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(57) ABSTRACT

High refractive index, melt processable polyphosphonates

and methods for preparing the same are provided. These

polymers are particularly useful for optical and ophthalmic

parts, such as lenses. A method of preparing optical and

ophthalmic lenses by injection molding the polymers of the

present invention into the form of the optical or ophthalmic

lenses is also provided.
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HIGH REFRACTIVE INDEX

THERMOPLASTIC POLYPHOSPHONATES

This application is a DIV of US. application Ser. No.

10/642,922, filed Aug. 18, 2003, now US. Pat. No. 6,943,

221; which is a DIV ofU.S. application Ser. No. 09/887,979,

filed Jun.22, 2001, now US. Pat. No. 6,653,439; which is a

DIV of US. application Ser. No. 09/439,825, filed Nov. 12,

1999, now US. Pat. No. 6,288,210.

FIELD OF THE INVENTION

BACKGROUND OF THE INVENTION

Polycarbonates are tough, rigid engineering thermoplas-

tics. 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. Poly-

carbonates, 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 refractive index, melt-processable poly-

phosphonates. These polymers typically have lower melt

processing temperatures and birefringerence than polycar-

bonates. These polymers may be used to form optical or

ophthalmic products, such as lenses. Furthermore, the poly-

mers of the present invention can be transferred directly

from a reactor to a final mold for, for example, ophthalmic

lens production, increasing the economic efiiciency of the

lens manufacturing process.

Another embodiment of the invention is a method of

preparing the polyphosphonates of the present invention.

DETAILED DESCRIPTION OF THE

INVENTION AND PREFERRED

EMBODIMENTS

The present invention encompasses melt-processable

phosphonate homopolymers or copolymers comprising,

consisting essentially of, or consisting of units of the for-

mula:

Formula I

wherein R1, R2, and R3 are independently O or S; at least one

ole, R2, and R3 is S; R4 is a linear or branched CFC4 alkyl

or CliC4 haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl,

biphenyl, or cyclohexyl; and R5 is

{3}”H
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-continued

or any combination of any of the foregoing. R1 and R3 are

preferably 0. Preferably, R2 is S. Preferably, R4 is phenyl. R5

is preferably

 

CH3 ,

CH3 CH3

CH3

cH3

CH3 CH3,

H

or any combination of any of the foregoing.

Another embodiment of the present invention encom-

passes melt-processable phosphonate homopolymers or

copolymers comprising, consisting essentially of, or con-

sisting of units of the formula:

Formula 11

wherein R6, R7, and R8 are independently O or S; R9 is a

linear or branched CliC4 alkyl or CliC4 haloalkyl, phenyl,

chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and

R10 is

0C)
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-continued

Preferably, R6 and R8 are 0.

The invention further includes an optical or ophthalmic

part, preferably a lens, comprising, consisting essentially of,

or consisting of melt-processable phosphonate homopoly-

mers or copolymers comprising units of the formula:

Formula Ill

wherein R11, R12, and R13 independently are 0 or S; R14 is

a linear or branched C17C4 alkyl or C17C4 haloalkyl, phenyl,

chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and

R15 is defined as R5 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 homopoly-

mers or copolymers, including, but not limited to, random

copolymers and block copolymers. A preferred copolymer

comprises a first unit having the formula

R17

R16_P_R18_R20

where R16, R17, and R18 are independently O or S; R19 is

phenyl; and R20 is

CH3

W
CH3 ;

and a second unit having the formula



US 7,067,083 B2

5

where R21, R22, and R23 are independently O or S; R24 is

phenyl; and R25 is

CH3 CH3

Q CH3 Q
CH3

CH3 CH3

The number average molecular weight of a homopolymer

or copolymer ofthe 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 a refrac-

tive index ranging from about 1.58 to about 1.64. These

polymers are typically processable at from about 75 to about

100° C. above their glass transition temperatures.

The melt-processable phosphonate homopolymers and

copolymers of the present invention may be prepared as

described in Japanese Patent Publication No. 61-261321.

One method of preparing these polymers is as follows. At

least one phosphonic acid halide having the formula

Formula 1V

where R26 and R28 are independently halogens; R27 is O or

S; and R29 is a linear or branched CliC4 alkyl or CliC4

haloalkyl, phenyl, chlorophenyl, p-tolyl, benzyl, biphenyl,

or cyclohexyl is reacted with one or more bisphenols to yield

the phosphonate homopolymer or copolymer. Preferred

phosphonic acid halides include phenyl phosphonic dichlo-

ride, phenyl thiophosphonic dichloride, and any combina-

tion ofany ofthe foregoing. The phosphonic acid halide may

be dissolved by mixing it in a solvent, such as methylene

chloride, prior to reacting the phosphonic acid halide with

the bisphenol. When preparing polymers having units of the

formula I or 11 above, R27 and R29 of the phosphonic acid

halide are defined as R2 and R4 or R7 and R9 above,

respectively.

