WO 01/ 34683 PCT/ US00/ 30845 H GH REFRACTI VE | NDEX THERMOPLASTI C
POLYPHOSPHONATES Field of the Invention The present invention i% I rected
to nelt PiOBSIERIbl e, hi gh nol ecul ar wei ght polyphdsphonargguﬁg%ﬁﬁg a high
refractive index and nethods of preparing the same. 5 Background of the

I nventi on Pol ycarbonates are tough, rigid engineering thernoplastics. They
are nelt- processable and can. easily be forned into optical and ophthal mc
products by injection nolding, instead of nore tinme consum ng and ‘
expensi ve casting processes. There is increasing demand for high
refractive index materials for optical and opthal mc products. 10

Pol ycar bonat es, however, have only a limted refractive index. Thus, there
is a need for nelt processable materials which have high refractive

i ndi ces. Summary of the Invention The present invention provides high

L e
tenperatures and birefringerence than pol ycarbonates. These polynmers may

be used to formoptical or ophthal m c products, such as |enses.
Furthernore, the polynmers of the present invention can be transferred

directly frama reactor to a final nold for, for exanple, ophthalmc ,Ilens
producti M—QM%?&—F?I ' O8he econonic efficiency of the lens 20 '
manuf act uri ng procef préat MVEnRIIQdiBRE tdhek Pfoce&iuBIR] high nidlechldr®ielgd of

preparing the polyphosphonates of the present invention. W) 01/ 34683
PCT/ USO0/B0phesphonates having a high refractive index and methods of preparing the same.

5 Background of the Invention

Polycarbonates are tough, rigid engineering thermoplasticé. They are melt-
processable and can. easily be formed into optical and ophthalmic products by injection
molding, instead of more time consuming and expensive casting processes. There is
increasing demand for high refractive index materials for optical and opthalmic products.
10 Polycarbonates, however, have only a limited refractive index.

Thus, there is a need for melt processable materials which have high refractive

indices.

Summary of the Invention _
The present invention provides high molecular weight, film forming, high
15 refractive index, meit-processable polyphosphonates. These polymers typically have lower
melt processing temperatures and birefringerence than polycarbonates. These polymers may
be used to form optical or ophthalmic products, such as lenses. Furthermore, the polymers
of the present invention can be transferred directly from a reactor to a final mold for, for
example, ophthalmic lens production, increasing the economic efficiency of the lens
20 manufacturing process.
Another embodiment of the invention is a method of preparing the

- polyphosphonates of the present invention. -



-2- manufacturing process. Another enbodi nent of the invention is a nethod
of preparing the polyphosphonates of the present invention. Detail ed”
Descri pti OWO®1/34682 | nventi on and Preferred Enbodi ments 5 TRET{HISBUI/ES

i nvention enconpasses nelt-processabl e pjlosphonate honopol ymers or

copol ynmers conprising, consisting essentially of, or consisting of units of
t he formul g; -P-R-RFormula |l 14 R wherein R, R2, and R3
are indepe%a'ré‘#%?ngr%c ;s' at least one of R, R2, and R3is S; R4 is a 10
l i near or branched CAnéihenlembodmienClofCéhendhvemtiby|is phmethod cfipeeparing ik,

-tolyl, benzyl, _ biphenyl, or cyclohexyl; and R5 is -Ca H3 CCH3 15 H
po | |y - mp@%hosphonla es ort]%lhe present 1¥1vent1r(]>nf(y ! -

Detailed Description of the Invention and Preferred Embodiments

5 The present invention encompasses melt-processable phosphonate
homopolymers or copolymers comprising, consisting essentially of, or consisting of units of

the formula:

2

R—p—R3—R® Formula I

R4

wherein R!, R?, and R? are independently O or S; at least one of R, R, and R*is S; R*is a.

10 linear or branched C,-C, alkyl or C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl,
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Oua, O11 6 5 or any conbination of any of the foregoing. R and R3 are
preferably O Preferably, RZis S. Preferably, R4 is phen¥l. RS s
pref er abl yWOMB/3¢883 CH3 WD 01/ 34683 PCT/ US00/ 30845 CH3 - 5PCHUS00/30845, 3
CH3 CH3 or any conbination of any of thg foregoing. Another enbodi nent of
the present invention enconpasses nelt-processable 5 phosphonate

honmopol ynmers or copol yners conprising, consisting essentially of, or
consisting of units of the formul a: XA P-RS-R o Fornula Il RO
wherein R6, R7, and R8 are i ndepgfys XY S; RO is a linear or branched
C, -C4 alkyl or C - 10 C4 hal oal K hl or ophenyl, p-tolyl, benzyl,
bi phenyl, or cycl ohexyl; and R10 4683+ PCTI USO0/ 30845

O
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—O-

?

