REUSABLE LENS MOLDS AND METHODS OF USE THEREOF BACKGROUND [ 0001] To produce
a contact lens, a predeterm ned anount of flowable starting material is

i nt r oducewoi2ntomstise femal e nold half. The nold is then ekwamsdodowsappl yi ng
the male nold half. The subsequent pol ynerization or crosslinking of the
starting material is effected by irradiation with UV [ight, by thermal
action, or by another, non-thermal nethod, wherein the starting material in
the mold cavity REUSABLE EENSCMOLONOANDIMEFHODSOF USH THRREOPf nol d
systens are used to produce ophthal mc | enses such as contact |enses. The
first involves the use of plastic nolds produced by injection nolding. The
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the nmold surface ultimtely c ronm ses the optical quality of the |ens
produced ft W%gﬁ%é‘ﬂthémom?ﬁ%&f“] ‘arssh astic mol ds are general |y not
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gl ass or quaidntactRhdds. ThefirstiavdvedXitealst 8fflastic molds produced by injection
molding. The materials currently used to make the plastic molds include polypropylene,
polymethylmethacylate, polyacrylonitirile, ethylene vinyl alcohol copolymer, and
polyvinylidene chloride. These materials have limited chemical resistance. The starting
materials used to produce the lenses can be particularly harsh and damage the surface of
the mold. For example, polymethylmethacylate (PMMA) has poor chemical resistance
and cannot withstand the aggressive solvents used in silicon hydrogel (SiHy) formulations
typically used in the formation of contact lenses. Damage of the mold surface ultimately
compromises the optical quality of the lens produced from the damaged mold. Thus, the
plastic molds are generally not reusable, which presents significant economic

disadvantages when manufacturing the lenses.

[0003] The second approach involves the use of glass or quartz molds that have excellent
UV transmission and glass absorbing properties. Although this is a viable approach for
the production of contact lenses, there are limitations. Both quartz (male mold half) and
glass (female mold half) are manufactured by casting, which is very expensive and
requires long lead times. Therefore, the use of glass and quartz molds is extremely cost

prohibitive and time consuming.

[0004] It would be desirable to have plastic molds that are chemically resistant to
formulations typically used in the manufacturing of contact lenses. Thus, the molds would
be reusable and not have to be discarded after immediate use. In addition to being
chemically resistant to certain reagents and starting materials, the material used to produce

the mold should be readily machineable in order to produce mold surfaces with optical

1



UV transm ssion and gl ass absorbing properties. Although this is a viable
approach for the production of contact |enses, there are limtations. Both
quartz (msbeorpisadshal f) and gl ass (fermal e nold hal f) areCwarsadans1ped by
casting, which is very expensive and requires long |ead tines. Therefore,
the use of glass and quartz nolds is extrenely cost prohibitive and tine
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the nold effectively absorbs WV |ight yet reflects and transmts little to
no W energy. Finally, it would be SEMMARIYe that nolds be relatively

i nexpensi ve to manufacture conpared to nolds made from quartz or gl ass.
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Descri bed herein, ar evices fo oduci ng oph mc .lenses including at
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producing ophthalmic lenses using the devices described herein. The ophthalmic lenses
produced with the devices described herein exhibit excellent optical properties when
compared to lenses produced from conventions molds. The advantages described below
will be realized and attained by means of the elements and combinations particularly
pointed out in the appended claims. It is to be understood that both the foregoing general
description and the following detailed description are exemplary and explanatory only and

are not restrictive.
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.
[0008] 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.

[00010] Figure 4 shows the % transmittance of UV light for polyphenylene and

aromatic polyimide polymers.
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[00013]

In this specification and in the claims that follow, reference will be made to

a number of terms that shall be defined to have the following meanings:

[00014]

It must be noted that, as used in the specification and the appended claims,

the singular forms “a,” “an” and “the” include plural referents unless the context clearly

dictates otherwise. Thus, for example, reference to “a polymer” includes mixtures of two

or more such polymers, and the like.

[00015]

“Optional” or “optionally” means that the subsequently described event or

circumstance can or cannot occur, and that the description includes instances where the

event or circumstance occurs and instances where it does not.

[00016]

The term “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 “alkyl group” as used herein is a branched or unbranched

saturated hydrocarbon group of 1 to 25 carbon atoms, such as methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, #-butyl, pentyl, hexyl, heptyl, octyl, decyl, tetradecyl,



[ 00012] Before the present conpounds, conpositions, and/or nethods are

di scl osed and described, it is to be understood that the aspects described
bel ow ar ewoapidasnisted t o specific conpounds, synthetic meThisd@9/oeT9USES as
such may, of course, vary. It is also to be understood that the term nol ogy
used herein is for the purpose of describing particular aspects only and is
not |ntended tQ be limting 0013b@In this specification and in the
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use of these polymers provides numerous advantages, which will be discussed in greater

detail below.

