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useful in processes for making ophthalmc |enses. Ophthalmc €S such
as contact lenses are often made in processes that enploy photoinitiated
pol yneri zation reactions. UV and visible radiation are nost frequently
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a )o mxture of materials together with an initiator. or initiator system
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15 the monomer mix is desirable since it reduces the need for preparation of starting
matenials 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
pelymenizations of the type frequently used to made ophthalmic lenses. Reaction
20 mechamsms for many of these materials are described in Reaction Mechanism of
Monoacyl- and Bisacylphoine Oxide Photoinitiators Studied by *'P, **C-, 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 vaniety 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-
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phot oi ni at or conprises adm xing an acid with the adm xture of macroner and
20 photoinitiator. Detail ed Description of the Invention The initiators of
this invention are those having the followng structure: 02 1l 1 RPRL

R 3 25 Structure | 2 WD 01/70824 22 OCT 2004 PCT/ US01/ 09076
Summary of the Invention

10 The invention is a stable monomer mix for making ophthalmic lenses. The
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:

25 Structure |



wherein, R, R2, and R3 are each independently Hor a C -,2 substituted or
unsubstituted al kyl, cycloal kyl, or aromatic noiety provided that at leqﬁ?tﬂ]ﬂﬂ
one of Rvpoo1/Rk:and R3 has the follow ng structure: O u (;S‘T/l%g{,%t,gre I
and is attached to the P at the acyl carbon, and wherein, - are

i ndependently, H 10 or a C ., substituted or unsubstituted al kyl or al koxy
moi ety. | whessh, RORE, andlFer®e 8scBndéPen@EHIH ios aSUDSbkiiuegh ot he substi tuent
can conprise a hydroxy or C, alkyl, alkoxy, alkenyl, or alkynyl group.
Subst i t ut uBFbgiituted kel oyclealbyts os eromatis niiety pgevided thiat e leastiode hGRG at ons i s
possi bl e But _Lssnot favored. 15 |t is preferred that R and R2 are both
Structureﬂl Fm?T@‘i gﬁ@g%ﬁﬁ?‘ﬁmﬁ&%‘ﬁ@% substituents. It is most preferred
that R4 and R8 are nethoxy groups. It is further preferred in this
enbodiment that R is a C, _,a al kyl, al koxy, or al kenyl group substituted
with C _2 al kyl groups; t pref gably a substituted pentyl group. 20 In
the nost preferred enbodi R nd R2 are both Structure Il noieties
with R4 and R being nethoxy groups; R) is a trinmethyl pentyl group. Thus,
the nost preferred e ifent has\the follow ng structure: 25 3 WO
01/70824 Structure |11 u &\ 2 OCT 2004 PCTIUSO /09076 Theses

initiators can be used al on®& or ¥n conbination with other initiators s
such as benzoi n nethyl et k}l{e, , i&droxycyclohexyl phenyl ketone, Irgacure
1850

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 II 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 cmbodirhent, R' and R? are both Structure II moieties with
R* and R* being methoxy groups; R' is a trimethyl pentyi group. Thus, the most

preferred embodiment has the following structure:

25



brand photoinitiator, 1-hydroxy cycl ohexyl phenyl ketone (commrercially
available as "lrgacure 184"); 2-benzyl-2-n-di nethyl am no-I-(4- é%%ﬂ T 2004
mor phol i nyh@Moekls | - but anone (commercially available as "lIrgacure 9'

1- hydroxycycl ohexyl phenyl ketone (50% by weight) plus  PCI/US01/09076
benzophenone(comercially available as "lIrgacure i o 500"); 4-(2-

hydr oxyet hoxy) phenyl - (2-hydroxy propyl)ketone (commercially avail able as
"Irgacure 2959"); 2,4,6-Trinethyl benzoyl diphenyl phosphi neoxide (TPO
(50% by wei ght) plus 2-hydfoxy-2-nethyl-I-pheiyl - propan-1-one (HWP) (50%
by weight) (commercially a ailabkg as "Qgrocur}4265"); 2,2- dinethoxy-2-
phenyl acet ophenone (BDK) (¢onmerCrg avai | able as "lrgacure 15 651") ;

bis (nl-2,4- cycl opentadien-1-yl) di¥ Iior o- 3- (| H-pyrrol - 1-

yl.) phenyl) Titani um (CG - 7$4) jge2: -“_'I‘,

(et hyl t hi o) phenyl ) - 2- nor phol i no -1 - oné&| (M vi1P o) rcially
avai l abl e as "Irgacure 907]); 2-hyqrox nmet hyl - 1-phenyl - propan-| -one

(HWPP) (comrercially avail &bl e 7 1178"); or m xtures thereof.

M xtures that include a Uviand vi*tsible Fight ipitiator 20 systemare
preferred as they permt nore flexible use of W blockers in the nononer
m x. The stS&wictireBis 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 meﬁﬁhﬁia‘f@rgc%’b@h%a%e&?ﬁg%%rggﬁaﬁgﬁkviﬁ{@lg{ﬂx d acids are

acetic acid, formc acid, propionic aci acryric a AP 01/ 70824
2 2 OCT52068uch @(bﬁhzm]rh&ﬁWﬁ_héﬁhda-Hyﬁmxgmlcmeayi plgenlyDRetade, IrdRureepsaop! e,

hydrochlor%c c%d hydrobromi c acid, sul furic acid, phosphoric_acid,

hydr oi odi ¢ %ﬁ?ﬁd’, °FWB‘¥‘6‘W'UL‘?’V€'°&&°M?IOWD’* phieayb ketgpe fcorpmerciallyaviailablai t r ous
aci d, 'phosphogoidsra sy R 90 | l.oric.acid. . chlorous acid, iodic
acid, bromc aéc)iiédf grs%’n??%]g}?_gg?%@#@&ggi @ Serpg?lllullj hgn)ﬁ@(lfri de,

tel | uri um hytanonix(coptmepiatiyiaeaitabicas ‘thgpapb asphpn i ﬁ{&@&ﬂg;{dﬂéﬂb!ﬁ?ﬁ;ﬂ&fﬂ?i c
20O YT ORBRP LR 3 TR SR o i S B o
acid, gt i BO0)Ca-8E) Khdro IR BHenyRd-HlyarBy BEdpPREIAS (HsmleSeially
available as “Irgacure 2959, 2,4,6-Trimethyl benzoyl dipheny! phosphineoxide
(TPO) (50% by weight) plus 2-hydroxy-2-methyl-1-phenyl-propan-1-one
(HMPP) (50% by weight) (commercially available as “Darocur 4265); 2,2-
dimethoxy-2- phenylacetophenone (BDK) (commercially available as “Irgacure
15 6517) ; bis (nl-2,4- cyclopentadien-1-yl), bis (2,6-difluoro-3-(1H-pyrrol-1-
ylphenyl) Titanium (CGI-784); 2-methyl-1-(4- (methylthio)phenyl)-2-morpholino
propan-1-one (MMMP) (commercially available as “Irgacure 907”); 2-hydroxy-2-
methyl-l-phenyl-propan-I-one (HMPP) (commercially available as “Darocur

11737); 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
monemer 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.



