WO 01/ 70824 STABLE | NI TI ATOR SYSTEM PCT/ US01/ 09076 Background of the

I nvention This invention relates to the use of photoiniators. Mre

particul avhyi/7i8e4 rel ates 5 to the stabilization of phot oParTAUB@®DE usef ul
in processes for making ophthalmc |enses. Ophthal mc | enses such as
contact |l enses are often nade in processes that enploy photoinitiated

pol yneri zation reactions. UV and visible radiation are nost frequently
used to initiate cure in t hSEABLEFaBYNIJASORSYSIEYE en desirable to prepare
a 10 m xture of materials together with an initiator or initiator system
(where initiation involves nore than one conponent) and ot her additives
that will ultinmately formthe |ens upon conpletion of the reactions. These

types of npxtkseEndlof th€lenfint o as the "nononmer m x" in this context.
Stability of the initiator can be a crucial factor in the working tinme and
shelf life of tMeisioventien refates td the neasi phgtdigtono r Mongparticmardy, itiSlatdse

nmonomer mx i s desjrable_since it reduces the need for preparation of
starting aihestalilzationof photoigitiaioss We@ ‘%?rqcﬁﬁs%&ﬁ(’ﬁ‘aﬁ(&’é) %J(rm?a&mfcot and
intra-| ot y&ngati ons in lens production. Acyl phosphines are an interesting

and useful class of initiators for free radical polynerizations of the
type frequent!yOpbtalhic lensdesusplas hamtastdensensisoftcRazasieiinprocegenghani sms f or

many of these materi.al.s gre.descri.bed ipn Re i Q hani. sm_of oacyl -
and’ Bi sacy PRSP HLOW ARG ST R La) e T bRy PP g e gAY Ly
and ESR  Upggutndly KRbE wakitia & BY thEeSbactiGHS. t Tt ¥ Sftdn d%@frablélﬂﬁ%répé-‘r@la Wrz,
118 J. Am Chem "Soc., 6477 (1996). Bisacyl phosphines and thelr use are

furtheno desxmidefdnitarid)Stagsthenvith aB3uitigHo onmiti e YsBIEFIRIPINItHESRpor at ed
herein by 25 reference. Unfortunately, .this,class of. s to be
EV\?& P’fOé? anOHC gﬂwp?%eﬁl&)ea é)ttrer aadl?l-v gs t%att vgllg@ﬂgq%ﬁggforﬁﬁﬂg

unst abl e i i esseni ng | as an active

initiator. lﬁﬁ’uﬁéﬁc&ﬁﬁleﬁéx@@ﬂﬁl@%d@tioﬁ@t’lthE’e Bbesothidizs ng rbierad o s phi ne
initiators used in the production of urethane (meth)acrylate polyners used
for coati ngonamer my Hodhip aRIEXLe Stabdlifsiohthegnitistor can be a crucial factor in

the working time and shelf life of the monomer mix. Increasing the working time of
15  the monomer mix is desirable since it reduces the need for preparation of starting
materials and the possibility of introducing lot to lot and intra-lot variations in lens
production.
Acylphosphines are an interesting and useful class of initiators for free radical
polymerizations of the type frequently used to made ophthalmic lenses. Reaction
20  mechanisms for many of these materials are described in Reaction Mechanism of
Monoacyl- and Bisacylphoine Oxide Photoinitiators Studied by p BC-, and 'H-
CIDNP and ESR, Urszula Kolczak, Gunther Rist, Kurt Dietliker, and Jacob Wirz,
118 J. Am. Chem. Soc., 6477 (1996). Bisacylphosphines and their use are further
described in US Patent 5,534,559 and JP-A-8-259642 incorporated herein by
25 reference.

Unfortunately, this class of compounds tends to be unstable in a variety of
environments lessening its potential as an active initiator. EP 849,296 proposes a
method of stabilizing bisacylphosphine initiators used in the production of urethane
(meth)acrylate polymers used for coatings. The method involves combining the

30  monomer components together with the initiator in the presence of a tertiary amine

and in the absence of a tin component. Japanese patents JP-A-4-6125; JP-A-



30 nonomer conponents together with the initiator in the presence of a
tertiary amne and in the absence of a tin conponent. Japanese patents
JP- A- 4- 6 W6 p1/3A824A WO 01/ 70824 PCT/ US01/ 09076 296315; JP- ABET/PIGAV0THr opose
sim lar nmethods of stabilizing nonoacyl phospine photoinitiators in the
presence of a tin conpound used as a polynerization catal yst.

Unf or t unat 296315t NRS- 511630 iposmsasienilaometheds phfthislining meptylphbspmenononer

m xes used to pake ophthal mic | enses because of the potentially. deleterious
effect 5 t RBYOMAIAERYR MEPIEEPFG %9&55%&_9?&8% a%%O%ﬁBﬁﬂé}Oﬂ_rﬁa i s i s
particularly trygfhatdy, thee TORATRY arfhdt deSirtie WHeR aPBIk& t8inhdriogfee hydr ogel

| enses. A new nethod for  'stabilizing acyl phosphine initiators is desirable.

Summary of ntikes usad enmiakmoplohatiméc fenses he¢anse phtha poteabiblly daleterieys affert f or

maki ng ophthal mi c | enses.. The stable nomer m x._ i S+.aede b m.xi.ng a
mononer > i KeYrRaY eioﬁivtapﬁltl%?cfmpfﬁlﬁntﬁr?fH’%&?‘Eﬂorﬁl% nélﬁ('otsr ésrlsgglg%}:l@g&t he
invention @nsid the altRomte FrRY R usB® omEKe iRédndgtiiopel lehsesmade by admi xing a
silicone hydrogel formng mxture, an initiator, and an acid. 15 In yet
anot her aspect df nevhmethodear stabiliziag sexlpespbine spifipiors isidggjrakie-i ni ti at or
system conprises lowering the pH of the initiator system In yet another
aspect of the invention, a process for stabilizing a silicone hydrogel
nmononmer forrmulation in an adm xture of a reactive silicone macronmer and a
phot oi ni ator conprises adm xing an acid with the adm xture of macroner and

20 phot oi nighnfth#y of itk #hV&GRioReSCri ption of the Invention The initiators of
this invention are those having the followng structure: 0 25 Structure | 2

WO 01/ 79824 PCTHUSH/R861 & avhissle mdnomer mB2for anttiriBophititaldéaclensdend€pendent | y H
or a C -,2 substituted or . :
stable monomer mix is made by admixing a monomer mixture, an initiator, and an
acid.
In another aspect of the invention a silicone hydrogel monomer formulation
is made by admixing a silicone hydrogel forming mixture, an initiator, and an acid.
15 In yet another aspect of the invention, a method of stabilizing an initiator
system comprises lowering the pH of the initiator system.
In yet another aspect of the invention, a process for stabilizing a silicone
hydrogel monomer formulation in an admixture of a reactive silicone macromer and

a photoiniator comprises admixing an acid with the admixture of macromer and

20 photoinitiator.

Detailed Description of the Invention

The initiators of this invention are those having the following structure:

o)
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25  Structure I



unsubstituted al kyl, cycloal kyl, or aromatic noiety provided that at | east
one of R, R2 and R3 has the following structure: O n CJ5 Structure |1
and i s atwaohas24 0 the P at the acyl carbon, and wherei n, PROVURH/ @D

i ndependently, H io or a Cl_3 substituted or unsubstituted al kyl or al koxy
moiety. In each case, where an R -R8 group is substituted, the substituent
can conpri $ewin, R} dRorpd B aleadh idryandertiskidroy 2 Gl kawytitutedroral kynyl gr oup.

Substitution with hetero t such _as ni.trogen |fur n 0 atons is
possi bl e bmlswwgntmﬂ A0 corelbaidl qrta“%“%ﬁ‘ﬁr’%?‘ P 8“%1%‘%?1?’*‘% 18%530%2&2% bot h
Structure RPafiPREhAESE WhIldWilg sidurk8 substituents. It is nost preferred
that R4 and R$ are nmethoxy groups. It is further preferred in this

enbodi mrent that R3 is a C -,0 al kyl, al koxy, or al kenyl group substituted
with ClL_2 al kyl groups; nost preferably a substituted pentyl group. 20 In
the nost preferred enbodi mggt, R Rhd R2 are both Structure Il noieties
with R4 and R$ bei ng net hox) ;. Ryis a trinethyl pentyl group. Thus,
the nost preferred enbodi ng ﬁ)ollovvi ng structure: 25 3 WO

01/ 70824 Structure 111 IR

Structure 11

and is attached to the P at the acyl carbon, and wherein, R*-R® are independently, H

10 oraC,,substituted or unsubstituted alkyl or alkoxy moiety.

