1 7 MAY 2004 WD 01134683 PCT/ US00/ 30845 H GH REFRACTI VE | NDEX THERMOPLASTI C
POLYPHOSPHONATES Fi el d of the Invention The present invention is directed
to melt processable, high nolecular weight polyphosphonates HalMAG28: hi gh
refractive index and nethods of preparing the same. 5 Background of the

| nventi on Pef¢sddegnates are tough, rigid engineering thernﬂﬁﬂggwwyyﬁsThey
are nelt- processable and can easily be fornmed 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

nmol ecul ar weight, filmformng, high 15 refractive index, nelt-processable
pol yphosphonat es. These polyners typically have | ower nelt processing
tenperatures and birefringerence than pol ycarbonates. These ohyners nay

be used to for rp;ngiIQEFRACIIMFITMDEKCFIﬁEMGOPM&H@P@;L\TPéh@gB ONATES
Furthernore, the polynmers of the present invention can be transferred
directly froma reactor to a final nold for, for

Field of the Invention
The present invention is directed to melt processable, high molecular weight

polyphosphonates having a high refracuive index and methods of preparing the same.

5 Backeround of the Invention

Polycarbonates are tough, rigid engineering thermoplastics. They are melt-
processable and can easily be formed into optical and ophthalmic products by injection
molding, instead of more time consurning 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, melt-processable polyphosphonates. These polymers typically have lower
melt processing temperatures and birefringerence than polycarbonates. These polymers may
be used to form optical or ophthaimic 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.



exanpl e, ophthalmc | ens production, increasing the economc efficiency of
the lens 20 manufacturing process. Another enbodi nent of the ifrivegt ippn is
a nmethod of preparing the polyphosphonates of the present invention.

MAY 2004 WO 01/ 34683 -2 PCT/ US00/ 30845 manufacturing process. Anot her
enbodi ment  qfqhsscgvention is a method of preparing the porgptsmphshat es
of the present 1nvention. Detailed Description of the Invention and
Preferred Enbodi ments 5 The present inventdon enconpasses melt-processabl e
phosphonat e honopol yners or copol ynmers conprising, consisting essentially
of , or consimstiufegctafingpiotessof the formula: J~2 35, t R-P---R_R 14 R

Another embodiment of the invention is a method of preparing the

poltyphosphonates of the present invention.

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 |
R4

wherein R', R?, and R® are independently O or S; at least one of R' R*, andR*is S;RYisa

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

-

biphenyl, or cyclohexyl; and R’ is

M
CH,

: -O+O
O1T0-



Formula | wherein R, R2, and R are independently O or S; at |east one of
R, R, and RBis S; R4 is a 10 linear or branched C -C4 alkyl or Ci1-C4
hal oal kyl , phenyl, chl orophenyl, p-tolyl, benzyl, biphenyl, rb%?l ohexyl ;
and R is Cal 015 U1 2 MAY 2004 WO 01/34683 -3 11 1.0 -oa 5 Falll™
PCT/ USO0/ 30845 1 2 MAY 2004 WO 01/ 34683 PCT/ US00/ 30845 -4 5 or any

conbi nation of any of the foregoing. R and R3 are preferably O.

Pr ef er abl Yo §334é8$ S. PCT/US00/30845

CHs CH,
O C O
CH,
CH, CH,



Preferably, Ris phenyl. RS is preferably 12MAY2004 WO 01/ 34683

PCT/ US00/ 30845 CH3 CH3 -5- CH3 CH3 or any conbination of any of th

f oregoi ng. Anot her enbodi ment of the present invention enconpaséés“ﬁ‘f 2004
nmel t- processable 5 phosphonate honopol yners or copol ynmers conpri si ng,
consi sting egg@phdeasly of, or consisting of units of the foPGUU&I/IPE4SRE_
"PRB-Rt 0 Fornula 11 19 R wherein R6, R, and R are independently O or
S; RO is alinear or branched C -C4 al kyl “%r Cl- 10 C4 hal oal kyl, phenyl,
chl orophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and R10 is 1 2 NMAY
2004 WD 01/ 34683 PCT/ US00/ 30845

o’

O

OO

O

-

-O1+0-

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

CH,

OLO-

CHy



-6 or Preferably, R6 and R8 are 0. The invention further includes an
optical or ophthalmc part, preferably a lens, 5 conprising, fﬁ@i% %ing
essentially of, or consisting of melt-processabl e phosphonaté ' @ | yners
or copolymers conprising units of the formula: 12 R11-P-R13-R15 Formul a
1l R14 wherein R', R 2, and R 3 independently are O or S; R14 is a linear
or branched C1-C4 alkyl or C, -C4 hal oal kyl, phenyl, chlorophenyl, p-tolyl,
benzyl, biwoewds3 or cycl ohexyl; and R15 is 10 defirﬁﬁ?QﬂPQQgsabove. The
optical or ophthalmc part nsparent or translucent sheet
conprising the nelt-process: élymers of formula II1. The
pol yners of the present i it s be=hgqnmopol yners or copol ymers,

i ncluding, but not limted yners and bl ock copol ynmers. A
preferred copolynmer conpri§e having the formula 1 2 MAY 2004
WO 01/ 34683 PCT/ USO0/ 30845 -7