The organic acids include, for exanple, the sulfonic acids such as 10
hydr oxynmet hanesul fonic acid, trifluoronethanesul fonic acid, beta- 27 0CT 2004

br onoet amegwishponi ¢ acid, allylsulfonic acid, 2-nethyl- Z-Jéﬁg‘ﬁ%— %‘_!6
propenyl ) am no] - | - propanesul foni ¢ aci d, D 10-canphorsul foni ¢ aci 3
benzenesul fonic acid, mnitrobenzenesul fonic acid, mbenzenedi sul fonic

acid, net hanegyk fiapiganRChdds ShdIanesidt E,F%aﬂ;)pqn%arg@?o&h%%@mwﬁ}A%?&%fy' fonic

acid, 2 15 (cycl ohexenyl am no) nmet hanesu

cycl ohex( - 2onIsalfuno perdt plensphaernid and,chydesiddic pei; hydrbfnasnasd) subfarsusaci d,

al pha - nag?#halenegflfonic ﬁfid’ bet a- napht hal enesul f oni ¢ aci d,

p- t ol uenestiHSHNC 4t% Grqys agih pheswbernys sedReredans apidcellome acid,

p- phenol s ' [Fe R L dyl I | f.qQnic .

D b mapht el s at Paiciaci o AN LRBHERLLEDEB AT OB, | s such as
benzenesul liyidnide, taliudum grydateiqriwsptoninacd, dgbophosphéric adifiiiplidsphosicphosphori ¢
acids such a henyl phosphonous aci d, . butyphosphonous acid, .

met hyl phos5HbR h&ﬂﬁ@PchﬁbH%%ﬂ@@ﬁﬁgﬁﬁﬂﬁﬁeP@WP sphgripatigl gsheiehi ni ¢ aci d,
benzeneph o ' - LG..ACl . nhenyl phosphi ni ¢ acid,

met hy| phog'% |’(rgnagﬁ’é’gug5‘%6@2&%‘%23&?@%@%@% Aﬁ?%“’%‘%i L f‘ggm%&c dd

di but ylI t hianphmspbs nckl, deirefludrnaddgtti ophosphoni ¢ aci d,

met hyl t hi ophosphoni ¢ . acj d, phenyl thi ophosphinic acid, nethylthiophosphinic
aci d, benzenetPf FBANSFRI dnduds ifor, examipln, yhea illopisasidsosushasaci d, di et hyl

di t hi phoqggﬂ% \ I ous_agi.d, toluenephosphonous
acid}getc.; t%?"5@%@???ﬁ?%g&gé”ﬁﬁﬁéﬁﬁﬁgﬁﬁgaﬁgﬁ&%‘?%H%?Tc carboxylic acids

i ncl ude f droROetharsszplfenioanide hilgsl €dric a@@@-hﬁﬂ@@-izcﬁ(lioﬁsizm acid, ascorbic
acid, phenyl acetic.acid, bronpacetic acid, trichloroacetic acid,

chl or odi f IPiRRBYDaminoldcpwpanasubariearkl, Bolcamphoyadfaretdid. acid, gl yoxylic

aci d, acr W Lifha: Det:a-chl: ' i cetl e 5. 22. 2004 WO
01/ 70824 BEPTRSIFRUCTE A A ORRE I ol g, RPRBERB M BRRicId T Ol
aci d, per frhetharepulfmioacid, etharksulfaiopéid] 2-hya@ixgdethand3ulfytit acidcpd, i sobutyric
aci d, aIpZa -&¥%ro yi sobutyric acid, _crotonic acid, mucochloric acid,

cycl dpeopafedalieygnylpminojmethanesidioricacit (3ici d, 1-

e Y ARSI B e PR AERRNSERS 21, °

aci d, naphthalenesulfonic acid, beta-naphthalenesulfonic acid, p-toluenesulfonic acid, p-
chloromethylbenzenesulfonicacid, p-phenoisulfonic 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, dibenzenephosphiriic acid,
dibutylphosphinic acid, benzenephosphonic acid, methylphosphonic acid,
phenylphosphinic acid, methylphosphinic acid, dibenzenethiophosphinic acid,

25 dibutylthiophosphinic acid, benzenethiophosphonic acid, methyithiophosphonic
acid, phenylthiophosphimc 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



| evulinic acid, pivalic acid, tert-butylacetic acid, coumarinic acid, 3-

cycl ohexenecar boxylic acid, beta-2-furylacrylic acid, 3-pyridy|acetiqzamngmm
phenyl t hiypgegtisss aci d, m chl orophenyl acetic acid, o-nitrophenyl acetic acid,
p- fluorophenyl acetic acid, o-hydroxyphenylacetic acid, phBR&UPAHENTE acid,

o 10 chl or ophenoxyacetic acid, 2,4-dichlorophenoxyacetic acid, 2,4,5-

Cycl ohexaneoatyAREhiEeReads, v BORRFBRRI AF Bellbuoto PRI 5idaci o
dl - terebi c papialic dved)zeiylthos 56ig, isstiudyriCadinampia %ghx@myﬁbﬁﬁ'ﬂ}ﬂﬁ%ﬁidmam c acid,

2,4- dichlorocinnarnic acid, mnitrocinnam ¢ acid, o-hydroxycinhami c acid,
d -2 i s pheR®im¢ spdonneochiari acal, sielapsopprespitoniylic aciidiso@alpdieasidpr-opi oni ¢
acid, 3-(p- I opionic acid, 2-(2, 4,5 -trichlorophenoxy) prop
i oni ¢ aci d, "&mﬁrrcg’? %@E@%ﬁ'gﬁ 810, Licyanogye PB?R?DQQWWHCp'#QéﬁyI acetic
acid, 3 4- dbtairesthex I | ' -QrPr 2= v noxyacetic
acid, m to‘?@?{1 acetic aci%%%ﬁg,eﬁg?gﬁg%&h%% ggt%?‘f?&%tp gﬁﬁ?‘%@? gfacet I C
acid, p 20 leyulimg ppidepiyhly acid; tertdutydacetic pbia, coyamate as@psc aci d,

p- met hoxyci nnagic acid, mtrifluorqnmethylcinnamic acid, =

3, 4- met hyl e%zfirﬂ&%?&‘ﬁ&d?&ﬁi"é“ %‘h»d’eéﬂ;%}uwﬁmlwcﬁ%ﬁem%mxé agih d, (- )-

al pha- met hogheny Rhi R ' acef:| ' S

1, 4- benzdi oxané-}él[ag%&ci%fdégﬁ%%%%!ﬁépﬁ% wgtu? ;?/-é !ill’gph%%#’%,bc‘fc gcf)‘liréﬁyl -

