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parti'cul ar suitable for use in cont atctgé‘@%es. The) use &ER tic
ttydrogel s f-or gontact |enses mas“ftF%t denonst r at
the 1960''s. Eardy'hydrogel s ermglfey

-1 - CONTACT-LENS MATERI AL The present invention r!tlT&ﬂS&SHEET tépdiERNe Sé)l n

YWcthitecte and Limin
d 2-hydroxyet hyl nethacrylate (HEMA) as

prinei pal nononer, together wi sone of the honol ogous esters of the

'grjcol nononet hacryl ate series suclCONTAGERILENS MATERTAL nononet hacryl ate

and t et raet hyl ene gl ycol nononethacrylate. It was later found that slightly

cross- |inked copoMueepsesienthdnviegitdonyineldtem mipkymers esimnd

Z;ﬁydroxyethyl

met hacryl ate yi el ded transparent hydrogels that swelled in

water to a hi gh®arkigudarosuifaple for use in contact lenses.

10
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The use of synthetic hydrogels for contact lenses was
first dembnstrated by Wichtecte and Lim in the 1960's.
Earl&.hydfogeis employed 2-hydroxyethyl methacryiate (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 water 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

Y
monomers, it is well known that these gels display high

levels of protein 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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t he hydrogel s of 2-hydroxyethyl nethacrylate. The water content of

hydr oxyal kyl éﬂﬁ | at e based gels can be further increased 9¥:f 91 -
addi ti on of WPR %ﬁ:’t ans, nethacrylic acids, acrylic acids, acryllg'% ({0!88

and net hacryl am des. Al though the required degree of hydration can be
achi eved by the addition of anionic nononers, it is i &K BOWET Egt He
gel*s display high levels of protein deposition on an OCca'éym% i n
the gel matrix. It has-now surprisingly been found th i

| efis materials whi ch have both good transpareney and a hi gh degree of water
smellablllty are provided by copol ynmers which have a pernmanent positive
charge built into them. Such polymers are formed by polymerising and
crosélinking a neutral diluent monomér, for example HEMA,
with é co-monomer bearing a centre of permanent positive
charge. These formuiations have been found to have a high
5 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

10 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

15 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.

20 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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-2- into thew >8yese-pol yners are fornmed by pol ynerising and crosslinking a
neutral diluent nononer, for exanple HEMA, with a co-nononer bearing a
centre of permanent p05|t|ve charge. These fornulations have been found to

have a hi gh 1evel of protein resistance to tear conponent de] deoo
redyction in lens water |loss. Accordingly, the present
crosslinked copolymer which is obtainable Byspalynmerisiin
MONQIEr or nonomers, a nobnomer or nononers bearing a c

iR \[pPEEdes| a
Qyig@&Ddllu t

{L

positive chargeniandna Oofmonemegnal or trifunctional crosslinking agent.

10

15

20

25

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,
preferably 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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The crosslinked copolynmers of the present invention. therefore conprise
resi dues ofwe gp/01888t nononer or nononers, a nonomer or nonomePST. llfﬂbgsa

centre of permanent positive charge, and a bifuncti onal
crosslinking agent. The copolyners of the invention

do not contain any water. Alternatively, they may be
hydr ogel s which do contain water. The invention also
produci ng such a crosslinked copolyner, a coptact |en

&rial conprising

su¢h a copolymer, a contact |ens nmade from stch a copol ymer, and use of

such a copol ymer of contagtpl aRtaBRLESAA! tide tORr BLGAYGL e Obp@ctitatlion

| ens.
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(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.

This Sheet Has
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i
-3- Diluent- Conononmer The diluent nononmer can act as a solvent for the
conmohoner s during copol yneri sation to produce the copolyner A-f-neo

addi tional solvent is present. Where the diluent  nmongrpsaMECTOMBTBEEN
bearing the centre of permanent positive charges are i sci QkeL&CED| vent
can be used to aid mxing. Particular exanples of dilu

i n¢l ude al kyl (alk)acrylate preferably centsai-ning 1 to 12, nore preferably
1 to 4, carbon atons in the alkyl group of the ester noiety, such as a
meThyl (al k) acr y#hméterred bobydbnomers which bear a centre of positive

charge are of general formula (I)

Y-B-X (I)

vherein B is a straight or branched
5 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
10 charge and
Y is an ethylenically unsaturated polymerisable group

selected from

R
15 ' CHy=C-C=-A~ or
|
0 K-
wherein:
- 20 R bs hydrogen or a C,-C4 alkyl group; -