[00020] The polyphenylene and aromatic polyimide can be a thermoset resin. For
example, the device can be prepared by introducing curable prepolymers of the
polyphenylene or aromatic polyimide into a mold followed by the application of heat to
produce the polymer. Alternatively, the polyphenylene or aromatic polyimide can be a

thermoplastic polymer.

[00021] 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 formula IV
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one or nore groups including, but not limted to, alkyl, alkynyl, alkenyl,
aryl, halide, nitro, amno, ester, ketone, aldehyde, hydroxy, carboxylic
aci d, or wbkomyso3sd0017] The term "al kyl group” as usedPOEMS2009/067990
branched or unbranched saturated hydrocarbon group of 1 to 25 carbon atons,
such as net hyl, et hyI w-propyl, isopropyl, wbutyl, isobutyl, f-butyl,
pentyl, hexyl, heptyl, octyl, decyl tetradecyl hexadecyl ei cosyl
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ni trogen at tic group.
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conbi nati on (f e afemale nold hal f may be

conposed of th ggqéd]? f@%twfpﬁﬁ 'Ehe use of t hese pol yners provides

NUMer ous ad\ié’h Yi*scussed in greater detail bel ow.
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For exanpl €} Lce Chn pare I ntroducl ng e prepol ymers
of the pol yghery ere Bhusanhemmauc gmohps crarmbeorrthrt oesy, nnpatatmd:alcbmﬂadr WBach he
application roduce ter{%aotni vel

h
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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

R6

R7

v

where RS 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.
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VI

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




where R6 and R7 are defined above. In the case when R6 and R7 are not
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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 I1I 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:

O=T >
| a2



groups is attached to adjacent carbon atons in the aromatic ring;, and R2
conpri ses a second substituted or unsubstituted aromatic ring. [00026] In
yet anot hwo 20886384 t he aromati c pol yi m de conpri ses repeaUSA0M067%96 t he
formula Il I1l where RL is a substituted or unsubstituted aromatic ring
where four carbonyl groups are attached directly to separate carbon atons
inthe arongfic ri n% and each pair of carbonyl ﬁgroups is attached to

adj acent t oRalfflHdss Bt 1 dQ L BEHYASOHR OF hereprehayingrihg formylang, and R2 conprises a
second substituted or unsubstituted aromatic ring. [00027] Th4e aromatic
rings of RL and R2 in fornulae | and Il can be independentlty fused or

| i nked. I n one aspect, RL may conprise phenyl, naphthyl, anthracene,
phenant hr ene, pyr@me;~ or —vari-ous otherSOused rimg-Nhent ca—sSP+uet ures. In
addition, R2 can be |inked and fused aronatic grou;i)s, i ncl ud”ng, but not
limted to, any of the followng: orR> 3 includes p4C to C2xhal kyl group or
a group having the formula R4 -o- -SO, -N -PRA ORA RA R4 -Si- -OS O or

-0- -o0- R? R R

F-S

Si ) oO—Si—Q—— , or 0] 1|) 0]
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R* and R’ include, independently, an alkyl group or an aryl group.

[00028] In one aspect, referring to formulae I and III, R' is a pheny! group and R? is
[00029] In another aspect, the aromatic polyimide comprises the repeat units having

the formula II

oS oNe!

I

[00030] An example of an aromatic polyimide having the formula II includes
polymers sold under the tradename VESPEL® manufactured by DuPont. Examples
include VESPEL® SP1, SP-21, SP-22, SP-211, or SP-3. In another aspect, the aromatic
polyimides disclosed in U.S. Publication Nos. 2006/0271135 and 2007/0222108, which

are incorporated by reference, can be used herein.



R5 R5 O R4 and R5 include, independently, an al kyl group or an aryl group.
[ 00028] In one aspect, referring to fornulae I and Ill, RL is a phenyl
group andwB20im08pB@029] | n anot her aspect, the aromati c Ppolus2emderIgsonpri ses
the repeat units having the forrmula Il Il [00030] An exanple of an aromatic
pol yi m de having the formula Il includes polyners sold under the tradenane
VESPEL(r) manpuf actured by DuPont. Exanples include VESPEL(r) SPlI, SP-21,
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I sopr opanol g ropanolMpl c‘a\)h used to make contact [enses can
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molds. Thus, the polymers permit the molds to be reused numerous times, which provides

significant economic advantages with respect to the production of ophthalmic lenses.