5 or any combination of any of the foregoing. R' and R® are preferably O. Preferably, R?is S.
Preferably, R* is phenyl. R’ is preferably

CHa,

OLO-

CHs



-6 or Ocx0- 0O P..6 Preferably, R6 and R8 are O The invention
further includes an optical or ophthalmc part, prefera 5
conpri siWQ,018483i st i ng essentially of, or consisting of b#%v@?dgﬁg%gssabl e
phosphonate honopol yners Qr copol ynets conpri i'_{;g units of the fornula:
~12 3_ 1 R11-P-R1L R 5 For 114 R wher R', R12, and R13

i ndependently are 0 or S; Rl .| iGhar eeranched C1-C4 alkyl or Cl1-C4
hal oal kyl, phenyl, chl or ophegj |, biphenyl, or cycl ohexyl;:
and R15 is 10 defined as™ R or ophthalmc part may al so
ng the nelt-processabl e
phosphonate polyners of fornila I11. p rs of the present invention
can be honopol yners or cof@flyners, including, Chligt not linmted to, random
copol ynmers and bl ock copolyners. A preferred copolyner conprises a first

unit having the formul a . .

or any combination of any of the foregoing.

Another embodiment of the present invention encompasses melt-processable

-5 phosphonate homopolymers or copolymers comprising, consisting essentially of, or consisting
| of units of the formula:
7
/ R6—p—R8—R10 Formula I
RQ

wherein R®, R, and R® are independently O or S; R’ is a linear or branched C,-C, alkyl or C,-
10 C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and RYis



WD 01134683 PCTI USOQ' 30845 -7- 17 R16_P _R18 R20 R19 where R16, R', and
R18 are independently O or S; R19 is phenyl; and R20 is . 44z CH3
and a secO¥QOU683 having the fornula 22 21 i _ 23 25 SP%S'B%‘SRZ4
where R2', R22, and R23 are-independentig O or S; 'R24 is phenyl; and R25 is
CH3 CH3 CH3 or CH3 CH3 CH3 The nunper average nol ecul ar weight of a
honmopol ynmer or copol yner of the 10 jpresent invention:is typically from
about 10,000 to about 60,000 g/ nol and preferably. from about 15,000 to
about 40,000 g/nol. Cenerally, thrm-polyrrers and copol yners have a
glass transition tenperature (Tg Ht er than or equal to about 120 C

Al so, these polyners typically have

or

Preferably, R® and R® are O. _ .
The invention further includes an optical or ophthalmic part, preferably alens,
5 comprising, consisting essentially of, or consisting of melt-processable phosphonate
homopolymers or copolymers comprising u11112ts of the formula:
RV'-p—R13-R"® Formula I
R4

- wherein R", R, and R" independently are O or S; R!* is a linear or branched C,-C, alkyl or

- C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and R" is

- 10 defined as R® above. The optical or ophthalmic part may also be a transparent or translucent
sheet comprising the melt-processable phosphonate polymers of formula III.

The polymers of the present invention can be homopolymers or copolymers,

including, but not limited to, random copolymers and block copolymers. A preferred

copolymer comprises a first unit having the formula



WD 01/ 34683 PCT/ US00/ 30845 -8 a refractive index ranging from about 1.58
to about 1.64. These polyners are typically processabl bout 75
to aboutW@dY3468 apove their glass transition tenperaturgrs&m%g&@
mel t - processabl e phosphonat e honopol yoers and copol ynmers of the present
i nvention nmay be prepared as describeﬂ,in Japanese Patent Publication No.
61- 5 261321. One nethod of pre ariﬁ these p9lyners is as follows. At
| east one phosphonic acid halifde E i ng the Porrml a RR7 R26 P-R28 Formul a
IV R29 whereR26 and R28 are - Eib @-R& ens; R27 is 0 or S; and R29
is alinear or branched C, 10\C4 aI|< | or Cl-/C4 hal oal kyl, phenyl,
chl or ophenyl, p-tolyl, benzyl, bipheR¥™, or c4clohexyl is reacted with one
or nore bisphenols to yield the phosphonate honopol yner or copol yner.
Preferred phosghoni c agsi d halides jnclude Bhe% Eho %g[p_ni c dichlori de,
phenyl  whersRioRohend R “dre indepandently R er nl "~ doResmih@rd R 0f any of t he
foregoi ng. The phosphonic acid halide may be dissolved by mxing it in a
sol vent, such as nethylene chloride, prior to reacting 15 the phosphoric
acid halide with the bi sphepo}= piiepartfg pol yners having units of the
formula | or Il above, R27 apf sphoni c acid halide are
defined .as R2 .and R4 or \ 0 peetively. Suitable
bi sphenol s include, but are n® imtg ; dr oqui none; resorcinol;
4, 4' - di hydr oxybi phenyl ; 4, 4' -cycl ohexy!? denedi phenol ; bi sphenol A; bi s(4-
20 hydroxyphenyl ) nmet hane; 2, 2-bi s(2-hydroxyphenyl ) propane; bis P,
4,4 -bis-S; 2,2'-bis-S; 2

and a second unit having the formula

22
5 . , R2'-p—R23-R25

R24
where R%, R%, and R® are independently O or S; R? is phenyl; and R% is
CHa CHs -
CHa
CHs
CHs CHs

The number average molecular weight of a ﬁomopolymer or copolymer of the

10 present invention is typically from about 10,000 to about 60,000 g/mol and preferably from
about 15,000 to about 40,000 g/mol.

