur 1173 0.4 0.4 0.4 0.4 
Propertt es: 

Water Content (o/o) 3.6 3.3 3.8 2.7 
Dk (Barrer) 40.9 ~0.1 38.5 34.6 

Modulus (psi) 655 622 586 546 
o/o Elongation 83 105 69 75 

Tens. Strength (psi) 

Hydrogel Clear Clear Clear Clear 

• Fluoromonomer: 1H,1 H,5H-Octafluoropentyl Methacrylate 

Table 8 

Example 35 Example 36 . !:xampte37 .· Example33 '-xampte 39 

Composition (o/o) 

GLU 201 AJMAAnh 94.6 89.6 84.6 79.6 69.6 

TRIS 5 10 15 20 30 

Darocur 1173 0.4 0.4 0.4 0.4 0.4 

Proeerties: 

Waler Content(%) 3.4 2.8 2.6 2.7 2.6 

Dk (Barrer) 40.7 46.2 48.3 54.9 69.4 

Modulus (psi) 656 624 570 538 475 

o/o Elongation 54 75 87 73 73 

Tens. Strength (psi) 

Hydrogcl Clear Clear. Clear Clear Clear 
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Table 9 VTN-0393 

Example40 Example41 Example 4~ Example 43 Example 44 

Composition (%) 

GLU 2018/MAAnh 59.6 49.6 39.6 29.6 19.G 

TRIS 40 50 60 70 80 

Oarocur 1173 0.4 0.4 0.4 0.4 0.4 

Pro~erties: 

Waler Content_(%) 1.9 3.4 2 5.2 2 

Dk (Barrer) 
170 Modulus (psi) 390 295 2~6 178 

% Elongation ·104 105 154 189 276 

Tens. Strength (psi) 

Hydrogel Clear Clear Clear Slight Haze Slighl Haze 

Table 10 

Example 45 . · Example · 46 Example 47 , Example '48 ExampleJ+9 
-~-Composition (%} 

GLU 201 B/MAAnh 94.6 89.6 84.6 79.6 69.6 
TRIS 5 10 15 20 30 
Darocur 1173 0.4 0.4 0.4 0.4 0.4 
Properties: 

Water Content (%) 4.9 3.8 4.2 4.3 3.2 
Ok (Barrer) 45.7 51.1 59.5 60.1 73.5 

Modulus (psi) 523 486 446 432 368 
% Elongation 52 53 59 57 53 

Tens. Strength (psi) 

Hydrogel Clear Clear Clear Clear Clear 
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Table 11 VTN-oJ;~ 

Example SO Example 51 . Examptes2 

Composition(%) 

GLU 201C/MAAnh 49.6 49.6 29.6 
OMA 10 25 20 
TRIS 40 25 50 
Darocur 1173 0.4 0.4 0.4 

Properties: 

Water Content (%) 15.4 31 19.6 
Dk (Barrer) 57.2 36.9 71.8 

Modulus (psi) 288 299 224 

% Elongation 121 113 269 
Tens. Strength (psi) 

Hydrogel Clear Clear Clear 

Table 12 

Example-53 • Example '54' ~::--ample 55 Examples6 Example 57 

Cl)mposition (%) 

GLU 201C/tJIAAnh 28. 40 28.9 38.7 36 

TRIS 42 30 56.8 48.7 45 

OMA 30 30 10 10 9 

Darocur 1173 1 1 1 1 

1-Hexanol J.3 1.6 
N-Methyl Pyrrolldone 9 

Pr?perties: 

Water Content (%) 30.1 33.9 12.4 15.7 17.7 

Dk (Barrer) 49.8 40.3 97.1 72.S 
Modulus (psi) 155 209 185 225 217 

% Elongation 216 109 332 226 214 

Tens. Strength (psi) 

Hydrogcl Clear Clear Clear Clear Clear 
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Table 
VTN-0393 

13 

Example 58. Example 59 Example 60 

Composition(%) 

GLU 201A/MAAnh 99.6 
GLU 201 B/MAAnh 99.6 
GLU 201C/MAAnh 
Oarocur 1173 0.4 0.4 0.4 
Proper1ies: 

Water Content(%) 3.5 6.4 18.2 
Ok (Barrer) 48.8 37.3 32.3 

Modulus (psi) 578 620 732 
% Elongation 68 48 89 

Tens. Strength (psi) 

Hydrogel Clear Clear Clear 

Table 14 

Example 61 . Example· 62 . ::Xamp1e;os· '=xample 64 Example 65 'Example· 66 
Composition (pans) 