[00032] In addition to the properties discussed above, the molds produced from
polyphenylene or an aromatic polyimide generally absorb UV light in 250 to 400 nm
wavelength range. As will be discussed below, the production of ophthalmic lenses
involves curing a mixture of monomers and/or prepolymers in order to produce the final
lens. Energy such as, for example, UV light can be applied to the mold to cure the
mixture. Thus, it is desirable that the material used to make the mold absorb UV light. In
addition to absorbing UV light, the polymers substantially prevent the reflection and
transmission of UV light. The term “substantially prevents” with respect to reflectance
and transmittance is defined herein as less than 10%, less than 8%, less than 6%, less than
4%, less than 2%, or 0% of the UV light that is reflected and transmitted within a range of
200 to 450 nm by the polymer. By reducing the reflectance and transmittance of UV light
during curing, it is possible to achieve the correct lens geometry during curing. As shown
in the Examples, the molecular weight of the polymer nor the addition of dyes or color

blocks affects the reflectance or transmittance of UV light by the polymer.

[00033] The molds described herein 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

9
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final |ens t he

mold to Cureo%?ﬁfg@kn)ﬁ(?ﬁt?g@ﬁonaﬁ B&lsﬁ?ﬁg%b Seehsl%g{)? g&{tsﬁgté t Osragfé élrn?cg i'H)gsed to

make the noledtradsd dntoa varigty gﬁﬂhapels andydicicnsions followed by lcmirrg;fo produpgthe moihe

pol ynmers su ' r I LG | i ght.
qg%@@ttdsﬁé }ts%’ RS bterb?ocﬁ?c{g'i bS'(‘I@E %{Bgdlli'n%?\nc% p§essgl8£' m dimLév 9

The term "substant y prevents' | ectance

transmttan 3 def i pg ess than
6% | ess thjﬁ)dﬂa | ess qﬂﬂgﬁ@% c%?cr%?ﬁ ?rLIF %’3: %%Q{ llnd)ﬁfd%f ({rl?gt% Bhtgdf?rné | ected and
transmi tt ed lenis¢shilmore aspgrysheoheth@Dinvgdves50 nm by t he pol ymer. By reducing the

reflectance and transmttance of W light during curing, it is possible to
achi eve t he (@or r strodicéngsa lgevlenning n@tcrlhlrigw@dcmaig molghadfeonfigired torfernExanpl es,

th I I I ddi t f d I

blogczts) g?:‘;eg[ s:lv'zh% f@lreéeiw agleor Emlgg ??Iaﬁcel o:‘ OnUVOI | g%?sbgrtﬁg B(r)l yner.
0033] T k

o the art @) PnRES Bl mnf%d At L

addr essed i n EP- Aher0d@h&hale arvdd Au8 fetasle rrfdd::l ardcdnﬁgﬁreﬁ Plrectieeack athbd angs  of

whi ch are incorpgrated nce, pects. t he | ds descri bed
herein can be deglnﬁﬁe"aOlgéaV'Wa‘?'ﬁe{ﬂgﬁt lﬁ%?vgnedn?rgﬁ@? adse froim & palymer

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 permeate UV light

include, but are not limited to, quartz, glass, or a combination thereof. In one aspect, the
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as described in U S Patent Nos. 6,800,225 and 6,821, 108. In certain
aspects, a thernoplastic polyner such as a pol yphenyl ene can be nachined to
produce awoubu)/msh3sanydesired shape or size. In the casePofi/ysetoppbmnyl ene,
optically snooth surfaces can be obtained w thout additional polishing
steps. In other aspects, the thernoset resin can be extruded into a variety
of shapes and di L.oNns foléjo d by curing to produce the nold. In other
aspects, th®&? 0@3 Eaj IS GRMPISE g&aatwliﬂ}ﬁg@pmﬁom@pq{@ BY lightngnddbsi on

mol di ng. [ ORG3%]mdie BalPBIcImpPadel 86a ﬂﬂﬁﬂkﬁﬁ%, Aedr6inBiAofyikadR! &la I N produci ng
opht hal m c Imfes,. In one aspect, the method involves: (aj introducing a

| ens formi ngP"HERPR Erecht 0 a fermml e nold hal f configured to forma cavity
for recei Viﬂ)ﬁ |l ens _formng material ; fb) applying a male nold to the
femal e ol d %f?ﬁri si WyOefespestisbathymeldhalveeasrbe snade Jieay apalynhieylenst @ nol d and

