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o CONTACT LENS MATERIAL

The present invention relates to copolymers, in

particular suitable for use in contact lenses.

The use of synthetic hydrogels for contact lenses was
flrst demonstrated by Wichtecte and Lim in the 1960'5.
Early.hydrogels employed 2-hydroxyethyl methacrylate (HEMA)
as principal monomer, together'with some of the homologgus
esters of the glycol monomethacrylate series such as
diethylene glycol monomethacrylate and tetraethylene glycol

monomethacrylate. It was later found that slightly cross-

linked copolymers of the higher glycol monomethyacrylates

and E-hydroXyethyl methacrylate yielded transparent

hydrogels that swelled in water to a'higher hydration than -

the hydrogels of 2-hydroxyethyl methacrylate.
The wéter content of hydroxyalkyl methacrylate based

gels can be further increased by the addition of vinyl

~ lactams, hethacrylic acids, acrylic acids, acrylamides and

- methacrylamides. Although the required degree of gel

hydration can be achieved by the addition of anionic
moh;mers;_it is well known that these gels display high
levels of brotein deposition on and occasionally within the
gel matrix.

It has now surprisingly been found that effective
contact lens materials which have both good transparency

'and'a high degree of water swellability are provided by

copolymers which have a permanent positive charge built
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into them. Such polymers are fo:med by polymerising and
crosélinking a neutral diluent monomér, for example HEMA,
with é co-monomer bearing a centre of permanent positive
charge. These formulations have been found to have a high
level of protein resistance to tear component deposition
and a reduction in lens water loss.

Accordingly, the present invention provides a
crosslinked copolymer which is obtainable by polymefising a
neutral diluent monomer or monomers, a mOnNoOmer Or MONOMErs
bearing a centre of permanent positive charge, and a
bifunctional or trifunctional crosslinking agent.

The crosslinked copolymers of the present invention.
thereforé comprise residues of a diluent ménomer or
ﬁonomérs, a monomer or monomers bearing a centre of
permanent éositive charge, and a bifunctional or
trifunctional crosslinking.aqent.
| The copolymers of the invention may be xerogels which do
ndt*contain any water. Alternatively, they may be in the
form of hydrogels which do contain water.

The invention also provides a process for producing such
a crosslinked copolymer, a contact lens material comprising
such a copolymer, a contact lens made from such a
copolymer, and use of such a copolymer or contact lens

material in the production of a contact lens.
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Piluent Comonomeyr

The diluent monomer can act as a solvent for the
comonomefs during cqpolymérisation to produce the coﬁolyme:
if no additional solvent is present. Where the diluent
mnononer and.monomer bearing the centre of permanent
positive charges are immiscible a solvent can be used to
aid mixing.

Particular examples of diluent comonomers include alkyl
(alk)acrylate preferably containing 1 to 12, more
preferably 1 to 4, carbon atoms in the alkyl group of the
ester moieﬁy, such as a methyl (alk)acrylate and butyl
(alk)acrylate; a dialkylamino alkyl (alk)acrylate,
preferébly containing 1 to 4 carbon atoms in each alkyl
mbiety of the amine and 1 to 4 carbon atoms in the alkylene
chain, e.g;_2(dimethy1amino)ethyi (alk)acrylate; an alkyl
(alk)actylamide preferably containing 1 to 4 carbon atéms
in the alkyi group of the amide moiety; a hydroxyalkyl
(alz)acrylate preferably containing from 1 to 4 carbon
atoms in the'hydroxy moiety, e.g. a 2-hydroxyethyl
{alk)acrylate; or a vinyi monomer such as an N-vinyl
lactam,.prete:ably containing from 5 to 7 atoms in the
lactam ring.for instance vinyl pyrrolidone; styrene or a
styrene derivative which for examéle is substituted on the
phenyl ring by one or more alkyl grouhs containing from 1
to 4 carbon atoms, and/or by cne or more halogen, such as

fluorine ?toms.
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It is to be understood that throughout the specification
(alk)acrylate, (alk)acrylic and (alk)acrylamide mean
acrylate or alkacrylate, acrylic or alkacrylic and
acrylamide of alkacrylamide respectively. Preferably
alkacrylate, alkacrylic and alkacrylamide groups contain
from 1 to 4 carbon atoms in the alkyl group thereof and are
most preferably methacrylate, methacrylic or methacrylamide
groups. Similarly (meth)acrylate, (meth)acrylic and
(meth)acrylamide shall be understood to mean acrylate or
methacrylate, acrylic or methacrylic and acrylamide or
methacrylamide respectively.

Preferably the diluent monomer is selected from
vinylpyrrolidone, 2-hydroxyethyl methacrylate, methyl
methacrylate and mixtures thereof, most preferably 2-
hydrbxyethyl_methacrylate, methyl methacrylate and mixtures
thereof. in one embodiment diluent monomers are
vinylpyrrolidone, 2-hydroxyethyl methacrylate and mixtures
therfeof.

Comonome eari Cent ermanent Positive Cha

The.comonomer bearing the centre of permanent positive
charge can either be cationic or zwitterionic. 1In the
latter case the monomer includes within its structure not
only a céntre"of'permahent positive charge but also a
centre of negative charge. Typically the centre of
permanent positive charge in both cationic and zwitterionic

comonomers 1s prov1ded by a quaternary nitrogen atom.
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Preferred comonomers which bear a centre of positive
charge are of general formula (I)

Y-B-X (I)

vherein B is a straight or branched
alkylene, oxaalkylene or oligo-oxaalkylene chain or if X
contains a carbon~carbon chain between B and the centre of
permanent positive charge or if Y contains a terminal
carbon atom, a valence bond,

X is a group bearing a centre of permanent positive
charge and

Y is an ethylenically unsaturated polymerisable group

selected from
CH,=C-C-A- or

wherein:

R bs hydrogen or a C,-C4 alkyl group; -

A is -0- or -NRl- where..R1 is hydrogen or a C;-C, alkyl
group or Rl is -B-X where B and X are as defined above.

K is a group A(CHZ)pOC(O)-, -(CHy) pC(0)0~,
- (CHy) gOC(0)0-, =(CHp)pNRZ-, =(CHy)NR?C(0)-,
- (CHy) pC(0) NR2~, (caz)pnnzc(O)o-, - (CH;) gOC(0) NR2~-,
;(CHz)pNR2C(O)NR2-'(in which the groups R2 are the same or
different), -(CHz)po-, -(CHz)psoa-, or, optionally in a

combination with B, a valence bond, and p is from 1 to 12

'ﬂmsmaHuBunmﬁmm
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and R? is hydrogen or a C;-C4 alkyl group.

The proviso on whether B may be a valence bond ensures
that the centre of permanent positive charge in X is not
directly bonded to a heteroatém, such as an oxygen or
nitrogen atom in Y.

Preferred monomers which bear a centre of positive

charge are those of general formula (II) or (III).

R
CHa=C
C-A-B-X (II)
I
0
K-B—X (II1)

where R, A, B and X are as defined with reference to
formula (I).

Pxeferably R is hydrogen, methyl, or ethyl, more
preferably methyl, so thaq the monomer of formula (II) is
an acrylic acid, methacrylic acid or ethacrylic acia
derivative. |

In the compounds of formula (III) K may be a valence

bond and B a group, K may be a group and B a valence bond,

both K and B may be groups or K and B may together be a

valence bond. Preferably B is a group where K is a valence
bond. Where K is a group then preferably p is from 1 to 6,

more preferably 1, 2 or 3 and most preferably p is 1. Wwhen
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X is a group -(CHy)pNR2-, =(CHy)NR2C(0)-, =(CHy)pC(0)NR2~,
- (CH3) pNR2C (0) 0=, =(CH3)gOCNRZ- or =(CHy) NRZC(O)NR?~ then
R? is preférably hydrogen, metliyl or ethyl, more preferably
hydrogen. |

Preferably B is:

an alkylene group of formula -(CR32)a-, wherein the
groups -(CR32)- are the same or different, and in each
group -(CR3,)~ the groups R3 are the same or different and
each group R3 is hydrogen or C;., alkyl, preferably
hydrogen, and a is from 1 to 12, preferably 1 to 6;

an oxaaikylene group such as alkoxyalkyl having 1 to 6
carbon atoms iﬁ each alkyl moiety, mbre preferably
~CH,0(CHj) 4=

an oligo=-oxaalkylene group of formula
-[(CR%5) 0] (CRY5) - where the groups -(CR%;)- are the same
or different and in each group -(¢R42)- the groups R? are
the same or different and each group R is hydrogen or
C;-4 alkyl, preferably hydrogen, and b is 2 or 3 and c is
from 2 to 11, preferably.z to §5;

or a valence bond but only if X contains a carbon-carbon
chain between B and.the éentre of pbsitive charge, or if Y
contains a terminal carbon atom. |

Preferred groups B include a valence bond and alkylene,
oxaalkylene and oligd-oxaalkylene groups of up to 12 carbon
atoms.