- cycl opr opafenrephmyldcenc awd,h-hiropyphehplassticheny, ipherdxyac@iyigde- |

- carboxylic_.acid, 3-benzoyl .[c)'ropi Qni.c acid, 2-(p-chl orog)henoxy) - 2-

met hyl 13 opi BYeTePREnoyacehpaeid. Z4mHehigronberaxyaerticacidy@tdSnapht hoxyacet i ¢
acid, 3,4, 'gﬁ,{}, ia ' i.d: .. diphenyl acetic acid,

bi s(p-chl orrgzgﬂéerﬁ aggﬁ}@‘éqégi %’%ﬁéﬁﬁgﬁ?ﬁ%ﬁg‘%@tﬂgéﬁgﬁa, di phenyl eneacetic

acid, 1- phenicheyarieombaxytiveacid, Boacylantidaitdxdnoid 2t BPphORta L breble
-cycl opent angjcgr bOX){tlBi c. 30 acid, dl-3-canphorcarboxylic acid, palmtic
aci d, st eard®d. 3eNZPYISBRAK; acid: clEpmic agidgvsRleresinname aeid, 2.4nol i ¢ acid, ol eic

"l ude T or SaRs AR A Wi g E it o BB G 2 aoT 2004 v
01/ 70824 PEheBQprOIOM6 aeid 8-phahaypropidiit acidab phenylprdptdni®agiam i) ui ¢ aci d,
p- et hyl benzoi.c acid, .2, 6- dinethyl benzoic acid, 2,4,6-tn nmethyl benzoic
acid, p-te YS{R’()’P e prepions gctdp2-(2,4,5-tnchlorophenoxy)propicnic acid, 4-
methoxyphenylacetic acid, p-chlore-2-methyiphenylacetic 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—triﬂuoromct]iylcinnamic 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)-

25 acetylene-1-carboxylic acid, 3-benzoylipropionic 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-chloropheny!)- 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



br ononet hyl benzoi ¢ aci d, 2-biphenyl carboxylic acid, 4,4'-nethy|enebi§ 3-
hydroxy- beta -naphthoic acid), alpha -naphthoic acid, p-benzoyiberi2&ilfT 2004
aci d, 5Swghéiivagmrni c aci d, o-phthal al dehydic acid,. mnitriheosqleseaci d,

3, 4-di nitrobenzoic acid, mcyanobenzoic acid, thiosalicylic acid, gallic
acid, m hydroxybenzoic acid, 2,3-dihydroxybenzoic acid,

1- hydr oxy-aid)ajphiah aipha aalpia -@rfArks i tadic deid3 p4thydbamblacyd)engoi ¢ aci d,

4- hydr oxy- 3- net hoxybenzol e aci d, 4-hydroxy3,5- di met hoxybenzoic acid,

4- n- but oxyhb@sthyikenzgeir acida2 difeonsthriberiaic agifl.dp-terbupilpanzernadid paci d,

o-acet am n i -chl.arobenzai c acid,. 3,5- _dichl orabenzol e acid,
o-fl uor Obgﬁé’@?@%ghai%?\z%tfa ?’ljdg?bbd%theilé’ Cérobé)():( P/gc a??ﬁé4ﬂﬁwg@8§@ﬁgoi c acid, ,
2, 6- di chl aiyahnyz bk -Agihthoi@ add alpinal-h AUk 26idCp Aei Zvuéenzsi%l Rfgsalicylic
acid, 3-nitrosalicylic acid, 5-bronosalicylic acid, 2-chloro-3-

ni t r osenz ehéhalamig, acel, etihthadaldehydin axg.pemispbengeicdeids 3 B-dingrobsnzeid 15

hydr oxybenzoi ¢ aci d, 3-chl oro: 4- net hyl benzagi.c aci d, .

3 et hoxy aith i F SRR it Moyl ne, Eaf ofR B matropyenagi acid

3- met hoxy 243Gyl B EERICaciE | Ihydtoxy-2aidBlihot dtid,/ohfRgEatl, 8aLd, _

3- hydroxy-4-nitrobenzoic acid, 3,5-di-tert-butyl-4- hydr oxybenzoi ¢ aci d,
o-t hynot i dimethokybenzoic acid; Adyduixor barethadybenzoay o, \4-hydrazydls- i ncl ude for

exanpl e N-jet hyl pyrrol e-2-carboxyl.ic acid,, 2-furancarboxylic acid, 5 20
br ono- 2- f L‘H‘Hﬁtgé?‘ _?IF@_‘:éc%a’,‘g‘H%ﬂﬂ”éQ‘_‘é-aﬁ'Qr gﬁﬁ?‘?’&y_%ﬁﬂ?cﬁ? g‘5"-df ar ancar boxyl i ¢
acid,jo Ni GHerdMiylicaid o-dce@Rii S entbic aefa%gachfdratsé&bfe!ﬁc@@',ﬂ, al pha -pleolinic

acid, etc.; the substituted or non-substituted aliphatic polyhydric

car boxyl i dichddrdbenacs] asath of uorobarenopd aid; me-fluniabeardidacifiu?far i ¢ aci d, nmal ei c
acid, maligcacid tartani,c acjd, .citric ..agi oxal.ic acid, | oni c acid,
ot hyl ai ofRSRERbSRZof At 2 i biFebeleoin scidB T ety PaRRERralE colde e

2- met hyl - 2hphaautPCRid) i Cnigssdicyfic 8EiRY5-blorBdallH 1fU4Sd, B -EhloRRE D, ,
2-isopropyl succinic acid, bronoSuccinic acid, 2,3-dibronosucciru’'c acid,

al pha - kengfibgnaeic ecidcl-chlor@4dnidydxybenmtihigdigl 3y6-akidhdoraed-d, gl ut aconi ¢ aci d,
Itaconic ,acid, . nmesacor ~ 1 d,, citraconic acjd, | pi ¢ aci canphoni c
et it at oPSEEMPERRE 0. erpr 4 el aSBeiey 1 pf o3 HibbensSR |
di net hyl CM&HPWMW&&?&QQW&M&@&Wﬁ-ﬁEﬁokyMﬁ%eéﬁ?lb’éﬁ%@%bﬁ, gi carboxylic
acids include for exanple phthalic acid, isophthalle acid, terephthalic
aci d, honopEHHA-ngrohenzgic Fidit-hyphrndtiigobaizdic atidygefr-dixiertsaghb-dal i ¢ aci d,

tetrachi oL opht bl Le; acl 1 LELLARRL 9L 0f S ORRL RablchrdiShdh ik ghaRNt hal T e

