WD 2010/ 080384PCT/ US2009/ 067990 REUSABLE LENS MOLDS AND METHODS OF
USE THEREOF BACKGROUND [ 0001] To produce a contact lens, a

predet erm )t of flowable starting material is nt o
t he fenal e\Qﬁg @fﬁﬁdgﬁ# The nold is then closed by appl y?ﬁg}f‘@ﬂdﬂ%‘g’?é“
nol d hal f. The subsequent pol ynerization or crosslinking of the
starting material is effected by irradiation with UV Iight, by
thermal action, ogRrpUSABNRYENSMOLDSIAEH Vi THODROE UYE ¢HgiRkdine
starting material in the nold cavity is fully cured. [0002]

general, tw types of nold systens are used to produce ophthalmc

| enses such as contact |enses. The first _involves the use of plastic
nol ds produced by injection noldi ﬁ@‘ KfROWPeri al s currentl y used to

o vacr 1 on PR TegRbEe Al ern e ab R MR ek Rt ©

pol yvi nyl i dimredickd inro thefemile esodd Inattt the mbk! ifthvreclbdedrby qs;bl)@rkgam talk mold

[ I h b
o PR R Rk ko SELEe) S R
pol ymet hy| mitadiation \axtleUVHi@MAt)y thermaletion, ohlgyanathtr, ncmsthe-tnahﬁﬁhcai;ldzheramnot
wi t hst and tﬂg %]qﬂr k83 S1ve §mo?§{aﬁrgv lfﬁﬁlﬁa{*. ilicon hydrogel (SiHy)

formul ati ons~typi y use n of contact | enses.

of the f’fen% p?ﬁﬁtg? {;‘gfng it “ifnh*lgn%Sgté“iiﬂ%&ﬁ%ﬁffcﬁ:‘fﬁﬁwE’?'%es?}ﬁ' A
ontatt rst ik t t1 et
G Sadvart g M TR LML £03E Sk I 0 AR
vo1 Y}% ] P% pg"s ?s QIIQDE That Pﬁgée ene

approach in use o ass or quar
excel | ent lmlmahnémthwbt@, mixﬂcg'ﬂcmgsllabtbblmm wg'l pledpbeapp ymer, Apd hough

this is a vj : I f her e
are limtat F&ﬁ) ﬁdl%%?ﬁ%ﬁ%r t_I‘z?lEs %éﬂﬁgl%qﬁ%ﬁ? Cmml%?&%ig{sﬁéce&e éml d
hal f) are nmAefizieesed @d:rtbslylcq:@skhwgcawumpewcwlﬁlww swxﬁa@e of
requires |lo p]éngrz

nolds is ex?’rgenJO 302%%{%5}& ohi bi t'i V%hag%lg@tl me g?\%{?ran?ﬁleﬁr&q' rgyﬁ?kg

woul d be desidrcansiobwithstand the agdressive eolmtsascdtlhatwcarhédr@gfé lHa) foymulations
resistant t ggarfqg]ém&&%mm i%bhikct 464, Dimbdar IR R AGHHL! it ALty

contact |en he nol d | d reusab and not have to be
di scar ded a¢amroripassheiontical elsaélm cn° t*&dmsunrc@hceﬂ ém@éhww@a@#ﬁl@m Thus, the

resi stant t Qadi€ B-Ioﬂfs'arer%%’éilﬁi}tn%t REJbR LA ﬂ?&ex’i@&%{lﬂ@ah@ecoﬁdﬂﬁc mat eri al
used to produce the shoul d be readily nmachi neable in order to
produce nol disadyantagessxhefimaguigguningghe lepgsl i ty It is also desirable

that the nold material be dlrrewilonall able. In the case of

curing, it [0803]1hgsqsand apRIoReh ipypies f'ﬁé‘s"‘rﬁfl S%‘?rﬂéﬁzﬂ\‘ﬁéﬁ}hﬁsg‘ﬁr"ﬁ%ﬂllw

l'ight yet reWliRginsisstntnd él@ﬁ%ﬂ%&lﬁné prt);smstnum;agw.sammgme apprewah For, it
woul d be desirabl e that nol ds reI tivel E ensi ve t
tirds Botgh

manuf act ur ethE Biofustiag o @"%Ilﬂ‘ées B 2t i arfz) (male m O%leg‘"’&t? Pk

herein are gegél(féﬁameHMdhaﬂqlgieaﬁﬁufhdwwbmad@ wiStIMYRERY ekf081%d andescr i bed
herein are devic

one ol d haleh s R R SBFe chierba TR s nd e e o BRARR SPY e

froma pol yﬁanlbmhaandltmlcuﬁkaﬁu@n aromati c polyimde, a polyphenyl ene,
or a conbination thereof. The devices exhibit numerous advant ages

i ncl uding, [8004]M0kould be desiehbleao haye plistichasiicthdt areehersutailycremstaﬂuutoabi lity,

machi neabi | |t and. UV abso [
met hods for}"ﬁ'gﬁtt?gf Wﬁ‘cﬂﬁh'{sﬁéﬁnﬁl?egnﬁgﬁggg"% i %nsegew cétggg'e@cr%%]
her ei n. Thebopisablabid ot han selse mmm:zﬂ’tér n\mmdd]atdwe diewadditen ddsiog i bed
herei n exhi Qi t ica e 0 S
pr oduced fr%ﬂ“&% @ﬁfta%:\c’ 'I"&eagcr%] ik é‘ge@ liﬂscr ?’E)a?gs Eg \(c/?vm\@\ngl I
be real i zedthanaldzhtwdd beedadily mmekingblsfin odder tepmdmmmlcamfa@@mh nptidabns
particularly pointed out in the appended clains. It is to be

]



aromatic polyimde polyners. WD 2010/ 080384PCT/ US2009/ 067990
[ 000111Fi gures 5A and 5B are photographs of contact |enses nmade from
PMMVA nol d 5&@@ o€ is a photograph of a contact Ienspe@%zdoﬂoﬁgﬁol d
conposed o‘? 3 mal e nmold and Prinospire PR 120 ferale
contact lens is a silicon hydrogel. DETAI LED DESCRI PTI ON
[ 00012] Before the present conmpounds, conpositions, and/or nethods are
gi scl osed angalfgsiefsialbedesirhble that thombid nlafbﬂlel’l:ﬁ:tdﬁ]ﬁdlsibi‘fz&ly stable. BﬂﬁeﬁﬁsSOf
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006} The accompanying drawings, which are incorporated in and constitute a part of this

specification, illustrate several aspects described below.

[0007] Figure 1 shows an exemplary device composed of male and female halves for
making a contact lens.