Preferred groups X are the groups of formula (IVa),

uliiiin‘iiilfﬁfi' ||‘ﬁ““‘
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(IVB), (IVC), (IVD), (IVE) and (IVF) as defined below, of
which the groups of formula (IVC) are particularly
preferred. |

The groups of formula (IVA) are:
5 -ND(rS), R (IVA)
where the groups R3 are the same or different and each
is hydrogen or C;.4-alkyl and Z2 is a counterion.
Preferably the groups R5 are all the same. It is also
preferable that at least one of the groups RS is methyl,

10 and more preferable that all the groups RS are methyl.

The counterion z© present in the compounds of formula
(II) or (III) containing a group of formula (IVA) is such
that the compounds are neutral salts. The counterion may
be exchaﬁged with ions in physiological fluids and thus the

15 specific nature of the counterion is not critical in the
present invention. However, physiologically acceptable
counterions are preferred. Suitable physiologically
aééZptable counterions include halide anions, such as
chloride, bromide or fludride ions, other inorganic anions

20 such as sulphate, phosphate and phosphite and organic
anions such as aliphatic mono-, di- or tri-carboxylate
anions containing from 2 to 25 carbon atoms and optionally
bearing one or more hydroxyl groups e.g. acetate, citrate
and lactate. |

25 When X is a group of formula:KIVA); preferably B is a

group of formula -(CR3,)- or -(CR3,),~, eg. =(CHy)=- or
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-(CH,CH;) -.
The groups of formula (IVB) are:
RS
5 Jei?(caz)d-so§9 (IVB)
Rr6

where the groups RS are thé'same or different and each is
hydrogen or Cj;.4 alkyl and d is from 2 to 4. |
10 Preferably the groups RS are the same. It is also
preferable that at least one of the groups R6 is methyl,
and more preferable that the groups RS are both methyl.
Preferabiy d is 2 or 3, more prefe;ably 3.
When X is a group of formula (IVB)-preferably B is a
15 group of formula -(CR3;)=~ or =(CR3;),-,
eg. =(CHy)~ or -(CH,CHy) .

{
The groups of formula (IVC) are: '

O \AAASG:'\b-
o/
20 -o-g-(cnz)e-ﬂikn7)3 (IVC)
» S

where the groups R’ are the same or different and each is

hydrogen or C;.4 alkyl, and e is from 1 to 4.

25 Preferably the groups R’7 are the same. It is also

preferable that at least one of the groups R7 is methyl,

.and more preferable that the Qroups R’ are all methyl.
Preferably e is 2 or 3, more preferably 2.

When X is a group of formula (IVC) preferably B is a
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group of formula -(CR3,)- or =(CR3;),-
eg. -(CHy)- or =(CHyCHz)-.
The groups of formula (;VD) are:
o |

° cnz;o-!—o-(caz)fJEN(383)- (IVD)
-(o]z—éﬂ _ CC>
10  CHp-0-C-Bl-CHy
!

wherein the groups R® are the same or different and each is
15 hydrogen or Cy-4 alkyl, Bl is a valeqce bond or straight or
branched alkylene,.oxa31RYIene or oligo—oxaalkalkylene
group, £ is from 1 to 4 and if B is other than a valence
bond, 2 is 1 and if B is a valence bond: 2 is 0 if X is
directly bonded to an oxygen or nitrogen atom, and
20 otherwise Z is 1.

Preferably the gtoupszs are the same. It is also
preferable that at ieast oné of the groups R is methyl,
and more préferable that the groups R® are all methyl.

Preferably £ is 1 or 2, nore preferably 2.

25 Preferably Bl is: '

a valence bond; |

an alkylene group of formulaf-(ca3az)aa-, wherein the
groups -(CR332)- aré the same or different. and in each
-group -(CR32,)- the groups R32 are the same or different

30 and each group R3§ is hydrogen.ot Ci.4 alkyl, preferably

hydrogen, and aa ié from 1 to 24, preferably 6 to 18;
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an oxaalkylene group such as alkoxyalkyl having 1 to 6
carbon atoms in each alkyl moiety, more preferably
=CH50(CHy) 4= or |

an oligo-oxaalkylene group of formula

-[(CR4az)baOJca- where the groups -(CR432)- are the same or

different and in each group -(CR%3,)- the groups R42 are
the same or different and'each group R43 is hydrogen or
Cy-4 alkyl, pfefefably hydrogen, and ba is 2 or 3 and ca is
from 1 to 12, preferably 1 to 6. |

Preferred groups Bl include a valence bond and alkylene,
oxaalkylene and oligo-oxaalkylene groups of up to 24 carbon
atoms. ' |

In one embodiment B and Bl are the same.

The groups of formula (IVE) are:

o

i 9
-[0]z-CHy~CH-CH,-0-P-0- (CHp) o~&N(R%) 3  (1VE)

s
» 0~C~B2-CH4

|

0

wherein the groups.R9 are the same or different and each is
hydrogen or C;.C4 alkyl, B2 is a valence bond or a straight
or branched alkylene, oxaalkylene or oligo-oxaalkylene
group, g is from 1 to 4 and if B is other than a valence
bond, Z is 1 and if B is é valence bond Z is 0 if X is
directly bonded to an 6ngen or nitrogen atom and otherwise
Z is 1. R
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Preferably the groups R? are the same. It is also
preferable that at least 6ne of the groups R® is metﬁyl,
and mbre preferable thét the grbﬁps R® are all methyl.

Preferably g is 1 or 2, more preferably 2.

Preferably B? is: '

a valence bond;

an.alkylene group of formula -(CR3P,),,-, wherein the
groups -(CR3b2)- are the same or different, and in each
gfoup —(CR3b2)- the groups R3P are the same of different
and each group R3b is hydrogen or Cj.4 alkyl, preferably
hydrogén, and ab is from 1 to 24, preferably 6 to 18;

an oxaalkylene group such as alkoxyalkyl having 1 to 6,
carbon atoms in each alkyl moiety, more preferably
=CH,0(CHp) 4=; or | |

an oligo-oxaalkylene group of formula
=[(CR4P;)10]cp~ where the groups -(CR4P,)- are the same or
di:fgfent and in each group -(CR‘bz)- the groups R4D are
the same or different and each group R4P is hydrogen or
Cy1-4 alkyl, preferably hyérogen, and bb is 2 to 6 and c¢b is
from 1 to 12, preferably 1 to 6. |

Preferred groups B2 include a valence bond and alkylene,
oxaalkylene and oligo-oxaalkylene groups of up to 24 carbon
atoms.

In one embodiment B and B2 are the same.

The groups of formula (IVF) are:

eet Has Been Replaced
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0
CH4-B3-C-0-CH, O |
5 ca-o-x'!-o-(caz)hn@(nloh_ (IVF)
-[0],_'-&12 @

wherein the groups R10 are the same or different and each
is hydrogen or Cy., alkyl, B3 is a valence bond or a
10 straight or branched alkylene, oxaalkylene or oligo-
oxaalkylene group, h is from 1 to 4 if B is other than a
valence bond, 2 is 1 and if B is a valence bond 2 is 0 if X
is directly bonded to an oxygen or nitrogen atom and
otherwise Z is 1. .
15 Preferably the groups R19 are the same. It-is also
preferable that at least one of the groups R1C jsg methyl,
and more preferable that the groups Rlb are all methyl.

Preferably h is.l or 2, more preferably 2.