Generally, these homopolymers and copolymers have a glass transition

temperature (Tg) greater than or equal to about 120° C. Also, these polymers typically have



hydr oxyphenyl - 4' hydrokyphenyl sulfonei di hydr oxydi phenyl et her;

bi s(4- hydr ox sul fide; bis(2-hydroxyphenyl) sulfi S00/30

di hydr oxy S¥ iﬁﬁﬁ@%one 1, 5- di hydr oxynapht hal ene; 2, 5-di hy {ggyngp t hal ene;
2,°2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) p#&pane; thiodithiophenol
phenolphthalein; 4, 4' - bi s(hydr oxyphenyl ) phenyl phosphi ne oxi de;

a,a -bis(4 fbﬁd&@oe/nﬂeﬂﬁﬂmgﬂﬁbml‘&wt 1:58, 16-about b4 0 fiHebe pukymms brestypically

2; 2- bi s(4- hydr ox -3 nmet hyl phenyl) propane bi s(4-h drox - met hyl phenyl )
sul fide; chseasableatifimen uéﬂﬁéfe abopt QOS%CQQV%%WW% teﬂ%?é fe:

55" hi obi s(4-t oot JRERaT ARl bl 8%%@%@%%& d fopglymgs of he

conbi nat i %}e&ht fiveéntidn irag Heqmewechgs désoribed Sp HepmiesmﬁgtehePublmubNéﬁ) 6%} -

m xing.it: sol vent, _such, as net hyl ene c ride thtrlet | am ne and
1- ndt hy| .%laa&o%emsﬁhpépfmrspmg&eépp Ffé%?éﬁﬂ@ﬁdﬁ st AN oS f.
acid hali a0f the present invention may be prepared by
reacting ;{fahld %lﬁgggt | fferent phosphoni ¢ acid halides having the

aforenmentioned fornula with one or nore. bisphenols. Alternatively, the
copol yner maybe prepared by reacting at gp@ast one phosphonic acid halide
with at |least two different bisphenols tical or ophthalmc | enses may be
prepared by injection or corrpresmﬂne W%dl g| melt-process alV
phosphonat e pol yner of the present ‘i nve into the formof a 10 |ens.
The follow ng exanples illustrate the |3%E tion without limtation.

Exanple 1 A 4-necked, 500 nL round bott d flask equi pped with an overhead
stirrer, nitrogen inIet t enper at ure probe, dropping funnel and a

condenser, ,as phd mzdﬁqudélpge Aily gélogeﬁgeﬁzaeé &@'aﬁéthqS%q{h%xt&rﬂ?ﬁ{cﬁEd"e

each tine gn er a strong pu ry nitrogen. 20.5
1

10 C, alkyl or C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl is
' reacted with one or more bisphenols to yield the phosphonate homopolymer or copolymer.
Preferred phosphonié acid halides include phenyl phosphonic dichloride, phenyl
thiophosphonic dichloride, and any combination of any of the foregoing. The phosphonic acid
halide may be dissolved by mixing it in a solvent, such as methylene chloride, prior to reacting
15 the phosphonic acid halide with the bisphenol. When preparing polymers having units of the
" formulaIor Il above, R¥ and R? of the phosphonic acid halide are defined as R? and R* or

R’ and R® above, respectively.
Suitable bisphenols include, but are not limited to, hydroquinone; resorcinol;
4,4'-dihydroxybiphenyl; 4,4'-cyclohexylidenediphenol; bisphenol A; bis(4-
20 hydroxyphenyl)methane; 2,2-bis(2-hydroxyphenyl)propane; bis P; 4,4'-bis-S; 2,2"-bis-S; 2-
* hydroxyphenyl-4'-hydroxyphenyl sulfone; dihydroxydiphenyl ether; bis(4-hydroxyphenyl)
sulfide; bis(2-hydroxyphenyl) sulfide; dihydroxybenzophenone; 1,5-dihydroxynaphthalene;
2,5-dihydroxynaphthalene; 2,2-bis(3,5-dimethyl-4-hydroxyphenyl) propane; thiodithiophenol;
phenolphthalein; 4,4'-bisthydroxyphenyl)phenyl phosphine oxide; o,a'-bis(4-hydroxy-3-
25 methylphenyl)-1,4-diisopropylbenzene; bis E; 2,2-bis(4-hydroxy-3-methylphenyl) propane;
bis(4-hydroxy-3-methylphenyl) sulfide; dihydroxydiphenylether; 1,3-bis(4-hydroxyphenoxy)
benzene; phenyl HC; t-butyl HQ; 4,4'-thiobis(t-butyl cresol); 2,2'-thiobis(4-t-octylphenol); and



g (0.09 nol es) of bisphenol.A 120 nL of dry distilled nmethylene chloride,
27.5 mL (0.198 noles) of dry distilled triethylam ne (10% excess), and
0.24 nL #O OG0! es) of 1-methyl inidazole was added tBCTNEOWI0BSL The
m xture was stirred until the bi sphengy. A was conpletely dissolved. The
flask was cooled to about 0 Cwth stirring. A solution of 17.549 20 g