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 methylsuccimc acid, 2-methyi-2-phenylsuccinic acid, 2-ethyl-2-methylsuccinic
acid, 2-1sopropylsuccinic acid, bromosuccinic acid, 2,3-dibromosuccinic acid,
alpha -ketoglutaric acid, 3-ethyl-3-methylglutanic acid, glutaconic acid, itaconic
acid, mesaconic acid, citraconic acid, adipic acid, camphoric acid, diglycollic acid,
acetylenedicarboxylic acid, dimethyicyclopropanedicarboxylic 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,



PCT/ USO1 /09076 pyrazi ne-2, 3-di carboxylic acid, o-phenyl enedi acetic acid,
5,5 - nethylenedisalicylic acid, etc.; the phenols include for exarrpﬁ ocT 2004
picric a&i’&ﬂll?ﬂs y di ni trophenol, 2, 6-dinitrophenol,

o-4-ni

2,6-diio rophenol , 2,6-dichloro-4- nitrophenol, PCT/US01/0%076
2, 5-di chl oro-4-nitrophenol, 2,6-dibrono-4-nitrophenol, 2-brono-4 5

chloro-6-nit r%?heggg 4 2,4-di. chl.oro- 6- ni. trophenol ,, et C.; and the substituted
or non- subBYRFRE HicAborvlis i e-Phenylenediceticiacid.or>exanpl e 2- :

cycl ohexenyhdihy/iiRARRRAN: GeiRC L, 185 sehanx, A bAbpearhan.e agid,

met hyl di t hi ocar’{l:%m coacid, i m‘qéttﬁilp%’ﬂ" |§§g‘?ﬁ)§éﬁd&é‘g’g@% ,CR‘?%& 2% |
et hyl enebi sdudittdphesel; Béndimtraphehol, Kbaliiodd-dLewophéai, dss-dirraldides. for exanpl e,
boron trifluori oron trichloride, boron tribromde, alum numfluoride,

e, . b . C (
al um num chigepaenol.A.2rfichnse 1 eitrorbenol of. endiliramor batitweheral u2bremo <l f at e,

iron fluori | g, 31 ram Lron ni.trate. 1ron sulfate,
gal li um f|  Sffor -l el %%déértlﬁ%gf ggﬁmpﬂ%ﬂg}, Fieagpd h’ee,suhﬁﬁﬂ’i‘?‘?‘o‘wom ori de,
antimony s uubstirated dithidvatthahie béide indiwtd fapeeph@eizde, tin 15 fluoride, tin

chloride, tin bromde, tin iodide, arsenic fluoride, arsenic chloride, zinc
fluoride, Zvstohexemdiaocashamic seish? docloheptenyldhivearbampspaid,chl ori de,
bari um chl qrj -S| r.chlori de, e At s generally desirable that acids
used in thce%%[?lg%: xiﬁ%éecggb ‘?Q+°§d’i‘ﬁvf§m¥ﬁ‘§ﬂ“8‘f"é"ﬁ’a’8%a§ h nmolarity or

concent r at i IRy lehetis(Biig¥cdrbdibie B, enoner nmix in which they 20 are to be
used with a pH of 3 to 8. Preferably, it is less than 7. Wile the upper

end of!0t he pH sbewis acilswirlude, foreexammpdayeboron xrifhourldd, treoh oveleddé,s slightly
al kaline, the additio f acid Jowers the pHto .poipnt that it would not
ot herwi se 5% ﬁﬂ’.mﬁ“f&aﬁ?mé’%ﬂ ,uo\fo’ﬁe’tarl'émﬂ’é'g"édblf’“& BHBYPIOmiEs.d such as
HCL, about aurhirufn icARRUEAR R Ot Y&t naGHAL, | ' mer m x.
Based on this, the ski [Ted 25 grt i se’an caﬁ%%éé@P&ﬁﬁng’?ﬁmngﬂgga?Val ent
ranges for anHeifratge irds sulfad, gallium flneridegabivine ehlofidé, AhSmiony dhioide, Maki ng

the |l enses of. this.inventi.on is nduct ed conbi ni ng .the conponents of
t he rmnorreranﬁ?f"f“tytfaw&m\m?%ytsl‘f ajey indiyp ngﬁduglflﬁb‘i%?’i&ém ' descri bed
above 1gccorfiliofide! €n Wilblidk RaWromRid Gt Sodille,| £0%id ﬁﬁqﬁ%' Blleerﬁ ch as 30

e hydrogels

photoinitiated casting in lens nolds. Silicon ave high oxygen
per meabi | i chlomdri zinc flhemdepaint icblorile] 3inc tesnidejdiac fodidepsappien chlogeideenses of

this T nventollm i DR eTRRRMRE, JLX
1t 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 evemnt, 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



8 WO 01/70824 2 2 OCT 2004 PCT/US01/09076 conprises conponents for the
preparation of silicone hydrogels, it is referred to herein as a si gizcmezum

hydr ogelwHeifigag m xture. Silicone hydrogels are preferabkﬁ repared by
TR

pol ynerizing a m xture containing at |east one silicone-c " nononer
and at | east one hydrophilic nononmer. Either the silicone-containing 5

MoONONer or ¢4 A6 iRk b fupet]o a.crosslinki agent or
o Separ at SompEoRROhtAE TP By of R AR S AR R 6750 B rononer <
havi ng nuhereil 2 psiligomertiydedgefommigg inteurel 831k My dFRRANRE prafigpyused in
this sense refers to a material used in formng the ultinmate polyner
system ThRFERRMEE DY RokIRENZIBg a AIXdan coaiRngaiisasionedi ieme contairingr | ¢, or

pol yneric ' 0 consi der a.nononer with respect to
the sili coﬁghﬁ?/‘g# %Zde@q%is? %’}rlréa#lyecﬁp%ggghoc{l@@er'fﬁ&ﬁf f}}e.sqﬁ‘??@eﬁBPS?H’éPg zabl e

f unct isonal inbhemegende alinphdRdnéom@ Ry RABHODS a &%Em{nﬁ%}lﬂoﬁ eating a
networ k or network-1ike pol i/)meric structure. There are urrer ous

si | i cone- cERE@I¢ToEsvmiseomay be emplayed cOrosslitlkyng agedtsi are tveoferstaivimn  of
silicone els. U.S. Pat. Nos,. 4, 136,250; 4,153, 641; 4, 740, 533,