Preferably B3 is:
20 a Qalence bond;

an alkylene group of formula -(CR3°2)ac-; wherein the
groups -(CR3°2)- are ﬁhe same or different, and in each
group -(CR3S,)- the gréups R3€ are the same or different
and each group R3C is hydrogen or C;.4 alkyl, preferably
25 hydrogen, and ac is from 1 to 24, preferably 6 to 18;

an oxaalkylene group such as alkoxyalkyl having 1 to 6
carbon atoms in each alkyl moiety, mofe preferably

=CH,0(CH,) 4~; Or

This Sheet Has B
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an oligo-oxaalkylene group of formula
~{(CR%C,)pO)cc~ Where the groups =(CR4C;)- are the same or
different and in each group -(CR4°2)- the groups R4C are
the same or different and each group RiC is hydrogen or
Cy-4 alkyl, preferably hydrogen, and bc is 2 to 6 and cc is
from 1 to 12, preferably 1 to 6.

Preferred groups B3 include a valence bond and alkylene,
oxaalkylene and oligo-oxaalkylene groups of hp to 24 carbon
atonms. |

In one embodiment B and B3 are the same.

According to one particular embodiment, the monomer
bearing a centre of permanent positive charge is a monomer
of formula (V)

ril
caz=<':-c-o- (BB) nn-YY (V)
1 .
whgggin BB is a straight or branched C;-Cg alkylene chain
optionally interrupted by one or more oxygen atoms;
nn is from 1 to 12 ‘ |
‘Rll is H or a C;~-C4 alkyl group; and

YY is a group which includes a centre of positive

charge. More preferably,

- YY is a group selected from:

-Q«(ca3)3; (VIA)
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CHy
JE§4(CHZ)5-SO§3; (VIB)
by |
o . .
-o-!-o-(caz)mmisk(cn3)5 (vIC)
%
in which mm is from 1 to 4;
0
caz—o-g-o-(cxz)élgw(cu3)3
=
éﬂz-o-c-(as)nn—c33; and (VID)
g :
o
-cnz-cn-caz-o-g-o-(caz)219N(ca3)3
Is (VIE)
0-C- (BB) nn-CH3

o

the group BB in (VID) and (VIE) being a linear or

branched alkylene chain as defined above and nn being as

defined above.

Preferably BB is a group selected. from ~CHp~-,

-C(R12),-,

in which R!2 is c;.4 alkyl, and -CH;-CH;-O-.

- Preferably in compounds of formula (V), R11 is hydrogen

or methyl.

"When X is a group as defined under (VID) or (VIE), the_

group (BB)nn'is preferably chosen to avoid steric hindrance

in the vicinity of the adjacent
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-0C(0) - group, the reactivity of which could be adversely
-affected by such steric hindrance.

Preferred examples of co-monomers of formula (I) are:

CHj CH4

5 I
CHp=C-C-0~-(CH, ) 5~BN-CH,
0 CH
? CH; S0
10 ~ Compound A i
CH, TH3
CHZ=C-E-O‘ (CHz) zf'ai“ (CHz) 3‘5@3
15 0 CH,
Compound B
CH,4 i CH,
20 CH,=C-C~0~ (CH,) ,-0-P-0~ (CH» ) 5 -FN-CH;
0 R CH,
' Compound C
25 0
. I
CH,-0-P-0-(CHy) N (CH;) 5
. e} :
30 CH-0~C-C=CH,
' -
O CH,
35 0

Compounds D
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CH,=0-P=0- (CHz) 2-8N (CH3) 5
0oy

CH-0-C- (CH, ) nn=CH3

o
CHy-0-C-C=CHj

d b
3
Compounds E

o . _ |
I S
CH5=0-P~0-(CHj) 2= "N (CH3) 3

o
CH-0-C-C=Cl,

l ﬂ l
CHz"O'ﬁ" (CHy) nn—CHj3

o]
Compounds F

]
CH,-0-P-0 (CH,) 5 -NS(CH3) 5

be =,

o
CH,=-0-C-C=CH,

OH

Compounds G

Particular examples of preferred comonomers bearing a
centre of permanent positive charée are
2 (methacryloyloxy)ethyl-2' (trimethylammonium)ethyl
phosphate inner salt [Compound C above] and 1(4(4'-

vinylbenzyloxy)butane]l- 2" (trimethylammonium)ethyl
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phosphate inner salt [a compound of formula (III)].
Comonomers bearing a centre of permanent positive
charge, such as thbse of formulae (II) and (III), and
comonomers of formuia (V)'may be prepared by conventional
5 technigues using known reactions, for example using a
suitable substituted alkyl (alk)acrylate, glycerophospho;yl
choline or suitable-substituﬁed styrene as starting
material. |
.Examples of suiﬁable substituted alkyl (alk)acrylates
10 include dimethylaminocethyl(meth)acrylate and 2-
hydroxyethyl (meth)acrylate.
Comonomers of formula (II) or (III) containing a group
of formula (IVA), (IVB) or (IVC) and comonomers of formula
(V) including a group of formula (VIA), (VIB), and (VIC)
15 may be prepared as described in Reference Examples 1 to 4
~ or by analogous known methods.
_ gomonomers of formula (II) or (III) containing a group
of formula (IVD) and comonomer of formula (V) including a
group of formula.(VID)'may be prepared by $e1ective
20 acylation of glycerbphpsphorylcholine or analogues thereof
at the primary hydroxyl group with an activated acid
derivative such as ah acid anhydtide O[C(O)Blc33]2
or an acid halide CH;BlCOHal where Bl is as defined above
and Hal is halogen, followed by acylation of the secondary
25‘ hydroxyl group with én appropriate acylating agent, for

example methacryloyl chloride. Purification, for example
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'by column chromatography on a suitable support, may be

performed after each acylation or after the second
acylation only. Suitablé activated acid derivatives
include acid anhydrides, acid halides, reactive esters and
imidazolides. The acylations may be performed in a
suitable anhydrous, éproticlsolvent, for example N,N-
dimethylformamide, optionally in the presence of a suitable
non-nucleophilic base, for example triethylamine.

Alternatively, the primary alcohol group in
glycerophosphoryl choline or an analogue thereof may be
blocked by reaction witﬁ a suitable protecting group
reagent, for example t~butyldimethylsilyl chloride, under
standard conditions and the secondary hydroxy group then
treated with an acylating agent such as methacryloyl
chloride. The f-butyldimethylsilyl protecting group may be
removed by treatment with a dilute organic or mineral acid,
for example p-toluene sulphonic acid, hydrochloric acid or
witn.tetra-butylammoniuﬁ fluoride. The-deblocked primary
hydroxyl group may then be treated with an activated acid
derivative such as an acid anhydride 0{C(0)BlCH3], or acid
halide CH381c0Ha1 wﬁere Bl is as defined above, and Hal is
halogen.

Analogues of glycerophosphorylcholine may be
prepared by reaction éf phosphorus oxychloride with a
bromoalcohol in an inert aprotic solvent, such as

dichloromethane, to give a bromoalkylphosphorodichloridate.

This Sheet Has Been Re{i
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The dichloro derivative thus produced may then be treated

with 2,2-dimethyl 1,3-dioxolane-4-methanol in the presence

of a base, for exampié triethylgmine, followed by acid
hydrolysis to give a brdmoalkylphosphorogylcero1
derivative. This may ﬁhen be treated with an amine NR83,
where R8 is as defined above, for example trimethylamine,
to generate the glycefophosphorylcholine analogue. This
preparation is depicted in thg following scheme.

o

o
POCl, + HO(CH,) ¢Br —> Cl,P-O(CHj) ¢Br

10 _OH
o<
v
2. Hy0*
0 o
I g I
-~P-0-(CH,) ¢-N9RE - P - (CHj)¢Br
H P < OH OH
. .
H NR%, OH

where R® and f are as defined in relation to groups
of formula (IVD).

Comonomers of formula (II) or (III) containing a
group of_formula {IVE) and comomeré of formula (V)
containing a group of formula (VIE) may be prepared by the
selective acylatién of glycerophdséhorylcholine or an
analogue thereof at the primary hydroxyl group with for

example, methacryloyl chloride followed by reaction at the
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secondary hydroxyl group using an activated acid
derivative, such as an acid halide O[C(O)BZCH3]2 or an
acid halide CH,B2COHal, where B2 is as defined above and
Hal is halogen. The intermediates and final products may

be purified, as necessary using column chromatography.