0158 il o AR TR S g O

et hyl ene ori S . a droppl ng about
40- 60 m golvest, withl 3 méthylehaslloride with triethylamine dndi i -méthylt infidazole, aumibr ttdre-

m xture was stirred, After conpleriqQn qf the dropwise addition, stirring
‘was cont reAgting thsbisphenol athithe phosphani¢ agid Balids 1. 367 g (0. 00091 noles) 't-.

but yI phenol i1 15 e 0ol hd APk BRioHARa 6 filphied b el i1Bagfnd t e

m xture was 25 stirred m xt'ure s waShed with 0.5 N
aggieous lnyd diffeinénd phasphanic acid tialidds daving leedfexdinentiersddefdrnmla withadneor ooré | t he
aqueous phase s .neutral .. The m xture was red into ragpidly stirred -
mot hanol PisRenels. ViSEayelY-SheApabaner ik bR BIepAER by Erectt Llead ope PREsBRATC o |
about 15- ?Mﬁé/ LY RANY 8@ hifferdhe bikphdnof?d al | owed to coagulate in the.

water to forma free flowmng fibrous polyner. The polyner was dried in a
vacuum oven at abo@ptiéd-or 3phthslmiCleribks map bk preparasddrpinjestidn on comspiessivmg t he

G SENanl e MR TR e MK T

cyg! ohexylijdenedi phenol , or phenol phthal ein was substituted for bisphenol A
in Exanples 2- 5 5, respectively. The polynmers prepared conprised units

havi ng t he f or nul aThe follpstihgexamples illustrate the invention without limitation.

Example 1
A 4-necked, 500 mL round bottomed flask equipped with an overhead stirrer,

nitrogen inlet, temperature probe, dropping funnel and a condenser, was flame dried three -
15 times and cooled to room temperature each time under a strong purge of dry nitrogen. 20.546.
g (0.09 moles) of bisphenol A, 120 mL of dry distilled methylene chloride, 27.5 mL (0.198
moles) of dry distilled triethylamine (10% excess), and 0.24 mL (0.003 moles) of 1-methyl
imidazole was added to the flask. The mixture was stirred until the bisphenol A was.: -
completely dissolved. The flask was cooled to about 0° C with stirring. A solutionof17.549 -
20 g (0.09 moles) of distilled phenylphosphonic acid dichloride in 60 mL of dry methylene -
chloride was added dropwise from a dropping funnel over about 40-60 minutes while the flask -
was maintained at about.0° C and the mixture was stirred. After completion of the dropwise
addition, stirring was continued for another hour. A solution of 1.367 g (0.00091 moles) t- -
butylphenol in 15 mL of methylene chloride was added to the mixture and the mixture was .-~
25 stirred for 30 minutes. The mixture was washed with 0.5 N aqueous hydrochloric acid and -
then repeatedly washed with water until the aqueous phase was neutral. The mixture was - - -
poured into rapidly stirred methanol and allowed to coagulate. The polymer was dried and -~ -
dissolved in about 15-20% w/v tetrahydrofuran (THF) and allowed to coagulate in the water
to form a free flowing fibrous polymer. The polymer was dried in a vacuum oven at about 90- - -

30 95° C. This polymer comprised units having the formula



bel ow. Table 1 Example Units 2 1l CH3 CH3 OPCH3 CH3 6 10 3 11 OP-O
WO 01/ 34683 PCINS00/ 30845 -11- 4 O OP-O 5 O OP-0 6 Oprnfssesgehs 6
Tough, ducW0 0334683 e and pl aques were forned fromthe pol yners prepared in
5 -Exanpl es 1-5 by conpression nol ding an@-their refractive index, nunmber

aver age nol ecul ar
(l? CH,
OO
| | | CH,

Examples 2-5 .
The procedure in Example 1 was repeated except bis P, 4,4"-biphenol, 4,4'_-

cyclohexylidenediphenol, or phenolphthalein was substituted for bisphenol A in Examples 2-
5 5, respectively. The polymers prepared comprised units having the formulas in Table 1

below.

Example

10 3




wei ght (M), and glaés transition tenperature (Tg) were determ ned. The

results are shown

tensile
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in Table 2 below. Table 2 Exanpl e Ref
Tg ( O WOP1B468350 44, 000 117 2 1.60 33,000 124 3 1.63
1.606 19,100 130 5 1.623 26,000 186 AND- 01/ 34683 PCTI USOQ 30845
properties of the polyner prepared in Exanple 1 were determ ned
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added dr ppw se,
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ned withH water. Thg | dly stirred
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5

Example 6

" Tough, ductile films and plaques were formed from the polymers prepared in

Examples 1-5 by compression molding and their refractive index, number average molecular

weight (M,), and glass transition temperature (T,) were determined. The results are shown

in Table 2 below.
Table 2
Exaxﬁple Refractive Index Value M, T,(° O
1 1.60 44,000 17
2 1.60 33,000 124
3 1.639 21,500 145
4 1.606 19,100 130
5 1.623 26,000 186




dried and dissolved in about 15-20% w v tetrahydrofuran (THF) and al | owed
to coagulate in 15 the water to forma free flow ng fibroug-pRisyiAdses The
pol yrer WaXORB¥E i n a vacuum oven
conprised units having the fornula H3 -IBP-0-0-T CH3 The refractive index,

nunber average nol ecul ar wei ght (M), wei ght average
and pol ydi sperTidtensilegeopeftiad bf thie polyenep prepared