femal e ol daram@iCNfime! §h dombiRGSH HiEreSRTN A fBdct, 3MPusk OF gﬁp&nm flogavi ty,
wherein at |east one nold half is nade froma polynmer conprising an
aromatic potoinesedeol quargarr glssemgiddnrot resgpired. chigdoupled with thecaesdliat matds ( c)
exposing t ' (o] 2 ' ] r Lnk the |lens
form ng m?%ﬂpglg&a%gtbgpryg%ggghfﬁga{ogﬁg? S{’S‘Eﬁ%‘%ﬁ%ﬁ&gﬁéﬁ%ﬁgﬁf %g%ce for
manuf act ur i Mgkea theawnldscal thespresenisinyrytiome very attreetvewplich foathepsoddetimrdfbed her ei n
i s depi ctedoed'h afhiGlendes. Referring to FIG 1, the device 1 conprises a nmale
nold 2, a female no 3, and an energy source 4 that directs energy 5 to

thormal - enele®] o qou RS el he i eRIH AR S EPhualat I De, can
receive a | \eiﬂgsupgtﬁqriopg'cal 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. SA). 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. S5C 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 deviations
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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material. The male nold half 2 is configured to be inserted into the
concavity of the female nold half 3 and produce a nold cavity 6. Upon

appl i cat iwo 20fo/8msagy to device 1, the | ens-form ng mat ecraiS2exne®9e n t he
nold cavity, and the contact lens is ultinmately produced. [00036] Dependi ng
upon the energy source, one or both nold halves can be produced by an

aromati c pol yi m de and/ or pol yphenyl ene. I n one aspect, one of the nold
hal ves is rRSBEFNTRERRS, é‘eﬁﬁdéﬂvslﬂs’tsﬂlé{?mr“éé‘ﬂ'ieﬁ \JeTRPEARIUTER tPREesETe A o8E es LV

energy in tRgbRRgBesthd 28Riitdhs HAPcanrPe usdado b&ﬁn&& h@rpraaah%uh%y dndiyfelgONpOsed
of a pol yphenyl ene and/ or an aromatic polyi m de. | es of naterlals t hat
can tr ans m qbtmedﬁm&ati@%wd| Aregess. | Qdy @a@nahjmndarpétlwmrmn@é@n #dll byyuar t z,

gl ass, RkdSinR%k LBEESeEss cddaitRne aspect, themale nold half is
conposed of nate@%a %%tﬁtrgﬁgé?%s or perneates UV light, and the fenale

mol d hal f 'Fh ?ﬁgtgﬁﬂ@m) hﬁne an aromatic polyimde, or a
conbi nati on t ereo 00037 I'n other aspects, both nold hal ves can be made

froma pol ypheiy! eneTatﬁ@lﬁEt@H%érﬁus%?&ll)Xﬁéﬂ HRich %re%wmble%ﬂm@ereof- In
this aspect, the use of expensive nol'ds conposed of quartz or glass nold is
not requi r eusatiinimpldlalysse dhese palymees wezeexcluded duedp ursatigfagiosed of a

pol yphenyl o) I makes
Phe” ol b o gabift QR AR ket SbeoliioR PR DAl Bro S ANA
producti on Hbleopht hal mi ¢ | enses. [00038] The nol ds descri bed herein result
in the production of ophthalmc |lenses with superior optical quality and
little to no defects. For exanple, |&AB&E Icast in

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
PolyBenzlmidazole change arising from

Celazde™ (PBI) PBI H,0 pickup.
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quality and crazing lines at the lens edge (FIG 5A).

met hacryl ate) (PMVA) nol ds di spl ayed an unacceptabl e surface

In the worst cases,

crazi ng Iwoesiwvesnis4f ound across the entire | ens surfacePCeUs20099e®oUpper
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exposure to the fornulation for extended period of tinme (~5 mn),
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hei PolymeEnt i o

CT 1 bed and ctai med
be purely exenpla
/ent or gGlraltf‘nr d_as
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C ahigthplabtey .

ated,—and—are
limt the sc
ien
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Unl 8glvay ndi C
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etc.)
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wei ght, tenpe
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Darfesarid@® SRP130 Dy
and presisure is
and conbigaati ons o
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pspheric. TH
di ti ons,

e.d.