[9008] Figure 2 shows the % reflectance of UV light for several different polymers.
[0009] Figure 3 shows the % reflectance of UV light for polyphenylene and aromatic
polyimide polymers.

f00010] Figure 4 shows the % transmittance of UV light for polyphenylene and

aromatic polyimide polymers.



saturated hydrocarbon group of 1 to 25 carbon atons, such as nethyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, pentyl,

hexyl , he decyl, tetradecyl, hexadecyl, ei

t et racosyl%éﬁ 2%1()}3?'6331 ike. A "lower alkyl" group is an a|@ﬁ%°r°3’ﬂg”°

containing fromone to six carbon atons. [00018] The term"i m de" as

used herein is defined by the general fornmula- C(0)NC(0)-, where the
i mde group tWAlYe at F@ui'eedAtand Smﬁepmr@h@mhﬁctgémpnﬁé fidinfehvavignt

t hydr. I
o “an ar onmt 1T FRE 32 b3S TeRL AT s §aheh By o Bolisomeeed piorCars mal
pr oduci ng anmolshenth Btimpspirk BRslze fnrqatel rsolthgTHe comthel ldnalsfa stRbn MjdrgeRN
optical surface where the nold half is made froma pol ynmer conpri sing
an aromatic polyimde, a polypBETWIEEDR DESCRIPTIONI nati on t hereof. The
mal e nold half and/or the female nold half may be conposed of the
aromatic pol {f0%ie. TRHeforedle mesentisempoupd, mosltlpmsomddaemeﬁmdmmdlsclosed
PQuantages: MYl s pElREURSE ol e BREREL ) Ry BELMnied e
resin. For e¥Psfpt eomnopedsgwpthetic meghpdp or weeisardumdy of soursedani figs a:lsnrtabl e
POl | ouad by Ly e AL T L P8 iR PP
Al ternati veI %Fpecfsr?é‘ F’WW&WWMéob?hfalﬂ@%mtl c polyi m de can be a
t her nmopl astl onrrer 00021]Wth respect to the pol yphenyl ene, it
i s general y lﬁbl ymeln t 6?&9&‘9&%‘069“‘1&‘“ ﬁﬂetﬁaﬁl’% that f@fo“arfé?fmcp ilhbegnads to
i ncor por at eda mmbener tffk YHAB¢hal) BEIBAER0 hdREhAONETIhE Me QPSS My or may
not be substituted dependi ng upon the selection of the pol yphenyl ene.

In certain a@pea]s, L lnmumbgpda@myﬂ, &Red if tfﬁQmﬁ&@mon@cndﬁlcﬁbmaédhﬂzﬁ’mgf
aromatic gro ot.her .bonded gach ot he r

pol yneri ¢ bagg 2" TS ohe HsPlc {"ﬁG’dWPVL’ﬁ PSS B‘?}‘if’?'fe?ecéeagy
plurality ofdictstes aihmalsednmmfsn dﬁgnplheefﬁﬁﬁd&lﬁ%hﬂo‘&'n(dRﬁl)la(lREhﬁ(tE}eix &twd r°
IV wherein R6 ndependent |y, hydrogen, a straight

chain or brafi&Hsd S“'io:lll1 i’(‘iﬁ'merﬁlﬁgﬁ&'bé{“?ar yl aral kyl, alkyl am' de aryl
ami de, al ky %Fchl Or(?/pgloﬁa?t cﬁ“‘o%ﬁ)bhﬁﬁ‘né{e R e ﬁna??ﬂggﬁﬁ?(t s Cscr 9J1§/nﬁ/tlotrage

oxi de, pol y pol y acry ry oni't
pol yal kyl vi nyﬂcu:esthee panmmbwotmpturadnddhbm dgsoriiptien ingludesdestances, where the

perf | uoroal ké@h toPﬁFc&JuFt%ﬁcQ%LJ%?&%d nBBLééF?«LS‘rE it dBQng@m de, pol yi m de,

pol y( phenoxypheny ne one, aryl ketone, alkyl
y
ket one, or qﬁﬁlﬁkparyl'}“hem “aromatic group” as used herein is any group containing an

aromatic group including, but not limited to, benzene, naphthalene, etc. The term

“aromatic™ also includes “heteroaryl group,” which is defined as an aromatic group that
has at least one heteroatom incorporated within the ring of the aromatic group. Examples
of heteroatoms include, but are not limited to, nitrogen, oxygen, sulfur, and phosphorus.
The aryl group can be substituted or unsubstituted. The aryl group can be substituted with
one or more groups including, but not limited to, alkyl, alkynyl, alkenyl, aryl, halide, nitro,

amino, ester, ketone, aldehyde, hydroxy, carboxylic acid, or alkoxy.

[00017] The term “alky! group” as used herein is a branched or unbranched
saturated hydrocarbon group of 1 to 25 carbon atoms, such as methyl, ethyl, a-propyl,
isopropyl, #-butyl, isobutyl, -butyl, pentyl, hexyl, heptyl, octyl, decyl, tetradecyl,



o, p, and q are, independently, 0, 1, 2, or 3. [00022]Referring to
formula IV, the position of each aromatic group relative to the other
can vary aromati ¢ groups can be ortho, neta,

each ot her‘%gglg'ﬁgdégthe aromati c groups can be unsubst|P'LC(3{UeSg‘ﬁ(53@67%b
substituted with one or nore groups. The position of the groups on
each aromatic group can be the sanme or vary fromaromatic ring to
aromat i ¢ ri nbpxade0@OAQkYINtepavesyhsiplabd liket A lgyaer yikpie gyoup Banatkpgroge s

repeat uni tst\:,a%amti%g‘r Q{E:il}?ixyarbé{n%%ﬁre R6 and R7 are defined above.

In the case are no ydrogen R6 and R 7 can be syn or
anti to one E:Taqs) and R7
are anti to Enot h?r&rte e rel aastl{s%gge(r')ﬂsi?tg?%ﬁcs[Eﬂhgglg%éangﬂﬁgacan' vary
depending u p@@)Nﬁ@)s avhersttheomidsfgraRp cemld: aRFched OBOR4IE hromatio gy or

enbodi nent, n t mul a
U et o R R ARSI AR G BERrtih, 8 oy b, bk

pol yphenyl en@orh@lc@ﬂpim y(1, 4- phenyl ene) structure. An exanpl e of a
pol yphenyl ene having the fornula VI includes polyners sold under the
tradenane PROIBP| RE(Pysciibed berinags devicenforgupdpging agiorhebmic frap Gernrising
Exanpl es | ncd 4ol hRIYRRIaREbic ik 3fhed sk 108 BPrs nbie 6 hBIye} yTer s

vary by nol ecul ar, wei ght. | ymers sold under the tradenane
TECAVAXT64 SROWH$IRS 2] %n%wy\yﬁ@ﬁg’ @éﬂlégheugleweuw acemgination) thergpko Thigpale

aspect, the QolxRRSRAY: RIEMAL $6l0aRhal Be ddmposctldt @8 hroMatic doldfrie] 4$fe and
I nternational Publication Nos., WO 2005/ 072374 and_WD 2005/ 086727,
which are i n%%tb?sap@amar;? P’r'oéfdésr@%‘i‘@éc'us é@ﬁ"%sd’é}éﬂ'Wﬁ‘gtbéidﬁcusf"d%@rsf]‘?’n

ot her aspectg&tajithBigwdevi ces herein are nmade froman aronatic

polyi mi de. The aromatic polyimde is polynmer conposed of aronmatic
groups, wher[@oaop or mrpelybhﬁngiﬁn@fnﬂumaﬂﬁ ﬁblﬁmica@he@b 4 therinoset asiaNEbA C

Group. | Ong aReEt e AL LG PRl T GBI Rerd SREET U U

polyphenyiene or aromatic polyimide into a mold foliowed by the application of heat to

produce the polymer. Altemnatively, the polyphenylene or aromatic polyimide can be a

thermoplastic polymer.