Optionally, protecting group strategy, similar to that

outlined above in relation to production of comonomers
containing a group of formula (IVD), may be employed.
Comonomers of formula (II) or (III) containing a
gréup of formula (IVF) may be prepared in an analogous
manner to comonomers conéaining groups of formula (IVD) or

(IVE).

Crosslinking Comonomers

The copolymers of the invention aiso comprise
residues of difunctional and/or trifunctional comonomers.
Such comonomers ére capable of-crosslinking the polymer
during polymerisation. Conventional crosslinking agents
may_;e used.

Examples of snitaﬂle crosslinking comonomers
include alkane diol or triol di- or tri(alk)acrylaﬁes, eg
(meth)acrylates, preferably containing 1 to 8 carbon atoms
in the diol or triol residue; alkylene di~ or éri-
(alk)acrylamides, e.g. (meth)acrylamides, preferably
containing 1 to 6 carbon atoms in the alkylene group and

and di- or tri-vinyl compounds such as di- or tri-vinyl

il B
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benzene compounds. Particular examples of crosslinking

- 22 -

agents include ethyleneglycoldimethacrylate,__
tetraethyleneglycol dimethacrylate,
trimethylolpropanetrimethacrylate and N,N-
methylenebisacrylamide.

Optionally the comonomer mixture used for
polymerising the copolymer further comprises a gel swelling
monomer such as an N-vinyl lactam, methacrylic acid or
acrylic acid and where appropriaté a bulking or solvating
agent such as a solvent, for example, an alcohol or water.

Polymers of the invgntion may be prepared by
copolymerising monomers bearing a centre of permanent
positive change, diluent monomers and crosslinking monomers
usually by bulk polymerisation in an appropriate mould.
Additionally a solvent or solvent mixture may be included
to provide a suitable reaction medium for immiscible
comonomers. Suitable solvents include water, halogenated
orggq}c solvents and non-halogenatéd org&nic solvents.
Initiators and/or reagents ﬁo modify the bulk morphology of
the final polymer may also.be included. Any conventional
technique may be used for the polymerisation, typically
thermal pelymerisation or ultraviolet polymerisation.

The invention therefore further provides a method
of preparing a crosslinked polymer which comprises
copolymerising a monomer composition, such as a monomer

solution, comprising a diluent monomer or monomers, a

———— e L

i



10

158

20

25

THIS SHEET HAS BEEN
- REPLACED

- 23 =
comonomer or comonomers including within its structure a
centre of permanent positive charge, and é monoﬁoner or
monomers which will crosslink the resultant polymer.
Optionally, the monomer composition further comprises a
solvent or solvent mixture_and a polymerisation initiator
or initiators. |

The monomer composition which is subjected to
polymerisation typically comprises at least 30%, preferably
at least 60%, and up to 99.79% by weight of diluent
monomer. It typically comprises at least 0.2% and up to
50% monomer or monomers which contain a centre of permanent
positive charge and from 0.01% to 2o£'by weight of
crosslinking monomer. Optionally up to 10% by weight of
gel swelling monomer is included.

In one embodiment the monomer composition which is
subjected to polymerisation typically comprises at least
70%, preferably at least 80% by weight of the diluent
monqmér. It further comprises at least 0.2% and up to 20%
of monomer or monomers which bear a centre of permanent
poéitive charge and, optionally, up to 10% by weight of
gel-swelling monomer or monomers.

The monomer composition may comprise conventional
further polymer ingredients such as cross-linking agents
and polymerisation initiators. These further ingredients
are in one embodiment used in a total amount from 0.1 to

%, typically from 0.2 to 3% and preferably about 0.5% by

This Sheet Has Been Re'placed
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weight relative to the weight of the monomer composition

prior to polymerisation.

Preferably the monomer composition comprises at

least 0.01% and up to 10% of crossiinking monomer or

. monomers.

Examples of suitable initiators include bis(4-
tertiarybutylcyclohexyl)-peroxydicarbonate,
benzoylperoxide, 2,2'-azo-bis(2-methylpropionitrile) [i.e.
azo-Bis-isobutyro nitrile}, 1-benzyl-2-hydroxy-2-
dimethylethane~1-one énd benzoin'methylether. An initiator
is generally used in a total amount from 0.1% to 5,
typically from 0.2% to 3% and preferably about 0.5% by
weight relative to the weight of the total monomer
composition prior to polymerisation

_ Additionally the monomer composition hay have added
to it a solvent or solvent mixture. Examples of suitable
solvents are ethanol, methanol and water. When present,
solvent suitably comprises from 0.1 to 50 weight % of thé
total reaction mixture, preferably from 5 to 40 weight %.

The polymer is prepared by dissolving the monomer
or monomers bearing the centre of positive charge in the
diluent monomer or monomers or diluent monomer/solvent
mixture toéether Qith the crosslinking monomer or monomers
and if present the polymerisation initiator or initiators.
The solution thus formed is then purged with nitrogen, to

remove any oxygen which may be present before the

““li?i’n‘aiiilﬁiﬂ“ “Tin
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polymerisation process is begun. Polymerisation is carried
out in a sheet-forming mould, a contact lens precursor
button (thick round disc) mould, a contact lens mould or to
provide a_cylindrical polymer rod. For example, when
carried out in a sheet-forming mould the monomer solution
may be injected between two spaced plates and then
polymerised jn situ to generate a polymer sheet.

Generally the copolymers of the invention will be
produced by copolymerisation in the absence water. This
produces a xerogel material thch can be moulded into

contact lenses directly or moulded to give contact lens

buttons which can be lathe cut using methods known in the

art to prodﬁce contact lenses. The xerogel material may be
washed in water or in aqueous buffer to remove any excess
monomer and initiator. The xerogel material can be
subsequently hydrated to produce'hydrogei with an
equilibrium water content of up to 90%, and preferably from
30 tp 8o0%.

The polymers of the invention are both transparent
and water swellabie and therefore suitable for use as
contact lens materials. 1In particular, the polymer may be
suitable for use in contact lenées which are for example
soft or gas permeable contact lenses.

The invention further provides contact lenses made
from polymers of the invention as hereinbefore defined.

The invention may be further illustrated by the

This Sheet Has Been Reﬂ
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following examples.
Example 1
ormation methacrvioylox -
!(trimethylammonium)et osphate inner salt -co=- 2-
droxyethylmethac ate -co-_ e enegdycoldimethacrylate
buttons

2 (methacryloyloxyethyl)=-2'(trimethylammonium)ethyl
phosphate inner salt (compound C) (4.86g) was dissolved in ;e
2-hydroxyethylmethacrylate (14.8g), together with |
ethyleneglycodimethacrylate (0.25g) and bis(4-
tertiarybutylcyclohexyl)-peroxydicarbonate (0.048g). This
solution was de~-gassed with nitrogen éas and then pipetted
into an open stainless steel contact lens button mould.