OC or 1s at
ere are nuner

anbi ent
ous

FUI’GS,

ncaniniBpite@PRr-1d@si | ed sol vents, sol vent nixtu}es, t enmper g
NdeRtSAGHIe grade resin)
or
Primospire® PR-250 Amorphous
(injection grade resin) polyphenylene thermoplastic Solvay
Polyetherimide Amorphous
Ultem® 1000 (PED) thermoplastic GE Plastics
Semi-
poyetheretherketone crystalline
Ketron® 1000 (PEEK) thermoplastic Victrex
Semi-
polyphenylene crystalline
Techtron® PPS sulfide (PPS) thermoplastic Quadrant
Vespel® SP-1 polyimide (PI) Thermoset DuPont
polyethylene Semi-
terephthalate crystalline
Ertalyte® PET-P polyester (PET-P) | thermoplastic 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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reaction ranges and conditions that can be used to optim ze the product
purity and yield obtained fromthe described process. Only reasonabl e and
routi ne ewpeniomsoisati on will be required to optinm ze SuCRTAISOWRHE7990
conditions. Polynmers not Suitable for Making Molds [00041)] Table 1 lists
nuner ous pol yners which were not suitable for nmaking reusable nold hal ves.
These poly éﬁ wer e excluded due to unsatisfactory machineability,

dur abi | i ty, o'dhe inseeating sphrrcqsihgeanghto tre sopiser Reflsstentravaluss afedelgtivatpded wi t hi n

Table 1. TARige; fefledtineBiafiddiR Ve dhL el d3liRs.Chem cal Resi stance [00041]
Table 2 lists a nunber of polyners which displayed good chem cal resistance

to DVA (N, Njoogdayet hylm@rtcyamuﬂ?)n ma_cfl‘lﬁﬁ% mpﬁeahﬁalwmfaw@da@n@ PﬁTed for

adequate % refl ectance, absorption %transm ttance of i ght. TABLE

2 % Refl ect @ﬁb@th&knmwh@al@temb@%ﬂ was exclugeds figipdurthey testing ap %/6°tﬂé¢tﬁll¥§t ance
of machi ne RAl et hﬁﬁ'su?édrffnatﬁﬁ%o%eﬁ 8L fctaRQd TR ﬁgmm‘g déteﬁﬁshéd ff spl ays the

wavel engt h of ggt bet ween the ranges of 500 nm and the y-axis
di spl ays t h“éeWPt@fs tléﬁéwlme@ém) &Blemﬁkooﬂémlmqumléﬁ)i Keiron® 0900%
reflective w
Spect r ophot edaetiiglohe TRATHEREFES SrolEh ek A, Yewllh Sp Filtbhad

ort hoganol payithde).Jatahite® BET Pepelyétbylensaeiephtidlite polaenter) amddV aspa®<IH t t ance.

The det ect O(pﬁgfrﬁldg)tﬁ IIR’ &'gf/‘ lé?l to?%(; totgbﬁ blgt(?ngg; gééaﬁgxé%lﬁ?{ﬁoort hoganol to

t he source afce Vv arérela
(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 molecular 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-120 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.

14



100% refl ective standard. See the attached figures. [00043] Due to
difficulty in machining an optical quality surface, Ertalyle(r) PET

(pol yet hywerelwmsnispht hal at e pol yester) was excl uded fromcrarseévensctoest i ng
and % refl ectance was not neasured for this polynmer. %reflectance of W
light was determ ned for Tecamax(r) SRP-120 (polyphenylene), Uten(r) 1000
(pol yetherimde), Ketron(r) 1000 (pol yetheretherketone), Techtron(r) PPS
(pol yphenyl ene sul fide), Vespel(r) SP-I (aromatic polyimde), Ertalyte(r)

PET- P ol ene r epht hal at ol yester) and Vespel (r) TP ol yi m de
at a US/pwazﬁﬁtOE#ét h oﬁﬁ%’eﬁlsctwe?%ﬁ{w{&iw P‘F)é‘?:ﬁﬁﬂﬁ'ch)\?%m(ﬂﬁﬂpz@’ e(SPpel - )
(pol ypheny! maehinedehidfedr® Bblimids3PwhsA B Hah Hi9BIYYeTIES Inafl is%qleﬁydgzg.f%f;pept abl e

anounts of non-reflectance. Polyners containing polyetherim tem(r)
1000), pol yHtVHy%Pb%é wayelengih ﬁamaﬁgenwdpé%@rer (Ertal yte(r) PET-P) and

pol yet her et her ket one (Ketron(r) 1000), and pol yphenyl ene sul fide

(Techt ron(r%ﬁ@f”‘me excluded due to their high reflectance of UV |ight

bet ween the_r es of 200 to 500 nm Lens nolds were cast with Uten(r)
1000 (pol y ol i deFIGrikshrtaie (s amrstne: ¢ RATYIREHES AR 21kmaiitey o s

however, 1t hpRIVIHSPIRBRS BIES50VADIdRE WRSHI® TPANRURE, Al Vekpt@ ST Q1A viigW | enses.
% Ref |l ectance of Pol yphenyl ene Pol yner s qg00044’] FIG 3 shows the %

r ef | ect anceli@lpeiransmitigpeepT LAY lighiwag ppsprved betweeryiniany ef the machinedok arodded ( BK)

pol yphenyl e . | rs tested were
PRI MOSPI RE( é?ﬁ%%@%% VARG %gg'h G%PE'/%%BP%%W? (PR)-250 NT-nol ded, or