5, 034, 461%%]?’% BSJW%?H%%{%OB?’C%?’?&G{‘WC%W en userhingbis sgRwyi de sone
usef ul" exaefre®m a anatbriapeiediia foraGeh PY Al | f iy dy ophilic
nononers that have previ ousll y bee% four% a@ﬁ%%té&gkﬁ%&ggﬁlﬂnﬁ%ﬂe

hydr ogel s dgaeY ¢gebe moremenc deverna thumexit,i o pabinasic rmolebulas aneétipbe vyl i ¢ and

acryl i ch as

c acids:, acrylic substituted alcohols, s i
2- hyd?oxyect0 ﬁ%gﬁ%et%h%%?%'ﬁ?rew%ﬁew% ! &xs by ﬁrﬁgﬁlclﬂlﬁﬁrf&‘ffé‘{ PEAdHgEd | act ans,
such as N-figmyl ThHepoNheRnDle KRt GEHiiled bl yl am de and
NN- di met hyl acr yl o oy merEble Sictiofd lkgﬁﬁ?sbﬂé&?g"t "e’g‘% ?Og%hi lic vinyl

car bonat e POfYmEsHaitcere#inga retworlooenatwork-5kd peiedefia sihGurePatherd\as .

5, 070, 215, %d &She .h(}é%r ogpi.l.i ¢ oxazol one_nononmers disclosed in U S. Pat.
No. 4. 910 FFOkSHeAng-GoRtaining MIRRORICEG U EPRMSPIY used i Hedormafion e

pr ef er red of enReAE Ry aroplls! DS, PRONER 4158 250.801 415410k 4o18 355 hi£gBE, Ny dr ogel

| enses of this inventron include, for exanple, sifokXan&s™ an

acr yl'f ¢/ mesVA3 A i52684108; 3d0,d@9; analt 5,358;99 pmrbyide nyine usyfal eainpledi - or
tri-vinyl ner.s, suc s di; or.tri(meth)acryl ates of diethyleneglycol,
triethyl e%Bg?g%ois,‘““'%ﬂ?‘#é‘ﬁ’@&‘%éﬂmfsmc exane-1, 6- diol; divinyl benzene. In

the preferred rpdoghilie 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. Stil} further
examples are the hydrophilic viny! carbonate or viny! 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-vinyt
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



30 the sil oxane conponent is a polydinethyl siloxane. It is conbined with a
hydrophilic monomer such as hydroxyethyl methacrylate or acrylate 77 (CT 2004

derivati weO otrros2uhe nost preferred enbodi nent, the nononer?,ggﬁ%;/bg%gﬁ
nmono- al kyl term nated 9 WO 01/70824 2 2 OCT 2004 PCT/ USO1

pol ydi net hyl si | oxanes ("nPDVM5") such as nononet hacryl oxy propyl term nated
pol ydi met hyblyglihemaRAodiids & rABOMETS kuGLARhb ' .oduct of 2-
hydr oxyet hyl net hagryl ate, Fmet hyl melt1 hacry?ﬁ@%hag}ﬂog&%%ﬁﬁ%r%gﬂ%

met hacr yl oR9pidopgthyk sikoxand anst siplagionex ypmptising themeactioreplodactdf@xypr opyl s

t erm nat ed rTTrfno- th]yI Fg‘tggrn]' nat ed )ﬁol di et hyl si | oxane, and

3- i sopr opeAYIORYSNYLPRBAHY A% MghYimeRIaHAEe. Additional |y preferred
monomer s i iR 1of Wk : - U 0 ris(trimethyl siloxy)
TonOnEr S, | B o o SR TSN ARt SIS 1 511 o
triet hyd enegiyentdinors-baci ydraigated g@%ihylgme,%amaﬁro?eﬂw gss! i nking

agents nown in the art for making si neé hydrogels can alfsod bé used. 10
The enpl oy#imethybenaybisacyanatot Addtiomnfiygeefetred sanbmeghinchaepfor eeanpplesi bl e

f I mbui | ti .hyd W th hani cal ti h
ne reducellRERi SR HRGATLk sl RS IR Nty Sarkmade. o vi ded
by its el aSIDMA”;mﬁﬂyléﬁegycﬁﬁﬁtﬂacwlﬁﬁm@ﬁmg%@ﬁﬁﬁm%q the

conmpatibility during the ~pol ynmeri Zati on process. e many

si | oxanes ¢PediEHingagents mova inthel §it foresakig sih&Ridhdasgalocaindlss be used.
functi%nality agﬁ IS ff r el atli_n\?ﬁ% hi gh nol ecul ar wei ght. Measures to

i nprove its incoPpEFRIGYGIIAP S iqiewerthyrieit & thopghlyte bsrespeRPRINS can be
descri bed g% ihiBhing s y ArdonRR#h ' : = to 100,
and R57 is any C, g , 1re§?l?g%§y%dggi§5§}; (l)rﬁglt%:vgd é{%g%‘b%d%.p\gwr@ srlrlﬁl)}g'ls ncl ude

het er o at orrdncedradastid enbduibas anidstan glosoinotinlag bf Heahiteash dvided dyRRieMstiat

which it is 1?@nded "9 ,gi .. C3_e alkyl groups are preferred with butyl

gr oups, Hf &7 I(é/ G @itheulsorpprenyising penagerewnpaiialiordustng te6 i s any

singl e pol ydemks Ao process. Unlike many of the siloxanes predomninantly used at
15 present, mPDMS has no polar functionality and is of relatively high molecular
weight. Measures to improve its incorporation are thus welcome. The structure of

mPDMS can be described as follows:

RN o/\/\lio——( 5i-0) ———-Sli-*—Rsy

b

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. R, is any single polymerizable
vinyl group. Preferably it is 2 methacryl moiety but it can also be an acryl or

styrenic moiety or other similar moiety.

10



vinyl group. Preferably it is a nmethacryl noiety but it can also be an
acryl or styrenic noiety or other simlar nmoiety. 10 22 OCT 2004 WQ7 0CT 2004

01/ 70824 PGiltdenPl/ 09076 The nononer m x al so i ncludes the ¢ﬂbgl ators and

acids described above. These can be added to the nix befBr UMy, or
after the mx is conbined in a lens npld or other vessel for |ens

formation. It TR H Ay the cure in.the presence of a
di luent. Suit abl %ﬂ{o%&él?faﬁﬂé{l?gé ﬁlr?ici: Sgg{e;] ktgag%rlssafﬁﬁ?‘ﬁf %Eﬁcﬁgﬁﬁp St mani de

acet ami deThese esmhe nddedeo tid, hix istifom] dyirs o atedfie nRRS StRbined St D¥dns
sul foxi de, acetone, tert-butyl acetate, ethyl acetate, isopropyl acetate,

and N- metR9iC-or.othervssseliEudensifommationecul ar wei ght (CS_ al kanol s are
preferred. D ngthyl<3-.0 l.1s most preferred. The_.inventign is further
descri bed in Fjﬁg‘%ﬁ%? ?%S\%lg {ﬁ%qﬁgﬁ%‘ttﬁﬁﬁ&gfﬁ § BIEsence OEQQI‘HJF@- g" omer
For nasi om)ilumsafnaodwﬂkmlgm,md&ﬁemw&{nmﬁMﬁ&Lﬂtd&&&émﬁ%@giﬁ THF,