(MY,

at about 90-95 C. This polyner

nmol ecul ar wei ght
inExampletlewere dedrmihbd 20

results are shown in Table 4 bel ow. WO 01/34683 PCT/ US00/ 30845 -13 Table 4
Ref ract i veandraseshoven imAaple 3 kelgwo 29 000 59, 000 2. 01 Al patents,
publications, applications, and test methods nentioned above are 5 hereby
I ncorporated by reference. Many variations of the present matter w ||
suggest thenselves to those skilled iTabld® art in |ight of the above
det ai | ed "description—Al —such—gbyi-ous—ariati-ors—ar-e—wth-r—the—pateqt ed
scope of tihgoeamagnded |cYigidStresy\O Ol #dbB@aiiCT/ USREYsI0Bidak - Btrain/ftdBredks
Clained Isf 1 1. A phdsphonate hom)éool ymer or :opol)yrrer ha ig\g units off the
fordul a: |I(GPa)2 RI-p- Fég/ﬂhﬁ %) (MPa (%

1.30+ 0.1 67.5+3.2 9.3%0.5 455+3.4 54.2 +£20.0

Example 7
A first solution of phenyl thiophosphonic dichloride in methylene chloride was |

added dropwise over about 1 hour to a second solution of bisphenol A, triethylamine, and N-

10 methyl imidazole, while the second solution was maintained at about 0° C and stirred. After
completion of the dropwise addition, the solution was warmed to room temperature and
stirred for about 10 hours. The mixture was then washed with water. The mixture was poured
into rapidly stirred methanol and allowed to coagulate to form a polymer. The polymer was
dried and dissolved in about 15-20% w/v tetrahydrofuran (THF) and allowed to coagulate in

15 the water to form a free flowing fibrous polymer. The polymer was dried in a vacuum oven

20

at about 90-95° C. This polymer comprised units having the formula

0—P—0

CHs

T

CH,

The refractive index, number average molecular weight (M,), weight average

molecular weight (M, ), and polydisperisty index (P,) of the polymer were determined. The

results are shown

in Table 4 below.



R4 3 wherein R, R-, and R3 are independently 0 or S; at Ieast one of R,
R2, and R3is S; RAis a 4 linear or branched C -4 aIl§

hal oal kWO"WéWyI chl orophenyl, p-tolyl, benzyl, 5 bip enyF' or

cycl ohexyl; and R5 is 6 7 CH3 8 CH33-9 H O 10 0-11--cai O 11 S This

Sheet Has Been Repl aced 11112212 ttreeral " ¢ 111t 2211'tr CL Ms WO

- 0154683 PCT/US00130845 -15 O 12 |faHiEd4 CH'H3

Refractive Index M, M, P,
1.629. 29,000 59,000 2.01

All patents, publications, applications, and test methods mentioned above are
5 hereBy incorporated by reference. Many variations of the present matter will suggest
themselves to those skilled in the art in light of the above detailed description. All such -

obvious variations are within the patented scope of the appended claims.
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What Is Claimed Is:
1 -1 A phosphonate homopolymer or copolymer having units of the formula:
?2
2 R1__|T__R3_R5
R4

w

- wherein R', R%, and R® are independently O or S; at least one of R\, R%, and R*is S; R*is a

FoN

linear or branched C,-C, alkyl or C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl,

5 biphenyl, or cyclohexyl; and R® is
6 @ ,

035

O

1

=
)]
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0 20 021 6 22 or any conbination of any of the foregoing. 1 2. A

phosphonat e honopol yner or copol yner as defined in clai rein R2
is S. 1 WoRBde8sphonat e honopol yner or copol ymer as deﬁ’nelgsl #“%ai m1l, 2
wherein R and R3 are 0. This Sheet Hps Been Replaced | [1LILIT THITIT VI

Vit e e rrererrrrrr L ™Ms o trrrrrrrrrrr 1 W 01/ 34683
PCT/ US00/ 30845 -17 1 4. A phosphonat ephonopol ynmer or copol yner as. defi ned

inclaiml, 2 wherein R4 is e ATe~yroup consisting of nethyl, -
G} . @}n opropyl, phenyl,
/ g

et hyll2 propyl, isopropyl ,—bd
~ chl orophenyl, p-tolyl, benzyl Zl ohexyl. 1 5. A phosphonate
honmopol ynmer or copolyner as defined in claimZ4, 2 wherein R4 is phenyl. 1

6. A phosphonate honopol yrgW, or copol ymer as dgHyned in claiml, 2 wherein .
RS is €H3 0

Hy
: O-FO)-
S CH,

CHj; _ CHs

H3 )

-OF0-

i4 s
_ 'C';Hs _
CHj CHj;
. OO0
CHg3 CHj;
Br. Br
CH3
: O+O—
_ CHj

Br . Br

I

ML

" This Sheet Has Been Replaced

A




34CH3 CH3 CH3 H3 4 CH3 CH3 CH3 5 -070 6 or any conbination of any
of the foregoing. 1 7. A phosphonate homopol ymer or copol yner as defl ned in
claim1l, WOM463n said copolyner is a random copol yner. 20/30
phosphonat e honopol yner or . copol yner as_gefined in claiml, 2 wherein said
copolyner is a block copolyner. 1 9. A p osphonat_-e" ‘honopol yner or copol yner
having units of the fornmula: This Sheet Has Been Replaced 11111111111111

"I 1111212AIN LI~ I~ s WO 01/ 34683 PCR SO0/ 30845 -18- 7 " 2
Rs- P-R8-R10 19- :
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22 orany combination of any of the foregoing.