’

or any combination of any of the foregoing.

y also.he a tr

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

I

RS—P—Ra—R“’ Formula I1
R9

wherein R%, R7, 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 R" is



16 R- P- R19 5 where R16, R17, and R18 are independently 0 or S; R19 is
phenyl; and R20 is and a second unit having the formula R22 R21P-R23-R25
R24 where R2', R222, and R23 are independently O or S; R24 isqphegyly! and .
R21 is CH3 CH3 or CH3 The nunber average nol ecul ar wei ght of a honopol yner
or copolynegmp%ﬂgﬁg 10 present invention is typically fronP@h¥8R/385000 to
about 60,000 g/ nol and preferably from about 15,000 to about 40,000 g/nol.

General ly, these honopol yners and copol yn’é‘rs have a glass transition

tenperature (Tg) greater than or equal to about 1200 C. Al so, these
polymers typically have WO 01/34683 -§ 1 2 MAY 2004

or

O
I
P

Preferably, R® and R® are O.
The invention further includes an optical or ophthalmic part, preferably a lens,
5 comprising, consisting essentially of, or consisting of melt-processable phosphonate
homopolymers or copolymers comprising units of the formula:

12

R" 1_p_R13_R15 Formula I1I
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

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

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



PCT/ US00130845 a refractive index ranging fromabout 1.58 to about 1. 64
These polyners are typically processable at fromabout 75 to g?out
above their glass transition tenperatures. The nelt-processabl dHB§ onate
honopol ymers and copol yners of the present invention may be rﬁgared
descri bed iwobapasgese Patent Publication No. 61- 5 261321. Eﬁ&”

preparing these polyners is as foll ows. | east one phosphonic acid hallde
having the fornmula Formula |V where Rte ahd R28 are independently hal ogens;
R27 is 0 or S; and R19 is a linear  or anhched , 10 &4 alkyl or Ci1-C4
hal oal kyl , phenyl, chl orophenyl, p tolsf benzyl ,\ bi phenyl, or cycl ohexyl

is reacted wwth one or nore bis prg LJL 1&ﬂéi e phosphonat e

honopol ynmer or copol ynmer. Preferried ph sphonlc acid halides include phenyl
phosphoni ¢ di chl oride, phenyl thi phoséh@nlc di ¢ghl ori de, and any

conbi nati on of any of the foregoing. The phosphonic acid halide my be

di ssolved by mxing it in a solvent, such as nethylene chloride, prior to
reacting 15 hogph 18 QG hee; s bihehesal R When prepari ng
pol yners ha\ylmn}g gnigs 0 }ghg& 1ﬁ’délj5@$deﬁ woéﬁ?ab??)e”@? and R29 of the
phosphonic acid halide are defined as R - and R4 or R7 and R9 above,
respectively. Suitable bisphenols includg,, but are not limted to,

hydr oqui none; resorcinol; 4,4 v E{ :

4,4' -cycl ohexyl i denedi phenol ; bi
2, 2- bi s(2- hydr oxyphenyl ) pr opane,;

20-hydroxyphenyl)nethane;

and a second unit having the formula

R22

5 Rz _p— st_ st
R24

where R?', R%, and R? are independently O or S; R* is phenyl; and R* is

CHs CH3
CH-
CH,

CHs CHa

The number average molecular weight of a homopolymer 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' - hydr oxyphenyl sul fone; di hydroxydi phenyl ether;

bi s(4- hydr oxyphenyl) sulfide; bis(2-hydroxyphenyl) sulfide;

di hydr oxybenzophenone; 1, 5-di hydr oxynapht hal ene; 2,5-dihydroxyqq@ﬁwﬁﬁlene;
2, 2-bi s(3, 5-di net hyl -4- hydr oxyphenyl ) propane; thiodithiopheno); "' !
phenol pht hal@biiseds 4' - bi s(hydr oxyphenyl ) phenyl phosphi ne oX¥iCdg/500/30845

a, a' -bi s(4-hydroxy-3 25 net hyl phenyl ) -1, 4-dii sopropyl benzene; bis E;

2, 2- bi s(4- hydr oxy- 3- net hyl phenyl) propané&; bis(4-hydroxy-3-nethyl phenyl)

| fide; dihydroxydi phenyl et her: 1, 3- bi s(4- hyd h - |
P b ol ol B T e o bt b S Apoui T YR HREY hory RERZER ypi AT

2,2 -thi O%ﬁg&s&hﬂ%lﬂoﬁhmk ¥5 1dul 1 B NAYb ARAAeD 0 (r BAGES (BIGPAEERB] 30845
-9 any conbi nation of any of the foregoing. The bisphenol nay be di sgol ved
by mixing it in a sdlheemtlt-psaschsable phasplydnetsehaner yaersvandheapp Y8Ry PhMihe

and 1-nethyl im dazol.e, prior to eagtin he ;bi e bt h: LE .
phosphoni ¢ BIEFH AP ”}?Hé’ec%ﬁ'%ﬂrv{résr gfésfmg ﬁée lrﬁ)rJ Eéps%%)% ?ﬁ%@ﬁ%‘ﬁ‘t‘@n@yﬁﬁeé?
prepared by;£@3¢t HROmBhod S8R Epardg e ﬁé%@fsems fohesp okt aed ghobptontbesid
havi ng the atorenentioned fornmula with one or nore bisphenols.