The mould was placed in an oven in a nitrogen atmosphere at
50°C for 1 1/4 hours. After this time the mould was
removed. The buttons wére pushed out of the mould and the
reaction completed by heating at 70°C in a vacuum oven for
24 hours. The buttons were opticaily clear and could be

.
machined to make contact lenses.

xam

ormation of ethacroyloxvet -2' (trimethyl-
ammonium)ethyl osphate inner salt =-co-
hydroxvet ethac ate -co- ethvlene coldimethacrvlate
buttons by photopo erisatio

_2(methacryloyloxyethyl)-2'(trimethylammaniuﬁ)ethyl.

heet Has Been R laced
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phosphate inner salt (compound C) 5.00g was dissolved in 2-

~ hydroxyethylmethacrylate (14.2g) together with

ethyleneglycoldimethacrylate (0.29), 1l~benzyl-2-hydroxy-2-
dimethylethane-l1-one (0.2g) and bis(4-
tertiarybutylcyclohexyl)-peroxydicarbonate (0.02g). The
solution was de-gassed with N, and then pipetted into an
open stainless steel contact lens button mould. The
monomer solutions were irradiated with a 100 w/inch medium
pressure, mercury vapour lamp for 2 minutes. The reaction
was completed thermally at 70°c in a vacuum oven for 24

hours. The resulting buttons were machined to make contact

lenses.
Example 3
'o ati a et -2 1 -
mmonium S te i alt -co- me _ a ate

—co- ethvleneglvcoldimethacrylate buttons

g 2 (methacryloyloxyethyl)-2'(trimethylammoniunm)ethyl
phosphate inher salt (5.76g) was dissolved in ethaneol
(6.5ml) and methylmethacrylate (7.59).
Ethyleneglycoldimethyacrylate (0.21g), l-benzyl-2-

hydroxy-2-dimethylethane-i-one (0.2g) and bis(4-

tertiarybutylcyclohexyl)-peroxydicarbonate (0.01g) were
added to the solution and dissolved. The.resultinq solution
was degassed with the gas and poured into an open stainless

steel contact lens button mould. The solutions were then

Tlus Sheet Has Been Re ﬁ
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irradiated by a 100 W/inch medium pressure mercury vapour
lamp for 2 minutes. The reaction was completed thermally
at 70°C in a vacuunm oven.for 24 hours. The ethanol was

removed from these buttons by heating at 80°C for 48 hours

5 in a vacuum oven. The resulting buttons were machined to

make contact lenses.

ample o
Formation of 2(methacrylovlioxvethvl)- |
2' (trimethylammonium)ethy osphate inne sa.t =co-
10 ethylmethac ate -co- ethyleneglycodimet acryvlate ro
A xerogel rod (lcm diameter x 10cm) was produced as
follows:~-
2 (methacryloyloxyethyl)=-2'(trimethylammenium)ethyl
phosphate inner salt (compound C) (5.77g) was mixed with
15 ethanol (6.5g), methylmethacrylate (7.4g),
ethyleneglycoldimethacrylate (0.2g) and bis(4-
-tetéﬁarybutylcyclohexyl)-ﬁeroxydicarbonate (0.03g). The
mixture was added to a polypropylene tube (icm diameter x
10cm) which was sealed at one end. N, gas was bubbled
. 20 through the solution and then a cap placed over the_end of
the tube. The tube was then placed in an oven at 50°C for
1.5 hours. After this time the gelled rod of polymer was
removed from the tube.

The reaction was completed at 70°C for 24 hours.

" This Sheet Has Been Rzﬂlaced
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After this time the rod was cut into lcm cylinders. These
cylinders were heated in a vacuum oven at 80°C for 48 hours

in order to removed the ethanol. The resulting buttons

were machined into lenses.

Example $§

ormati 2 (metha eth =2' (trimet ammonium
eth hosphate inne alt -co-'2-hvdro;zethzlmetgacrylate

-co~- ethyleneglycoldimethvlacrylate membrane
2(methacryloxyethyl) -2 (trimethylammonium)ethyl

phosphate inner salt (compound C) (3.60g) was dissolved in
2-hydroxyethylmethacrylate (6.27g) together with
ethyleneglycoldimethacrylate (0.12g) as a cfosslinkinq
agenﬁ and azobisisobutyronitrile (0.2g) as a polymerisation
initiator. The resultant monomer solution was then
deoxygenated by bubbling nitrogen through for S5 minutes.

The monomer solution thus prepared was injected
into a mould formed by two glass sheets covered by spray
mounted polyethyleneterephthalate sheet and separated using
a polytetrafluorcethylene spacer. Polymerisation was
carried out in situ by heating the mould to 80°C for 2
hours. '

Tﬁe polymer sheet thus formed was removed from the
modid and swollen with water or a borate buttered saline
solution at pH 7.1 to form a hydrogel sheet. The starting

formulation is suitable for the mould polymerisation of

is Sheet Has Been Reﬁlaced
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soft contact lenses.
Example €
(o] tion methacryloyloxyethyl)-2"' (trime
ammonium)ethyl phosphate inner salt-co=-2-hydroxy ethvl-
5 ethac te-co-methylmet ate-co-et ene cl-

dimethacrylate memb;ﬁng

The method of Example 5 was repeated just using

2(methacryloyloxyethyl)-2'(trimethylammonium)ethyl

phosphate inner salt (compound

c) (3.79g), in 2-

10 hydroxyethyl-methacrylate (8.39g) together with

meﬁhylmethacrylate (5.04q), ethyléneqlycoldimethacrylate

(0.254g) as crosslinking agent

and azobisisobutyronitrile

(0.15g) as a polymerisation initiator.

The resultant hydrogel

sheet is similar to that

15 obtained in Example 5. The starting formulation is

suitable for the mould polymerisation of soft contact

lenses.
.
E le 7 R
ation o =(trimet ammonium)et metha e
20 ¢t uoromethane su ate -co- droxyet etha ate
-co- methvlene bis-ac mide polvmer she

2f(trimethy1ammonium)ethyl methacrylate trifluoro-

methanesulphonate, compound A,

(0.25 g) was dissolved in

Sheet Has Been R laced
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hydroxyethyl methacrylate (5 g)'together with methylene
bis-acrylamide (25 mg) as cross-linking agent and benzoyl
peroxide (25 mg) as polymerisation initiator. The

resulting monomer solution was then deoxygenated by

bBubbling nitrogen through for 5 minutes.

The monomer solution thus prepared was injected
into a mould formed by two silylated glass plates separated
by a teflon spacer. Polymerisation was carried out in situ
by heating the mould to 70°C and maintaining it at thaﬁ

temperature for 2 hours.

= |

The polymer sheet formed was removed from the mould

and swollen with water or a saline solution to form a
hydrogel sheet, which is a material suitable for forming
into soft contact lenses.
Exa e 8: Preparation of further copolymers

The method of Example 6 was repeated using,
reépectively, each of gompounds B and C and compound types
D to,G prepared as described in the Reference Examples in
place of compound A. The.hydrogel sheet formed in each

case was suitable for forming into soft contact lenses.

echanica éestih copolymers |
The copolymer sheets and lenses produced may be
swelled in appropriate agueous solutions and then
déhydrated by heating. The water content may be determined

by weight.

“ﬁfﬁiﬁ li‘iilﬁili“li‘ﬂin
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Tear strength measuremenﬁ may be performed by
Instrom analysis using appropriate ASTM procedures. Oxygen
permeability may be determined with appropriate electrodes
in accordance with appropridte ASTM standards. The
5 absorption of tear proteins by.the copolymers may. be

measured by standard spectrophotometic techniques.

Example 9
athe cutting to oduce contac ses
10 Buttons (as prepared in Example 1) were mounted

using a low melting point wax and cut with a lathe speed of
2800 rpm to produce contact lenses. éutting times were 1-2
seconds for 0.01 mm thickness reduction from the edge to
the centre. Nitrogen may bé used to cool the diamond

15 button interface. The contact lenses produced were cleaned
with petroleum ether (60-80) and polished with aﬁ oil based

polish (SpP2).

Example 10
.o
otein adsorpti and equi i w s
20 Two hydrogel membranes éf comparable water content

were prepared: membrane A (comparative) comprised of
methacrylic acid (16.5 mole%),.2-hydroxyethylmethacrylate,
(83.3 molet) and ethyleneglycol dimethacrylate (0.2 mole
%) membrane B according to the invention comprised of

25 2(methacryloyloxyethyl)-z'(trimethylammonium)ethyl
phosphate inner salt (40% mole), methylmethacrylate (59

Thxs Sheet Has Been. Iﬂilaced
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molet) and ethylene glycol dimethacrylate (1%). Both

membranes were cut into 0.9mm discs and socaked in a

-buffered protein solution for 24 hours at 35°C, Control

lenses were soaked in buffer solution for the same length
of time. The buffer solution was the same as that of the
buffered protein solution except that the bovine albumin
and chicken lysozyme were not added.

The composition of the buffered protein solution

was as follows:

Sodium Chloride 0.85%
Boric Acid 0.46%
Sodium Borate (10 H,0) " 0.04%
Bovine Albunmin 0.39%
Chicken Egg Lysozyme 0.12%
Water 98.4%

The conditions chosen mimic the occular environment
and are equivalent to those experienced by a contact lens
dur}ng 7 days wear. The equilibrium water content was
measured thermogravitmetrically and the dry weights of the
membranes compared after.soaking in the buffer solution and
the buffered protein solution.