PRI MOSPI RE( @ perhiciDResis&hicBK Machine. PR- 120 is an extrudabl e grade
pol yphenyl ene

[00047] 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, IPA,
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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polymer with a high nolecular weight. PR-250 is an injection noldabl e grade
polymer with a | ower nol ecular weight than PR-1 20. Results denonstrated
rel ati velwol2ntordsessdi f f erence exi sts between the % ref | eeCarusecovfsTvaehi ned
PR-250 NT, the nolded PR-250 NT, and the machi ned PR- 120 BK pol yphenyl ene.
PR- 120 BK pol ypehnyl ene showed a slight increase in the %reflectance

bet ween the ranges of 225 to 360 nm UV wavel ength when conpared to either
PR- 250 NT machi ne or PR-250 NT nolded. In sunmary, the reflectance of the
pol yphenyl ene di d not depend on the nol ecul ar wei ght or color of the

pol ypheny! @306 0045) arons rogl e e eac v s %Qﬁm%efft)o theompeupdic hi ned

Vespel (1) TRBnpYaaRfland ReBeld MBdribewhéeih. Tier Bedts BT HESomp@ndd, est ed. Each

di spl ayed |l ess than 8% refl ectance of UV |ight at a wavel ength from 250 nm
to 500 nm yrPPHtTiapd msthedy deseribst hereio, will be Repaeent fremappsideraiionof tce of

PRI MOSPI RE(¢)cifi&tigm Snd Bradtic0 6f thE B MdahldEdh fostrion Lad ah e disc¥sangleld. ) TP
machi ne, and Vespel (r) TP. Relatively little %transmttance of WV |ight
was obser veldishetended that the spsgificptionand gxamilesds considantdrsgxgroplonyer s bet ween a WV
wavel ength of 250 nmto 450 nm Chem cal Resistance [00047] Chem cal

resi stance of Tecamax SRP-120 (pol yphenyl ene) and Vespel (r) SP-1 (aromatic
polyi mde) was tested. One inch discs of Tecamax(r) SRP-120 (pol yphenyl ene)
and Vespel (r) SP-1 (aromatic polyinm de) were soaked in a | ens-form ng
formul ati on conposed of 24% by wei ght DVA for three days. No surface danmage
was
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observed. Lens Quality [00048] FIGS. 5A and 5B show | enses cast in

pol y(net hyl methacrylate) (PMVA) nolds. Lens cast in the PMVA nol ds

di spl ayedwearzouvmeisept abl e surface quality and crazi ng | PagaISae0906®90 ens
edge. In the worst cases, crazing |lines were found across the entire |ens
surface (e.g., see upper left corner of FIG 5B). Line crazing of these

| enses was due to poor chem cal resistance of the nold to solvents such as
et hanol , DiWhat jspRimedhig: pr opanol . FIG 5C shows | enses cast in either

pol yphenyl ene nolds or aromatic polyim de nolds using a |ens-form ng

f or mul at i oA confréiedee Br pegugingangnhfigimipigns corpprisingragaeld hplé definjrgiamo sur f ace
damage suc i Ik 1 d [ 00049]
Thr oughout %Fll?lclalsﬁlg%p%glt%?l&ﬁ@ﬁegr@%%g%%ﬁ%g? ?lgﬁr%ngyebﬁﬁe er gﬂrﬂolrglgg‘? The

di scl osur epolyimidh@pelyphdnyieoaitor anembinationdhereaddnt i reti es are hereby

i ncorporated by reference into this application in order to nore fully
descri be tRe cohsolenigs of dairpbvhereamtbe pelrmersabberbisUN dight indesrahger afi2A0 [00050]
Various nodpdjgations and variations can be nmade to the conpounds,
conpositions and net hods descri bed herein. Qther aspects of the conmpounds,
conpositi oRs an r i j

consi der at ?'on o?ht gaggg%l?i?f gzﬁt}?%ﬂ] tgﬁg(ﬂ @gﬁu#%%ﬁﬁyﬁﬁrﬁgé@%ﬁ&%ge&%@ﬁn

conposi t i oasd wandmissivhotigVdightfrosdw deeicei n. It is intended that the
specification and exanpl es be considered as exenplary. Wat is clainmed is:
1. A devi cé. f or Tirdsalige pfigJaianl, oyhiatefratheridevideansnbstantially somposad nbthel hal f

defi ni ng agolymer_

5. The device of claim 1, wherein the device is reusable.

6. The device of claim 1, wherein the polymer comprises a thermoplastic polymer or

a thermoset resin.