Al t er nat i vehalidethheing dpdbymea nay be prepared by reacting at | east one
phosphonic acid halide with at |least two different bisphenols. Optical or

ophthal mic | enses may be prepared by injecyion or conpression nmolding a

nmel t - processabl e phosphonat e pol yner of tlhe present invention into the form
of a 10 lens. |

R26_P_R28 Formula IV

R29

where R% and R?* are independently halogens; R’ is O or S; and R* is a linear or branched
C,-
10 C, alkyl or C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl 1s
reacted with one or more bisphenols to yield the phosphonate homopolymer or copolymer.
Preferred phosphonic 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
formula 1 or 1I 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, hydroguinone; 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-hydroxypheny! 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-bis(hydroxypheny!)phenyl phosphine oxide; a,o'-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




The follow ng exanples illustrate the invention without limtation. Exanple
| A 4-necked, 500 nL round bottoned flask equi pped with an ovem?pgﬂYzm&
stirrer, nitrogen inlet, tenperature probe, dropping funnel and a
condenser, was flane dried three 15 tines and cool ed to roomtenperature
each time under a strong purge of dry nitrogen. 20.546 g (Opg%mﬁmkﬁﬁk of

m. (0

bi sphenol AwOI@@346E of dry distilled nethylene chloride, 27. . 198
nol es) of dry distilled triethylam ne (108 excess), and 0.24 nL (0.003
nol es) of 1-nethyl imdazole was added to the flask. The m xture was

stirred unti i PRt BlsyhefbBsal vedissdlhed by adkingvas a
cooled to aﬁ?)ntkaﬁblg M\iﬁ?ﬁggfﬁh\ré?ﬁgg&%%ol uti %hn of 1%. 549 20 9. (0..09 nol es)
of distill edopbanyldhesphtyicoe ablogdelivati wiethadamine @od pmethyl pidagrif AToR &0

chl ori de was added dropw 51e _frgm d[i‘%ﬁ ing flinenel over about 40-60 m nutes
whil e the flreesiing {sDIsPRERR AT HEGE RPOR agdBal{lS "t he mixture was stirred.
After conpletion of t H'?ICC(!B?&%YIHaGOf tﬁ@?ﬂe&ér@ﬁhveﬁﬁ&d fria) e \pRcpacedrtyi raaceidg Bioleast
anot her hour. A solution o .367 g (0.00091 noles) t- butyl phenol in Oji‘g mL

of met hyl enaweldifiérbd@hasshoadded Hatidestavitiptheaforementioned fprmopls WitheRe a0
stirred for 30 minutes. The m xture was washed wth HdS hosphoni
hydr ochl or i digdierels i terpiigly, 5 SaRTYNS, 'ﬂ%gﬁéjﬂewt}dhbyv{g?g?%ﬁﬁgf tﬁeoszfqﬂlggus
phase was newt ! alide Nk Aosbie® diisrent@iphefolbnt 0 rapi diy stirred methanol
and allowed to coagul ate. The pol yner was dried and _dissolved in about

15-20% w v t et r ahydr ofQptaal ¢rTetthamet lehsesweay heorrepaigt P4 tRethPh HRUY EF' "t o

forma free flow ng fibrous polyner. The I Wefihiing MAEdHeraven
at about 90-m3l§1“&33IE‘?“’?FHC§SSB®F§?¥(%?J%% P?lglglay%? ﬁﬁﬁ%ﬂ'{rﬁﬁt’%ﬂmﬁ ormula 1 2
MM 2984 lens.

The following examples illustrate the invention without limitation.

Exampie ]
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, 27.5mL (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 stirrfing. A solution of 17.549

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-
butylpheno! 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 ovenat about 90-

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



WO 01/ 34683 PCT/ USO0/ 30845 Exanples 2-5 The procedure in Exanple 1 was
repeat ed except his P, 4,4'-biphenol, 4,4'- cycl ohexylidenedi phenol, or
phenol pht hal ein was substituted for bisphenol A in Exanples 2- 5734 2004
respectively. The polyners prepared conprised units having the fornmulas in
Table 1 bel ohabde | Exanple 2 10 1 3 Units 1 2 MAY 2004 WOTOEPEBHEE3
PCTIt! S00130845 -11 40 1111 /OO0 O, 0