A is -0- or -NRl- where Rl 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 -'(caz)pocw)-, -(CHy) pC(0)0~,
- (CHy) gOC(0)0-, =(CHp)pNRZ-, =(CHy)NR?C(0)-,
25 - (CHy)pC(O)NR?-, (caz)pnnzcm)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

' Thls Sheet Has Been Reﬂll
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(alk)acryl ate; a dialkylam no alkyl (alk)acrylate, preferably containing 1

to 4 car bow&&i)m n eachmmmaﬁ e he amne and 1 to Ap@ﬂm/@w

in the al kyl'ene ¢ aln no) et hyl (al k)acryl ate; an aIkyI
(al k) acryl am de preferably o4 carbo- atons—r—te—ar Ky| .
group of the am de noiety; (al k) acr Iﬁ.t\gsplEETéW%ﬁN
containing from1l1l to 4 carbon atons in the hydroxy moi etFEPIAGED a
2- hydroxyet hyl (al k)acrylate; or a vinyl nononer eh—gs—armnm N vi nyl | actam
. preferably contalnlng from5 to 7 atons in fhe Iactan1r|ng for instance
rene or a styrene derlv i ve which for exanple is

vinyl pyrrolido & g é
substituted onPAeRHhERYRYAFAGEDyOENR Sl'ﬁnré VﬁyﬁrﬁPﬁhps contai ning from
1 to 4 carbon atogsé g?gégéobXnoneegﬁe EemQ$'88e“ va&ence bond ensures

that the centre of permanent positive charge in X is not

directly bonded to a heteroatém, such as an oxygen or
5 nitrogen atom in Y.
Preferred monomers which bear a centre of positive
charge are those of general formula (II) or (III).
_ 2 .
10 - CHy=C
C-A-B-X (II)

o

15

K=-B——X (III)
where R, A, B and X are as defined with reference to
20 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. |

25 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 bé 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,

‘30 more preferably 1, 2 or 3 and most preferably p is 1. Wwhen



Y

fluorine at B,..v.06.4- It is to be understood that throughout the
specification (alk)acrylate, (alk)acrylic and (aIk)gELXLgﬂl;;_“ _____ - | at e

or- al kacryl ate,
respectively.

acrylic or alkacrylic and acryl am d¢
Preferably al kacryl ate, al kacrylic 3 ~uwiﬁb&ﬂlde gljoups

contain from1l to 4 carbon atons in the al kyl group arre—ar € Nnost

preferably nmet hacryl ate, nethacrylic or nethacryl am

(neth)acrylate
mean acrylate or,

10

15

20

25

de groups Slnllarly
(meth)acrylic and (neth)acryl&nfde shal | be understood to

X is a group =(CHy)pNR2-, =(CHy)NR2C(0)-, =(CHy)pC(0)NR3~,
- (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““‘




nmet hacrylate, acrylic or methacrylic and acrylam de or methacryl am de
respectivel woRybressbl y the diluent nononmer is selected from PCT/GB91/01887 -
vi nyl pyrrol i done, 2-hydroxyethyl methacrylate, nethyl methacrylate and
m xtures thereof, nost preferably 2- hydroxyethyl nethacrylate ne

met hacryl ate and m xtures thereof. In one enbodi nent T }¥QQﬂQﬂ§BEENrﬂ
vi nyl pyrrolidone, 2-hydroxyethyl methacrylate and mi xtluf'e Qprgg#g
Conpnoners Bearing A Centre of Permanent Positive Change e EONEFORE
beailng the centre of permanent positive char§e™ can ei ther be cationic or
zwitterionic. In the latter case the mononer includes within its structure

not only a cent re&lVR) petFEHont (Vi i AV Eh AR GINFL 3% 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 exchanged 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