GLU 201 C/MAAnh 24 20 20 40 20 40 
OMA 24 20 30 15 10 0 
mPEG350 MA 0 0 0 0 0 15 
TRIS 45 55 40 40 65 40 
1-Hexanol 7 5 10 5 5 5 
Darocur 1173 1 1 1 1 1 1 
Properties: 

Waler Content(%) 24.5 18.6 33.7 21.3 8.1 20.4 
Dk (Barrer) 58.4 80.5 58.5 76.6 

Modulus (psi) 136 133 116 203 185 187 
% Elongation 255 326 239 152 482 120 

Tens. Strength (psi) 

Hydrogel Clear Clear Slight Haze Clear Clear Clear 
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Table 15 

Example 67 Example 68 Example~9 Example 7Q. ·Example 71 · Example . zz 
Composition (%) 

GLU 201AIMAAnh 19 20 0 0 0 0 

_GLU 201 B/MAAnh 0 a 19.8 20 0 0 

GLU 201 C/MAAnh 0 0 0 0 19.3 20 

OMA 0 29 0 29 0 29 
mPEGJSOMA 28 a 28.2 0 28.6 o· 
TRIS 48 50 48 50 47.4 50 
1-Hexanol 4 0 3 0 3.5 0 

Darocur 1173 1 1 1 1 1 1 

Properties: 

Waler Content {%) 26.4 23.5 26.1 20.9 33.5 26.2 

Dk (Barrer) 88.3 67.9 81.4 65.5 81.6 64.6 

Modulus (psi) 59 102 88 120 71 154 

o/o Elongation 144 301 104 240 164 289 

Tens. Strength (psi) 

Hydrogel Clear Clear Clear Clear Clear Clear 
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* C L M S * 

WECLAIM: 

1. A cross-linked polymer comprising the reaction product of a hydrophilic monomer in an 

amount of at least 50% by weight of the crosslinked polymer and a cross-linking amount ofa 

s polyfunctional compound having the following formula: 

[S(A)n}y 

where S denotes the residue of a five or six membered saccharide ring; 

to y is between l and 20, inclusive; 

n is the number of arms coming off S; 

R1 is a group attached to the ring anomeric carbon selected from the group consisting of: 

(a) -CH3 

lS 

(c) various straight chain and branched alkyl groups up to an including 20 carbon atoms 

20 (d) aromatic rings, including benzene. phenyl, p-tolyl, and naphthyl groups 

(e) acetates and other carboxylic acid esters 

(t) fluorinated alkyl groups 

25 
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* C L M S * 

VTN-0393 

and A is a straight chain polyether generated by polymerizing ethylene or propylene oxide right 

off the ring directly without the use of diisocyanates. 

2. The polymer of claim 1, where A is a random, linear copolymer of ethylene oxide and 

5 propylene oxide with a terminally unsaturated group capable of undergoing free-radical 

polymerization in the presence of a thennally activated or photo-activated initiator, such that 

o where Ri and Ra can either both be H, both be -C~. or Hand C~ with a and b such as to 

construct a random copolymer of ethylene oxide and propylene oxide, where (a+ b) is :from 1 to 

500, inclu~ve, and X is a linking group which is selected :from the group consisting of: 

J 
-0 

-0- -NH-

0 

-0~ 
0 

0 

A. 0-

15 
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VTN-0393 

and V is an unsaturated group capable of free-radical reaction selected from the group consisting 

of: 

0 

where R.i = H or Me 

3. The polymer of claim 1, where A is a homopolymer of ethylene or propylene oxide where 

A= -[OCH2CHR.s]c·X-V, where Rs is either Hor CH3, Xis a linking group which is 

selected from the group consisting of: 

SB 
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-0- -NH-

0 

0 

A. 0-

0 

-0~~0 

s and V is an unsaturated group capable of free-radical reaction selected from the group consisting · 
of 

59 

This Sheet Has Been Replaced 

l lllllll \llll\ \l\l lll llll 
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0 

and c is from about l to 500. inclusive. 

111111111111111111111111111111 
* C L M S * 

VTN-0393 

where R.$ =Hor Me 

s 4. The polymer oi claim l, where A is a block copolymer of ethylene and propylene oxide where 

A=-[OCH2C~]d ·[OCH2CHR7]c-(OCH2CHRa]r-X-V. where~. R7and Rs are 

combinations of H or CH3, and d, e and fare such that ( d + e + f) varies anywhere from 2 to 500, . 

X is a linking group which is selected from the group consisting of: 

60 
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· VTN-0393 

~ -~ -0~- ) 

0 

0-

0 

-0~~0 

5 and V is the unsaturated group capable of free-radical reaction selected from the group consisting 

of: 
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VTN-0393· 

0 

whereR4=HorMe · 
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