CHs

o—b—0 O
@ b,

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.
Table 1
Example Units
2

10 3




6 \ 1 Exanple 6 Tough, ductile filns and plaques were formed fromthe
polymers prepared in 5 Exanples 1-5 by conpression nolding and their
refractive index, number average nol ecul ar wei ght (M), and gllas¥A! 200
transition tenperature (T.) were determ ned. The results are shown in
Tabl e 2 bel olvéi:e 2 10 Exanpl eRefractive | ndex Val ueTo ( PCy/US00/30845
11. 6044, 000117 21.6033, 000124 31.63921, 500145 41. 60619, 100130

51. 62326, 000186 12My2004 WO 01/ 34683 -12°PC [ USOD[ 3a845 The tensile

properties qQf the polymer prep
4
O
I
O—pP—0
7/
5
O
© (
O o)
Example 6
Tough, ductile films and plaques were formed from the polymers prepared in
5 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
Example Refractive Index Value M, T,(°O)
i0 1 1.60 44,000 117
2 1.60 33,000 124
3 1.639 21,500 145
4 1.606 19,100 130
5 1.623 26,000 186




and are shown in Table 3 below Table 3 Mdulus Yield Stress Yield Strain
Stress at Break Strain at Break (GPa)(MPa) (% . (MPa)(% "1.30 01 ﬁ] Sy
3.29.3 0.545.5 3.454.2 20.0 5 Exanple 7 A first sol ution of é eyt

t hi ophosphoni ¢ di chloride in nethylene chloride was added dropw er
about 1 hourwbaiassecond sol ution of bisphenol A, triethyl ami ,Suiﬁ?ngl- 10
met hyl i m dazol e; while the second sol uti o was nai ntai ned at about 0 C and
stirred. After conpletion of the dropw se addition, the solution was warnmed
to roomtenperature a sti.rred for 1 ‘T@@anﬁ‘ﬂ e MASTihen
washed with water. Thgfi?ﬁtﬁlfsﬂ}FBr(\Bﬁg’eBSﬁr?gﬁ&m%gr%#é%fjéﬂy stilétrlcl;&a&?ret hanol

and al | owed Soagii-Alerdbr fewva pol yner. The polynmer was dried and
di ssol ved in about 15-20% w v tetrahydrofuran (THF) and allowed to

coagulate in 15 the water to forma free flow ng fibrous polyner. The

pol ymer was dried in a vacuum oven at gf& 90-95 C. This polynmer
conprised units having the fornmula The tive_index, nunber average

mol ecul ar wegiT TV, Vi, ONf < AVer 08y c1d Strain | Stress at Break | Strain at Break
5 (GPa) (MPa) %) (MPa) (%)
1304 0.] 67532 9.340.5 45.5+ 3.4 54.2£20.0
Example 7

A first solution of phenyl thiophosphonic dichloride in methylene chlonde 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

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

ﬁ CI:HS
O—P—O—©7(I3
CHg

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

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

20 results are shown in Table 4 below.




nol ecul ar wei ght (Mad), and pol ydi speristy index (Pd) of the polyner were
determ ned. The 20 results are shown in Table 4 below. 1 2 MY %@93 XD

01/ 34683 PCTI US00130845 -13 Table 4 Refractive | ndexMhM Pd 1. 62 : @ 59;
0002.01 Al patents, publications, applications, and test nethods nentioned
above are *&o@?&ﬁ?{ i ncorporated by reference. Many vari at i FEUSAIEE
present matter w suggest thenselves to those skilled in the art in |ight
of the above detail ed description. All sti¥h obvious variations are within
t he patented scope of the appended clains. - 14 Wat |Is Cainmed Is: M
II1'1 001308.4! qJS 99 OCT' *r 12 MAYIZbl4 1. A phosphonate honopol yner or
copol yner havi ng units—of—the—formuta—2 R
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.



34 RL--P-- R3-R5 5 R4 6 7 wherein R, R2, and R3 are independentiy 0O or

S; at least one of R, R2, and R3 is S R4|sa 8 linear c

al kyl or Cl-C4 hal oal kyl, phenyl, chlorophenyl, p-tolyl, bmfﬁp ):%6684‘

bi phenyl, or cyclohexyl; and R5 is 10 11 12 13 14 15 18 19
PEA/S

20 21 22 23 y 97 OCT 2901
T2 MAY 2004
What Is Claimed Is:
1 1. A phosphonate homopolymer or copolymer having units of the formula:

-

R'—P—R’—R®
R4
wherein R', R?, and R® are independently O or S; at least one of R\, R?, and R’ is §; R*is a

linear or branched C,-C, alkyl or C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl,
biphenyl, or cyclohexyl; and R’ is

O
O

H
16
. 00
18
19 O
: -O0—+—C0
21
22 CH, CHa
23 CH3
: o1~
25 CH,
26 CHj CHsy

" AMENDED SHEET



24 25 26 CH3 CH3 AVENDED SHEET | 2456 - 15 CH3 CH3 T OQ 30 8 4. PINS O
9 OCT ZUU 12 MAY 2004 (r)3084 PEWS ' 0 9 ocT 200.1 - 16 | BOTAS 00/ 5084