This Sheet Has Been Re ﬂ
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centre of negative-tharge. Typically the centre of permanent positive
charge,in both cationic and zwitterionic comononers is provided by a
quaternary nitrogen atom Preferred conononers whi ch_bear—a—certFe
positive charge are of general fornula (1) Y-B-X ‘Fﬁ%@ﬂﬂEﬁfWN@EEﬁ&i
strai.ght or branched al kyl ene, oxaal kyl ene or ol i go- OXfa|ky|KﬁRikﬁﬂﬂl1 or
X contains a carbon-carbon chain between B-=afid=t he centre=BF—pe

p05|t|ve charge or if Y contains a term nal carbon atom a vaience bond,

v =(CH;CH;y) -.
The groups of formula (IVB) are:
RS
5 JE*—(caz)d-so§9 (IVB)
R6

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

is-Sheet Has Been Reﬁaced
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X is a group bearing a centre of permanent -positive-charge and Y is an

et hyl eni cally unsaturated pol yneri ted fromJ[e L &b
S[|s ]hydroﬁwcﬁi)womé:[err] C[e?/r] m@h&tﬁ% llacseg_o_ or -N[R[gar'r{-&/ﬂ\g\i]@:lgeh7 .
err] is hydrogen or a (Jerr er or err sherey B

and X are as defined aboSL K]lg[a [ﬂuﬂﬂ ])[e?&—e;Ls'“""'__“"

-(CH err])[err]C(OO, -(CHerr]) . [err]OC(O) O, -(CH @rT{iy
(CHerr])[err]NRlerr] C(O) - (CH[err])[ rr C(O)NR[err]
( [err])[err]NR[err-]C(O)O -(CHerr])]| rr]d:(O)NR[er
-(CHerr])[err]NRlerr]C(ONRerr]- (in whit tht?he gr oups R2 are the sane or

different), -(CELSLL]L eEr O a-_(ckgrs])gSCLeEH or optionally in a

eg. =(CHjy)- or'-(CHZCHZ)-_
The groups of formula (;VD) are:
o" _

.
?Hz;o-!—o-(caz)fJEN(383)- (IVD)
-{0),=CH O]
10  CHy-0-C-Bl-CH,

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;

-



conbi nati op, W,L,h.B. a valence bond, and pis from1l to 12 -6- and R2 is
hydrogen or a (Jerr]-C[err] al kyl group. The proviso on whether B nay be a
val ence bond ensures that the centre of pernmanent positi = [
not directly bonded to a heteroatom such as an oxy qH%gSgggra38ﬁﬁﬁ$b
Y. Preferred nonomers which bear a centre of positiwe charge:aoEDX hose llof
general formula (Il1) or (1l1). [err] [err] L i

. - 11 -

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

5 -[(CR4az)baOJc;- where the groups -(CR42,)- 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. |

10 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:

15 ' o
-[0]z-cnz-cu-cnz-o-g-o-(cnz)g-ek(RQ)3 (IVE)
R
s 0~C~B2-CH4
{ | 1

20

wherein the groups.R9 are the same or different and each is
' 25 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
30 2Z is 1. S
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where R, A B
Preferably Ri
the mononeryg

et hacrylic aci

val ence bond and B a group, K may be a group and B a [F&er

and X are as defined with reference to formula (I).

s hydrogen, nethyl, or ethyl, nore preferably methyl, so that
ggyla (11) is an acrylic acid, nmethacrylic acpdrmggymsm

(?szlvatlve I n the conpounds of formula (rrr)y Km

S ———

and B may be groups or K and B may together be a val ¢ &$ %ra-ly B

isd¥roml to 6, nore preferably 1, 2 or 3_399 nost préferab

10

15

20

25

p
y pis 1. Vhen

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:

Tm Sheet Has Been Replaced




-7- Kis a group -(CHerr])[err]NRlerr]-, -(CHerr])[err]
-(CHerr])[errTTTUTONR err]-, -(CHerr])[err]NRerr]C(O O
-(CHerr])[err] CCNR[err] - or -(CH[err])[err]NR[err]CX(
preferably hydrogen, nethyl or ethyl, nore preferably
B'i.s: an al kyl ene group of fornula -(CRerr])[err],
-(CR[err])- are the sane or different, and in each group - (CR[err]) t he
groups R err] are the same or di f f er ent and fgcb group R3 is hydrogen or
Cla&rr] alkyl, preferably hydrogen, and a is Tfom1 to 12, preferably 1 to
6; an oxaalkylene group such as alkoxyalkyl having 1 to 6 carbon atons in
each al kyl noiety, noregpreferably