In each case, where an R'-R® group is substituted, the substituent can comprise a
hydroxy or C,, alkyl, alkoxy, alkenyl, or alkynyl group. Substitution with hetero

atoms such as nitrogen, sulfur, and halo atoms is possible but is not favored.

It is preferred that R' and R? are both Structure 1T moieties with R* and R®
substituents. It is most preferred that R* and R® are methoxy groups. It is further
preferred in this embodiment that R® is a C,,, alkyl, alkoxy, or alkenyl group
substituted with C,, alkyl groups; most preferably a substituted pentyl group.

20
In the most preferred embodifnent, R' and R? are both Structure II moieties with
R* and R® being methoxy groups; R' is a trimethyl pentyl group. Thus, the most

preferred embodiment has the following structure:

25



PCT/ USOL/ 09076 Theses initiators can be used alone or in conbination with
other initiators 5 such as benzoin nethyl ether, 1-hydroxycycl ohexyl
phenyl kavoene708k4 gacure 1850 brand photoinitiator, 1-hydregyusyiciooteexyl
phenyl ketone (commercially available as "lrgacure 184");

2- benzyl - 2- n- di et hyl am no-1-(4- norphol i nophenyl)-i- butanone
(commercially available as "Irgacure 369"); 1- hydroxycycl ohexyl phenyl
ket one (50% by wei ght) plys benzophenone(co rcially avail able as
“lIrgacure 10 500"); 4-(2- |hydroxyethoxy), phenyl -(2-hydroxy propyl)ketone
(comercially available as "lIrdacure 2959");| 2,4, 6-Tri net hyl benzoyl

di phenyl phosphi neoxi de TPO (50 wei ghty opl us

2- hydr oxy- 2- met hyl - | - phenyl - pre0p (H g)\éiggggg/ggéght)
(comrercially avail able ag "DBarogur 426%"); - thafethoky=2-
phenyl acet ophenone ( BDK) commer A\al | y/avai | apl e as "Irgacure 15 651") ;

bis (nl-2,4- cycl opentadign-1-yl )~ :é@,G-d fluoro-3-(1H=pyrrol-I-

yl )phenyl) Titanium (Cd -184); R-nethyl®]|-(4-

(et hyl t hi o) phenyl ) - 2- nor phol i no  propan-1|-one2 (MWP) (conmmercially
avai | abl e ggucthfg@cure 907"); 2-hydroxy-2- nethyl -1 -phenyl - propan-1-one
(HWPP) (commercially avail able as "Darocur 1173"); or m xtures thereof.
M xtures that include a UV and visible light initiator 20 systemare

preferred as t hﬁ%e&@ Hﬁﬂl&tpﬁ%ogalﬁr?feltuﬁ%(d 0b&e 45 BfabifdtiBh %glggtﬁexj iRitiafdgs monomer

m X. The stabilizers use I'S Invention are aci These are

pr ef er abl y sitghads beprdiaRiethyd eitds, Ibhydrosyytinhéxytiphatyl Retgné,icgageneil85aci ds as
well as Lewis acids. . Additionally, precursars capable of generating acids
in the readfandhaioxtitister. dabydrexyagysiphseylpbeny! keipme Rﬁ%‘{’mﬁ’fc@fl@ref"éﬁa ©ids are
acetic aci(, « 1.C1 a6i. G, Db ONd; [0 IESNY- | | 1 AGHY i .4 WO 01/ 70824
PCT/USCH/Ogﬁf%g#Eg:Vﬁbngﬁ?%9§%9 éﬁFﬁgkﬁgg?@?gr exah%ﬁgﬁﬁggé#ochloric aci d,
hydr obr oni butaaehaicomulckeiallycadiable apHgmnor 369 xcli- iy divxgie il duixy] phengl
hydr of | uori c ac nitric acid S aghgkﬁﬁposphorous

id, sul furou cid, nitr
aci d, per cKE'ops (75%5/& SH ,we&ﬁh?)d?slp%g%{&oal}enone(commermélly avallglyle as
10 500); 4-(2- hydroxyethoxy) phenyl-(2-hydroxy propyl)ketone (commercially

available as “Irgacure 2959”); 2,4,6-Trimethyl benzoyl diphenyl phosphineoxide
(TPO) (50% by weight) plus 2-hydroxy-2-methyl-1-phenyl-propan-l-one
(HMPP) (50% by weight) (commercially available as “Darocur 4265”); 2,2-
dimethoxy-2- phenylacetophenone (BDK) (commercially available as “Irgacure
15 651”) ; bis (nl-2,4- cyclopentadien-1-yl), bis (2,6-difluoro-3-(1H-pyrrol-1-
yl)phenyl) Titanium (CGI-784); 2-methyl-1-(4- (methylthio)phenyl)-2-morpholino
propan-l-one (MMMP) (commercially available as “Irgacure 907”); 2-hydroxy-2-
methyl-l-phenyl-propan-1-one (HMPP) (commercially available as “Darocur
1173”); or mixtures thereof. Mixtures that include a UV and visible light initiator
20 system are preferred as they permit more flexible use of UV blockers in the
monomer mix.

The stabilizers useful in this invention are acids. These are preferably weak
organic acids but may include strong inorganic acids as well as Lewis acids.
Additionally, precursors capable of generating acids in the reaction mixture can

25 also be used. The most preferred acids are acetic acid, formic acid, propionic acid,

and acrylic acid.



chl orous acid, iodic acid, bromc acid, arsenic acid, carbonic acid,
selenium 5 hydride, tellurium hydride, phosphonic acid, hypophosphoric
acid, di phosphmsed c acid, pyrophosphoric acid, netaphosphpeT/wS@aione

pol yphosphoric acid, selenic acid, selenious acid, telluric acid,
tellurous acid, arsenious acid, antinonic acid, antinonous acid,

bor of | uori c aci @he eincrgaﬂ‘lheao@dsgmiudea@rcm{amp& hm;oclﬂ@vic acdé;imdeobromé: sul foni c

aci ds such as nethanesu oni c acid uar onet hapesul foni c
aci d, beta- a%?oﬁ‘i&@’?% QFB}?‘ﬂrt" A %ydrgfq@q G fhgﬂ N u&E‘F&g% tfirGs

2-met hyl - 2- L GA-100R-21d, artﬂﬁetaylh) FHEspRIrods Ri@RRAGTIHS M, chReicdcid,

D- 10- canphorsul foni ¢ acid, benzenesulfonic acid, m ni t r obenzenesul f oni ¢

aci d, m benglneds scillf lodICdiCE(bbtbmlcmétdh@m@rwwl@maéb@éﬂ Fid.eselsanasul f oni ¢ aci d,

2 hydroxyet oni ¢ ,a cycl X oni ¢ acid,
Y yek ohe AR aist By b ftfle ookl BB PR A B R BRI &

al pha - napmlhqiyemﬁ)u;bﬁc@wa@ldame«thphbgmnaaah; ;blﬂhﬂ’mepludrfmd‘, salehid,

p-tol uenesul foni ¢ acid, p- chloronethyl benzenesul foni cacid,

p- phenol sul #eif seleatqug acig, teﬁym asifl g HyTous M AR Reid; antHBPMC acid,

2, 6- napht hal en [ t he 20 organlc sul finic acids such as
benzenesulfﬂﬁfﬁggﬁgdkﬁp (nﬁﬁgﬂgéuégiﬁFc acid, etc.; the organic phosphoric

aci ﬁsl Slﬁch ﬁs phmemtgmhmkmnﬂuad@(fmchxmbm ylmholfpinioraoids such ds
met hyl phosphonous aci d, di henzenephosphi ni c i but yl phosphi ni ¢ acid,
benzenébhosbYFB%Y}n%fEWSUW%FﬁWIBhW@ﬁHW%h%?‘H Omcp%’écﬁ hosphi ni ¢ acid,

et by phosp il Rtk HIRNE SNk NaRDASRY At AOLE ,-ogéz-

di butyl t hi op |n|c acl aC|d
net hyl t hi opbﬂ@pinp)undno]at@dqpapbmﬂyhtcmcmlpbelslbbﬁmp}mradfomc aved.hyl t hi ophosphi ni ¢

acid, benzeneth h; d d id d hyl
di t hi ophoséﬁﬁ%zénésgrfgﬁzgcﬁ%‘lrjﬁyg flé“r?f?‘fslﬂﬁ éﬁ&l o'ls e&(z,%f% g?’ﬁlgcﬁé oslpﬁt)ngus

aci d, etc.; g nééﬁ%hfcta%{cﬁgthgﬁesﬂﬁﬂn1%ld@ﬁt bhyhRdyahhmRatdbc agabnxyl i ¢ acids
|nclude for 3 exanpl e mandelic acid, acetic acid, lactic acid, ascorbic

aci d, pheny[@ckﬂlemnatanﬁno)ntﬁﬂmmad&nmmamtl(ﬁ- trichl oroacetic aci d,

ol orod 1ot S8Cetl 5 8 LSRR & Ak S SSRGS s 8 Yo 1
naphthalenesulfonic acid, beta-naphthalenesulfonic acid, p-toluenesulfonic acid, p-
chloromethylbenzenesulfonicacid, p-phenolsulfonic acid, 2-
pyridylhydroxymethanesulfonic acid, 2,6-naphthalenedisulfonic acid, etc.; the