[00621] With respect to the polyphenylene, it is generally a polymer composed of a
plurality of aromatic groups incorporated in the polymer backbone. The aromatic groups
may or may not be substituted depending upon the selection of the polyphenylene. In
certain aspects, the polyphenylene is composed of a plurality of aromatic groups another
bonded to each other to form a rigid polymeric backbone. In one aspect, the

polyphenylene comprises a plurality of residues comprising the formuia IV

(R, (RN)p ®R¥q
NN PN
SRR
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\' /O NRINR2 CC wherein R is a substituted or unsubstituted
aromatic ring, the four carbonyl groups are attached directly to

separate ? gnég{rs in the aromatic ring, and each pgiiREesaEaRnY!
ach o]

groups is adj acent carbon atons in the aromatic ring; and
R2 conpri ses a second substituted or unsubstituted aromatic ring.
[ 00026] I n yet another aspect, the aromatic polyim de conprises repeat
uni ts of t hewHefeim®A, R lahd RBaré, @deﬂnﬂbnﬂ?, Hyl:lrogdnlavd‘hﬁghedﬁln dréraiched alkyl,

substituted or arona car bonyl groups
are attachecf"”ﬂﬁlﬁ@&# h‘tyta @%gaﬂ}'%ﬁ’@ry B%ﬁleglte\géf?&aryh“? &XFSmatic ring
and each palproly@fkex(eaiybpcﬁylbhegylaupmdb,aaosytvﬁmabdh&ﬂidé q»ob:zdlkﬁlﬁemhcryiateadj acent
carbon atons

d
substituted pglyaﬂ'ﬁlgﬁtgg? |pg§fﬂkg‘v'§?{ ‘%Ef |P§‘Y¥‘l$ﬁé&°f%'0 '7]"¥ {régﬂatl C rings
of Rl and Rdeiflofoalkyilipeafudraafichxy, [pblyesian, ﬂm@amniéﬂnﬂ,}ﬂnlﬂimﬂow(fﬁhmmdmhnnyl

o A P A e
struct ures. & ,a%&lg '%I pe@%{nﬁfﬂ ps. Ar iynked and fused aromatic groups,

i ncl udi ng, bu any’ o the foll ow ng:
[00022] Referring to formula 1V, the position of each aromatic group relative to the

other can vary. Thus, the aromatic groups can be ortho, meta, or para to each other. Each
of the aromatic groups can be unsubstituted or substituted with one or more groups. The
position of the groups on each aromatic group can be the same or vary from aromatic ring

to aromatic ring.

[00023] In one aspect, the polyphenylene comprises repeat units of the formula V

TR ]

R'T

v

where R® and R’ are defined above. In the case when R® and R are not hydrogen, R® and
R’ can be syn or anti to one another. For example, referring to formula V, R®and R’ are
anti to one another. The relative positions of R® and R can vary depending upon the

selection of R® and R”.



group or a group having the formul a

R 123 includes a C to C25 al kyl
R4 -P- Il -0 -S-S2 N |
WO 2010/080384
[00024]

formula VI

PCT/US2009/067990

In another embodiment, the polyphenylene comprises repeat units of the

R6

R7

R6

Vi

R’I

where R® and R” are defined above. In this aspect, the polyphenylene is a poly(1,4-

phenylene) structure. An example of a polyphenylene having the formula VI includes

polymers sold under the tradename PRIMOSPIRE® manufactured by Solvay Advanced
Polymers. Examples include PRIMOSPIRE® PR-120 and PR-250, where the polymers
vary by molecular weight. Polymers sold under the tradename TECAMAX"™ SRP are

also polyphenylenes useful herein. In another aspect, the polyphenylenes disclosed in
U.S. Patent No. 7,365,146 and International Publication Nos., WO 2005/072374 and WO
2005/086727, which are incorporated by reference, can be used herein.

[00025]

In other aspects, the devices herein are made from an aromatic polyimide.

The aromatic polyimide is polymer composed of aromatic groups, where one or more

imide groups are attached to the aromatic group. In one aspect, the aromatic polyimide

comprises repeat units of the formula I

- ) -
|
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NN
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R4
group.

phenyl ar qyg aflsfRy | S

R4 and R5 i ncl ude,
[ 00028] I n one aspect,

I ndependen

tly, an

al kyl

referring to fornul ae |
[ 00029] I n anot her aspect,

group or an aryl

and |11,

R

pol yi mi de conprises the repeat units having the fornula |1
[ 00030] An exanpl e of an aromatic polyi m de having the fornula I
I ncl udes pol yners sol d under the tradenane VESPEL(r) manufactured by

DuPont .
SP-3. I n an
Publ i cati on®
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R® comprises a second substituted or unsubstituted aromatic ring.

[00026]

formula 111

tIC

(i ARy

des di
BTGy

Ex amhéreas R' fecd mlbtmtdtﬂﬂﬁi?lﬁhs(ubs)tltlﬁﬁ alromeﬁE’ﬂﬂé, theSB’HrZ:BnboﬁH’-gﬂﬂlﬂs aror

is a

the %9%56091067990

nifhacgpgr ofJ carbony?'

In yet another aspect, the aromatic polyimide comprises repeat units of the

=0

@!

7N\
N

N—R?

@]

o

IMI

where R! is a substituted or unsubstituted aromatic ring where four carbonyl groups are

attached directly to separate carbon atoms in the aromatic ring and each pair of carbonyl

groups is attached to adjacent to adjacent carbon atoms in the aromatic ring, and R?

comprises a second substituted or unsubstituted aromatic ring.

[00027]

The aromatic rings of R! and R? in formulae I and I11 can be independently

fused or linked. In one aspect, R' may comprise phenyl, naphthyl, anthracene,

phenanthrene, pyrene, or various other fused ring chemical structures. In addition, R® can

be linked and fused aromatic groups, including, but not limited to, any of the following:

=

X

or

/ L]