1 2. A phosphonate homopolymer or copolymer as defined in claim 1,

2  wherein R?is S.

1 3. A phosphonate homopolymer or copolymer as defined in claim 1,

2  wherein R! and R3? are O.

_—
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E 3 \r/]\hgr(éi nC4R6,|kR'|, and R$ are independently O or S; RO is a linear or
ranche - al kyl or C - 4 4 hal oal kyl, phenyl, chl tol yl,
benzyl , WO or cyclohexyl; and R Oyi s E 0’ yor %gﬁgﬁgﬁwip Y
phosphonat e honi opol yner or copol yner-13s defined in cI aim9, 8 wher e| n R6
and R8 are O 1 11. A phosphonate copolyner conprising 2 (a) a first unit
having the formula ~17 3 R16__P-R18 R20 R1-9 This sheet Has Been Repl aced
LT T Ve VL 1L T ~1] ~~~~ .. IIIIIIIIVII 01/.34683
PCT/ USOQ 30845 - 14 4 wharhesphopats homopolymes orrgpelymer Agd ¢gmplor s

RO 3 p x%mf R%1s sele%%e% ﬁcﬁn the%lx_'gup é%?tgistn?g of methyl, ethyl, propyl, isopropyl, butyl, s- -
3 butyl, chloropropyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, and cyclohexyl.

1 5. A phosphonate homopolymer or copolymer as defined in claim 4,

2 wherein R is phenyl.
1 6. A phosphonate homopolymer or copolymer as defined in claim 1,
2 whereinR’ is
CHjs
3 M , .
CHj
CH; CHs
CH;
: @),
CHg
CHs ' CHs;
6 orany combination of any of the foregoing.
1 7.. A phosphonate homopolymer or copolymer as defined in claim 1,
2  wherein said copolymer is a random copolymer.
8. A phosphonate homopolymer or copolymer as defined in claim 1,
2 wherein said copolymer is a block copolymer.
1 9. A phosphonate homopolymer or copolymer having units of the formula:
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O CH3 6 (b) a second unit having the formula -~22 7 R21 p-R23_ R25 R24 8
wherein R21, R--2, and R23 are independently 0 or S; R24 | ‘O’E 4sand R25
is CH3 CO@IM68y or CH3 CH3 CH3 10 1 12. An optical or f mclens
said lens conprising a nelt-processabl e18-2 phosphonat e hom)polyrrer or

copol ynmer having units of the formul a: ~12 3 R11-P_R13R15 R14 4 wherein
R', R12, and R13 independently are O g S; R4\s a linear or branched
Cl-C4 al kyl or 5 Cl1-C4 hal oal kyf, |ny chl pdophenyl, p-tolyl, benzyl,

bi pheny2, or cycl ohexyl; and ' PrsREeR s Been Replaced 1111111
et 111111 X11111111 1i11 , - ~l MS 111711111 1~ WO 01/ 34683
PCT/ US00/ 30845 R®

3  wherein R%, R’, and R® are independently O or S; R’ is a linear or branched C,-C, alkyl or C,-
4  C,haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and R¥is

5

6

7 10. A phosphonate homopolymer or copolymer as defined in claim 9,
8 wherein R® and R® are O. |

11. A phosphonate copolymer comprising

2 (a)  afirst unit having the formula
17
-
[ —
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-20- 6 -oa 7 CH3 8 ~10CH3 H-~ 9 HO Il 10 -Soa Gl 0 11 SO 12

IC CH3 CH3 CH3 1 '
W1/ has 3, CH3 CH3 CH3 This Sheet Has Been ﬁ?l%ﬁﬁﬁﬂ;ats
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4 wherein R', R, and R'® are independently O or S; R" is.phenyl; and R¥is .-
CHs

| CHy —
6 . (b) a second unit having the formula
?22
7 R21_F|,__st__R25

R24

8 wherein R%, R, and R® are independently O or S; R* is phenyl; and R? is

3 3
CHj
OO -
CHj

9
CH; CH;
1 12.  Anoptical or ophthalmic lens, said lens comprising a melt-processable
2 phosphonate homopolymer or copolymer having units of the formula:
12