30. g bis(dinet hélngm' no) met hyl si | ane, 61.39 ¢ p- xyl ene, g net hyl
met hacr y14methylagstamég heptang damethy| swbionydes iatamys, eerhilityhatdnaerethyt e i n

4399. 78 4 | un a.N?, at nosphere, was added 191.75 g of
Tt met Y e %&B‘-]"P?' ?%a??f&?@f‘%mewgfﬂwwﬁ%&& Loy mpiegylanwaizht Gral TBACB
in THE (Q)4%kakbisviae pRUSad. sty 3PektiRd iQqug{B&emqut es, during which time
the reaction mixture was allowed to exotherm and then cooled to 30C

Si xty m nut es Hretigverdigdiis fusthendesgribgd ini tive ttoiyosinig ovoudimiting exaigiecr yl ate, A
sol utjon of 467.56 g 2-(trinmethylsiloxy)ethyl 20 methacrylate, 3636.6 g
nP and 3673.84 g TRIS and 20.0 g bis(di nethyl am no)net hyl sil ane was

added, aExahijfle M(ersm\é/ayoﬁlnhgmp to exothermand then cooled to 30C for
2 hours. A solution of 10.0g bis(dinethylam no)nethylsilane, 154.26 g

met hyl met hacrli asedutiomef 10852l 8f g 19t solutiomef TRACH oxFHEL 30/0¢ met hacryl at e
hour s, - 2 B FERDT gy siterer B985 xuioas, (54751 F oty By kecediie  on of
L5009 e 5 17 B oAl 10 B B, 2
15 under a N, atmosphere, was added 191.75 g of 1-trimethylsiloxy-1-methoxy-2-
methylpropene. 30 m} of additional TBACB in THF (0.40 M) was added over a
period of 260 minutes, during which time the reaction mixture was ailowcd 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 methyi 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 galions of anhydrous THF was added,
followed by a solution of 439.69 g water, 740.6 g methanol and 8.8 g dichloroacetic
acid afier 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



for 4.5 hours, heating with an oil bath atl 10C, and vol atiles were
distilled off at 135C, with addition of toluene to aid in renoval qf 0CT 2004
wat er, untW ow7egpmaor tenperature 30 of 110C was reached. The reaction
flask was cooled to 110C, and a solution of 443 g TM and 5.FCTY¥SQ0MIEyI tin
di l aurate was added. The m xture was reacted for 3.5 hours, then cooled 11

WO 01/ 70824 t@3@°(C) 0 ,30 The tol uepe was evapor at ed
Coane alendlielf cyappratet ! Radiy :

under reduced pressure to yie REBUEE Waggid oft-ahite; ve

macr oner . Thehydrews, evaxyateatlivemat®tier OTh Mok POR corl Mml/g. 5
tion) A hydrogel was made from%oﬁ(ltaé?é)m%w ncgmrﬁgrnorrer

Example 2 (L For
mx (all anbﬁgg%n%mgﬁg-cal cul ated as wei ght percent of the total weight of

t he conbi nation): macronmer of 10 exanple | (-18%; an Si, ,

nononet hacryl oxy term nated pol ydi net hyl sil oxane (--28%;

met hacr yd oxypropyl tris(trinmethyl siloxy) silane, "TRIS" (-14%; dinethyl
am de, "DMA" (-26% ; hydroxy ethyl nethacrylic acid, "HEMA" (-5%;
triethyl enegl ycol di net hacryl ate, "TEGDMA" (-1%, polyvinylpyrrolidone,

"PVP"  (-5%, 3 1. t) blend of 1-hydroxycycl ohexyl phenyl
ket one and ljéab se( nggndﬁ(ﬁ%'l'ﬂ%tfé/ enzoyl )-2,4-4-trinmet hyl pentyl phosphi ne

oxi de) phot oi ni t Aahpdrogél- wad4made! @&hah | i --50 with the
bal ance co [i i?ién m nor amount s of a%glalﬁ‘illlegﬁ?ﬁ% B{JW%EWIZ"’:&'E?W s
conduct ed i e‘g@éé’%ﬁﬁl@ Rerc0 wfitthel tatait bisikhBof aied edtibingdiibiie Macroe

0
hydr ogel.s opnmed by, adding about 0.10 g of the nononmer mx to 25 t he
cavi tye‘é’f \égﬁg"g‘f’g%t’”@g\?i%y fieies FATeMsthachdoxyy terminated ipodetiiinethy] SiloRakent

A trogen pir ge ar e AR gl TS ey TR GUPDghmegher at od

L1, oo, SONA™S1088.) 0373 NOSIET RE Bl ekl iR e

wi t hout re@@q{bylg{lpgiumldhnﬁhadmhtmﬁ‘mmﬁ(ﬂ@tb?rpowmﬁﬁ%l?d&t‘:, kpgprONONET

m Xx. (~5%); CGI 1850 (a 1:1 (wgt) blend of 1-hydroxycyclohexyl phenyl ketone and

15 bis(2,6-dimcthoxybcnzoyl)-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 foxjncd by adding about 0.10 g of the monomer mix to

20 the cavity of an eight cavity lens mold of the type described in U.S. Patent 4,640,489
and curing for 1200 sec. Polymerization occurred under a ni!rbgen 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

12



This exanple illustrates the |l engthy working time that can be attained by
stabilizing the initiator according to this invention. 30 12 22 OCTZ2@0% 3\

01/ 70824y@ ofodd244S01 /09076 Exanple 3 (Conparative- No Acid) Exanple 2 was
repeated except that no acetic acid was included in the rf%ﬁTéV@gB?ﬂW.