PEA/US 09 OCT 20U
13- 12 MAY 2004
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C T C
CH ’
10

11

12

" CHy CH

. OTOtO-
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3456 7 8 or any conbination of any of the foregoing. 12 MAY 1004 1 2. A

phosphonat e honopol yner or copolyner as defined in claim1l, g?EF{QQEES 4
is S. 1 3. A phosphonate honopol yner or copol yner as deflned*f a

wherein Wand R3 are 0. 1 4. A phosphonate honopol yner or ¢ azh .
defined in claiml1, 2 wherein R4 is selected fromthe gro SY¥i 60&'200:
net hyl, ethyl, propyl, isopropyl, butyl, s- 3éutyl, chloropropyl phenyl

chl orophenyl, p-tolyl, benzyl, biphenyl, and cycl ohexyl. 1 5. Qﬁ&
honmopol ynmer or lcopol yner as defined in claim4, 2 wherein R |s p e

6. A phosphonate honopol yner or copol r asgdef i inclaiml, 2 wherein
R5 is 3 CH3 AMENDED SHEET I

3

4 )

5

6

7

8 or any 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 R? are O.

1 4. A phosphonate homopolymer or copolymer as defined in claim 1,
2 wherein R* is selected from the group consisting 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

CH, CHs
CH5
3 O O ’
CHs
CHs CH,
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1P IS WOCT20 - 17 12 MAY 2004 4 5 or any conbination of any of the .
foregoing. 6 7. A phosphonate honopol ynmer or copol yner as dm&g@@%ﬁrmaq
1, 7 wherein said copolynmer is a random copolyner. 1 8. A nat

honopol ymer or copol ynmer as defined in claim1, 2 wherein ?moﬁ]g eT 200
Is a block copolynmer. 1 9. A phosphonate honopol yner or cop avi m v
units of the fornmula: 2 19 R 3 wherein R6, R#%-. and R8 are i ndependently 0

or S; RO is alinear or branched C -C4 alkyl or -C - 4 C,  hal oal kyl pheﬂnall,
chl orophenyl, p-tolyl, benzyl, biphen Qr cycl-che and R10 i 2948 2004

exyl ;
Rs-P.. R8.._R10 AVENDED SHE( iir w ~, W~

3

5 orany combination of any of the foregoing.

6 7. A phosphonate homopolymer or copolymer as defined in claim 1,
7  wherein said copolymer is a random copolymer.

1 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:

7

RQ
3 wherein R%, R7, 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 O )

O O
O
D I Q
P

6 .

-
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-18 ~usoy OCT zo 1 2 MAY 1004 7 10. A phosphonate honopol ymer or copol yner

as defined in claim9, 8 wherein R6 and Re are 0. 1 11. A p[}hé;iphgn@@“ . .
copol yner conprising 2 3 17 Rl16 P-R18 R20 Rig 4 wherein R', R',

are independently 0 or S; R19 is phenyl: and R20 is CH3 5 S(@ ‘
second unit having the formula "22 23 zs 7 R21_P-R -R 124 8 wher 0CT 20
R22, and R22' are independently O or S; R24 i phenyl; and R25 is

12 MAY 2004

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

1 11. A phosphonate copolymer comprising

2 (a) a first unjt having the formula

‘{R"S_FL—R“LRZO
1L19

3
4  wherein R'%, RV, and R'* are independently O or S; R" is phenyl; and R* is
CHaq
CH,
6 (b)  asecond unit having the formula
22
7 R21_P_R23_ R25

R24

8  wherein R*', R%, and R? are independently O or S; R* is phenyl; and R* is
CH, CH,
CH,
CH,
CHy CHs

AMENDED SHEET



CH3 CH3 CH3 10 (a) a first unit havingtheforrrulaCl—BAl\/ENm .
0013084 1'E/US 09 OCT 200 19_ 1 2 MAY 2004 1 12. An opti ﬁ%m@wyﬁsa
ophthalmc lens, said |l ens conprising a nelt-processable 2 ongt.e
honopol ymer or copol yner having units of the fornmula: 3 rlZ‘PEEZ@EJ‘P_.%SQ@JTSEUU
114 4 wherein R', R 2, and R' independently are O or S; Rl4 is %in\ear or
branched Cl-C4 alkyl or 5 Cl-C4 hal oal kyl, pifenyl, chl or ophenyl!, My
benzyl, biphenyl, or cyclohexyl; and R5is 6 7 8 -

1 12. Anoptical or ophthalmic lens, said lens comprising a melt-processable

2 phosphonate homopolymer or copolymer having units of the formula:

12

tad

R11_P_R13_R15

R14

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

5 C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and R' is
6 _© ’
7 4@@ ’
CHj
8 W ,
CHs
H
9 2
H

O

. Oto
. OO

o
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9 10 11 caj A 1:l Di 5 H~_ E 12 13 14 15 16 17 CH3 -20 0 RT3 )
curry 12 MAY 2004 " 1US00/ 30845 WW/@US