Suitable bisphenols include, but are not limited to, hyd-

roquinone; resorcinol; 4,4'-dihydroxybiphenyl; 4,4'-cyclo-

hexylidenediphenol; bisphenol A; bis(4-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'-bis(hydroxyphenyl)phenyl phosphine

oxide; 0t,0t'-bis(4-hydroxy-3-methylphenyl)-1,4-diisopropy-

lbenzene; bis E; 2,2-bis(4-hydroxy-3-methylphenyl) pro-

pane; bis(4-hydroxy-3-methylphenyl) sulfide; dihydroxy-

diphenylether; 1,3-bis(4-hydroxyphenoxy) benzene; phenyl

10

15

20

35

40

45

50

55

60

65

6

HC; t-butyl HQ; 4,4'-thiobis(t-butyl cresol); 2,2'-thiobis(4-

t-octylphenol); and any combination ofany of the foregoing.

The bisphenol may be dissolved by mixing it in a solvent,

such as methylene chloride with triethylamine and 1-methyl

imidazole, prior to reacting the bisphenol with the phospho-

nic acid halide.

The copolymer of the present invention may be prepared

by reacting at least two different phosphonic acid halides

having the aforementioned formula with one or more

bisphenols. Alternatively, the copolymer may be prepared by

reacting at least one phosphonic acid halide with at least two

different bisphenols.

Optical or ophthalmic lenses may be prepared by injection

or compression molding a melt-processable phosphonate

polymer of the present invention into the form of a lens.

The following examples illustrate the invention without

limitation.

EXAMPLE 1

A 4-necked, 500 mL round bottomed flask equipped with

an overhead stirrer, nitrogen inlet, temperature probe, drop-

ping funnel and a condenser, was flame dried three 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 solution of 17.549 g (0.09 moles) of distilled

phenylphosphonic acid dichloride in 60 mL of dry methyl-

ene chloride was added dropwise from a dropping funnel

over about 40760 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 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 metha-

nol and allowed to coagulate. The polymer was dried and

dissolved in about 15720% 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 90795° C. This polymer comprised units having the

formula

can;::: G
<5

EXAMPLES 275

The procedure in Example 1 was repeated except bis P,

4,4'-biphenol, 4,4'-cyclohexylidenediphenol, or phenol-

phthalein was substituted for bisphenol A in Examples 275,

respectively. The polymers prepared comprised units having

the formulas in Table 1 below.
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TABLE 1

Example Units

2 (ll CH3

O—P—O

CH3 CH3

3 o

” Q Q
O—P—O

4 o

” Q Q
O—P—O

5 o

” Q Q
O—P—O

O

Q 0

EXAMPLE 6

45 TABLE 3

Tough, ductile films and plaques were formed from the Yield Stress Yield Strain Stress at Strain at

polymers prepared in Examples 175 by compression mold- Modulus (GPa) (MPa) (%) Break (MPa) Break (%)

ing and their refractive index, number average molecular 1.30 I 0.1 67.5 I 3.2 9-3 I 0.5 45.5 I 3.4 54.2 I 20.0

weight (Mn), and glass transition temperature (Tg) were 50

determined. The results are shown in Table 2 below.

EXAMPLE 7

 

 

TABLE 2

55

Refractive

Example Index Value Mn Tg (0 C.)

1 1.60 44,000 117

2 1.60 33,000 124 60

3 1.639 21,500 145

4 1.606 19,100 130

5 1.623 26,000 186

 

65

The tensile properties of the polymer prepared in Example

1 were determined and are shown in Table 3 below.

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—methyl imidazole, while the second solution was main-

tained at about 0° C. and stirred. After completion of the

dropwise addition, the solution was warmed to room tem-

perature 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

15720% w/v tetrahydrofuran (THF) and allowed to coagu-

late in the water to form a free flowing fibrous polymer. The

polymer was dried in a vacuum oven at about 90795° C. This

polymer comprised units having the formula
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S CH3

O—P—O T

CH3

The refractive index, number average molecular weight

(Mn), weight average molecular weight (MW), and polydis-

peristy index (Pd) of the polymer were determined. The

results are shown in Table 4 below.

 

 

TABLE 4

Refractive Index Mn MW Pd

1.629 29,000 59,000 2.01

 

All patents, publications, applications, and test methods

mentioned above are hereby incorporated by reference.

Many variations of the present matter will suggest them-

selves 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.

What is claimed is:

1. 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:

R12

R11_P_Rl3_R15

|
R14

wherein R11, R12, and R13 independently are 0 or S; R14 is

a linear or branched C17C4 alkyl or C17C4 haloalkyl, phenyl,

chlorophenyl, p-tolyl, benzyl, biphenyl, or cyclohexyl; and

R15 is

o, w,

W,
CH3
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-continued
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Q CH3 Q
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CH3

Br Br ,

C? C?