: HEETHN&ﬁﬁW& i s
T WLAG&Q&]‘ er ai

CH4-B3-C-0-CH, O
5 ?a-o-p-o-(caz)h#91R1°)3 (IVF)
-{0]p-CH, O°

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 -
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-CH err]Q(CH err])[err]-; an oligo-oxaal kyl ene group of formula
-[(Cﬂerr])@éwéﬁrr](CR[err])[err]- where the groups -(CR erFdi/GBdi2188E
sanme or dif d in each group -(CRerr])- the groups R err] are the -
sanme or different and each group R4 is hydrogen or CJerr] alkyl, preferably
hydrogen, and b is 2 or 3 and c is from2 to 11, preferably 2 to 5, or a
val ence bond but only if X contains a carbon-carbon chain b B e [
centre of positive charge, or if Y contains a term nal car Qo

Preferred groups B include a val ence bond “afd & kyl ene, oxah

ol i go- oxaal kyl ene groups of u 0 12 carbon at . _Preferre
the groups of forngPa° }ggygxgaRky}ene group ogngormuia -

=[(CR%C5) pbcO)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
5 Cjy.q4 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.
10 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

15 |
CH,=C~C~0~ (BB) np-¥Y (V)
I

o' L)

whgggin BB is a straight or branched C;-Cg alkylene chain
20 optionally interrupted by ocne 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,

25 - YY is a group selected from:

N (cHy)5: (VIA)
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(1VB), (IV@v>¢1wPy~ (I VE) and (I VF) as defined bel ow, of which the groups
of formula (1VC) are particularly preferred. The groups of formula (IVA)
are: (IVA) where the groups R err] are the sane or different 2
Hydrogen or Clerr] alkyl and [err] is a counterion. Pre
Rlerr] are all the sane. It is also preferable that at

groups Rlerr] is nethyl, and nore preferable _that all tRe_gres are
met hyl . The counterion [err] present in tﬁélébﬁbounds of formula
JET-(cnz)g-so§3; | (VIB)
5 CHj
i p
-o-T-o-(caz)mmisk(cn3)3 (vIc)
10 o
in which mnm is from 1 to 4;
i
| .
CH,-0-P-0- (CHy) 2PN (CH3) 3
15 LY g |
-(I:H Q
cnz-o-ﬁ-(as)nn—c33; and (VID)
20 | 0 ’
o |
~CH ~CH=CH,=0-P-0- (CHy) ;<N (CH3) 5 wrE)
25 l ol
| 0-C-(BB) nn-CH3
o)
the group BB in (VID) and (VIE) being a linear or
30 branched alkylene chain as defined above and nn being as

defined above.

Preferably BB is a group selected. from -CHy-, -C(R12),-,
in which R!2 is c;.4 alkyl, and -CH;-CH;-O-.
- Preferably in compounds of formula (V), R11 is hydrogen

35 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

as Been RTlaced
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(I't) or (I'll) containing a group of formula (1VA) is such that the
conpounds awe 9p201888! salts. The counterion may be exchanged V\APLG’I'IGBm;/' BS
physi ol ogi cal fluids and thus the specific nature of thgﬂg;_g.' S
critical in the present invention. However, physiol ogi {fa ggaqﬁﬁﬁﬁ%%
counterions are preferred. Suitable physi ol ogi cal | y acée-tabh&?béﬁﬁ'
I ncl ude hal i de anions, such as chloride, brom de or fl UoLi-de=Fo
i norgani ¢ anions such as sul phate, phosphat q gand phosphlte and- organlc

anions such as aliphatic nDno- i or tri-carboxyl ate ani ons containing
from2 to 25 calqw dgid U W réf‘gwﬁi‘éhOéoHP&ebEYQEQH'%ely
groups e.g. acetate CI rat'e an Iactate IS group of fornu

(IVA), preferabigeddtied by such steric hindrance.

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

CHj CH4

5 I
caz=c-c-o-(c32)2497-cn3
|
0 CH,
CH; S0
10 ~ Compound A
{
CH,4 CH,4
caz=c-c-o—(cnz)243T-(caz)3-sds3
|
15 o] 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
caz-o-T-o—(cazjgsk(c53)3
. e} :
30 CH-0~C-C=CH,
' I
O CH,
35 0

Compounds D
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group of fornula -

- (CR32) -

(CR[err])[err] eg

-(CH err] CHLRy 411505 The groups of formula
groups R6 are the sanme or different

and d is from2 to 4. Preferably the

preferabl e that at

| east

nt“ﬁﬁﬁ tﬁﬁ;
one of the

ar

preferable that the groups R[err] are both nethyl.

mor e preferably 3.

10

15

20

25

30

35

0 .