20 organic sulfinic acids such as benzenesulfinic acid, p-toluenesulfinic acid,
etc.; the organic phosphoric acids such as phenylphosphonous acid,
butyphosphonous acid, methylphosphonous acid, dibenzenephosphinic acid,
dibutylphosphinic acid, benzenephosphonic acid, methylphosphonic acid,
phenylphosphinic acid, methylphosphinic acid, dibenzenethiophosphinic acid,

25 dibutylthiophosphinic acid, benzenethiophosphonic acid, methylthiophosphonic
acid, phenylthiophosphinic acid, methylthiophosphinic acid,
benzenethiophosphonous acid, dibutylthiophosphonous acid, diethyl
dithiophosphate, alpha -hydroxybenzylphosphonous acid, toluenephosphonous
acid, etc.; the substituted or non-substituted aliphatic carboxylic acids include for

30 example mandelic acid, acetic acid, lactic acid, ascorbic acid, phenylacetic acid,
bromoacetic acid, trichloroacetic acid, chlorodifluoroacetic acid, thioacetic acid,

glycolacetic acid, glyoxylic acid, acrylic acid, beta-chloroacrylic acid, cyanoacetic



WD 01/ 70824 PCT/ US01/ 09076 acid, ethoxyacetic acid, beta -chl oropropionic
acid, perfluoropropionic acid, propiolic acid, n-butyric acid, isobutyric
aci d, al phaot/ges oxyi sobutyric acid, crotonic acid, nucorat/@séiem d,

cycl opropanecar boxylic acid, isovaleric acid, 1-

met hyl cycl opr opanecar boxyl i c aci d, 1-cyanocycl opropanecarboxylic acid, 5
cycljobut aneeeid paharyacetimaic, betp ctidpoprapnatarddxperfluorepriogionie-dced,obut yri ¢
acid, levulinig. aci ivalic,acid, tert-butylacetic acid, coumarinic

2o d. - cyBramicaiis s 8 HoblomsBbls SR PHRE ePib e G

3- pyri dyl aceidisni@sdid, muddRRRYik tbidoar@drepaetdboxiiic Akiar Bphseyt adeti-c aci d,
o-ni trophenyl acetic acid, p- fluorophenylacetic acid, o-hydroxyphenyl acetic
aci d, phenomgthvdeyiclopseniadecagborylie Bridr breweys)errepanecarbpylic acid,

2,4-dichloro noxyaceti g. aci 4 5- rj y [ C id,
cycl ohetyl asb BUERGBORICAEE pyGoPerine b BOL AR TIAREREI o e

6- acet am dohexBAieiacidagivalic feltyitibatyddetlc aclt - doanmbini aci;izd, benzoyl formi c
acid, cinnamc acid, o-chlorocinnamc acid, 2,4- dichlorocinpam c acid,
m ni t r oci nnayalehexenesarbexpicircdhetantriw lcadic @cidg3-pyridrlagiicrisids pr opi oni ¢

acid, 3-phe LONi.G: act - loni i L Bzd o
hydroxyphengﬁ r%%?%ﬁﬁé$§§ﬁ59“8§?§$§?§¥P§?@H1%Pgﬁﬁgﬁ %?%Bé%g?b%ic acid, 4-
met EO?( yph S nyluaophénylaeticlacif,-chydpryphenphteficpheinphaosyaetiaacid, 0-3, 4-

met hyl enedi oxyphenyl acetic acid, ,.4-chl oro-2-nethylp oxyacetic acid, m
tol yl ad@t i cC]&IBYCH’,henaqxgﬁ%Emé‘P‘gh%’,4"HFIHH‘§’Pg?r?°fXVW‘8?¥¥dt gﬁg}l‘aceti c acid, p 20

hydr oxy Phenypirtboatl e Bl BrstAaRegl AT magy o1 p- methoxyci nnani ¢

acid, mtri onet hyl ci nnam T aci , 4- met hyl ehedi oxyci nnam ¢ acid 3, 4-
di met hoxypheylblaxetdcarbasili; adid, §-acetdnplehaxendiorgid, ppHe acid, dl-terebic

trifluoronethyl phenyl aceti ¢ ,acid, .1, 4-benzdi oxane- 6-acetjc acid,
3- phenyl - n- aﬁﬂt%’?ﬁylgﬁ'{nﬂf acid, giruaiic peidy os %B’Poﬁbjé?ﬁ@éca?cb‘gg’y Jc oacid,
2- ((p- met hox iRRRYidnattic a6iat KL ER6cinharkRBRIX ¥ Hy8roaGtidnamchRRE Aybpr opi oni ¢

acid, 2-(p-chlorophenoxy)-2- nethyl propionic acid, alpha -naphthylacetic
aci d, bet a- phgtvxhipopmost dcid, ephegnox@rapisnic arided-pbsypprenipnicactd.3-@ci d,

G hery! el e RShihy B B Y A5 B a0

1- (p- chl or oghenvkyphehytaelioRem ipAEeRDavetlyighenylacetic acid, 3,4-
methylenedioxyphenylacetic acid, 4-chloro-2-methylphenoxyacetic acid, m-
tolylacetic acid, alpha , alpha , alpha-trifluoro-m-tolylacetic acid, p-

20 hydroxyphenylpyruvic acid, alpha —cyanocinnamic acid, p-methoxycinnamic acid,
m-trifluoromethylcinnamic acid, 3,4-methylenedioxycinnamic acid 3,4-
dimethoxyphenylacetic acid, ( - )- alpha-methoxy- alpha -
trifluoromethylphenylacetic acid, 1,4-benzdioxane-6-acetic acid, 3-phenyl-n-
butyric acid, 1-phenyl-1-cyclopropanecarboxylic acid, 2-(p-methoxyphenyl)-

5 acetylene-1-carboxylic acid, 3-benzoylpropionic acid, 2-(p-chlorophenoxy)-2-
methylpropionic acid, alpha -naphthylacetic acid, beta-naphthoxyacetic acid,
3,4,5-trimethoxyphenylacetic acid, diphenylacetic acid, bis(p-chlorophenyl)acetic
acid, l-menthoxyacetic acid, diphenyleneacetic acid, 1-
phenylcyclopentanecarboxylic acid, 1-(p-chlorophenyl)-1-cyclopentanecarboxylic

30 acid, dl-3-camphorcarboxylic acid, palmitic acid, stearic acid, benzilic acid,
desoxycholic acid, linolic acid, oleic acid, alpha -acetamidocinnamic acid, etc.; the

aromatic carboxylic acids include for example benzoic acid, salicylic acid, o-toluic



30 acid, dl-3-canphorcarboxylic acid, palmtic acid, stearic acid, benzilic
acid, desoxycholic acid, linolic acid, oleic acid, alpha

-acetam omobnm@ed ¢ acid, etc.; the aromatic carboxylic aecOsséwmsbisde for
exanpl e benzoic acid, salicylic acid, o-toluic 6 WO 01/70824 PCT/ US01/ 09076
acid, al pha, alpha, alpha -trifluoro-mtoluic acid, p-ethylbenzoic acid,

2, 6- di et hg¢ibealphe alplei ,dlph2, -#ifBlore-mrialiy [apidnp-sthylhesreic apidt 26t but yl benzoi c

acid, p- brqgnongethyl benzoj i d - bi phenyl.car boxyl i.c _aci'd,.