WAEMIS- 09 OCT zUUI -21
PEARSS 09 00T

20 - _
1.2 MAY 2004
O
"“ -O0—+~0
CHs; CH,
CH,
w OTO-
CHs
CHjy CHa
CHs

I
CHy CH,
CHs CHs

Br Br
CHs,
17 O O ,
CH;y
Br Br
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18 19 20 21 22 or any conbination of any of the foregoing. 12 4&0

13. An optical or ophthalmc lens as defined in claim12, &45
selected fromthe group consisting of nethyl, ethyl, propy o} )ﬂ

butyl, s-butyl, 3 chloropropyl, phenyl, chlorophenyl, m ﬂ UCT LUut
bi phenyl, and cycl ohexyl. -22 M noo/ 3084' |P/1V8 09 OCT 200 2 1 14 An

optical or ophthalmc lens as defined in cl aih 13, wherein k'4 is

phenyl . 15. An optical or ophthalmc lens as defined in claim 12‘I ZWAH[E{: n
R15 is 2 3 4 CH3

18

. O—~0

V=0

-0+o-

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.

ARTNEED SEEEY




CH3 5 or . any conbi nation of any of the foregoing. 1 16. An optical or
ophthalmic lens as defined in claim12, wherein said 2 COWWIBNDB 4
random copol yner. 1 17. An optical or ophthalmc |lens as detl | “ai ‘
12, wherein said 2 copolyner is a block copolymer. 1 18. An_optical or
ophthalmic lens as defined in claim12, wherein said 2 cop@%’ﬂﬁ‘pcﬁrﬁrﬂ@ﬁs 200
3 (a) a first unit having the formul a AVENDEBZSHEET Per/us 00/308.4 WAS
090CTLU, 1 12 MAY 200 4 5 wherein R16, R17, and R18 are indepen ehpw,j[(%p_r

S; R19 is phenyl; and R20 i'4 6 #n@pticahadorhiipinc &os andefvad tn Haivi HgWheen R s

formul a 2 phenyl.

1 15.  An optical or ophthalmic lens as defined in claim 12, wherein R is
CHs
2 ®__'—_©/
CHa
CHy CH,
CH,
3 O O ,
CHa
CH, CH,
4

’

5  or any combination of any of the foregoing.

1 16.  An optical or ophthalmic lens as defined in claim 12, wherein said

2 copolymer is a random copolymer.

1 17. An optical or ophthalmic lens as defined in claim 12, wherein said

2 copolymer is a block copolymer.
1 8. An optical or ophthalmic lens as defined in claim 12, whereln said

2 copolymer comprises

3 (a) a first unit having the formula

AMENDED SHEET



221 R21 P- R23 R 25 124 9 wherein R21, R222, and R73 a nde

Oor S, R-4is phenyl; and R25 is CH3 11 CI—|3 1 19 A nethom%wrgdhll
a phosphonate honopolyner or copolyner, 2 said nethod co reac

3 (a) at |east one phosphonic acid halide having the for Wg @g ééﬂlgfuy'
4 li- Rz6 p R28 129 faA00/30s'4 P~SWs 09 CCT 20( 12 MAY 2004 Sﬂﬁrgdﬂp

R2' and R2 are independently hal ogens; R27 i'$3S; and R29 is a |

branched C - 6 C4 alkyl or C -C, haloal kyl, gphenyl, chlorophenyl, p-tolyl,
benzyl, biphenyl, or cyclohexyl; 7 wth

4 R16_P_R18_R20

R19

5 wherein R'®, R", and R'® are independently O or S; R is phenyl; and R* is

CH,
CHj

7 (b)  asecond unit having the formula
T-{22

R24

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

3
' CHj
CHs

CHj; CHa
1 19. A method for preparing a phosphonate homopolymer or copolymer,

2 said method comprising reacting

3 (a) at least one phosphonic acid halide having the formula

prATRIN TR (\UEF['

& llla—ltl./l-i.} [T




8 (b) a bisphenol selected fromthe group consisting of hydroqui none,
resorcinol, 4,4'-dihydroxybi phenyl, 4,4'-cycl ohexylidene di )
bi sphenol. A, bis(4- 10 hydroxyphenyl ) net hane, mmﬂﬂlﬁo 8 !
2, 2- bi s(2- hydr oxyphenyl ) propane, bis P, 4,4'-bis-S, 2,2'- bIS-

hydr oxyphenyl - 4' - hydr oxyphenyl sul f one, d|hy roxydlphenyl S ()9 DCT-ZU[
bi s(4- hydroxyphenyl) 12 sulfide, bis(2-hydr ﬁyphenyl) sulflde
di hydr oxybenzophenone, 1, 5- dihydroxynaphthalqﬁﬁ 13 12 MAT 200!