I ) ]

CHy-0-P-0- (CHp) 28N (CH;) 5
0oy

ca—o-i-(cxz)nn-cx3

o
CHy-0-C-C=CHj

'
Q CH3

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

o
CH-0-C-C=Cl,

ﬂ l
CHz"O'ﬁ" (CHy) nn—CHj3

o)

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

be =,

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

OH

-(CHerr])-

t hyl
Pref g

-0-

Compounds E

Compounds F

Compounds G

Particular examples of preferred comonomers bearing a

centre of permanent positive charge are

2 (methacryloyloxy)ethyl-2' (trimethylammonium)ethyl

40 phosphate inner salt [Compound C above] and 1{4(4'~-

vinylbenzyloxy)butane]l- 2" (trimethylammonium)ethyl



Wien X is a group of formula (1VB) preferably B |s a group of fornula

-(CRerr])- .or gg% rr])[err]-, eg. mkl -(CH err] )
groups of fao¥ Fh,ﬂz; §/C) ar e: [errr}ns ups Rerr] arg‘*{’ﬁﬁdéown
different and each i s hydrogen or nd eis fro LT

Preferably the groups R7 are the s al so pre
one of the groups R7 is methyl, and nore preferable t hat
all methyl. Preferably e is 2 or 3, nore preferably 2.
fotmula (1 VC) preferably Bis a 18

phosphate inner salt [a compound of formula (III)].
Comonomers bearlng a centre of ‘permanent positive
charge, such as those of formulae (II) and (III), and
comonomers of formula (V) may be prepared by conventional
5 technigues using known reactions, for example using a
suitable substituted alkyl (alk)acrylate, glyoerophosphoryl
choline or suitable-substituﬁed styrene as starting
mater1a1
Examples of sultable 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 eeleotive
20 acylation of glycerophosphorylcholine or analogues thereof
at the primary hydroxyl group with an activated acid
derivative such as ah acid anhydrioe 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 en appropriate acylating agent, for

example methacryloyl chloride. Purification, for example



- 10 - group of formula -(CRerr])- or -(CRlerr])[err]-, eg. -
-(CHerr]CH P?/)°-7.885The groups of formula (1VD) are: [err] whe
groups R err] are the sanme or different .and each is hydrogggfb
al-kyl, Blerr] is a valence bond or straight or brancheg==afKylant
oxaal kyl ene or oligo-oxaal kal kyl ene group, f is fro > 2 ””;,
other than a valence bond, Zis 1 and if Bis a valen ‘ 0 if Xis
directly bonded to an oxygen or nitrogen atok? and ot

Preferably the-grougs R8 are the sane, It is also :
y 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
5 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
10 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
15 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
20 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
25 bromoalcohol in an inert aprotic solvent, such as

dichloromethane, to give a bromoalkylphosphorodichloridate.

This Sheet Has Been Reﬂlaced
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preferable that at |east one of the groups R8 is nethyl, and nore
preferable that the groups RS are all met hyl . Preferably f is 1or 2, nore
preferably WO P249788%bly B[err] ThnsSheaHbaB&HRH&ﬁd an al kyl en®CF/ 6831491887

formula -(CR[err])[err]-, wherei CRlerr])- are the sang, or
different; and in each group - i

oups. R[e
different and each group R3a |s h rr] _akk
hydrogen, and aa is from1 to 24, preferably 6 to
greup such as al koxyal kyl having 1 to 6 :

- 20 =

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

5 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 the following scheme.

o
10 1
POCl,y + HO(CH,) ¢Br —> Cl,P-0(CHy) ¢Br
‘ — 0
15 : . P g
v
2. Hy0*
20 o) o]
' | il
-~P-0-(CH,) ¢-N9RE - P - (CHj)¢Br
H &P < OH OH
25. | - * :
H NR%, OH
where R® and f are as defined in relation to groups
of formula (IVD).
30 Comonomers of formula (II) or (III) containing a

group of_formula (IVE) and comomers of formula (V)

se v

containing a group of formula (VIE) may be prepared by the
selective acylation of glycerophosphorylcholine or an
analogue thereof at the primary hydroxyl group with for

35 example, methacryloyl chloride followed by reaction at the



carbon at owg J.n..each al kyl noiety, nore preferably

-CH'err]Q(CH err])[err]-; .or an oligo-oxaal kyl ene group of fo AS BEB*
“[(CRlerr])[err]- where the groups -(CRerr])- are the o&ﬁﬁ‘f“f\%bent
‘and in each group -(CRlerr])- the groups R4a are the sadp\ﬁq ﬁkﬁc d
~each group Rd4a is hydrogen or Clerr] alkyl, preferably hydr =—and ba is

2 or 3 and cais froml to 12, preferably dite 6. Prefer groups B[err]
i nclude a val ence bond and al kyl ene, oxaal kyl ene and ol i go- oxaal kyl ene

groups of up secdhdarybhydiiodil droupaisimgpdineactBvatedBaeid are the
sanme. The groups of fornula (I'VE) are: [err]
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
5 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
10 gréup of formula (IVF) may be prepared in an analogous

manner to comonomers containing groups of formula (IVD) or

(IVE).