The equilibrium water content data and changes in
dry weight equivalent to the adsorption of protein from the

solution are shown below:

This Sheet
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Membrane Eguilibrium Water Increase in Dry
Content % Weight . otein
Polymer
A : 79.4 + 0.6 ' -
at 35°C
A ~75.9 % 0.9 0.13 +£ 0.04
at 35°C in
protein
solution . : ("
B 70.5 + 0.4 -
At 35eC
B
At 35°C in 71.1 + 0.5 "0.01 £ 0.05
protein :
solution

The membrane containing 2(methacryloyloxy-
ethy1)42'(trimethylammonium) ethyl phosphate inner salt was
found to absorb significantly less protein than a membrane
material of comparable water content. The equilibrium

watgg content alsc remained unchanged.

ere e a e H

Synthesis o ime mmonjum)et ethacrylate
t;iflgo;omethanesulgggnatg (Compound A)

2 (Dimethylamino)ethylmethacrylate was vacuum
distilled and then dissolved in 0.1M dichloromethane.
Methyltrifluoromethyl sulphonate (one molar equivalent) was
added slowly to the resulting solution, the temperature of
the solution being maintained throughout at 40°C or less.

The product precipitated out slowly and was recovered by

-This-‘Sheet Has Been Reﬁaced
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filtration and washed in cold dichloromethane. The

synthesis is depicted in Reaction Scheme B.

eference Example 2:
t es‘s.o- dimet 2-methacryloxvet - -
ulphopropyl)) ammonium betaine inner sa (Conmpound B)
2(Dimethylamino)ethylmethacrylate was vacuum

distilled and then dissolved in 0.1M dichloromethane. To

this solution was added an equimolar amount of propane

sultone. The betaine slowly precipitated out of solution

and was recovered by filtration and yashed'with cold

"~ ‘dichloromethane. The reaction is shown in Reaction Scheme

B.

renc am
Preparatio etha oyloxyet =2'{trimethylammonjum
eth os te i (Compound C)

The'preparation is illustrated by the reaction scheme C

whigh foilows.

T
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a) 2=Chloro-1,3-dioxaphospholane
In a flask fitted with a pressure equalising dropping

funnel, reflux condenser (fitted with a CaCl, guard tube)

‘and magnetic stirrer, was placed a solution of phosphorus

trichloride (220ml; 346.3g; 2.52mol) in dichloromethane
(S00ml). Ethylene glycel (139ml; 154.7g, 2.49mo0l) was then
added dropwise via the dropping funnel at such a rate that
the evolution of HCl did not become too excessive. On the
addition of the ethylene glycol, ﬁhe condenser was arranged
for distillation, and the dichloromethane removed at

atmospheric pressure. When the distillate temperature

‘reached 60°C the flask was arranged fér vacuum distillation

using a water pump, Distillation then gave 2-chioro-1,3-
dioxaphospholane (158ml; 224.5g; 71.3%) as a colourless
mobile liquid (which fumes in moist air) b.pt. 36-40°C/21mm
Hg. (cf 45.5-47°C/20mm Hg, Lucas et al, J. Am. Chem. Soc.,
22, 5491, (1950)). |

IR (:m'l, thin £ilm) 2980, 2905, 1476, 1210, 1005, 930,
813, 770. |

b) 2-Chloro-2-oxo-1.3.2-djoxaphospholane (2)

In a flask fitted with a magnetic stirrer, reflux
condenser (fitted'with a c&c12 qdard tube) and sintered
giass gas inlet tube, was placed a solution of 2-chloro-
1,3~-2~dioxaphospholane (100.8g; 0.797mol) in dry benzene
(200ml). The~solution was stirred and a steady stream of

oxygen was bubbled through the solution. The reaction was

This Sheet Has B
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mildly exothermic, and temperature control was achieved by
allowing the solvent to reflux. The oxygen was passed
through the reaction mixture for 6 hours. The solvent was
removed by rotary evaporation, and the colourless mobile
residue distilled to give 2-chloro-2-oxo-1,3,2-
dioxaphosphdlane (2).(87.41g; 77%) as a colourless mobile
liquid -b.pt 95-97°C/0.2mbar [c.f. 102.5-105°C/1lmbar
(Edmundson, Chem. Ind. (London)), 1828 (1962); 79°C/0.4mbar
(Umeda et al., Makromaol. Chem. Rapid Communo., 3, 457,
(1982)].

IR(cm"l, thin film) 2990, 2910, 1475, 13.70, 1310, 1220,

1030, 930, 865, 830.

c) 2-0%0-1,3,2-dioxaphospholan=-2- et ethac ate
L3)

In a flask fitted with a magnetic stirrer, low
temperaturé thermometer, and a pressure equalising funnel
fitteg with a silica gel.guard tube, was placed a solution
of 2-hydroxyethylmethacrylgte (20.00g, 0.154&01) and
tfiethylamine (15.60g; 0.1é4mol) in dry diethyl ether
(300ml). The solution was stirred and cooled to between
=-20°C and -30°C. A solution of freshly distilled 2-chloro-
2-oxo-1,3,2-dioxaphospholane(2) (21.9g; 0.154 mol) in dry

diethyl ether (20ml) was then added dropwise over 30

‘minutes, the temperature being held at =-20°C during the

addition. sStirring was continued at this temperature for a

This Sheet Has Been R
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- further 1 hour and then for a further hour as the reaction

mixture was allowed to warm to room temperature. The
precipitated triethylamine hydrochloride was removed by
filtration, and was washed well with dry ether. The
ether was removed from the combined filtrate and washings
by rotary evaporation. The cloudy oil residue was then
shaken for 5 minutes with dry diethyl ether (50ml) to
precipitate a further crop of triethylamine hydrochlcride;
which was again removed by filtration. Removal of the

ether on fhe rotary evaporator gave (3) (34.18g; 94.3%) as

~a colourless viscous oil.

IR (cm'l, thin film) 1720, 1640, 1450, 1360, 1310, 1290,
1170, 1030, 930, 850.

NMR (CDCl,;; 60MHz, é ppm) 1.95 (s,3H), 4.25-4.70 (m,8H),
§.70 (m,1H), 6.25 (m,1H).

Rf (Si05, eluting with 10% MeOH:90% CH,Cl, -0.9; spot
visualised with molybdenum blue spray reagent (eg Sigma),

and With iodine vapour).

loyloxyet - ime ammonjum)e
osphate inner sa 4) .

The phospholane (3) (67.20g; 0.285 mol was
dissolved in 100 ml of dry acetonitriie, and placed in a
heavy walled tissue culture bottle. The phospholane
solution was then treated with a solution of anhydfous

trimethylamine (25.74g; 0.436 mol) in dry acetonitrile
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(100ml). The vessel was then sealed, and placed in a water
bath held at 50°C for 30 hours. The vessel was opened, and
the solution brought to the boil. The scolution was
filtered whilst hot, and thén'set aside for
crystallisation.

The product was collected by filtration, and most
of the solvent removed by suction. The wet product was
then washed thoroughly with anhydrous ether, then dried in
vacuo, to give (4) as a white amorphous, hygroscopic solid
(51.16g; 61%). Evaporation of the mother liquor gave a very
viscous o0il (20.00g; 23%), from which further product (4)
crystallised on standing at -20°C TLC: (silica gel plates,
eluting with MeOH/CH,Cl; (1:1 v/v)) showed one spot Rf 0.1,
which was revealed with Dragendorffs reagent, Molybdenum
blue spray reagent, and iodine vapour.

IR(cm-l 1720, 1640, 1320, 1300, 1230, 1170, 970, 750.
NMR (Dy0; 60MHz; & ppm) 2.0 (s,3H), 3.27 (s,9H) 3.60-4.50
(m, 8H), 5.80, (m,1H) and 6.25 (m,1H).

CHN Found: C 42.98%, H 7.88%, N 4.42%, P 10.51%.

CHN Theory: C 44.75%, H 7:46%, N 4.75%, P 10.51%.