1000311The pol yphenyl enes and aromati c polyi m des useful herein
possess nunerous properties that are beneficial in making nolds for
t he produgkbamobosepht hal mc | enses. The pol yners can %Tﬂﬁ%ob/ﬁmwo
machi ned (e.g., extruded) into a variety of shapes and si zes.
addition to nmachineability, the surfaces of sone polyners such as
pol yphenyl enes do not require additional polishing to produce optical
surfaces. The’ ipdidesre€stodishalky! grogpock gloupeasing tralforsinlbi | i ty. For
exanpl e, the polyners absorb little to no water, which can
significantly alter the dinmensions of the nold. Another i mRdrt ant
feature is that the polyners are resistant to harsh chenlcals used to
produce the ophthél-m—c | enseSs—For —exe8Ple— sorvrem-s—sech—ag—ethanol ,
DVA, isopropanol, and propanol typically used to dake cont agt | enses
can adversely react with the nold, which [imts the lifeti of the
nol ds. Thus, the polyners permt the nolds to be reused nunerous
tines, whlch provi g@s significang4 economn c advantagqg,mnth respect to
t he productlon of o hthalnlc | enge [ 00032] In addit¥on to the
properties dISC ove, t aﬁldé_p_pdqged frompoly @henylene or
an aromatic polyi mde general sorb WV |1 ght ht Pn 2h0 t9 400 nm
wavel engt h range. w il be dlsgyssed bel ow, the praduction of
opht hal m ¢ Ienses ihvol ves curing a mixture of nmononBrs and/ or
prepol yners i, 0. produce the flnal | ens. Energy such as, for
exanpl e, U} |35‘ﬁ QHé%Q%‘éﬁ?B enily, 2p glkyligZoURSY 8 7Y #QWPe t he mi xt ure.
Thus, it is rabl e that the naterla nol d sorb
VT ght. AV £ o RSl i EE BPmMisRd ind RIS phatf L foun an RER
substantlally prevent the ref on and trapsm-gsion of UV |ight.
The term "substantially preveg th respvct to\refl ectance and
transmttance is defi ned—herg : o =SS
than 6% less than 4% | ess % thegZUV light that is
refl ected and transmtted withima range of 0 450 nm by the
pol ymer. ci ng t :
Gur i g curt foREE" 19 Th Rl hep B MGl ol RS Bk B 5fE BN bl
during curlﬂyfhﬁmﬂgﬂomm in the Exanples, the nol ecul ar weight of the
pol ynmer nor the addition of dyes or color blocks affects the
reflectance or|trgnsmttance of U¢glight by the polymer. 1000331The
nol ds descri be
art. Details o
addressed in E
whi ch are incO
descri bed here RN Zans i 3
described in U S Vi . 6,800, 225 and 6,821, 108. In certai
aspects, a thefmpgl astic polyner fuch as a pol yphenyl ene can bg
machi ned to prBduce a nold of any ~desired shape or size. In the case
of pol yphenyl ehe, optically snooth surfaces can be obtai ned w-#hout
addi tional polishing steps. In other aspects, the thernoset resin can
be extruded into a variety of shapes and di nensi ons foll owed by
curing to produce the nold. In other aspects, the nold can be
produced by [008péct i orAmaxhmple gf awraraoitip pelgisiiderhaming dierfqu[a(IDtDBhl]iéEhe nmol d
hal ves descr| ﬁ%‘émﬁﬁa‘ﬁg&: fhe & &%%BEYE %Lmﬁﬁgﬁbﬂgd%g%%}h”]; ‘FefaseS- In
one aspect, VOl ves i ntroducin I'ens
materi al i ntihse VESBEE® SR, SP-BaISP 220882 Hupre¥P-1. dnfamthQrasmetvih@ 9r0ﬁ1@tlc
fece! Ving, @ d Aol TR TBISCPliHarioh Ris 30 AI7A 5T 030} B il
fermal e nol dP the [ens fornln materi a erern t
mol d and ferwdlecmmraﬂeddzyeefc@mel‘glmbedsetiberplecel ve each other and forma
nold cavity, wherein at |east one nold half is nmade from a pol yner
conprising an aromatic polyimde, a pol yphenylene, or a conbination

8




mal e nmold half is conposed of a material that transmts or perneates
W light, and the fenmnale nold half is conposed of a pol yphenyl ene, an

aromati c pRbHYERs, OF @ conbination thereof. [00037] I Bc@iReJ09/067990
aspects, both nold hal ves can be made from a pol yphenyl ene, an

aromatic polyimde, or a conbination thereof. In this aspect, the use
of expensive nolds conposed of quartz or glass nold is not required.
Thi's coupl ed [#03Y t he Thepdlyphbmienatind sroertippsghides ufup Mdryippesyss ene, an

t I
the present. Tiveappsen AAIR BRLART O e RR G PRt opb e co
ophthal mc | !m@e\sTheJl:@O(D@mmbe Mmaoﬂmwtelgbedrlhied)antn alvexddty 6f shapet i)
product on ol Qo g, hENREMN. Wb SHREI QL RUGEL gyl 1 1Y anc

little to no fects enses” cas % hyl
met hacry| at epolyibraionesds mredmsqmdamwil aoilsmnamcpecpﬂuedoémc;sunrﬁ‘@ese Tgeal ity

and crazing bdlﬂﬁég Q#h oc!l ﬁﬂm%ns?cglg ta% ﬁfﬁogé{amﬁle thE hg?léle ers e%so%aﬁt?e tg go

crazing lines were acr 0Ss t
upper |eft cwptes which Faﬂ@EHH'B)mﬂyHé#réhe dllhmsmthmhdd Motberﬁmbdrgmﬁbamed

after exposujsgn.t fe (ﬂ?mérg bidls 1ia'npt@ hgrgl{ ch%?n cgl@qgaq 16 gl{onl:h.%e the Oﬁﬁt%lﬂgll (]8'}*?%5

mn), which result In the OI’ITB.IOI’]O crazi ng
surface as shuwkanple, Rlgntsspch aggthangl, Mgswm@l,bmdm@pbwl thiedlyyused the

formation of le&:Q:%ﬁtEHi’lénke@%%dh er rekﬁh@[ﬂg{ Wh&ﬂlllnftgﬁlegtf%% £@fe the

mold to sol vents such as et hano [acr
i sopr opanol , maldg Thysofha Rely merspprmilthamglds tplbaﬂumngmms tiragss whicloprovidésn

ei ther poly pﬁﬁfﬂﬂdaﬁt@@od%ﬁl'@aﬁivﬂ{tag% PiffesgectROINY bRdERioR Bt ﬂﬁtl‘ﬁaﬂ;ng lel‘l&gs es

dlsplayed no surface danage such as crazing as seen In |enses nad

with the PMpgam| d. %Wh@ﬁoﬁl@%@@p@hfg?ﬁscfu%& %a%eﬁmmr@@camput

forth so asto growdethoseo ordinary skill in the art with a

conpl et e di sRANPAEYENG PrPn@EERAtic a?lvwecspn%w apyogb EHr’r‘@B‘Uha%o to 400 nm
conposi t i ONSwav3RAIRLEL U Wia b6 Biskedd 86w qh@,braaﬂn&edﬁbmhﬁm IeRee and

eval uated, and are intended to be purely exenplary and are not
i nt ended to PYHE Y aé%fﬁ? f moppragrs %”H@' PWB‘&H{’WE“%‘%%W%‘%‘? the &pa!

[ n\rlrgnt [ o? E[Erst'Eh&gﬁélMﬁa&?ﬁﬁ@xdﬁﬂﬂkﬁUMllgﬂf’l@H be%@ﬁma&mm ld'bul‘e&ﬁfé)ec'[ to
nunbers (e.g. nts,. ut .s r.or
v ot s ons. Sistyre M0 Sis SrSTRER {hec e angeeDisko foronkd e Snp o AtRrp R Lkeht g ¢
are parts byadmgmtabsdﬂﬁﬂgaevatgmc e bSlyhés @b@tﬁnﬂaﬂ}{} pleventridie ﬁéﬂectlon and
t enperature, an e is_at or_near_.atnospheri. There are
nuner ous. var FRETISHE SLILY Kebo Tt deo s dsiantally RRpenss, itk iespect brsectangy
conponent  ca8 ﬁ"@rﬂhﬁt&htdﬁ@ defind@Bértir as ISQlthaﬁ ﬂO% lesahaned™s, 13 Dhﬁruﬁ%,Sless than
t enper at ures ra and c i.tions that
can be- usea 6ot GeortReoh Y BN G o kR R e R Feh
the descri bemowcrmenasby tﬁhbqkym@aB@ ralbding theckfleaanice arel texgittanve of @Y ilight
Sui tabl e 1 or kP Ge N BB G B Ele B FREHREP e SRy A DS
whi ch wer e niothedtarmhpléd, mefrmnrlecnhkwel@t nEthe pdiyreernot tHe idlitioaof dykk eselor
pol ymers wer d satl fact ity,
durability, bg?‘:%ﬁ%tjfeggﬁ}e etzeﬁ@g?epotr r%'??mit%ﬂ?et%%\yl azﬁgﬁ &grﬁérl s provi ded
Wi thin Tabl e[ﬂﬂﬂSB]TABL El‘h:le m%&%sc?gémlin can be produced using techniques known in the
art. Details on the manufacturing and dimensions of the molds are addressed in EP-A-
0367513 and US Pat. No. 4,113,224, the teachings of which are incorporated by reference.
In other aspects, the molds described herein can be designed so that they have dimensions
as described in U.S. Patent Nos. 6,800,225 and 6,821,108. In certain aspects, a