Lenses could only be made for 10 hours before the nonomer mx required
reconstit ytJ | oss. of yacti.yity of the initiator. Exanples 4-8
(Stabili tyigﬁ})dlgég()é%&)&aﬁgﬁ“sN_B&ﬂé ning 0.8 % of CAE 1850, and vari ous
e visitegeattd @Bt that vkl aclaRERtiAllBheq APP! ES vier e

reagents were ¥
anal yzed by Reversed- phase high performance |1 qui omat ography with

W- Vi s defmasiomsi mixo Liensesetogldninie be hedp fes Hhbeurs be DMBteGheniiertmige. The

results are shown in.Table 1. Table 1 *Conparative, not according to the

i nvent i on. ' BRAEEY 'SHE’?'W%&H%E”? QFW&W(EW Bt i ¢ acid

TBAH=t £t r abut yl ammoni um hydr oxi de HCl = concentrated hydrochloric acid (37
%t or 10.15M Exanpl eAdditi veAnmount| niti al DVBAPODVBAPO addedDVBAPOConc -
(% . Conc Expmplese48|(StatglipnStudiex) Time | Time 2 concentration) 4*Di MA. 02%nu

or0.40.39 (42hr)0.38 (70hr). 0, 004M 5*Di Ma. 103%w or 0. 40. 360. 36

0. 023M 48hr) ( 6§R?‘j“°6'f>€%&!a DRAE “evbolioGAd85Gand vemong reagents weore )

10

prepared in a diluent, 3-methyl-3-pentanol. Samples were analyzed by Reversed-

phase hi gh performance liquid chromatography with Uv-Vis detection, to

determine the presence of DMBAPO over time. The results are shown in 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 (42br) | 0.38 (70hr)
0.004M
5* DiMa .103%wt or 0.4 0.36 0.36
0.023M (48hr) (65hr)
6 DCAA 244%wt or 0.4 0.40 0.40
0.019M (42hr) (70hr)
7 HCI 0.1% or 0.2 0.2
' 0.01M (40hr)
g* TBAH .062M 0.2 0.04
(40hr)

*Comparative, not according to the invention.

DiMA=dimethylamine

DCAA=dichloroacetic acid

TBAH=tetrabutylammonium hydroxide

HCl= concentrated hydrochloric acid (37 %wt or 10.15M)
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7HC10. 1% or 0. 20. 2 0-01M 40hr) 8*TBAH. 062MD. 2-0. 04 (40hr) 13 2 2 OCT 2004 WO
01/ 70824 PCT/ US01/ 09076 Exanple 9-17 (Stability Studies in the Pres2hdéT @il
Macr omer) vo@loylzkgas containing 10 %vw of the macronmer described in exanple

1, 0.1 % of DMBAPO and various concentrations of acids, sR6EEUSIVIMabl e 2,
were prepared in 2-propanol. Sanples were incubated at roomtenperature. 5
Tabl e 2. Addgti NG. st APO 1 DVBAPO Exanpl eAdditive(resulting
DVBAPO Conc.E%\%Pﬁ(é(l)eggT%A{tSk%!)'hg%m Shindhr E3keenke of Magromes) (04 (99 10No
addi ti veN A0. 11 BoDAithls 86aindfly Ao AARE Inablohd QeMini 85 e 9N {00 13

0. 0880. 067 (27.3hr) (122hr) _
%owt of DMBAPQ and various concentrations of acids, shown in Table 2, were

prepared in 2-propanol. Samples were incubated at room temperature.

Table 2.

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

(%). (%) {%)
10 No additive | N/A 0.11 0.094 0.063
(26.8hr) (122hr)
11 HC] 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 HC] 0.05% or 0.005M | 0.13 0.116 6.109
(28.38hr) (122hr)
14 HCI 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 BOAc 1.0% or 0.167M 0.108 0.112 0.106
(53.4hr) (122hr)

HOAc=glacial acetic acid

Example 19-

14




12HCI 0. 02% or 0. 002MD. 13 0. 1260. 097 (27.87hr) (122hr) 13HC10. 05% Or§ 37004
0. 005MD. 13 0. 1160. 109 (28.38hr) (I 22hr) 14HC 0. 1%r 0. 01M). 092 0. 09 8.6

(36. 75hrw01;7g%54) 15HOACO. 1%r 0. 017MD. 135 0. 1320. 106 (29. 43hr) (122hr)
r .

16HOACO. 2% o 033MD. 107 0. 0990. 09 (29. 95hr) (122hr) 17HORET/EHEP076

0. 083MD. 161 0. 0660. 154 (30.47hr) (122hr) 18HOAc1. Of%:jor 0&67!\/}). 128 14 25 o
0.1120. 106 (53..4hr) (,122hr =gl acial acetic acid 10 Exanple

2004 WD 01/ 708 51&%:%‘7%6‘"1%‘!6 e this huseeangat 65°Gotheqsiselts 10- 18, but

storing at s&kn it Teblk 8Sil L wn in Table 3 were obtained. 5 Table 3
Exanpl eAddi t 1 veAddi t i ngcr:oglét.alﬁﬁiﬂt i al DVBAPCDVBAPO (r esul t i ngDVBAPQConc at

Time 1Conc at Time 2 concentration)Conc. (% 19No
addi tiveN AO0. 1010. 0380. 022 (50.88hr) (120hr) 20HCI 0. 0050. 1310. 1150. 100

(50.88hr) (120hr) 21HC10.01M). 1430.1290. 116 (50. 88hr) (120hr)
5 Table 3

Example Additive Additive Conec. Initial DMBAPO DMBAPO
. (resulting DMBAPO Conc at Time 1 Conc at Time 2
concentration) Conc. (%)
19 No additive N/A 0.10t 0.038 0.022
{50.88hr) (120hr)
20 HCI 0.005 0.131 0.115 0.100
(50.88hr) {120hr)
21 HCl 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 0.167M 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 | 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



' 22HOAcO0. 083MD. 1130. 09330. 076 (50.88hr) (120hr) 23HOAcO. 167MD. 1440. 1260. 113
(50.88hr) (120nr) Exanple 24 (Stability studies of DVBAPO i n nononer gix
cont ai ni ngvohp,-,@groner) Three nononer mxes of the type described i 2°0CT 2004

Exanmple 2 (Lens formation) were prepared. Mx 1 contained RETALNH095076
addition, Mx 2 contained 0.1 % concentrated HCl (37 % or 10.15M and
M x 3 contai e[ﬁi .0 % glacial acetic acid. Sanples were incubated at 45C
and anal yzed ao ever sed- phase high 15 perfornance | i qui d chronmat ogr aphy
with Uv-Vi BE RCU] AMitivE O JeL & e sencepEENBAPO-ever+ime—Jhe
results are ?ﬁtgvm i n Tabl e (3. &ilg;k%n%ll 5 2 2 8‘3? PMPOQO"G
Table 3 Additive Conc. I nit|iGiEeBAPO W@O Ex n(ﬁnneAdetl v=(:oresauhfnen;

DVBAPO Conc at Ti Cone at cbhd¥Branie@nce tg,@tqh o9n) Conc. (912 M x 1 No
aCI dN/ AO nr\ 144 aa /‘l:d‘ IVI 34 1) ( 2’)hr) ( 7/| 25hr Mx_ i2HC O 1Jﬂ_3740 3480 2 30
(M x 2)(23;hr (74. 2§ﬁr3 c1. 09%. 3p86%3700. 2d-144 0.044
{Mix 1) (23hr) (74.25hr)
Mix 2 HCl 0.1% 0.374 0.348 0.280
(Mix 2) (23hr) (74.25hr)
Mix 3 HOAc 1.0% 0.399 0.370 0.288
Mix 3) (23hr) (74.25hr)

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

about 3 and 8 resuited in stability of the DMBAPO.