(dl)w_m_MJ_LMMQMMM

os te inner salt ter v eparation)
Into a glass pressure bottle (300cm3), were placed
2-(2-oxo-1,3,2-dioxaphospholan~2~-yloxy)ethyl methacrylate
(10.0 g, 42 mmol) prepared in step (c) and dry acetonitrile

“ﬁﬁ’iiﬁ‘ fi‘iiu i uﬁin
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(60cm3). The pressure bottle was cooled in cold water and
then trimethylamine (2.5 g, 42 mmol) was rapidly added to
the cold solution. _fhe pressure bottle was closed and then
shaken in a thermostat maintained at 55°C for 2 hours. It
was then allowed to come to room temoerature and to stand
overnight, and was shaken again at 55°C for 13 hours.

After the reaction it was cooled down in water to 10°C. It
was rapidly filtered with filter paper. The filtrate was q*
evaporated under reduced pressure with a stream of nitrogen
for 2 hours to afford the product (12.3 g, 98%) as a
colourless viscous liquid which crystallised on standing in
a.freezer. The product could be purified by preparative

liquiad chromatography.

eference mple 4:
-alkanov]l=-2-methacro osph
-metha ovl=-2-alkano hos d c

(coﬁbound types D and E)

Glycerophoéphoryrcholiné (0.01 mole), obtained by
base hydrolysis of natural phosphatidylcholine, may be
stirred with alkynoic_acid anhydride (0.01 mole) and
dimethylamino pyridine (0.01 mole) in dimethylsulphoxide
(150 cm3).

At the conolusion of this reaction further

' dimethylamino pyridine (1 mole) together with methacrylic

acid anhydride (1 mole) may be added. The resulting
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mixture may be stirred for 24 hours. The
phosphatidylcholine formed may be purified by column
chromatography on silica using a gradient elution procedure
with chloroform: methanol: water.

The synthesis is depicted in reaction scheme D in

which R = CHj.

Reference gxamgle § H

Synthesis of -1-alkano i- -acroyl phosphatidylcholine and 1-
acroyl=-2-alkanovl ghosghatidzlcho;ige (Compounds type F
and G) |

The procedure of Reference Ekample 4 may be
repeated, but with acrylic acid anhydride (1 mole) being
used in place of methacrylic acid anhydride. The synthesis

is depicted in Reaction Scheme D in which R = H.

Reference Example 6

e aration of 1[4(4'-vi benzyloxy)butanel=-2%-
imet m .°um t o i sa
The synthesis is depicted in Reaction Scheme E.
4-Hvdroxy- 1(4'-v;ng;9 nzvloxvibutane (5)

_ 1,4-Butanediol (50.00g) was dissolved in dry
toluene (60ml), para-choloromethylstyrene (15.62g; 0.1lmol)
was then added with stirring. A catalytic quantity of 18-
crown=-6 (o.ﬁg) was then added. The flask was stoppered,

stirred at room temperature for 18 hours and for a further

isllsiiiﬁ |illai||BeenI||eﬁaced
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4 hours at 45-60°. The resulting solution was then poured
in to water (500ml) and ex;racted with dichloromethane
(3x75ml). The combined extracts were dried (MgSO4) and
evaporated (20°/2imm) to give a yellow ocil, which was
5 distilled to give a yellow oil,(14.53g; 69.6%) .b.pt. 152~
157°/1mbar.
NMR (60MHz: CDCls) 1.55 (m, 4H); 3.50 (m, 5H, 1H exch);
4.45, (s, 2H) 5.50 (dd, 2H), 6.75 (dd, 1H), 7.40 (m, 4H).
IR (thin film), 3402, 2938, 2888, 1631, 1602, 1582, 1511,
10 1480, 1445, 1382, 1320, 1116, 1063, 920, 907, 827, 801, 716
and 667 cm™i. |
4 (2-0x0~1,3,2-dioxaphospholane-2~yloxy)=1(4'~
vi benyloxy)butane (6 |
4-Hydroxy-1(4'~vinylbenzyloxy)butane:  (5) (10.03g; 48.69
15 mmol) and dried triethylahine (4.92g, 48.69 mmol) were
dissolved in dry diethyl ether (150ml) and the resulting
solution placed in a rigorously dried flask. The solution
was cooled to -30° and 2-chloro-2-oxo-1,3,2~
diégaphospholane (6.94g; 48.69 mmol) added dropwise over 30
20 minutes, the temperature being held at -30°. The reaction
mixture was then sﬁirred for a further 2 hours, during
which time the temperature was allowed to rise to 10°. The
mixture was filtered and the precipitate washed with dry
ether. The filtrate was evaporatéd (20° / 21mm) to give a
25 cloudy oil. The residue was shaken with 50ml of dry ether

and refiltered. EQaporation of the filtrate gave the
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product as a viscous yellow oil (13.73 g; 90.4%).

TLC (eluting with 10% MeOH/ 90% dichloromethane)
showed one'major spot, which stained with acid molybdate
reagent (Rf 0.61), IR (thin film) 3458, 2945, 2917, 2860,
1630, 1602, 1581, 1475, 1419, 1363, 1283, 1103, 1032, 820,
842, 807, 800, 715, 610 and 421 cm~1l,
1f4(4'~Vinylbenzylo butanel-2"(trimethylammoniu th
phosphate inner salt (7)

Trimethylamine (2.00g, 33.9 mmol) was distilled
into a reaction vessel, and frozen with liquid nitrogen. .aA
solution of the 4(2-oxo-1,3,2-dioxaphospholane-2-yloxy)-1~
(4'-vinylbenyloxy)butane (6) (10.00§, 32.1 mmol) in
anhydrous acetonitrile (40ml) was then'added to the
reaction vessel, which was then sealed and placed in a
thermostatted water bath (50° for 50 hours). The reaction
vessel was then cooled to room temperature, opened, and the
reaction mixture evaporated to about half its original |
vq}ume (21 mm pressure). The concentrated solution was
then stirred at room temperature, whilst anhydrous ether
(200ml) was added dropwi;e to precipitate the product as a
viscous oil. The mixture was then left for several hours
at -10°. The product was collected by decanting off the
supernatent solid. TLC (eluting with
methanol/dichloromethane 1:1) showed one major spot at Rf

0.0-0.1 which stained with both Dragendorffs reagent and

acid molybdate.
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CH
”
CHy=C? - 0-(CH5) 5=N(CH4) 5 + CF2S0.CH
| 20— 2)2 3)2 3S03CH3
5 |
0
CH3 L i
__ CH, -
15 cHy=c /o-(cazyz-ﬁu-cth
|( ca3 CF50,®
)
Reaction §gng_m_' e B
20 CH,4
~ : |
CH,=C 0-(CHs) »~N(CH;) s + o
2 NN 2)2 3)2 P
c ' X0
25 g
| 0
30 - l |
- CH,y _ CHs
CHy=C O-(CHj) 5 -®N-(CH,) 3-50O
| Ne— |
.35 | CHj "
o
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(2)

CH, |

CH,

- 45'-
acti cheme C
Step (a) Step (b)
PCl,/CH,Cl -0 0, /benzene
HO (CH3) ,0H 3272 =[:°‘\“p-c1 2 =[_°::>p‘5o
(1)
Step (c)
=° . 3
[::::P\‘~c1 + caz=c-=:::z?’,,, 0~ (CHy) ,~OH
3 I
o
(2) (c) I
(CoHg) 3N/ (CoHg) 20
CH, 'ﬁ _
O e
CHy=C o-(CHz)z-o-pf””
\c/ \O._._
| - (3)
0
Step ]d} (CHa)gN/CHBCN
v
» H4 o]
c//; I |
CHy= ‘,,,o-(CHz)z-o-T-o-(caz)ZJEN-cn3
c
] P
)
(4)