thermoplastic polymer such as a polyphenylene can be machined to produce a mold of any
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Suppl i er Observations Torl one pol yam de-i m de Sol vay Unable to
produce snoot h nmachi neabl e surface. Dekin(r) Polyoxy-nethyl ene

(Acetal ) RybBoninokiabl e to produce snoot h machi neabl e swifragSin9/067990
Topas(r) cycl ool efin (COC)

desired shape or size. In the case of polyphenylene, optically smooth surfaces can be
obtained without additional polishing steps. In other aspects, the thermoset resin can be
extruded into a variety of shapes and dimensions followed by curing to produce the mold.

In other aspects, the mold can be produced by injection molding or compression molding.

[06034] The mold halves described herein are useful in producing ophthalmic

lenses. In one aspect, the method involves;

(a) introducing a lens forming material into a female mold half configured to form a

cavity for receiving a lens forming material;

(by  applying a male mold to the female mold comprising the lens forming material,
wherein the male mold and female mold are configured to receive each other and
form a mold cavity, wherein at least one mold half is made from a polymer

comprising an aromatic polyimide, a polyphenylene, or a combination thereof; and

(©) exposing the lens forming material to energy in order to crosslink the lens forming

material and produce the lens.

[00035] An exemplary device for manufacturing a contact lens using one or more
mold halves described herein is depicted in FIG. 1. Referring to FIG. 1, the device 1
comprises a male mold 2, a female mold 3, and an energy source 4 that directs energy 5 to
the male mold. The energy source 5 can produce and direct UV-light or thermal energy to
device 1. The female mold 3, which is concave shape, can receive a lens-forming
material. The male mold half 2 is configured to be inserted into the concavity of the
female mold half 3 and produce a mold cavity 6. Upon application of energy to device 1,
the lens-forming material cures in the mold cavity, and the contact lens is ultimately

produced.

[00036] Depending upon the energy source, one or both mold halves can be
produced by an aromatic polyimide and/or a polyphenylene. In one aspect, one of the
mold halves is made from a material that readily transmits or permeates UV energy in the
range of 250 to 400 nm, and the other mold half is composed of a polyphenylene and/or an
aromatic polyimide. Examples of materials that can transmit or permeaie UV light

include, but are not limited to, quartz, glass, or a combination thereof. In one aspect, the
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Ticona Difficulty to machine and easily scratched. TPX(r)
Pol yrmet hyl pentene M tsui Soft as PP and difficult to machine. Limted

chem cal Rﬁéhﬁbﬁﬂﬁﬁtto certain solvents. Zenor Tm Nor bopepgrEfse 895 No

comerci al stock and shapes. Apel (r)

male mold half is composed of a material that transmits or permeates UV light, and the
female mold half is composed of a polyphenylene, an aromatic polyimide, or a

combination thereof,

[00037] In other aspects, both mold halves can be made from a polyphenylene, an
aromatic polyimide, or a combination thereof. In this aspeet, the use of expensive molds
composed of quartz or glass mold is not required. This coupled with the fact that molds
composed of a polyphenylene, an aromatic polyimide, or a combination are reusable
makes the molds of the present invention a very attractive option for the production of

ophthalmic lenses.

[00038] The molds described herein result in the production of ophthalmic lenses
with superior optical quality and little to no defects. For example, lenses cast in
poly(methyl methacrylate) (PMMA) molds displayed an unacceptable surface quality and
crazing lines at the lens edge (FIG. 5A). In the worst cases, crazing lines were found
across the entire lens surface (e.g., see upper left corner of FIG. 5B). Here, the PMMA
molds were fully crazed after exposure to the formulation for extended period of time (~5
min), which resulted in the formation of crazing lines on the lens surface as shown in FIG.
5B. Not wishing to be bound by theory, the formation of crazing lines is due to poor
chemical resistance of the mold to solvents such as ethanol, N,N’-dimethylacrylamide,
isopropanol, and propanol. Conversely, FIG. 5C shows lenses cast in either
polyphenylene molds or aromatic polyimide molds. The lenses displayed no surface

damage such as crazing as seen in lenses made with the PMMA mold.
EXAMPLES

[00039] The following examples are put forth so as to provide those of ordinary
skill in the art with a complete disclosure and description of how the compounds,
compositions, and methods described and claimed herein are made and evaluated, and are
intended to be purely exemplary and are not intended to limit the scope of what the
inventors regard as their invention. Efforts have been made to ensure accuracy with
respect to numbers (e.g., amounts, temperature, etc,) but some errors and deviat'ons
should be accounted for. Unless indicated otherwise, parts are parts by weight,
temperature is in °C or is at ambient temperature, and pressure is at or near atmospheric.

There are numerous variations and combinations of reaction conditions, e.g., component
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Et hyl ene- nor bonene Copol yner (COP) Mtsui No conmercial stock and
shapes. Cel azdeTM Pol yBenzl m dazole (PBlI) PBI Misture pickup ranged

f.roE1 6. 5%wd3YmsRpcer ned about di mensional change ari $icRgshdo9gso5C
pi ckup.

concentrations, desired solvents, solvent mixtures, temperatures, pressures and other
reaction ranges and conditions that can be used to optimize the product purity and yield
obtained from the described process. Only reasonable and routine experimentation will be

required to optimize such process conditions.
Polymers not Suitable for Making Molds

[00040] Table 1 lists numerous polymers which were not suitable for making
reusable mold halves. These polymers were excluded due to unsatisfactory

machineability, durability, or moisture absorption. Further explanation is provided within

Table 1.
TABLE |
Grade Polymer Supplier Observations
Unable to produce
smooth machineable
Torlon® polyamide-imide Solvay surface.
Unable to produce
Polyoxy-methylene smooth machineable
Delrin® {Acetal) DuPont surface.
Difficulty to machine
Topas® cycloolefin (COC) Ticona and easily scratched.
Soft as PP and
difficult to machine.
Limited chemical
resistance to certain
TPX® Polymethylpentene Mitsui solvents.
No commercial stock
Zenor' ™ Norbonene-PE Zeon and shapes.
Ethylene- |
norbornene No commercial stock
Apel® Copolymer (COP) Mitsui and shapes.
Moisture pickup
ranged from 6.5%-
13%. Concerned
about dimensional
PolyBenzimidazole change arising from
Celazde™ (PBI) PBI H,0 pickup.
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Pol ymer s Havi ng Accept abl e Chemi cal Resistance [00041] Table 2 lists a
nunber of polynmers which displayed good chem cal resistance to DVA
(N, N - di may,gyhamkiskam de). These pol ymers were further pgffs8shot&%90
adequate % reflectance, absorption, and %transm ttance of UV |1ight.
TABLE 2 Grade Pol yner Pol yner Type Supplier Radek(r) R-5000

pol yphenyl sul f one (PPSU) Anor phous thernopl astic Sol vay Tecamax(r)
SRP-1 20 (r odPolgmers Having Acceptable Chemical Resistance

[00041]
resistance to DMA (N,N’-dimethylacrylamide). These polymers were further tested for

Table 2 lists a number of polymers which displayed good chemical

adequate % reflectance, absorption, and % transmittance of UV light.