R14

4 wherein R", R, and R" independently are O or S; R" is a linear or branched C,-C, alkyl or

w

C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and R¥is
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21 6 22 or any conbination of any of the foregoing. 1 13. An optical or
opht hal mc Iens as defined in claim12, wherein Rl4 is 1%1‘?@ %8351 fromthe
group colf ‘f% of nethyl, ethyl, propyl i sopropyl, butyl, utyl, 3
chl or opr opyI phenyl, chlor ophenyl , p2t-ol yI , benzyl, biphenyl, and

cycl ohexyl . 1 14. An optical or ophthalmc lens as defined in claim13,
wherein R14 is 2 phenyl. 1 15. An optical or ophthalmc lens as defined in
claim12, wherein RLI5is CH3 2.0 ~~00- a CH3 CH3 CH3 CH3 3 O+<: CH3 .
CH3 CH3 4 5 or any conblnatlon of any of the foregO|ng This Sheet Has
Been Replaced I I" LR T
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-23 1 16. An optical or ophthalmc lens as defined in clai m 12, wherein
said. 2 copol is a random copolyner. 1 17. An optlcal | mc

| ens as de‘VB yé‘% claim12, wherein said 2 copolyner is a /luggtﬂioﬁé
copolynmer. 1 18. An optical or ophthal m22-1ens as defined in claim12,
wherein said 2 copolyner conprises 3 (a) a first..unit having the formula
17 16 18 20 4 R-P-R-R Rls 5 wherein R16, R', and R18 are independently
O-or S; R19 is phenyl; and R20 is. . 6 and CH3 7 (b) a second unit
havi ng the fornul a D22 8 R2 i_‘%s R—\wWherein R21, R22, and R23
are independently 0 or S; -R24 .CH3 CH3 CH3 10 or

21 >

22 or any combination of any of the foregoing.

1 : 13.  An optical or ophthalmic lens as defined in claim 12, wherein R™ is
2 selected from the group consisting of methyl, ethyl, propyl, isopropyl, butyl, s-butyl,
3 chloropropyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, and cyclohexyl.
1 _ 14.  An optical or ophthalmic lens as defined in claim 13, wherein R* is
2 phenyl.
1 15.  An optical or ophthalmic lens as defined in claim 12, wherein R" is
_ CHs \
2 M ,
CHs

CH,3 L CHj

3

O
O

(¥,]

or any combination of any of the foregoing.
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CH3 CH3 CH3 This Sheet Has Been Replaced 11111111111111121121121111111111 * C
LMs I LILILfL 111 WO 01/34683 PCT/ US0O0/ 30845 -24 1 ;ngﬁm d for
prepar i 'Y W3¥Bsphonat e honopol ymer or copol ymer, 2 sai d met hod conprising
reacting 3 (a) at |east one phosphoni23-acid halide having the formula R27
4 R26 11-R28 129 5 wherein R26 and R28 are independently hal ogens; R27 is
S, angd R29 is a |ijgear Aan opticaheéphtiialmiciestasndéfileddn claimQR, wdierein kaid,
phenyl, chl orophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; 7 with 8 -
(b) a2 bi@pﬁmlswﬁ%i?%@ﬂ%ft he group consisting of hydroqui none, - 9 '
resorcinol, 4,4'-dihydroxybi phenyl, 4,4'-cyclohexylidene diphenol,

bi sphenol A, bis(4- 10 hydroxyphenyl) net hane,

2, 2- bj s(2- hydr oxyafieny |Ampeomtizaher, oghitisaliic Knstas défned, in 2]dim- 13, svh@reipsaid 1

hydr oxyphenyl -4’ - hydr oxyphenyl sul fone, di hydroxydi phenyl ether,

bi s( 42 hyepepshismblock cpPOymeri de, bi s(2- hydr oxyphenyl) sul fi de, '

di hydr oxybenzophenone, 1, 5-di hydroxynapht hal ene, 13

2, 5-di hydr oxynapht hal ene, 2, 2-bi s( 3, 5-di net hyl - 4- hydr oxyphenyl ) propane,

t hi odj t hi ophenol , 1814 ptreopticahohephthabmic lens as defined in claim 12, wherein said

4, 4" - bi s(hydr oxyphenyl ) phenyl phosphi ne oxi de, a, a'-bi s(4-hydroxy-3- 15

et hy? pHepglymen SRS opr opyl benzene, bis E, ’ '

2, 2- by s(4- hydr oxy- 3- metdy | Phey vnitHa9Rg e formula
17 |
R0

'5  wherein R, RY, and R'_8 are independently O or S; R" is phenyl; and R is

' Ha . _
6 OO -
CHs
7 (b)  asecond unit having the formula
22

| R2'-p—R23-R25
R24

-]

9  wherein R¥, R, and R® are independently O or S; R? is phenyl; and R* is
CHa CHa
o CH3 .
CHs
CH3 CHg
I —

A A
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16 bi s(4- hydroxy-3-net hyl phenyl ) sulfide, dihydroxydi phenyl ether,

1, 3-bi s(4-hydroxyphenoxy) 17 benzene, phenyl HC, t-butyl

4,4' -thi obWéC’f@‘fféfyl cresol), 2,2 -thiobis(4-t-octyl phenol 'f:@r/grs]t()jnlsoig any
conmbi nation of any of the foregoing to 34el d said honopol yner or copol yner.
1 20. A nmethod for preparing.a phosphonate honmopolyner as defined in 2
claim 19, wherein said phosphoni g—aej d hal - de—~ s sel ected fromthe group
consi sting of phenyl 3 phospho henyl t hi ophosphonic

di chl odilde, and any conbi natTon oregoi ng; and said

bi sphenol is bisphenol A This : eplaced | ["I111 111111 0111
Cree et reerrrurrrrrrl *C L NS5 1111111 WO 01/ 34683