2, 5-di hydr oxynapht hal ene, 2, 2-bi s( 3, 5- dlnethwq 4- hydroxyphenyl) pr opane,
t hi odi t hi ophensl, 14 phenolphthaleln R%6— p___R
4, 4" - bi s(hydroxyphenyl ) phenyl phosphi ne oxi de, |a

met hyl phenyl ) -1, 4-di i sopropyl benzene, bis E, 529 -
2, 2- bi s(4- hydr oxy- 3- net hyl phenyl) propane, 1
bIS(4 hydr oxy- 3- met hyl phenyl ) sulfide, dihydroxydi phenyl et her,

1, 3- bi s(4- hydr 6xyyleesioR{)and R aben@mmgkmphahghmﬂﬁﬂssbmdﬁP:ﬁQummormammaic-
4, 4" - thlobls(t b

yl eno -
conbi nation of ®any 4 Phé ¢ W%ﬁ%ﬁhé%F8?§F§ﬁwh?a? %Ehnemﬁy%‘”% (H%glﬁnﬁg
1 20. A nethod7f owritpr epari ng a phosphonat e honopol yner as defined in
claim19, wherein said phosphonic acid h e is selected fromt
consi sting of phenyl 3 phﬁgphdhpﬁpﬁ?ﬁh?g?FaékmbNEh?PuPﬁPﬁﬁﬁﬁgﬁﬁgﬁd%qmn&m

di chl oride, ang %%r&muaa&hgﬂo blp@,@a@n of; 4-téyeloh&yflagneg&pmol afighhemdl da, bis(4-
bi sphenol is bisphenol A : met hod for Earlng ghos phonat e

honopol ymer on0 cdpfdw(mnyl)@etb@ﬁcﬂ %ﬁ@o‘@}’dmwpﬁ epapedut Prig? Digcd) S atisredst
one phosphoni Q1 acﬂy%rox%ﬂeﬁﬁ-ﬁﬁ)‘/dr&%pﬁ&?l glﬂfoﬁ&' ﬁhﬁpﬁmng_ﬁﬁg;s b%@-hﬁ?&yphenyl)

12 sulfide, bis(2-hydroxyphenyl) sulfide, dihydroxybenzophenone, 1,5-dihydroxynaphthalene,

- bi s(4- hydr oxy-3- 15

13 2,5-dihydroxynaphthalene, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl) propane, thiedithiophenol,
14 phenolphthalein, 4,4'-bis(hydroxyphenyl)phenylphosphine oxide, a.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 creso}), 2,2'-thiobis(4-t-octylphenol), and

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

1 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

Fo VS

foregoing; and said bisphenol is bisphenol A.

1 21. A method for preparing a phosphonate homopolymer or copolymer,

2 said method comprising reacting

(WS}

(a) at least one phosphonic acid halide having the formula

AMENDED SHEET



"=00/30845 . VW\&r 09 OCT 20G@ 12 tv 2004 4R26_PI _R28 R29 5wherein R26 and

R28 are i ndependently hal ogens; R27 is 0; and R29 is a |i [
C - 6C alkyl or C, -C4 hal oal kyl, phenyl, chlorophenyl, pm u%&ﬂ 8 4 ~
bi phenyl, or cyclohexyl; 7with 8(b) phenol pht hal ein or . .

4, 4' - bi s(hydroxyphenyl ) phenyl phosphene oxi dg to 9yield saMﬁpoﬁQn@CTorZUm
copol ynmer. 122. A phosphonate honopol yner or é(’)pol ymer prepared b t‘h&(]

met hod as 2defined in claim19. 123. A phospigiiate honopol yner dr Héb !ymar
prepared by the nethod as 2defined in clai m2| . 124. A nethod for preparing

an optical or gpthalmc lens, said nmethgds RePng injection nolding
into the formof said lens, a nelt- processabIF phosphonat e 3honopol yner or
copol yner having units of the formula: | ~1248 R15 411
5 wherein R% and R? are independently halogens; R is O; and R* is a linear or branched C,-
6 C, alkyl or C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl;
7 with
8 (b) phenolphthalein or 4,4™-bis(hydroxyphenyl)phenyl phosphine oxide to
9 vyield said homopolymer or copolymer.
1 22. A phosphonate homopolymer or copolymer prepared by the method as

2  defined in claim 19.

1 23. A phosphonate homopolymer or copolymer prepared by the method as

2 defined in claim 21.