4, 4" et hyl 8%@3?@?%120%}%éyfg-mgﬁyﬁsﬁm%ﬁ@ pa%ﬁﬁ?&yﬁb%%g Sid-Bht hoi ¢ aci d,
p- benzoyl bepzphdn@sdeniditidialsiphsyraitbxyic pla b ahabpydesis3- _
acid,. mnitrobenzoic acid, 3,4-dinitrobenzaoic acid, mcyanobenzoic acid,
t hi osal i cyl hydragy-dhetayaiaphtboigercid). alphey ariileie avidi R-bergoylbenzoic acid,

2, 3-di hydr ox i c..aci - r LG acids 400 8] id, 3,4-
ai met hokybelbBr AT foif 4P Al A deid BaRbloNLGie ek 4R BLEARS o

di met hoxybenzaj ®-@anhcbendoitabid] thioshlkeniwiacidagalile addphendxodybozmicadd, d, 10
pi peronylic _acid, o-acetam dobenzoic acid, p-chlorobenzoi¢c acid, 3, 5-

di chl or oben26r&hydpgybeszeir agido bbdiory-2akaphthoig ‘?ql‘g(?t’%%ﬁﬁﬁflé’ tid, 2,6-

di fl uor obenznj j =ai chl i id.. 2.3 5 14 ybenzoi ¢ aci d,
4- chl oros a??{ééﬁ?@bggzloﬁc §Cé(gn‘|€$¥d§é§{)?2§/%1§x}§g{m§m éc-lﬁ’r‘g%dsrg*ﬁggl ic acid,

2- chl or o- 3- diinéth@bbeiniicadd, 4dn-batoxlibarzoickchly drphendredenicic aadd,
3,5-dichloro-4 15 _hydr,oxybenzoi acid,gﬁ-c Ioro-4-netﬂgl enzoi ¢ acid,

3- met hd®y - 4PWCEeHe Agidi e-acelpniglobenzaic asid p- AU brBFHSHY 8% aci d,

3- met hoxy- 4a{£ﬁ1dm%)&%&%9m, 8%IudrobenzdiBhdlY! mArddkddenbGBAGuC2 8C1 d, ,
3- hydr oxy-4-nitrobenzoic acid, 3,5-di-tert-butyl-4- hydroxybenzoic acid,

o- t hynot i ni difimkehenedic agidf hé-dici@pbenzoivercit 25aY-borgdticozeicadd, 44 ncl ude f or
br ormb- 2- ur B BERRIGAE o O P45 S PRI B Bt CHoRcTancar boxyl i c
acid,  ni cohjRibenAfit Shid, BOMbOA-hiplrexMdntloic Geid! 33Ld¥HloRc4-d, al pha -picolinic
acid, etc.; the substituted or non-substituted aliphatic polyhydric
car boxybi ¢ hgdrdsybanedigdeidf drchlosocdrmetby bemzsihicad, Scingthokyreiirebenedy, mal ei c
ael S oL a8, L e S RSl R e oo © o1
2- met hyl - 2- gl sueebez6icaridl 3-Rdeixyyd-nidrobelidoyd sdid, G, b tert-butyl-4-
hydroxybenzoic acid, o-thymotinic acid, etc.; the heteroaromatic carboxylic acids
include for example N-methylpyrrole-2-carboxylic acid, 2-furancarboxylic acid, 5-
20 bromo-2-furancarboxylic acid, pyrrole-2-carboxylic acid, 3-furancarboxylic acid,
nicotinic acid, isonicotinic acid, citrazinic acid, alpha -picolinic acid, etc.; the
substituted or non-substituted aliphatic polyhydric carboxylic acids include for
example succinic acid, fumaric acid, maleic acid, malic acid, tartaric acid, citric
acid, oxalic acid, malonic acid, ethylmalonic acid, hydroxymalonic acid,
25 methylsuccinic acid, 2-methyl-2-phenylsuccinic acid, 2-ethyl-2-methylsuccinic
acid, 2-isopropylsuccinic acid, bromosuccinic acid, 2,3-dibromosuccinic acid,
alpha -ketoglutaric acid, 3-ethyl-3-methylglutaric acid, glutaconic acid, itaconic
acid, mesaconic acid, citraconic acid, adipic acid, camphoric acid, diglycollic acid,
acetylenedicarboxylic acid, dimethylcyclopropanedicarboxylic acid, etc.; the
30 aromatic dicarboxylic acids include for example phthalic acid, isophthalic acid,

terephthalic acid, homophthalic acid, 3-nitrophthalic acid, 4-hydroxyisophthalic

acid, tetrachlorophthalic acid tetrachloroterephthalic acid, nitroterephthalic acid,



acid, 2-isopropylsuccinic acid, bronosuccinic acid, 2,3-dibronmosuccinic
acid, alpha -ketoglutaric acid,'3-ethyl-3-nethylglutaric acid, glutaconic
acid, itawoni/ms2eci d, nmesaconic acid, citraconic acid, adrPPT/US@AIN76
canphoric acid, diglycollic acid, acetylenedicarboxylic acid,

di met hyl cycl opr opanedi carboxylic acid, etc.; the 30 aromatic dicarboxylic
aci ds i ncl upgratine-2¢3¢divpibexylit d4vad, iocpteeny dnediswsphtabid] $.6'-aci d, terephthalic

aci d, honophthalic .acid,. 3-nitrophthalic.acid,_.4-hyd yi.sopht hal i id,
tetrachl orgﬁﬁf inedisalisylicag r%fﬁhﬂl?rpg}aegﬁl’lgb%%‘g"lﬁof:e pg% %‘fszr%g‘{ae?’gbktc ha?iCIG
acid, 7 WO Qﬂﬁt?&iﬁ&ﬂolP%édﬂﬂgégQ&BY,@,@Mﬁ@czd-m@it;’opﬁe@tnpﬁ,sbﬁmbﬂom-aci d,

o- phenyl enedi acetic acid, ~methyl enedi salicylic acid, etc.; the
phenol s i nchitwghém, B%-dighlasodiritrpphenel, &,6-dibrometidriitrepiishel gtbromo-4-

2, 6-di ni trophenol, .2 6-di,i 0do:4-ni troph | 6- di =4-. i trophenol ,
5 d chi or EaRRp piGimRent) 2930 gorBOBRSHon oo il B oSt o g

chl or o- 6- ni §iRAREADH thiGoafbaic htias Grcbrdeifor &@hpNOE-, etc.; and the substituted
or non- substituted dithiocarbam c acids include for exanple 2-

cycl ohexenyFxiilehaxerydiiasarbapicacidp 2wyelobertpyddifienabanye 4#¥ani ¢ aci d,

met hyl di t hi Q¢ I: i i A ?l%ﬁwlﬂ LG acid,
et hyl enebi s%&ﬂ{}ﬁ(ﬁgﬁé(gcr é@lnnﬁg agg;@@mﬁ%iﬂ?é% ewg?lgbi ds include, for exanple,
boron trifl eyledebis(@ithiobarbamiddedd)] ete, boron tribronmide, alum num fluori de,

al um num chl ori de, _al um num_ broni de, | um num i.qdi de, al um num sul f at e,
iron fl'toride, iLewis pdsopslyde. fPfr‘?Bﬁ%nlﬁ’ll%%%%‘} tr1 W&He’rhof?%i@gm n sul fate,

gal l'ium flugride.. yd -, ord (A | WY LASinudHebARRY chlori de,
ant i nony suP?IlaOE1 gnbgﬁgb%%@@%@lfg%%df’ﬁdgﬁ%ﬂn@?m}gé#(géebﬁt ilﬂu 15 fl uo%/i de, tin
chl ori de, t alninwmicdide, taluminonhi sutateairse fliieridd, iron icblleriderisertiromedd, or i de, zi nc

fluoride, zinc chloride, zinc bromgde, zinc iodide, copper .chloride,
bari um chl oFrPHé‘}tr".é‘?’I"(Pé‘rsu}:fzﬁtfoﬁngéT‘rHé‘fEde’lgtaﬂluél’ ﬂ’é&’a@f‘&}lﬁga% ﬂf‘%‘?"e that aci ds
used in the,practy Gfode, Faﬂnﬂti)xﬁoh}n%ﬁﬁfté, MU & Fluotitie, SHEQMEHISH del ¥n OF

concentration that they inbue the nonomer mix in which they 20 are to be
used witsh aflpetidd, tid chiprBle, i biopridd|tip, iodide, agsdnessBuarisignargenithhi | e t he upper

end of the alli'oggé% lzganctfﬁlo\llﬁ\lﬁaie,Czri]nct CQSOI‘EE)E:?(Z){;I% rbrongl-nﬁe,c z(%rlljc! %dpcﬁ:, (':c%"f;’%{ c(:atﬂoriia;e,SI Fghtly
barium chloride, silver chloride, étc.

It is generally desirable that acids used in the practice of this invention are
of such molarity or concentration that they imbue the monomer mix in which they

20 are to be used with a pH of 3 to 8. Preferably, it is less than 7. While the upper
end of the pH scale to which the monomer mix could be lowered is slightly
alkaline, the addition of acid lowers the pH to point that it would not otherwise
reside. In any event, in the case of a monoprotic acid such as HCL, about 0.1 to
about 10 weight % of acid is used in the monomer mix . Based on this, the skilled

25 artisan can readily determine equivalent ranges for other acids useful in the
practice of this invention.