TABLE 2
Grade Polymer Polymer Type Supplier
polyphenylsulfone Amorphous
Radel® R-5000 (PPSU) thermoplastic Solvay
Tecamax® SRP-120
(rod)
or
Primospire® PR-120
(extrudable grade resin)
or
Primospire® PR-250 Ameorphous
(injection grade resin) polyphenylene thermoplastic Solvay
Polyetherimide Amorphous
Ultem® 1000 (PET} thermoplastic GE Plastics
Semi-
poyetheretherketone crystalline
Ketron® 1000 (PEEK) thermoplastic Victrex
Semi-
polyphenylene crystailine
Techtron® PPS sulfide (PPS) thermoplastic Quadrant
Vespel® SP-1 polyimide (PI) Thermoset DuPont
polyethylene Semi-
terephthalate crystalline
Ertalyte® PET-P polyester (PET-P) | thermopliastic Quadrant

% Reflectance of Polymers

[00042] FIG. 2 shows a graph of % reflectance of machine polished surfaces of
several polymers. The x-axis displays the wavelength of UV light between the ranges of
200 and 500 nm, and the y-axis displays the % reflectance of each polymer tested relative
to a 100% reflective standard. All measurements were obtained using a Carry 3E UV
spectrophotometer. The spectrophotometer's source beam was oriented orthoganol to the

sample surface for both reflectance and transmittance. The detector resides in the bottom
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Prinmospire(r) PR 120 (extrudable grade resin) or Prinospire(r) PR-250
(injection grade resin) polyphenyl ene Anorphous thernopl astic Sol vay

Uten(r) L98Q,fakyet herimde (PElI) Anorphous thernopl aglirfsS$aomns7990
Pl astics Ketron(r) 1000 poyet heret her ket one

of the integrating sphere orthoganol to the source. Reflectance values are relative to a

100% reflective standard. See the attached figures.

[00043} Due to difficulty in machining an optical quality surface, Ertalyle® PET
(polyethylene terephthalate polyester} was excluded from further testing and % reflectance
was not measured for this polymer. % reflectance of UV light was determined for
Tecamax® SRP-120 (polyphenylene), Ultem® 1000 (polyetherimide}, Ketron® 1000
(polyetheretherketone), Techtron® PPS (polyphenylene sulfide), Vespel® SP-1 (aromatic
polyimide}, Ertalyte® PET-P (polyethylene terephthalate polyester) and Vespel® TP
(polyimide} at a UV wavelength of 200 to 500 nm. Only Tecamax® SRP-120
(polyphenylene) and Vespel® SP (aromatic polyimide) displayed acceptable amounts of
non-reflectance. Polymers containing polyetherimide (Ultem® 1000), polyethylene
terephthalate polyester (Ertalyte® PET-P) and polyetheretherketone (Ketron® 1000), and
polyphenylene sulfide (Techtron® PPS) were excluded due to their high reflectance of UV
light between the ranges of 200 to 500 nm. Lens molds were cast with Ultem® 1000
(polyetherimide) and Radel® R-5000 (polyphenylsulfone) polymers; however, the mold

surface was severely damaged after casting a few lenses.

% Reflectance of Polyphenylene Polymers

[00044] FIG. 3 shows the % reflectance spectra for a natural (NT) or an artificially
blackened (BK) polyphenylene polymers. The polyphenylene polymers tested were
PRIMOSPIRE® (PR)-250 NT-machine, PRIMOSPIRE® (PR)-250 NT-molded, or
PRIMOSPIRE® (PR)-120 BK machine. PR-120 is an extrudable grade polyphenylene
polymer with a high molecuiar weight. PR-250 is an injection moldable grade polymer
with a lower molecular weight than PR-120. Results demonstrated relatively little
difference exists between the % reflectance of machined PR-250 NT, the molded PR-250
NT, and the machined PR-120 BK polyphenylene. PR-12( BK polypehnylene showed a
slight increase in the % reflectance between the ranges of 225 to 360 nm UV wavelength
when compared to either PR-250 NT machine or PR-250 NT molded. In summary, the
reflectance of the polyphenylene did not depend on the molecular weight or color of the

polyphenylene.
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(PEEK) Sem - crystalline thernoplastic Victrex Techtron(r) PPS
pol yphenyl ene sul fide (PPS) Sem - crystalline thernoplastic Quadrant

Vespel (r) v%"zémﬂﬁﬂsi’i m de (Pl) Thernoset DuPont Ertal yt @chuskfedndiess

[00045] The % reflectance for Vespel® TP and machined Vespel® TP (Vespel TP-
machine), which are polyimides, was tested. Each displayed less than 8% reflectance of
UV light at a wavelength from 250 nm to 500 nm.

% Transmittance

[00046]) FIG. 4 shows the % transmittance of PRIMOSPIRE® PR-250-machine,
PRIMOSPIRE® PR-250-molded, Vespel® TP machine, and Vespel® TP. Relatively
little % transmittance of UV light was observed between in any of the machined or molded

polymers between a UV wavelength of 250 nm to 450 nm.

Chemical Resistance

[06047] Chemical resistance of Tecamax SRP-120 (polyphenylene) and Vespel®
SP-1 (aromatic polyimide) was tested. One inch discs of Tecamax® SRP-120

(polyphenylene) and Vespel® SP-1 (aromatic polyimide) were soaked in a lens-forming
formulation composed of 24% by weight DMA for three days. No surface damage was

observed.

Lens Quality
[00048] FIGS. 5A and 5B show lenses cast in poly(methyl methacrylate) (PMMA)

molds. Lens cast in the PMMA molds displayed an unacceptable surface quality and
crazing lines at the lens edge. In the worst cases, crazing lines were found across the
entire lens surface (e.g., see upper left corner of FIG. 5B). Line crazing of these lenses
was due to poor chemical resistance of the mold to solvents such as ethanol, DMA, TPA,
and propanol. FIG. 5C shows lenses cast in either polyphenylene molds or aromatic
polyimide molds using a lens-forming formulation composed of 24% by weight DMA.
The lenses displayed no surface damage such as crazing as seen in lenses made with the

PMMA mold.