PCTI USO0/ 30845 -25 1 21. A method for preparing a phosphonate honopol yner

or copolymer, 2 said nmethod conprising reacting 3 (.a) at_ |least on

phosphodi ¢ acid hal i § haéirﬁafﬁgormswgarﬁm&@ﬂeﬁw@gmr of CQPRYJYIY, 5

wher ei N,R26.. ' ently halogens; R27 is 0; and R29 is a
3G AR B Y 20

| i near Or Dbranc | or C,-C4 hal oal kyl, phenyl, chlorophenyl,
p-tolyl 3 benzyl, bip{@nyl atleast oyecplaisphotlic acid haliderhaving the formula

/]

_:wherein R* and R? are independently halogens; R? is S; and R” is a linear or branched C,-
C, alkyl or C.,-C4 haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl;
with

)] -a bisphenol selected from the group cbnsisting of hydroquinone,

O 0 N N W

resorcinol, 4,4'-dihydroxybiphenyl, 4,4'-cyclohexylidene diphenol, bisphenol A, bis(4-
10 hydroxyphenyl)methane, 2,2-bis(2-hydroxyphenyl)propane, bis P, 4,4'-bis-S, 2,2"-bis-S, 2-
11 hydroxyphenyl-4'-hydroxyphenyl sulfone, dihydroxydiphenyl ether, bis(4-hydroxyphenyl)
12  sulfide, bis(2-hydroxyphenyl) sulfide, dihydroxybenzophenone, 1,5-dihydroxynaphthalene,
13  2,5-dihydroxynaphthalene, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl) propane, thiodithiophenol,
14 phenolphthalein, 4,4'-bisthydroxyphenyl)phenylphosphine oxide, o,a'-bis(4-hydroxy-3-
15 methylphenyl)-1,4-diisopropylbenzene, bis E, 2,2-bis(4-hydroxy-3-methylphenyl) propane,
16  bis(4-hydroxy-3-methylphenyl) sulfide, dihydroxydiphenylether, 1,3-bis(4-hydroxyphenoxy)
17 | benzene, phenyl HC, t-butyl HQ, 4,4"-thiobis(t-butyl cresol), 2,2'-thiobis(4-t-octylphenol), and

18 any combination of any of the foregoing to yield said homopolymer or copolymer.

20. A method for preparing a phosphonate homopolymer as defined in
 claim 19, wherein said phosphonic acid halide is selected from the group consisting of phenyl
phosphonic dichloride, phenyl thiophosphonic dichloride, and any combination of any of the

E VS S

foregoing; and said bisphenol is bisphenol A.
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8 (b) phenol pht hal ei n or.4,4'-bis(hydfoxyphenyl)phenyl phosphi ne oxide to
9 yield said honopol yner or copolyner. 1 22. A phosphonate honnggl mer or

copol ynerWRO¥3482d by the nethod as 2 defined in clai m RETYSEHI
- phosphonat e honopol yner or copol yner prgepared by the nethod as
in claim21l. 1 24. A nethod for preparing an opti cal

84

said nethod 2 conprising injection nolding into the formof said |ens,

nmel t - processabl e phosphonat e

I ndepepdent Il%,ﬁ(? Q or 'n%rge.lgﬁél is-a linear or branched C -C4 al kyl or

C -4 hal

-1 11 11

sgidh SarmpILSY

PCT/ USO0/ 30845 -26- 7 8 CH3

O© 00 N O W

wherein R* and R are independently halogens; R” is O; and R is a linear or branched C,-

C, alkyl or C,-C, haloalkyl, phenyl, chlorophehyl_, p-tolyl, benzyl, biphenyl, or cyclobexyl; .

with

(b)  phenolphthalein or 4,4'-bis(hydroxyphenyl)phenyl phosphine oxide to .

yield said homopolymer or copolymer.

22. A phosphonate homopolymer or copolymer prepared by the method as’

defined in claim 19.

23.  Aphosphonate homopolymer or copolymer prepared by the method as

defined in claim 21. ' ' '
24. A method for preparing an optical or opthalmic lens, said method
- comprising injection molding into the form of said lens, a melt-processable phosphonate

homopolymer or copolymer having units of the formula:

12

/R1 1_‘-_1 R13_R15
R14

wherein R", R", and R" independently are O or S; R is a linear or branched C,-C, alkyl or
C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and R" is

-

_—
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8fophenyl, p-tolyl, benzyl, biphenyl, or

cycl omexyl; and Rl%a)i s afllehst ol gledsphiisic Ba@RaRRhaVeRhe fdeduld | | 1 1 1 111
111111 Iﬁ)IIiFIIIIIOCpLsfllcIIIIIIIIIIII M1 s* WO 01/ 34683

3 honopol yner or copol yner having units of
the fokmula: ~12 21R11 APmethgd farpreparing® phivsphsinateriomdpoymexreat cepdymer,
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2 defined *
or opthalmc |ens,
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CH3 CH3 Br Br CH3 18 LOBr Br *19°11 2 20 O ,0--., 0 O This Sheet Has
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or any combination of any of the foregoing.
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