7. The device according to claim 1, wherein the polyphenylene comprises a plurality

of residues comprising the formula IV

(R, R")p (RYq T

NN S
12,

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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optical surface, wherein the nold half is nmade froma pol ynmer conprising an
aromati c polyimde, a polyphenylene, or a conbination thereof. 2. The

devi ce ofwol2aiomsdis4wherei n t he pol yner absorbs UV |i ght pcm/ush@9naryge of 250
to 400 nm 3. The device of claim1, wherein the polyner substantially
prevents the reflection and transm ssion of UV light fromthe device. 4.
The device of claim1, wherein the device is substantially conposed of the
pol ymer. 5.8.The Thedpvee astordingitorslaim wwhersimeacharometi¢ teg isgttached atidhepars.  The
device of clQjl, wherein the polymer conprises a thernoplastic polymer or
a thernoset resin. 7. The deV|ce accordlng to claim1l, wherein the

pol yphenyl ehe c Gk r &hgg la IV

| V wher ei ne@RG gf}ﬂ,pd t@&lhhﬁ)g‘&l ent &2?/%?%8@% lg%spgl?eéﬁ{rﬁghal n or
branched al doydpnsiagwe,fomhﬂaﬂyl aral kyl , al kyI am de, aryl anide, alkyl

ester, aryl ester, al koxy, gplyalkeneoxy, pol yphenyl ene oxi de, polyvinyl

chl oride, polyal kyl nethacryl[ate, pol yRrylonitrile,] polyal kyl vinyl ether,
pol yvi nyl al cohol, pol yvinyl per fl uoroal ky|l, perfl uoroal koxy,

pol yester, polyam de, polyim de (pheno-""--nyl ket one), et her,

sul fone, aryl ketone, alkyl and o, p, and q are,

10.  The device according to claim 7, wherein the polyphenylene comprises repeat units

comprising the formula VI

R6 R6 R7

VI
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i ndependently, 0, 1, 2, or 3.8. The device according to claim7, wherein
each aromatic ring is attached at the para position. 9. The device

accor di ngvoaoolmsdisu 7, wherei n the pol yphenyl ene conpri s@STASp@a061900 t S
conprising the formula V 10. The device according to claim7, wherein the
pol yphenyl ene conprises repeat units conprising the fornmula VI VI11l. The

devi ce accordin t$ plainhé, wher ei n Lhe romati ¢ polyjm de conprises
repeat unitlé coﬁ"b“r €Y|°R 3°%OFENg GCAim d- Vhereintherasematigpofydmide comprises (RPe} or
unsubst i t UlRikk RRPRBihE the'tbifila £ he 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. 12. The
device according to claim 11, (wherein R conprisges phenyl, naphthyl,

ant hracene, phenant hrene, or pyred®. 130 The device according to claim 11,
wherein R2 conprises the fornpla rei n||R3 conpriises a G to C25 al kyl
group or a group conprising the farmlacwherein R and R5 conpri ses,

i ndependently, an al kyl group or/éfylférbup. 1%. The device of claim 13,
wherein RL conprises a phenyT[ gV up o d comprises 15. The device of
claim1, wherein the aromatic po$yinid ctonprises repeat units conprising
the forrmula |1 || ”

0O O
L _

I

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.

12. The device according to claim 11, wherein R1 comprises phenyl, naphthyl,

anthracene, phenanthrene, or pyrene.