15
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Mx 3)(23hr)(74.25hr) 5 10 15 It was al so found that naintaining the pH of
the initiator solution between about 3 and 8 resulted in stabi Iitzl f: ?Jbg
DVBAPO. 16-22 OCT 2004 W claim 1. A silicone hydrogel nononer for E\ n
made by adm xing: a) a silicone hydrogel formng mxture, b) an initiator
having the structure:- 0 R2-PI -R R3 Structure | wherein, R, R-, and R
are each independently Hor a C,_y substituted or unsubstituted al kyl,
cycloal kyl, or. aromatic noiety provided that at |east one of RlL, R2 and
R has the follow ng stroeddeigs:: Structure Il wherein, R-R8 are

i ndependently, Hor a C 43,s -k - [ e | kyl or al koxy
noiety; and c¢) an acid *éf_‘elklﬁé&sngi *%}'dgéé%g nlg)%m%sagﬁsg%?’é%ﬁ#%o%cﬁh@group :
consi sting of Bronsted %2888 Lewi s acids, and nixture thereof. 2. The
formulation of claim1 wherein said acid is a weak organic acid. 3. The
formul ati on of claim1 whaes eilinonealviregst ormgngpettig, acid. 4. The .

formul ation of claim !l ceypfising Havidy h0Un&fiei val ents of acid per nole of
initiator. ®

Structure |

wherein, R*, R*, and R? are each independently H or a
C,., substituted or unsubstituted alkyl, cycloalkyl, or
-aromatic moiety provided that at Jeast one of R*, R? and
R* has the following structure:

Structure I1

wherein, R*~R? are independently, H or a C,_; substi-
iuted or unsubstituted alkyl or alkoxy moiety; and

¢) an acid wherein said acid is selected from the group
consisting of Brpnsted acids, Lewis acids, and mixture
thereof.
2. The formulation of claim 1 wherein said acid is a weak
organic acid. ,
3. The formulation of claim 1 wherein said acid is acetic
acid. _ '
4. The formulation of claim 1 comprising 1 to 100
equivalents of acid per mole of initiator.
5. The formulation of claim 1 wherein said acid in an
inorganic acid. ' -

17



5. The fornulation of claim1 wherein said acid in an inorganic acid. 17
22 OCT 2004 6. A nethod of stabilizing an initiator systemconprising the
step of lowering the pH of said ' systemwherein the initiator S)?Szt

i ncludes a conpound having the structure: Structure | wherein, Ra, I@ﬁ]@wd
R3 are each independently Hor a Ca.12 substituted or unsubstituted al kyl,
cycl oal kyl, or aromatig A meihed yf pabkkdedn itidiicnaiysteaasdmaiseng of Ra, R2 and
R3 has the follow ngesfidyiet l}tﬂvﬁ‘e‘ria%tfhugﬂwo@ shid QERm Ghekef @len, R-RS are

i ndependently, H or Ei"‘.%‘”zﬁﬁ‘%sﬁ’?t“ggset ﬁ%ﬁ%cg}éﬂsiﬁbﬁﬁitwhﬁﬁt@&ky' or al koxy

noi ety wherein the p ower e m xt ur & of a nenber sel ected
fromthe group consisting of Bronsted acids, Lewis acids, .and m x- tures.
thereof. 7. The process of claim®6 rein the pHis I"8%8dd to no nore
than 8. 8. The process of claimo vvhq ein the pHis |owered by the
adm xture of an acid. 9. The process-p@fxrelaim6 wherein 0.1 to 10 wei ght %
acid are adm xed with said nononer n|1x containing initiator system 10. A
process for stabilizing a silicone hydrogel nonomer fornulation conprising
an adm xture of a reactive silicone macrorner and a photoinitiator having
the. structure: Structure t .18 22-CCT 2004 : ‘
- wherein, R?, R?, and R® are each independently Hora C, 4

substituted or unsubstituted alkyl, cycloalkyl, or aromatic

moiety provided that at least one of R?, R* and R? has the

following structure:

] Structure [1
R? R*

=0

R? . RS

wherein, R*-R5 are independently, H or a C, 5 substituted or
upsubstituted alkyl or alkoxy moiety wherein the pH is
lowered by the admixture of a member selected from the
group consisting of Bronsted acids, Lewis acids, and mix-
tures thereof. : ' _

7. The process of claim 6 wherein the pH is lowered to no
more than 8. _ ' '

B. The process of claim 6 wherein the pH is lowered by
the admixture of an acid.

9. The process of claim 6 wherein 0.1 to 10 weight % acid
are admixed with said monomer mix containing initiator
system. -

10. A process for stabilizing a silicone hydrogel monomer
formulation comprising an admixture of a reactive silicone
macromer and a photoinifiator having the structure:

Strucmre |
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wherein, R, R, and R3 are each independently I-1 or a Cl_1, substituted
or unsubstituted al kyl, cycloalkyl, or aromatic noiety provided that at

| east one of R, R and ‘R3 has the followi ng structure: Structure ?gﬂ
~wherein, R4-R8 are independently, Hor a Cx_3 substituted or unsubs |{:le@él
al kyl ~or al koxy noiety; said process conprising the step of adm xi ng an

acid therewith, wherein said acid is selected fromthe group consisting

of Bronsted acids, Lewwfedf &3, RANGIMXiMledch idRpa@tntlylH orhe process of
claim 10 wherein 0.1 taz1Q swedtighéd 86 udabglitdee aRglicyeldaiwylt br sai d mononer
.mx containing initia- twsmayshanyansidriabanekast bie offMeRpratess of claim 10
wherein said acid is a \iFalas thy fpdloiwingannadturd3. The process of claim 10
wherein said acid is acetic acid. 14. The process of claim 10 wherein said
acid conprises a solution of at |least 0.25%w aceti ¢, @& 19

RS R4
o)
I

RS C

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, wherein said acid is selected from the group
copsisting of Brgnsted acids, Lewis acids, and mixture
thereof. '

. 11. The process of ¢laim 10 wherein 0.1 to 10 weight %
acid are admixed with said monomer mix containing initia-
tor system and macromer.

12. The process of claim 10 wherein said acid is a weak
organic acid. . ' :

13. The process of claim 10 wherein said acid is acetic
acid. :

14. The process of claim 10 wherein said acid comprises

a solution of at least 0.25% wt acetic acid.
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