Making the lenses of this invention is conducted by combining the
components of the monomer mix together with the initiators and stabilizers
described above according to well known methods of lens formation such as

30 photoinitiated casting in lens molds.

Silicone hydrogels have high oxygen permeability making them particularly

desirable for use in the lenses of this invention. When the monomer mix



al kaline, the addition of acid lowers the pHto point that it woul d not
otherwise reside. In any event, in the case of a nonoprotic acid such as
HCL, abowoO1/108t0 about 10 wei ght % of acid is used in ther/wsnayere m X.
Based on this, the skilled 25 artisan can readily determ ne equi val ent
ranges for other acids useful in the practice of this invention. Mking
t he | enses ofmprikes compenentsdior ihe prepadiioned siigoroysirogaly it ik eefemedhfsonent s of

above. accor TG 0 SRR RAUREE BTHORC BT LSRG R Hsly SERIEE S0

phot oi ni ti afedaeas ipBGmidtizirnemi®@hd on@inihEaneashysl 9edne-doamenihg gh oxygen
pernmeabi lity making them particularly desirable for _use in the |enses of
thi s i nvent nonomyand at feasianedrydrophilic monmey Eitipg 24e PiiongSOnfa08oge6 conpri ses

conmponents for the epar at,j.on_of L hydr ko red to
he?gi n as amgf’?lin%?‘fg[lﬁgﬁér%% PSP Ir‘?ﬁ}n%'?g rhcrtlég aglg?%og%lhdéé%%gre%géﬁs are
preferably sdphRRAEBSEIRAKeRAYPEREMBloNE. Trodskhking agamé Aemd®nls hedsg one

silicone-containing nonomer and at | east one hydrophilic nmononer. Either
the siliconauliinle polimenzablemaisties. bhe e “Fpapwshi Whe ysséHhdis s88%€ f unct i on
as a crossljnpki nt C i I

& osst 1 ki o ie BHERl e SPERALBLRISRAS RIS ST, 1he SRR o oo
The term " npfaiedn beviefortiay dinterid) trimatn) sepolyefest sndlecuéesrmtistilldk used in
formng the ultimate pol ymer, system The. crossl|nki ”ﬂ- agent can _be
mononerd ¢, eRNsislered a ppporasy with E?ﬁpfiféF%/%F}IEO%ﬁ\édéﬁgeéél Hﬂ%fg]é’tﬂr? uegd 10

consi der ed ﬁomﬂOfﬁéi_%%ﬂ/%gﬁiia%%ﬁ&gfrfeﬁli%i%%él!e}ajll M8d by HoRI@hn Bhd | mat el y

produced fromi't. yneri za tionalities generally bond to nore
than one ppdlyner cledimcieattngandtwgrieometwonkklil@rpolghenr Krucike Phérgaer i c
structure. There arig nunmer Qus silicone-containi c};, nononeri.c units comonly
used in theN¥BFRHE FIGRONEGTONGIIING HINOMCHF JYHS %‘?m‘ﬂogl. ‘ﬁﬁ%n%@.n%,tlf%& 250;

g 153,081 45 b IFuopel30.s10di No3. 19505 1ons3%4208,780833:% B [9: and

5,358, 995 provi me “use exanpl 8s” 'and each is incorporated herein by
reference. 5)@0ApH I,2@),0000613805 79 heand HIOLOPr movidasompe besdnl dxempdesusef ul o
maki ng and each is incorporated herein by reference. |
Hydrophilic monomers that have previously been found useful for making
silicone hydrogels include: unsaturated carboxylic acids, such as methacrylic and
acrylic acids; acrylic substituted alcohols, such as 2-hydroxyethylmethacrylate and
20 2-hydroxyethylacrylate; vinyl lactams, such as N-vinyl pyrrolidone; and
acrylamides, such as methacrylamide and N,N-dimethylacrylamide. Still further
examples are the hydrophilic vinyl carbonate or vinyl carbamate monomers
disclosed in U.S. Pat. Nos. 5,070,215, and the hydrophilic oxazolone monomers
disclosed in U.S. Pat. No. 4,910,277 and each is incorporated herein by reference.
25 The preferred components of the monomer mix used to make the silicone
hydrogel lenses of this invention include, for example, siloxanes and
acrylic/methacrylic acid and derivatives, polyvinyl, typically di- or tri-vinyl
monomers, such as di- or tri(meth)acrylates of diethyleneglycol, triethyleneglycol,
butyleneglycol and hexane-1,6- diol; divinylbenzene. In the preferred embodiment,
30  the siloxane component is a polydimethyl siloxane. It is combined with a

hydrophilic monomer such as hydroxyethyl methacrylate or acrylate derivative. In

the most preferred embodiment, the monomers comprise mono-alkyl terminated



silicone hydrogels include: unsaturated carboxylic acids, such as

nmet hacrylic and acrylic acids; acrylic substituted al cohols, such as

2- hydr oxyweo hyteset hacryl ate and 20 2- hydr oxyet hyl acryl at epCviusy/odhmct ans,
such as N-vinyl pyrrolidone; and acryl am des, such as nethacryl am de and

N, N-di met hyl acrylam de. Still further exanples are the hydrophilic vinyl
car bonat e polydiquhylsﬁm?daaMt‘mPﬂﬁMS’r’ﬁmush asjinsn¢mstb@bryhxwp8>pyﬂ>mrminﬂ©€si

5,070, 215, alyg ﬁdr%ghl l,i c_oxazol one non ﬁHE ¢ scl.o e(il in US. Pat.
o 4" 010, BSRTURRRTE trf e dp BT R B P S 8125 e
preferred ﬁg ngﬁglsn@ﬁa&ﬁgtenﬁ@mfnema&qu@d to make the silicone hydrogel
| enses of this invention 1nclude, for exanple, siloxanes and

acrylic/ nenwdmpwlwwpamyﬂnaﬁﬁ@né@wiwlaw)sé@e m@n«ymemlwcrylwy)mr@wll y di- or
tri-vin nonones s ch as di- acryl s of d| hyl enegl ycol ,
triet hy%l en&gMRAd mo‘EﬂJEW]&WE‘B I?Eeglpo %@%éﬂé afeﬁan t?Pprog ' Pbenzene. In

the prefer Hﬁﬁlet Uﬁ@& an§t@ Wlﬁltﬁinaﬁﬁﬁf&erﬁéﬁm&ﬁﬁﬂérs i&hﬂiepﬂir)éﬂhl’ﬁﬁltehy'
si | oxane. |s co |ne a hydrophilic nmononer such as hydroxyet hyl

met hacryl atrmtlmcq&@ryyothyétrdsémnmln}'rl\sdoxy)rsllamd;\eTRb‘fé’t NolNedimethedia Werent, the

NDNONErs cQ S o- al, kyl m nat. ed. 24 PCT/ USQ14 09076

pol ydi net hyﬁ&‘+o§5ﬁgglef’e Iﬁaﬁ%’ Ales W hacgirl%%@or%?%gy t er mi nat ed
pol ydi net hﬂosmdl&hgaarg%n@rkﬂoamriﬁmmorﬁmmglsslwwehp@mgaa@am @lBo pe askdct of 2-
hydr oxyet hyl net hacryl ate, net h\éMWBt hacryl at e,

net hacryl oxypr ope pmpbmrrqnhefmy $ epapyevariiyeas ihis senusht tods psroRsidlopy | 5

551 sopr opergrmuit e ek AR S0 PR HOTEL AL ME AN Bronfils suchias, o
MONOMEr'S | RéybétPeladtR/mEHMEAR tan mob@ﬁlwlhlag Mpt!h@ pterial 'dﬁ(lﬂd‘d HSEfmehstﬁl | oxy)
silane, "TRIS"; N, Ndinethyl acrylamde, "

triethyl enegnldyhtsl am(ﬁ‘é@ha‘othpum@nprorrmmonommnmmﬁﬁdgneg]alecr ossl i nki ng

agents known in the art for jigon I be used. 10
The enpl oy RERTISEFAHRBORCGSS Wéﬁ\glgfl S Sl{%’xgge%tpg nﬁ?grﬁg/ gggtespony bl e

for i nhui ngrdsti, M@HWS hﬁlﬂnd’iplélﬁloﬂﬁbtldﬂdahfy dndiis Ofll%ihnl%l}‘yhﬁgﬁh alecpla@perti es such
as reduced elastic nodulus and tan S (| oss nodul us of the materi aI di vi ded

by its el aswight. Mewurasdo snprave & Jnopimordion o hye diriconey Thergieture of
conpati bi| Irﬁ[ﬁblglgrclaxq 9e 40&ribed as follows:

RSS\ 0/\/\Lo—( Si-o) —si

b

Rs7

20

where b =0 to 100, and Ry, is any C, ,,aliphatic or aromatic group which
25 may include hetero atoms; provided that Ry, is not functionalized at the point at
which it is bonded to Si. C,,alkyl groups are preferred with butyl groups,
particularly sec-butyl groups, being most preferred. Ry, is any single polymerizable
vinyl group. Preferably it is a methacryl moiety but it can also be an acryl or

styrenic moiety or other similar moiety.