Steps (a) to (d) correspond with the steps'in Reference

Example 4
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lcHs 2)n <o

WO 92/07885
eac [o] eme
CH,~OH
CH,-OH O
5
Go
10
15
CH,-OH
0

o
CH3 - (CH5) n-c/

PCT/GB91/01887

BEEN
THIS SH&:ET HAS
REPLACED

CH;——O0-P-0~- (CH,) 2PN (CH;) 5

\o

(ci) ;N —ON

0
CH=0-C-(CH3) n=CHy

|
CHy=0~=C~ (CHy) n~CH CH,-OH
20 2 o 2’n 3 2 ° |
| o+ |
CHy-0-P-0-(CH,) B (cH3) 5 CH,-0-P-0- (CH,) ;8N (CH;) 4
® »
25 R
- I
CHy=C-C
~ (CH3) N —(O N
| cHy-c-¢ |
30 * I o
v R
o R ' o
i |
35 CH,-0-C-C=CH, CH,=0~C- (CH,) n~CH3
) o R
i N
CHy=0=C~(CH;) n~CH3 CHy~0-C~C-CH5
40 -
: o) ' (“)
-
CH, -o—1|=-o- (CH) 2B (cH,) 4 CH, -o-1|=-o (CHp) o BN (cH) 5
4s © eo
T T—— - \
""" SN et
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HO(CHy) 4OH -\@‘CHZO(CHZ) 4OH
(5)

//'\\

(o)
e

cazo (CHp) 4O~ L~
- \
0

MesN (6)

. ° o i
u
\CH,0 (CH,) 4-0-7-0 (CH,) 2NMe,

o>
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1. A ctossiinked copolymer which is obtainable by

polymerising a neutral diluent monomer or monomers, a
monomer or monomers bearing a centre of permanent positive

5 charge, and ‘a bifunctional or trifunctional crosslinking
agent.

2. A copolymer according to claim 1 in which the
diluent mohomer is selected from alkyl (alk)acrylates,
dialkylamino alkyl (alk)acrylates, alkyl (alk)acrylamides i

10 hydroxyalkyl (alk)acrylates, N-vinyl lactams, styrene,
substituted styrene derivatives; and mixtures theréof.

3. A copolymer according totclaim 2 in which the
diluent monomer is selected from vinylpyrrolidone, 2-
hydroxyethylmethacrylate, methylmethacrylate and mixtures

15 thereof.

4. A copolymer according to any one of the
preceding claims in which the permanent positive charge in
the gomonomer Or COMONOmMErs bearing a centre of positi&e
charge is provided by a quaternary nitrogen atom.

20 5. A copolymer ;ccording to any one of.the
preceding claims which is obtainable by copolymerising a
monomer bearing a centre of permanent positive charge of
formula (I)

Y-B-X (I)

25 wherein B is a straight or branched

alkylene, oxaalkylene or oligo?oxaalkylene chain or if X

contains a carbon-carbon chain between B and the centre of
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permanent positive charge or if Y contains a terminal
carbon atom, a valence bond,

| X is a group beariné a centre of permanent positive
charge and

Y is an ethylenically unsaturated polymerisable
group selected from

o .
CH,=C-C~A- or
! K-
wherein: _ _

R is hydrogen or a ci-c4 alkyl group;

A is -0~ or -NR- where R! islhydrogen or a C;~C,4
alkyl group or R! is -B-X where B and X are as defined
above; and _

K is a group -(CHz)pOC(O)-, - (CH3) pC(0)0-,

-(CH;) ,0C(0) 0=, -(caz)pnnz-, -(caz)puazcm)-',

- (CHy) pC(O)NR2-, (CHy)NR2C(0)0-, =(CH;)p0C(0)NR2~,

=(CH;) pNRZC(0)NR2- (in which the groupsIR2 are the same or
different), -(CHz)pO-, -(gnz)pso3-, or, optionally in a
combination with B, a valence bond, and p is from 1 to 12
and R? is hydrogen or a C;-C4 alkyl group.

6. A copolymer according to claim 5 in which B is
an alkylene group of formula -(CR3,),-, wherein the groups
-(CR3,)~ are the same or different, and in each group
-(CR32)- the groups R3 are the same or different and.each
group R3 is hydrogen or Cy-C4 alkyl, and a is from 1 to

12;
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an oxaalkylene group such as alkoxyalkyl having 1
to 6 carbon atoms in each alkyl moiety,
| an oligo-oxaalkylene group of formula
-[(CR‘z)bO]c(cR42)b- where the groups -(CR%;)~- are the same
or ¢ifferent and in each'group -(CR‘z)- the groups R4 are
the same or different and each group R4 is hydrogen or
C,-C4 alkyl, and b is 2 or 3 and ¢ is from 2 to 11,
or if X contains a carbon-carbon chain between B
and the centre of positivé charge, or if Y contains a
terminal carbon atom, a valence Sond.
7. A copolymer accordipg to claim S or 6 in
which X is a group of formula (IVA)
-N&(r%)32° (V)
whére the groups RS are the same or different and each is
hydrogen or C;.4 alkyl and 72 is a counter ion;
a group of formula (IVB):
_ g6
-QIJ- (CHy) g-505° (IVB)

R
where the groups R® are the same or different and each is

S

hydrogen or C1-4 alkyl and 4 is from 2 to 4;

a group of formula (IVC):

0 O wesy
| .

-0-P-(CHy) ¢-N¥(R7);  (IVC)
L

where the groups R7 are the same or different and each is

hydrogen or C3_4 alkyl, and e is from 1 to 4:

|||iii’i’|‘|‘iii|ﬂif|“ llm'““’
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I
Tuz-o-p-o-(cnz)f—@h(as3) (IVD)
-[0]y-cH &
CH,-0-C-Bl-CH,
o

wherein the groups R® are the same or different and each is
hydrogen or Cj;.4 alkyl, Bl is a valence bond or straight or
branched alkylene, oxaalkylene or olig9-oxalkalkylene
group, £ is from 1 to 4 and if B is other than a valence
bond, 2 is 1 and if B is a valence bond 2 is 0 if X is
directly bonded to an oxygen or nitrogen atom and otherwise.
Z is 1; |

a group of formula (IVE):

o]

i .
~(0] z-CHy~CH-CHy~0~P-0- (CH, ) gN(R) ;  (IVE)

o®
0-C-B2-CHj
» _ |
)

wherein the groups R? are the same or different and each is
hydrogen or Cy.4 alkyl, B2 is a valence bond or a straight
or branched alkylene, oxaalkylene or oligo-oxaalkylene
group, g is from 1 to 4 and if B is other than a valence
bond, Z is 1 and if B is a vaience bond 2 is 0 if X is
directly bonded to an oxygen or nitrogen atom and otherwise

2 is 1; or —_—
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a group of formula (IVF):
0
L
CH3~B3-C-0-CH; O
CH-0-P-0- (CH,) ,NO(R10) 3 (IVF)

-[0]z-cl:az ®

wherein the groups R10 are the same or different and each
10 is hydrogen or Cj.4 alkyl, B3 is a valence bond or a
straight or branched alkylene, oxaalkylene or oligo-
oxaalkylene group, h is from 1 to 4 if B is other than a
valence bond, 2 is 1 and if B is a valence bond 2 is O if X
is directly bonded to.an oxygen or nitrogen atom and
15 otherwise 2Z is 1.. .
8. A copolymer according to claim 7 in which X is
a group of formula (IVD), (IVE) or (IVF) and B!, B2 or B3
respectively contains up to 24 carbon ctcms.
S. A copolymer according to clcim 7 in which X is
20 a group of formula (IVA), (IVB) or (IVCQC).
10. A copolymer according to claim 9, 8 in which
the ;roup X is a group of formula (IVC).
11. A copolymer according to claim 10 wherein the -
groups R’ are all methyl. |
- 25 12. A copolymer according to claim 11 which
comprises residues of 2(methacryloyloxy)ethyl-2'- ‘
(trimethylammonium)ethyl phosphate inner salt.
13. A contact lens material comprising a copolymer

according to any one of claims 1 to 12.
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l4. A contact lens comprising a copolymer

- 8§33 -

according to any one of claims 1 to 12 or a contact lens
material according to claim 13,
15.  A process for producing a copol&mer claimed in
S any one of élaims 1 to 12 which comprises copolymerising a
monomer composition comprising a diluent monomer or
monomers, a comonomer Or comonomers bearing a centre of
permanent positive charge, and a monomer or monomers which
will crosslink the resultant polymers;
10 16. Use of a copolymer acéording to any one of
claims 1 to 12 or a contact lens material according to

claim 13 in the production of a contact lens.
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