1 24, A method for preparing an optical or opthalmic lens, said method
2 comprising injection molding into the form of said lens, a melt-processable phosphonate

3 homopolymer or copolymer having units of the formula:

12

I

4 RI-p—R13-R'5
R14

5 whereinR'", R, and R independently are O or S; R'" is a linear or branched C,-C, alkyl or

6 C,-C, haloalkyl, pheny!, chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and R"”is

—F

~J

==

A Skl

NN dens Wit e



R P R 1.14 5wherein R',
| i near or branched Cl-C4 al kyl

R12, and R 3 independently are O or S; RLis a

6Cl- C4 hal oal kyl, ph I
or C§£:| ohexyl ; anaR'é isp7?gé m@%(ﬁﬁ?&loa 45

p-tolyl, benzyl, biphenyl,
I ~i .- FaMOO) 308 "PEWS-09 OCT Zool 12 MAY 2001 8 9 10 it 12 13
226 IPEA/US 09 oCT 20071
12 MAT 7004
8 -0
- CH,
9 O+C
CHs
t
- OO
H
O
-O
11 S ,
|
O
: -0+0
I
- OtO
CHs; CHs4
CH,
: O+O-
CH,
CH3 CH3
CH;

15
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14 15 CH3 CH3 AMENDED SHEET -27 'CO01'484 FWS 4 OCT ZI 1 2 MA's 294 17 18

19 20 21 AMENDED St

-28 / 08138, -IPE ;S 0 9 OCT zZD 12 W%}%ﬂrsa

any conbi nati on of any of the foregoing.

16

17

18

19

20

21

PEALUS 09 oCT 21

_27-

CH

e 17 MAY 2004
CH :
O O -~ O

CH, CH;
Br.

O CH3 O
CHj,
O
O

CH;,

@
O

- ,

\QG@ |
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1 25. A phosphonat e honopol ymer or copol ymer having units of the fornula: _2

I11Z P-R3-R5 141 R 3 wherein R and R3 are independently 0O N@Q:@%BOQ‘

one of R and RB3is S R is O RAis a 4 linear or branche

or Cl-C4 hal oal kyl, phenyl, chlorophenyl, p-tolyl, benzyl, igmy(i 6r 70
cyclohexyl; and RS is 6 7 8 9 HO 10 or any .conbi nati on of 0 3 GCT ¢

f oregoi ng. AVENED SHEET -29 1 26, A phosphondt’e copol ymer conpri si r&g 2 Ea)

a first unit having the fornul a 1 27MAY 2004

O

I < >
P
22 ,

23 or any combination of any of the foregoing.

l 25. A phosphonate homopolymer or copolymer having units of the formula:

?2
%_l_Ra_Rs
I,

2
3 wherein R’ and R® are independently O or S; at least one of R' and R* is S; R is O; R*is a
4 linear or branched C,-C, alkyl or C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl,
5 biphenyl, or cyclohexyl; and R* is
CH,
6 W ,
CHa,
7 ‘@ ,
Br Br
CH,
8 O O ,
CHs
Br Br
I
’ @ 7’@

]

10  or any combination of any of the foregoing.
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ri7 3 TAU e30 IT Ms" . 09 OCT 200 12 MM ZOO R19 4 wherein W&ﬁ@@@‘%ﬁiﬂ

R 2 are independently O or S; R9 is phenyl; and R2 is 56 7°&

9 or any conbination of any of the foregoing; and 10 (b) a second unit
having the formula ~22 2123 25 11 R P.R R PEA/US 09 0CT 200
29 .
12 MAY 2000
1 26. A phosphonate copolymer comprising

2 (a) a first unit having the formula
i:(17
R‘IG_P|_R18_R20
< 1,
4  wherein R'¢, R", and R'"® are independently O or S; R' is phenyl; and R* is
CHy
CH;
Br. @2 Br
CHs
7 O ,
CH,
Br Br
8 g '
@ FQ

9  or any combination of any of the foregoing; and

Lo

(o

nw=0Q

O

10 (b) a second unit having the formula
22

11 ‘é R2 1__@____ R23_ R25
I

12 wherein R?', R®, and R* are independently O or S; at least one of R?, R, and R®is S; R*
13 is a linear or branched C,-C, alkyl or C,-C, haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl,
14  biphenyl, or cyclohexyl; and R* is

]6 O O ‘

s, Y

'\"_-U?“: : o R .
Ao D o o -




124 12 wherein R21, R22, and R23 are independently O or S; at Ieast aqne

R21, R22, and RR23 is S; R24 13 is a linear or branched C, -

Cl - C4 haloal kyl

-30 a 11 CH3

17

18

19

20

21

22

23

24

phenyl ,

chl orophenyl, p-tolyl, benzyl, 14 blphenyl
cycl ohexyl; and R25 is !5 16 R16 P R18 RRO 17 18 19 20 21

O-tC
-O+C

O

0
— : : —C )
CHa, CHg
O r O
CHs
CHy - CH;

-0-+0-
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AVENDED SHEET JP 0 9 OCT 200 12 MAY 2006 -31 25 26 27 28 29 30 31 or any
conbi nation of any of the foregoing, 32 wherein the first anmﬁ%cﬂlﬂn‘ﬂgo a ‘

are different. 4
PEAVUS 09 0CT 2

=31 -
CH, CH, 17 MAY 2004
- —OTOTO
Br. “Hs CH3Br
CHj
- OF0-
CHj

Br Br
27 QQ ,
28 O |
O >

. —O

31 or any combination of any of the foregoing,

32 wherein the first and second units are different.
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