10



pol yneri zati on process. Unlike many of the sil oxanes predom nantly used at
15 present, nPDVS has no polar functionality and is of relatively high

nol ecul awoweraght . Measures to inprove its incorporation REEUSHUBIWEl cone.
The structure of nPDMS can be described as follows: R56 O SiO (i-0)b Si
R57 1 1 1 20 where b = 0 to 100, and R57 is any Caliphatic or aromatic
group whi ch 25Thayonnmieuniéx dlee mchudas thesnitiptopy ardleatidsiiescrit®d abgvarot
functionaljzed at th oi nt at ich it is bonded.to Si,.C3.8 alkyl groups
are prefer lrréffe\ﬁiaf‘ ke BE‘E% to SlFeoIE}B%t,’e Rrsr 491U rglgecmﬁh]tsff’margﬁﬂg ,aq%?%/nggrmsf
preferred. ;RRPot Stha ksl At 16nsBhYaRml zabl e vinyl group. Preferably it is a
met hacryl noiety but it can also be an acryl or styrenic noiety or other

tsuh m | ar i ety. Itjig)amd@sivab@ag@mwusgw@g@m prRsenpRelomdiiueat. Suiiialei ncl udes
e initiators. and aci - d he m
e e M AT

bef ore, e’mX | i ne ol ot her

vessel for dingsibylhetamide Heptant, difhettlys sultisdd; addtene] @riclutylyacetate, kthgl cure in
the presence of a diluent. Suituable 5 diluents_include alkanols, N N
di met hy| f oreREaIE-deoRieRyl apstete, and msihylr3-pyroliore. BpyarnelgweiatdsitdSs hept ane,

G Tl oL AR B S el coetate, | sop oy

acet at e, r'ro oW no ar wei ght (C5- 12) al kanol s
are preferred. DhevtveylioBisdaitiasndesdribedixsthedobdveing @dnlirhiteg axampidson i s
further described in the follow ng nonlimting exanples. 10 Exanple 1
(Macron®r Formation) To a solution of 13.75 m of a 1M solution of TBACB in

e o OS] AT | ane, B30 0 p e S50
in 4399. 78 g THFoatsoh#ion of 13.75 ml of a 1M solution of TBACB in THF, 30.0g
bis(dimethylamino)methylsilane, 61.39 g p-xylene, 154.28 g methyl methacrylate,
and 1892.13 g 2-(trimethylsiloxy)ethyl methacrylate in 4399.78 g THF at 14°C,

15 under a N, atmosphere, was added 191.75 g of 1-trimethylsiloxy-1-methoxy-2-
methylpropene. 30 ml of additional TBACB in THF (0.40 M) was added over a
period of 260 minutes, during which time the reaction mixture was ailowed to
exotherm, and then cooled to 30°C. Sixty minutes after addition of 2-
(trimethylsiloxy)ethyl methacrylate, A solution of 467.56 g 2-(trimethylsiloxy)ethyl

20  methacrylate, 3636.6 g mPDMS and 3673.84 g TRIS and 20.0 g
bis(dimethylamino)methylsilane was added, and the mixture was allowed to
exotherm and then cooled to 30°C for 2 hours. A solution of 10.0g
bis(dimethylamino)methylsilane, 154.26 g methyl methacrylate, and 1892.13 g 2-
(trimethylsiloxy)ethyl methacrylate was then added and the mixture was again

25 allowed to exotherm. After 2 hours, 2 gallons of anhydrous THF was added,
followed by a solution of 439.69 g water, 740.6 g methanol and 8.8 g dichloroacetic
acid after the solution was allowed to cool down to 34°C. The mixture was refluxed
for 4.5 hours, heating with an oil bath at110°C, and volatiles were distilled off at
135°C, with addition of toluene to aid in removal of water, until a vapor temperature

30  of 110°C was reached.

The reaction flask was cooled to 110°C, and a solution of 443 g TMI and 5.7

g dibutyltin dilaurate was added. The mixture was reacted for 3.5 hours, then cooled

11



15 under a N2 atnosphere, was added 191.75 g of
1-trimethylsiloxy-1-nmethoxy-2- nethyl propene. 30 m of additional TBACB in
THF (0. 4GvOp1/vmz4 added over a period of 260 m nutes, durpPamyussi/mhie i me the
reaction m xture was allowed to exotherm and then cooled to 30C. Sixty

m nutes after addition of 2- (trinethylsiloxy)ethyl nmethacrylate, A

sol uti on ofo 3®T. SkhegoRicfi¢ wasretdpptaed wndg) edhgdd [essnestthyeeld ot whit8636. 6 ¢
nPDVB and 3673.84 g TRIS and 20.0 i s(di net am ho hyl si | ane was
added, and 3RREIOHS VXY r@\%é“"?amaﬁWé’&eqt ajﬂe31?8{%?&5@&84%@%@8@%&?% 30C for
2 hours. Ais'SPBQ'ni-n?Jl/ng 10. Og bi s(di net hyl am no) met hyl si | ane, 154.26 g

met hyl nmet hacrylate,” and 1892.13 g 2- (trinethylsiloxy)ethyl nethacrylate
was then added and the m xture was again 25 allowed to exotherm After 2
hours, 2 gallons of anhydrous THF was added, followed by a solution of
439.69 ¢ water, 740.6 g nethanol and 8.8 g dichloroacetic acid after the
solution was allowed to cool down to 34C. The m xture was refluxed for 4.5
hours, heating with an oil bath at 110C, and volatiles were distilled off
at  135C, Eixampdelgi(bemFagmatigndene to aid in renoval of water, until a

vapor tenperature, 30 of 110C [ eac o cti o a ooled to
110C, and a sol l‘ft PS%O%‘% ‘Zﬁ%mﬁd\ﬁqﬁc’%g ?Dqg’w%g%fcgﬁ& y%trﬁl% {flhll %ﬁ?%e a%as
added. The clcyhted asWasighteReted of dlic Btdl Wsiplitsof thBeombinktied): IadAnérléf70824

PCT/ US01/ 09076 to 30C. The toluene was evaporated under reduced pressure to
yield off - whample 1 &8l cusSi, wangnomedretylary feamingtads polyfianathyd ovilorareal OH

content of t macroner, is 1.69 mmol/g. .5 | e, L,ens, Formation) A
hydr ogel W&z o yEethasRylpRereRyl It’BWrHBetﬁglrFélﬁé}%Xﬁ;Be’( gﬁﬁlgaﬁf)ﬁ‘m’% défpg[hyl

cal cul at ed weic PELSENY. t I i oL cheg BN at ko) :
macr oner of ﬁﬁ(leo elgglfrf‘}al g(r ?8‘?5,1g%d;}&§n e%fy?_ 81%% rrlét ﬁg?? ylfgxy t era(msgz% ed
pol ydi net hyfiethylboet]dimeBiryl &t MERGIYMORY r10p)Y Ipolywirsdpyriatiiohy, “BNTOXy)
silane, "TRIS" (-14%; dinethyl am de, "DVA" (-26%; hydroxy ethyl

met hacryl i ¢~%6);dCGY HEMA'(a (I 5%4vgt) blend of 1-hydroxycyclohexyl phenyl ketone and

15 bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide) photoinitiator

(~1%), glacial acetic acid (~5%) , with the balance comprising minor amounts of
additives. The polymerization was conducted in the presence of 20%wt dimethyl-3-
octanol diluent.
The hydrogels were formed by adding about 0.10 g of the monomer mix to
20  the cavity of an eight cavity lehs mold of the type described in U.S. Patent 4,640,489
and curing for 1200 sec. Polymerization occurred under a nitro gen purge and was
photoinitiated with 5 mW ¢cm? of UV light generated with an Andover Corp.
420PS10-25 AM39565-02 light filter.
Lenses were successfully made from this monomer mix over the course of 5
25 days without reconsistitution of the macromer or other components of the monomer
mix.
This example illustrates the lengthy working time that can be attained by

stabilizing the initiator according to this invention.