13. The device according to claim 11, wherein R? comprises the formula

= X

or

\ /T \/
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Il 16. The device of claim1, wherein the aromatic polyimde conprises
repeat units conprising the formula Il'l111l1 wherein RL is a substituted or
unsubst i twobedioznsodsat i ¢ ri ng, the four carbonyl groups areTat@cledi rect!ly
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
conpri ses a second sub§tituted or unsubstituted aromatic ring. 17. The
devi ce of cl ai mwherginB; e¢dmprishea GolodCahalky! granpar & graalpeomptisingithk formataf | gur ed
to forma cavity for receiving a lens formng material and to receive a
mal e nold hal f. 18. The device of claim1, wherein the noldalf is a male
nol d half configured to be inserted into the cavity of a female nold half.
19. A nmethod fer—@fretuci rg—ag—oepht hatwiso,-ens, corpNi-si-ng thepsteps of: (a)
introducing a lens formng material into a fenale | d half gonfigured to
forma cavity for receiving a lens formng materiags (b) applying a nale
nold to the female nold conprising the lens formng material, wherein the
mal e nold and femahe nold are cogfigured to receive each other and forma
nol d cavity, whereiin at | east on% nmold half is nade f&om a pol yner
conprising an arongiic polyimde,l a pol ypheny | ene, o* a conbi nation
t hereof; and (c¢) exposi ng TAEOTERS TE™ ng Matera—tB—energy-in order to
crosslink the |lens |
R5 R5 0
wherein R* and R® comprises, independently, an alkyl group or aryl group.

14.  The device of claim 13, wherein R' comprises a phenyl group and R? comprises

~

15.  The device of claim 1, wherein the aromatic polyimide comprises repeat units

comprising the formula II

—
0) 0
0] 0

—

II

16.  The device of claim 1, wherein the aromatic polyimide comprises repeat units

comprising the formula III
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formng material and produce the lens. 20. The nethod of claim 19, wherein
the female nold half is nmade froma pol yner conprising an aromatic

pol yi m dewoaopaisyshenyl ene, or a conbi nati on thereof. 21 PCThiS20mt0bdo of
claim 19, wherein both the female nold half and the male nold half are,

i ndependently, made froma pol ymer conprising an aromatic polyimde, a

pol yphenyl ene, or a conbi nation_thereof. 22. The nmethod of claim 19,
wherein the male nold half congrisespquartz of glass. 23. The nethod of
claim 19, wherein at |least one|nmold falf is perneable to UV light in the
range of 250 to 400 nm 24. Thg nethgd of clajm 19, wherein step (c)
conprises irradiating the |ens {formny g\naterl | wwth UV light in the range
of 250 to 400 nmfor a sufficigrtrii me ya—qf to crosslink the | ens
forming material and produce the | éns/ 25. The nethod of claim 19, wherein
step (c) conprises heating the |l ens f$orm ng terial for a sufficient tine
to crosslink the | ens formng Zateri | and prpduce the |l ens. 26. The net hod
of claim 19, wherein the fenal @ nol dOhalf is de froma pol ymer conpri sing
an aromatic polyimde, a polyphenyl ene, or a—Conbination thereof; the nale
nol d hal f conprises quartz; and step (i) conprises irradiating the |ens
formng material with UV light in the range of 250 to 400 nmfor a
sufficient ti d I produce
the lons 27 THerHER; G shffiafs uhbslinE WAy A o B aRoh Qe 0T ot
l ens. 28. An o;@mamchmchm@lygom@mﬁ;@cbonwmen the@pamatic ging candieaghl@ir of

carbony! groups is attached to adjacent carbon atoms in the aromatic ring; and

R? comprises a second substituted or unsubstituted aromatic ring.

17.  The device of claim 1, wherein the mold half is a female mold half configured to

form a cavity for receiving a lens forming material and to receive a male mold half.

18.  The device of claim 1, wherein the mold half is a male mold half configured to be

inserted into the cavity of a female mold half.
19. A method for producing an ophthalmic lens comprising the steps of:

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

form a cavity for receiving a lens forming material;

(b)  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.

20.  The method of claim 19, wherein the female mold half is made from a polymer

comprising an aromatic polyimide, a polyphenylene, or a combination thereof.
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29. The lens of claim 28, wherein the |lens conprises a contact |ens.

WO 2010/080384 PCT/US2009/067990

21. The method of claim 19, wherein both the female mold half and the male mold half
are, independently, made from a polymer comprising an aromatic polyimide, a

polyphenylene, or a combination thereof.
22.  The method of claim 19, wherein the male mold half comprises quartz or glass.

23. The method of claim 19, wherein at least one mold half is permeable to UV light in
the range of 250 to 400 nm.

24.  The method of claim 19, 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.

25.  The method of claim 19, wherein step (c) comprises heating the lens forming

material for a sufficient time to crosslink the lens forming material and produce the lens.

26.  The method of claim 19, wherein the female mold half is made from a polymer
comprising an aromatic polyimide, a polyphenylene, or a combination thereof; the male
mold half comprises quartz; and 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.
27.  The method of claim 19, wherein the lens comprises a contact lens.
28.  Anophthalmic lens produced by the process of claim 19.

29.  The lens of claim 28, wherein the lens comprises a contact lens.
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