[00049] Throughout this application, various publications are referenced. The
disclosures of these publications in their entireties are hereby incorporated by reference
into this application in order to more fully describe the compounds, compositions and

methods described herein.
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pol yet hyl ene terephthal ate pol yester (PET-P) Sem - crystalline

t hernopl astic Quadrant % Refl ectance of Polynmers [00042]FI G 2 shows
a graph ORN %§8hsAeL ance of nachine polished surfaces @brARYRS@d7990
pol ymers. e x-axis displays the wavel ength of UV Iight between the
ranges of 200 and 500 nm and the y-axis displays the % refl ectance
of each polyner tested relative to a 100% refl ective standard. Al
measurenments were obtained using a Carry 3E UV spectrophotoneter. The
spectrophotoneter's source beamwas oriented orthoganol to the sanple

surface for [N ref I\eeipusTaedifgations apd eiptiang pande made todhs emngkndsesi des

in the bott QEp&ftichddintiiRas ddstiad ﬁ@aﬁreth@;ras Q%‘Pﬂl’ec&rﬁ duhigs, sour ce.
Ref | ect ance vaFues are relative to a 100% refl ective s andard. See

t he att achedompejiticasandmytipdsiestiied Ber%w pal b Apparent fromeronsideratign gihe
opti cal qUa'sbéc}ﬁcﬁthfaﬁ@EnactEEBﬁﬂhyLﬁﬁﬂohnf&ﬁmﬁ:@é?ﬂidﬁ@ﬁﬁ&ﬁh&ﬁ@sH@El@ﬁbh&@fhat e

pol yester) was, excluded fromfurther testing and Wbreflectance was
not measur ed! is tengdad that the spepification, and pxagples Ae eongiferes A9 SxgRRIENa s

determ ned for Tecamax(r) SRP-120 (pol yphenylene), Utem(r) 1000

(pol yetherim de), Ketone 1000 (pol yetheretherketone), Techtron(r) PPS
(pol yphenyl ene sul fide), Vespel(r) SP-1 (aromatic polyimde),
Ertalyte(r) PET-P (pol yethylene terephthal ate pol yester) and

Vespel (r) TP (polyimde) at a UV wavel ength of 200 to 500 nm Only
Tecamax(r) SRP-120 (pol yphenyl ene) and Vespel (r) SP (aronmatic
pol yi m de) displayed acceptabl e anmobunts of non-reflectance. Polyners
contai ning polyetherimde (Uten(r) 1000), polyethyl ene terephthal ate
pol yester (Ertalyte(r) PET-P) and pol yet heret herketone (Ketron(r)
1000), and pol yphenyl ene sul fide (Techtron(r) PPS) were excluded due
to their high reflectance of UV |ight between the ranges of 200 to
500 nm Lens nolds were cast with Uten(r) 1000 (polyetherim de) and
Radel (r) R-5000 (polyphenyl sul fone) polynmers; however, the nold
surface was severely danaged after casting a few | enses. %

Ref | ect ance of Pol yphenyl ene Pol yners [00044]FIG 3 shows the %

refl ectance spectra for a natural (NT) or an artificially
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bl ackened (BK) pol yphenyl ene pol ymers. The pol yphenyl ene pol yners
tested were PRLMOSPI RE(r) (PR)-250 NT-machine, PRI MOSPIRE(r) (PR)-250
NT- nol ded, or PRI MOSPIRE(r) (PR)-120 BK machine. PR-120 is an

ext rudabl e grade pol yphenyl ene pol ynmer with a high nol ecul ar wei ght.
PR-250 is an injection noldable grade polyner with a | ower nol ecul ar
wei ght than PR-120. Results denonstrated relatively little difference .
exi sts between the %reflectance of machi ned PR-250 NT, the nol ded
PR-250 NT, and the machi ned PR-120 BK pol yphenyl ene. PR-120 BK

pol ypehny| ene showed a slight increase in the %reflectance between
the rangdsl@8P$225 t o 360 nm UV wavel engt h when conpared to either

PR- 250 NT machi ne or PR-250 NT nolded. In summary, the reflectance of
t he pol yphenyl ene did not depend on the nol ecul ar wei ght or col or of

t he pol yphenyl ene. WO 2010/ 080384PCT/ US2009/ 067990 [ 00045] The %

refl ectankce fdydeyisgsd) for progpcingan opjihalmicdenyceparizipg 2 molqd hadSiged) TP-
machi ne), whi : Lid : L %ﬁﬁﬁn han
8% reflect ancgg% ﬁ%%/[pﬁé%hjtguat é%%l\?]erf@?lgt l%ajrﬁg(% ig(k)ﬁﬁ!rjn@%gﬂg 0 nrr%r %
Tr ansmi t t ance cp@pdsiag F Gomaticpdyisnidd e pebyphemylent.tar asombightion thereof,

PRI MOSPI RE(r) _PR- 250- machi.ne, . PRI MOSP| RE(r)_ PR- 250- nol (%)
TP machi ne, a &ICVéns%% ﬁatl?ﬁplyﬁélldg'g? %‘%%g fglpf{t)lug' ‘g/?%urql%ﬁg%%? gég@gﬁgfﬁw
i ght was obserued between in any of the machi ned or nol ded pol yners
bet ween a UV wavel ength of 250 nmto 450 am Cheni cal Resistance

[ 00047] Chemi cal resistance of Tecamax SRP-120 (gol yphenyl ene) and
Vespel (r) SP-1 (aromatic polyimdg) wa$ tested. {One inch discs of
Tecamax(r) SRP-120 (pol yphenyl en and h@spel(r) SP-1 (aronmatic

polyi mi de) were soaked in a §ens-gorm formul gti on conposed of 24%

by wei ght DVA for three daysj §hwqébe danagf was observed. Lens
Quality [00048] FI GS. 5A an 7

Qbo Rienzg@“ﬁé Th pol y( et hyl
nmet hacryl ate) (PVMMA) nol ds. Lens(gggf\t t he PWWA nol ds di spl ayed an

unaccept abl e surface quality| and |graziflg lines dt the |l ens edge. In
the worst cases, crazing lines m%{e fogpd acrosy the entire | ens
surface (e.qg., see upper |efft corner oY FIG 5B){. Line crazing of

t hese | enses was due to poorlchenical resistanced of the nold to

sol vents such as ethanol, DVA |PA, and propanol. FIG 5C shows

| enses cast in either pol yphenyl ene | ds or aromatic polyi m de nol ds
using a lens-form ng formul ati on conposed of 24% by wei ght .DMA. The
| enses displayefd n@ surface damage such as crazing as seen |{n | enses

vari ous
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WO 2010/ 080384PCT/ US2009/ 067990 [ 00050] Vari ous nodi fi cati ons and
variations can be made to the conpounds, conpositions and net hods
descri bed herein. O her aspects of the conpounds, conpositions and
nmet hods described herein will be apparent from consideration of the

. specification and practice of the conpounds, conpositions and nethods
di scl osed herein. It is intended that the specification and exanpl es
be considered as exenplary. dains 1. A device (1) for producing an
ophthalmc lens conprising a nold half (2, 3) defining an optical
surface, wherein the nold half 2, 3) is made;froma pol yner
conprising an aromatic polyimge, a@ol yphenyfene, or a conbination

t hereof, wherein the aromatic )olyijgde conpr|{ses repeat units
conprising the formula I, Il of Il S II1Il1 /L /Q NI2INR2 / CC
111 00 VRN
PR E— Rl N_RQ__

N/
|

O

o

oI

wherein R! is a substituted or unsubstituted aromatic ring, the four carbonyl groups
are attached directly to separate carbon atoms in the aromatic ring, and each pair of
carbonyl groups is attached to adjacent carbon atoms in the aromatic ring; and