30
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triethyl eneglycol di net hacryl ate, "TEGMA" (-1%, polyvinylpyrrolidone,

"PVP" (-5%; Cd 1850 (a 1:1 (wgt) blend of 1-hydroxycycl ohexyl phenyl

ket one amdo ab7dse4( 2, 6- di net hoxybenzoyl) - 2, 4- 4-tri met hyl per¢yUS@inOswhi ne

oxi de) photoinitiator (-1%, glacial acetic acid (-5% , with the bal ance
conprising mnor anmobunts of additives. The polynerization was conducted in
t he presenfaxanipled@omgaraivieyNoAcidrt anol dil uent. The hydrogel s were
formed by addi ng about. 0. 10 of the noner .mx.to 20.the.cgavity of an

e oht cavi ty | clatRale s end il et BB RTR T A s PRI R 40 80" and
curing for 1200 s6x. Pos¥OERild 8hlyeR roslUbf EFhatreBEfoR i WiR@TRr BH% ge and vas
photoinitiated wth 5 MVCM -2 of UV |ight generated with an Andover Corp.
420PS10- 25 reyuBed 6so0stithtiqyhduertp less of a¢tvnyeaf theemetiaterecessful |y made fromthis
nononer m X over the course of 5 25 days wi thout reconsistitution of the
macroner or ot her conponents of the monomer mx. This exanple illustrates
the I engt hEwaJ{ésngs(smilttgagtudi@g) be attained by stabilizing the initiator
according to this invention, 30 12 WO 01/ 70824 PCT/ US01/ 09076 Exanple 3
(Conpar ati ve- NSohgiod§ cantainped- D g o (KO8 AndEEpYS FRENthY et i ¢ aci d
was included in the ] %’ga@;eR 0 hours
before the Pr{?ﬁ%rr?érm %dgg&?’gﬁlleﬁﬂ d%%@%ﬁfi%%l%n‘g%&ént gz 0S’s g‘?ér%e(jglti vity of
t he i niti at pRasehidbqmih@ance-1Bu(Stadmbiokyapby udihdsy- Viodetedtimnstocont ai ni ng 0. 8
%v of CA 1850, and various_reagents were repared in a djluent
3- net hyf - 3- pelptaiRe the prasepreef IQMIgA‘PaFHQVVz@He-b hegesfsme shoymuel ahlg b
performance |iquid chromatography with W-Vis detection, to 10 determ ne
the presence of DMBAPO over tine. The results are shown in Table 1. Table 1

Table 1
Example | Additive | Amount Initial DMBAPO | DMBAPO
added DMBAPO | Conc (%). Conc (%).
(resulting Conc. (%) Time 1 Time 2
concentration)
4% DIMA .02%wt or 0.4 0.39 (42hr) | 0.38 (70hr)
0.004M
5* DiMa .103%wt or 0.4 0.36 0.36
0.023M (48hr) (6%hr)
6 DCAA 244%wt or 0.4 0.40 0.40
0.019M (42hr) - (70hr)
7 HC1 0.1% or 0.2 0.2
‘ 0.01M (40hr)
8* | TBAH .062M 0.2 '0.04
(40hr)

*Comparative, not according to the invention.
DiMA=dimethylamine
15 DCA A=dichloroacetic acid
TBAH=tetrabutylammonium hydroxide
HClI= concentrated hydrochloric acid (37 %wt or 10.15M)
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Exanpl eAddi ti veAnmount I ni ti al DMBAPODVBAPO addedDVBAPOConc (% . Conc (99 .
(resultingConc. (99 Time 1Time 2 concentration) 4*D MA 02%m or0. 40. 39
(42hr) 0. 380 00ised 0. 004M 5*Di Ma. 103%m or 0. 40. 360. 36 0. 02B&A/A8MW(OBINr )
6DCAA. 244%nt  or 0. 40. 400. 40 0. 019M 42hr) (70hr) 7HC10. 1% or 0. 20.2 0. 01M 40hr)
8* TBAH. 062MD. 2' 0. 04 (40hr) *Conparative, not according to the invention.

Di MA=di net hl;?kamphé) -1'5 (SEbility iStadies bnthetRresance of MERBAMEDL r abut y| ammoni um
hydr oxi de HCl = centr ed. hydr, ic acid 7 9% .or 10..1 13 WO
011 70824 PCTI UsoRMGSB S HaLaing D G o smiBfant il abriiEd B ecence o
Macroner) SOl utJrPMBART AldVap@ud Sortdhtr@ionk BEadI®S kRe®H irfEsé DPeetei N exanpl e
1, 0.1 9% of DVBAPO and various concentrations of acids, shown in Table
2, were prpppared in 2rpfoganolSanples Serpinesbald & IPQ8 (¢rARGSAUER: r oom
tenperature. 5 Table 2. Exanpl eAdditiveAdditive Conc.|nitial DVMBAPODVBAPO

(resul t7 ngDVBAPOConc. At Conc. At
Table 2.

Example | Additive Additive Conc. Initial DMBAPO | DMBAPO
(resulting DMBAPO Conc. At Congc. At
concentration) Conc __hrs __hrs

(%) (%) (%)
10 No additive | N/A 0.11 0.094 0.063
(26.8hr) (122hr)
11 HCI 0.01% or 0.001M | 0.13 0.088 0.067
(27.3hr) (122hr)
12 HCI 0.02% or 0.002M | 0.13 0.126 0.097
(27.87hr) (122hr)
13 HCl 0.05% or 0.005M | 0.13 0.116 0.109
(28.38hr) (122hr)
14 HCl 0.1% or 0.01M 0.092 0.093 0.088
(36.75hr) (122hr)
15 HOAc 0.1% or 0.017M 0.135 0.132 0.106
(29.43hr) (122hr)
16 HOAc 0.2% or 0.033M 0.107 0.099 0.09
(29.95hr) (122hr)
17 HOAc 0.5% or 0.083M 0.161 0.066 0.154
(30.47hr) | (122hr)
18 HOACc 1.0% or 0.167M 0.108 0.112 0.106
(53.4hr) (122hr)

HOAc=glacial acetic acid

10

Example 19-
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concentration)Conc- hrs- hrs M (% (% 10No additiveN AO0. 110. 0940. 063
(26.8hr)(122hr) 11HC 0.01% or 0. 001M). 130.0880. 067 (27.3hr) (122hr)

12HC 0. 0306 o1/7d82002MD. 130. 1260. 097 (27.87hr) (122hr) 13HC BCDEY1019076

0. 005MD. 130. 1160. 109 (28.38hr) (122hr) 14HC 0. 1% or 0. 01M. 0920. 0930. 088
(36. 75hr) (122hr) 15HOAcO0. 1% or 0. 017M). 1350. 1320. 106 (29.43hr) (122hr)
16HOACO. 2% or O1B3FNhe pdéEIBOBOELANRIZO1 BFBHut $B2ing at 45°B0keGedMsor

0. 083MD. 1610. 0660. 154 (30.47hr)(122hr) 18HOAc1.0% or 0.167M. 1080.1120. 106
(53. 4hr) ( 12shemn indebleyt wereAbtaeh i ¢ acid 10 Exanple 19 14 WD 01/ 70824
PCT/ USOL/ 09076 Usi ng the procedure of Exanples 10-18, but storing at 45C
the results shown in Table 3 were obtained. 5 Table 3

Exanpl eAddi ti veAddi ti ve Conc. I niti al DVBAPCDVBAPO

5 Table 3
Example Additive Additive Conc. Initial DMBAPO DMBAPO
' (resulting DMBAPO Conc at Time 1 Conc at Time 2
concentration) Conc. (%)

19 No additive N/A 0.101 0.038 0.022
(50.88hr) (120hr)

20 HCl 0.005 0.131 0.115 0.100
(50.88hr) (120hr)

21 HCl1 0.01M 0.143 0.129 0.116
(50.88hr) (120hr)

22 HOAc 0.083M 0.113 0.0933 0.076
(50.88hr) (120hr)

23 HOAc 0.167TM 0.144 0.126 0.113
(50.88hr) (120hr)

Example 24 (Stability studies of DMBAPO in monomer mix containing
10 macromer)

Three monomer mixes of the type described in Example 2 (Lens formation)
were prepared. Mix 1 contained no acid addition, Mix 2 contained 0.1 %wt
concentrated HCI (37 %wt or 10.15M) and Mix 3 contained 1.0 %wt glacial acetic
acid. Samples were incubated af 45°C and analyzed by Reversed-phase high

15 performance liquid chromatography with Uv-Vis detection, to determine the

presence of DMBAPO over time. The results are shown in Table 3.

15



(resul ti ngDMBAPOConc at Tinme 1Conc at Tine 2 concentration)Conc.