R? comprises a second substituted or unsubstituted aromatic ring; and

wherein the polyphenylene comprises a plurality of residues comprising the

formula IV

R’)p

" TN N
ot

v

wherein R®, R7, and R® are, independently, hydrogen, a straight chain or branched
alkyl, aryl, alkaryl aralkyl, alkyl amide, aryl amide, alkyl ester. aryl ester, alkoxy,
polyalkeneoxy, polyphenylene oxide, polyvinyl chloride, polyalkylmethacrylate,
polyacrylonitrile, polyalkylvinyl ether, polyvinyl alcohol, polyvinyl acetate.
perfluoroalkyl, perfluoroalkoxy, polyester, polyamide, polyimide,
poly(phenoxyphenyl ketone), ether, sulfone, aryl ketone, alkyl ketone, or
heteroaryl; and o, p, and q are, independently, 0, 1, 2, or 3.
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1 01l /Q RNR2II ¢ O 1ll wherein RI is a substituted or
unsubstituted aromatic ring, the four carbonyl groups are attached
directly to separate carbon atons in the aromatic ring, and each pair
of carbonyl groups is attached to adjacent carbon atons in the
aromatic ring; and R2 conprises a second substituted or unsubstituted
aromatic ring; and wherein the pol yphenyl ene conprises a plurality of
resi dues conprising the formula IV RR6)0 |V wherein R6. R7, and R8
are, independently, hydrogen, a straight chain or branched aIkyI
aryl, alkaryl aralkyl, alkyl amde, ar am de, al kyl ester. ¥
ester, alXoxy Thedeyiat aicakeondy whewinthhe H@h@)sglshsélléf Lighs firy AP FIge ot 350 10
chloride poly, P% net hacryl ate, polyacrylonitrile, polyallcylvinyl
et her, polyvinyl "al' cohol, polyvinyl acetate, perfluoroalkyl,

per fl uor oal koxy, polyester, polyam de, polyimde, poly(phenoxyphenyl
ket one), ether, sulfone, aryl ketone, al kyl ketone, or heteroaryl;

and o, p and ’H)e%ewbe cl)tn c(ila?n%elr,] %%g}egry the ?)blyljﬂer gﬂbst%tia%ly prevents the reflection

and transmission of UV light from the device.

4. The device according to claim 1, wherein in formula IV each aromatic ring is

attached at the para position.

5. The device according to claim 1, wherein the polyphenylene comprises repeat units
comprising the formula V

R6

or the formula VI

RS R¢ R’




2. The device of claim1l, wherein the polynmer absorbs UV light in the
range of 250 to 400 nu. 3. The device of claim1l, wherein the polyner
substantially prevents the reflection and transm ssion of UV |ight
fromthe device. 4. The device according to claiml1l, wherein in
formula IV each aromatic ring is attached at the para position. 5.
The device according to claim1, wherein the pol yphenyl ene conprises
repeat units conprising the formula V V or the formula VI VI 6.
The device according to claim1l, wherein in formula | or D R

" conprises phenyl, naphthyl, anthracene, phenanthrene, or pyrene. 7.
The device according to claim1, whereinin formulal or In R2

g(r) r’rgr Igf ga%t 23 r#é}%:’ dg%ljy:qg aqqqgi%g&%ﬁ?ral}?w%gr%riln gr?nu a ICo]i Ihq{l %%Eapglselé% er%zrl,o up

naphthyl, anthracene, phenanthrene, or pyrene.

7. The device according to claim 1, wherein in formula I or III R’ comprises the

formula

O L
| an

wherein R? comprises a C; to Cys alkyl group or a group comprising the formula

R4
0 .~ S ' S0, , N = 1|> :
R4 0|
R* R* R4
“——S\i-—— . 0 Sli G , or 0 IL 0
L g

wherein R* and R” comprises, independently, an alkyl group or ary) group.

8. The device of claim 7, wherein in formula I or IIl R' comprises a phenyl group and

2 .
R” comprises
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-0- -S -502- -NR4 RAR4 0-Si---0- , or 125R511 wherein R4 and R5
conprises, independently, an alkyl group or aryl group. 8. The device
of claim7, wherein in formula | or IIl Rl conprises a phenyl group
and R2 conpri ses 9. The device of claim1l, wherein the nold half is
a female nold half (3) configured to forma cavity (6) for receiving
a lens formng material and to receive a male nold half (2). 10.The
device of claiml1l, wherein the nold half is a nmale nold half (2)
configured to be inserted into the cavity of a fenale nold half (3).
11. A nethod for producing an_agphthalmc |en onpri sing the steps of:

oLl ); orm ng
material; (b) applying a m (2) tot le nmold (3)
conprising the lens form ng gfial, where mal e nol d and
femal e nold are configured to receive each other and forma nold
cavity (6), wherein at |east one nold half (2, 3) is nade froma
pol yner conprising an aromatic polyimde, a polyphenylene, or a
conbi nat ign t Mae deficeadt dikthi Inedierein thaynobhielfGf a Cérailemold Half (3Donsigared

to form a cavity (6) for receiving a lens forming material and to receive a male

mold half (2).

10.  The device of claim 1, wherein the mold half is a male mold half (2) configured to

be inserted into the cavity of a femate mold half (3).

11. A method for producing an ophthalmic lens comprising the steps of:

(@) introducing a lens forming material into a female mold half (3) configured
to form a cavity (6) for receiving a lens forming material;

(b) applying a male mold (2) to the female mold (3) comprising the lens
forming material, wherein the male mold and female mold are configured
to receive each other and form a mold cavity (6), wherein at least one mold
half (2, 3) is made from a polymer comprising an aromatic polyimide, a
polyphenylene, or a combination thereof as defined in any one of clajfns 1
to 10; and

(c) exposing the lens forming material to energy (5) in order to crosslink the

lens forming material and produce the lens.

12.  The method of claim 11, wherein the female mold half (3) is made from a polymer
comprising an aromatic polyimide, a polyphenylene, or a combination thereof as

defined in any one of claims 1 to 10.

13.  The method of claim 11, wherein both the female mold half (3) and the male mold

half (2) are, independently, made from a polymer comprising an aromatic
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(c) exposing the lens formng nmaterial to energy (5) in order to
crosslink the lens formng material and produce the |lens. 12. The

nmet hod of claim 11, wherein the female nold half (3) is nade froma
pol ymer conprising an aromatic polyi mde, a polyphenylene, or a

conbi nation thereof as defined in any one of clainms Ito 10. 13. The
met hod of claim 11, wherein both the female nold half (3) and the

mal e nold half (2) are, independently, nade froma polynmer conprising
an aromatic polyimde, a pol yphenyl ene, or a conbination thereof as
defined in any one of cl ains to 10. 14.The net.ho f claiml11l
wherein step @&V ’E@ﬁp"r?‘gﬁé}'cpﬂf’%f”a‘i ‘Fcf'i‘@)b"ﬂar‘i’é’” %fo‘ﬁ)g‘?'ﬁ) § PSR with
W light in the;hangei®f 250 to 400 nmfor a suffici ent time in order
to crosslink the lens formng naterial and produce the |ens.

14.  The method of claim 11, wherein step (c) comprises irradiating the lens forming
material with UV light in the range of 250 to 400 nm for a sufficient time in order

to crosslink the lens forming material and produce the lens.
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