(A

addi ti veN A0. 1010. 0380. 022 (50. 88hr) (120hr) 20HC 0. 0050. 1310. 1150. 100
(50. 88hr WA 0S84 21HCLO. 01NMD. 1430. 1290. 116 ( 50. 88hr ) ( 120hPYT/US01/09076
22HOACO0. 083MD. 1130. 09330. 076 (50. 88hr) (120hr) 23HOACO. 167MD. 1440. 1260. 113

(50.88hr) (120hr) Exanple 24 (Stability studies of DVBAPO i n nononer

cont ai ni ng Tdfe Aacroner) Three nononer

anc f

m xes of the type descri bed in

19No

m X

Exanpl e 2{tLen Fra-er——Wer-e-pr ed—M-x—trcontatned
addi tion, | HXPE cppdlihed OAdfhW/&\E&lcconchélﬁ‘flr ated H Tfli(ﬁ?('}&b(’/&rvt M%épqSM and
M x 3 contained 1, 0 %u gl|dckdingacet i ¢ DMRBARD Sanpbest liwee ﬁmbtaitued at 45C
and anal yzed by Reversed- phasenhiligh 1“ @gg fogy mance |iquid chsonatography
with Uv-Vils .(‘lpf ection to ldetermne - nresence—of DPMBAP over t i1 The
fesul £5 af SPhown] F0Aabl d A 15 Vo 0108824 Tabl 8% PCTI USRI 00076
Exanpl eAddi ti veAddaMlx ve Cgnc. | nitial DNBAPCDVBAPO| (23Bgul t i ngDIVBAREOCoNC| at
Ti meConc & e centratgemConc—((%zi2 MxtiNgzacT dNAOT {01440 044
(M x 1)(23F\14r % P r% deZ/l 0. 199. 33@438 3480. 280

(Mix 2) (23hr) (74.25hr)

Mix 3 HOAc 1.0% 0.399 0.370 0.288
Mix 3) (23hr) (74.25hr)

15

It was also found that maintaining the pH of the initiator solution between

about 3 and 8 resulted in stability of the DMBAPO.

16



(Mx 2)(23hr)(74.25hr) M x 3HOAcl. 09%®. 3990. 3700. 288 M x 3) (23hr) (74. 25hr)

It was also found that maintaining the pH of the initiator solution between
about 3 amaoB7msesulted in stability of the DVMBAPO. 5 10 1BCT/&SMDIOL 70824
PCT/ US01/ 09076 CLAIMS W claim 5 1. A silicone hydrogel nononer

formul ati on made by adm xing: a) a silicone hydrogel formng m xture, 10 b)
an initiator having the structure: €I2AIMS]1 RP R 3 R Structure | 15
wherein, R, R2, and R3 are each independently Hor a Cl 12 substituted or
unsubstituted al kyl, cycloal kyl, or aromatic noiety provided that at |east
one of R, R2 and R3 has the followi ng structure: O u C 20 :

We claim:
1. A silicone hydrogel monomer formulation made by admixing:

a) a silicone hydrogel forming mixture,

10 b) an initiator having the structure:
O
R®*——p— R!
R3
Structure I

15
wherein, R', R?, and R? are each independently Hora C, ,
substituted or unsubstituted alkyl, cycloalkyl, or aromatic moiety

provided that at least one of R', R” and R’ has the following structure:

RS R*

=0

wO\
Q

20

Structure 11

17



Structure Il 17 WO 01/70824 PCT/ US01/ 09076 wherein, R4-R8 are

i ndependently, Hor a Cl.3 substituted or unsubstituted al kyl or al koxy
noi ety; amolob7o8)4 an acid. 2. The formul ation of claim1 wher@so/®aied aci d
is selected fromthe group consisting of Bronsted acids, Lewi s acids, and
m xtures thereof. 10 3. The formulation of claim1 wherein said acid is a
weak organic acid. 4heifirg R'ét’rané adepanderitly; [Fhoma €, ysbstditedoai d acid is
acetic acid. 5.' The fornmul ation of l(fcl aiml conprising 1 to 100 equival ents
of acid per nole of }.‘Bsqbﬁ‘i“ﬂlfeéttagﬁl opa ‘?Wémfobfilmqlﬁti on of claim1 wherein
said acid in an inorganic acid. 7. A nmethod of stabilizing an initiator
system conprising the step of lowering the 20 pH of said system wherein
the initiator systemincludes a conpound having the structure: 0 211 1 R
PR 3 R Structure |1 .25 wherein, R, R2, and R3 are each independently H or
a Cl_12°substi tﬁ{%‘blacd * unsubstituted al kyl, cycloal kyl, or aromatic niety
provided that at least one of R, R2 and R3 has the follow ng structure:

18 WO 01/70824 O n C o
2. The formulation of claim 1 wherein said acid is selected from the group

consisting of Brensted acids, Lewis acids, and mixtures thereof.
10 3. The formulation of claim 1 wherein said acid is a weak organic acid.

4. The formulation of claim 1 wherein said acid is acetic acid.

5.  The formulation of claim 1 comprising 1 to 100 equivalents of acid per mole of

i5  initiator.
6. The formulation of claim 1 wherein said acid in an inorganic acid.

7. A method of stabilizing an initiator system comprising the step of lowering the

20  pH of said system wherein the initiator system includes a compound having the

structure:
O
|
R*——p— R
R3
Structure |

25 wherein, R', R?, and R’ are each independently H or a C,_, substituted or
unsubstituted alkyl, cycloalkyl, or aromatic moiety provided that at least one of R,

R? and R® has the following structure:

18



Structure Il 5 PCT/USOL/ 09076 wherein, R-R8 are independently, Hor a Cl_3
substituted or unsubstituted al kyl or al koxy noiety. 10 8. The process of
claim7 wheoe7324 he pHis lowered to no nore than 8. 9. TherT/psoo®ss of
claim?7 wherein the pHis |lowered by the adm xture of an acid. 10. The
process of claim7 wherein the pHis |lowered by the adm xture of a nenber
15 of the group consisting of Bransted acids, Lew s acids, and m xtures
thereof. 11. The process of claim7 wherein 0.1 to 10 weight % acid are
adm xed with said nononer gfi X cong&ining initiator system 20 12. A
process for stabilizing a sij)ieene hydrogel nononer fornulation conprising
an adm xture of a reactive gilicong nacﬁbner and a photoinitiator having
the structure: 0 2 |11 R 3 R)X9¥O 01/70824 PCT/ US01/ 09076 Structure
| wherein, R, R2, and R3 a\g i ndependently Hor a C -12 substituted
or unsubstituted al kyl, cyclpatkyl, or aromatic noiety provided that at

| east one of R, R2 and R3phas ther¥ ol lowi ng structure: 5 0 11 C Structure
|1

Structure 11

wherein, R*-R® are independently, H or a C, ; substituted or unsubstituted alkyl or

alkoxy moiety.

10 8. The process of claim 7 wherein the pH is lowered to no more than 8.

9. The process of claim 7 wherein the pH is lowered by the admixture of an acid.

10. The process of claim 7 wherein the pH is lowered by the admixture of a member

15  of the group consisting of Bransted acids, Lewis acids, and mixtures thereof.

11. The process of claim 7 wherein 0.1 to 10 weight % acid are admixed with said

monomer mix containing initiator system.
20 12. A process for stabilizing a silicone hydrogel monomer formulation comprising

an admixture of a reactive silicone macromer and a photoinitiator having the

structure:

RP——p— R

19



10 wherein, R4-R8 are independently, Hor a C _3 substituted or
unsubstituted al kyl or al koxy noiety; said process conprising the step of
adm xi ng vemoroised t herewi th. 15 13. The process of clai m 1Pcwuseiion’é0. 1 to
10 weight % acid are adm xed with said nononmer mx containing initiator
system and macroner. 14. The process of claim 12 wherein said acid is
sel ected fromthe gr&upcimonki sting of Bronsted acids, Lewis acids, and
m xtures thereof. 20 15. The process of claim 12 wherein said acid is a
weak organic acid. 16. The process of claim 12 wherein said acid is acetic
acid. 17. The pr oces%ﬁfeugll@m Jagdngfngaehﬁﬁgege@@hmym@ses a solution of
at |east 25 .25%w acetic acid

substituted or unsubstltuted alkyl, cycloalkyl, or aromatic moiety

5 provided that at least one of R', R? and R* has the following structure:
R R*
?
R® C
R’ R®

Structure 11

wherein, R*-R? are independently, H or a C, , substituted or

unsubstituted alkyl or alkoxy moiety;

said process comprising the step of admixing an acid therewith.
15
13. The process of claim 12 wherein 0.1 to 10 weight % acid are admixed with said

monomer mix containing initiator system and macromer.

14. The process of claim 12 wherein said acid is selected from the group consisting

20 of Bronsted acids, Lewis acids, and mixtures thereof.
15. The process of claim 12 wherein said acid is a weak organic acid.
16. The process of claim 12 wherein said acid is acetic acid.

25

17. The process of claim 12 wherein said acid comprises a solution of at least

.25%wt acetic acid.

20