Crosslinking Comonomers

The copolymers of the invention aiso comprise
15 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
20 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

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

Hﬂfkmﬂli
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wherein t heyqpozropessR err] are the sane or different and each IRCT{GBI{PI88Dr
Cerr]-CJerr] alkyl, Blerr] is a valence bond or a straight or branched ’
al kyl ene, oxaal kyl ene or oligo-oxaal kyl ene group, g is=ftrom 1 to 4 and if B
is other than a valence bond, Zis 1 and if Bis a v3| engesh Sgif f X
is directly bonded to an oxygen or nitrogen atom and; therw@@@AgEb '
-12- Preferably the groups Rerr] are the sane. It i

at | east one of the groups R8 is nethyl, -a®® more preferable that the

reups err are all nethyl. . .
g ps R ] benzene compgunds. Particular examples of crosslinking

agents include ethyleneglycoldimethacrylate,
tetraethyleneglycol dimethacrylate,
trimethylolpropanetrimethacrylate and N,N-

5 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

10 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.

15 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

20 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

25 copolymerising a monomer composition, such as a monomer

solution, comprising a diluent monomer or monomers, a
— L
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Preferably g is 1 or 2, nore preferably 2. Preferably Blerr] is: a val ence

bond; .an al kyl'ene group of formula

-(CR[err])[err]-, wherein the groups

-(CRlerr])- are the sanme or different, and in each group ;

gr.oups R3b are the sane of different and each group R3b |q'hwdr HASBEEN
Cerr] alkyl, preferably hydrogen, and ab is from1 to 24J pref RERDAGED t o
18; an oxaal kyl ene group such as al koxyal kyl_having 1 to ¢

each al kyl

noi ety,

nDre preferably - CH[erF]di

err])[err] ;oor

o500 T G L S e L TRES R it R B A

centre of permanent positive charge, and a monomoner or

groups R4b are

10

158

20

25

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 zof.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

positive 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
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the sane or different and each group R4b is hydrogen or (err] alkyl,

D e B, 2% e S e boma o 2 e, LGl

to 6. Prefe

and ol i go- oxaal kyl ene groups of up to 24 carbon atons. Ln _one enbodi nent B

and B2 are the same. The groups of formula (IVF) are:
wherein the groups Rlerr] are the sane or different an

10

15

20

25

ﬂﬂS%iEEﬂﬁiébEEN

achpgpLAcED

P —

- 24 =
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 the
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




i's hydrogen or Clerr] alkyl, Blerr] is a valence bond or a straight or o
branched al kKyWa&ne‘°®Xaal kyl ene or ol i go- oxaal kyl ene group, h i5“t1'tff {ViR7
4 if'Bis other than a valence bond, Zis 1 and if Bis a valence bond Z is
0,if Xis directly bonded to an oxygen or nitrogen atom ]
1. Preferably the groups Rlerr] are the sanme. It is al sq prit&Ey AE'
| east one of the groups R err] is nethyl, and nore preférableﬁFﬁéﬁ ERe
groups Rlerr] are all nmethyl. Preferably hi& *or 2, noré preferably 2.

Preferably Blerr] is: a valence bond; an al kyl ene group of fornula )

-(CRlerr])[err|POlyReFiFatinn progpss- i6Rpegin)- Bedymerisatdon is fdagrmied
and in each

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
5 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
10 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
15 mnonomer 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
20 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
25 from polymers of the invention as hereinbefore defined.

The invention may be further illustrated by the
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group - (CRIWQ92/07885¢ groups Rlerr] are the sane or different &§d/&B2}01887
group R3c is hydrogen or (Jerr] alkyl, preferably hydrogen, and ac is from
1 to 24, preferably 6 to 18; an oxaalkylene group such as alkoxyalkyl

haV|ng 1 to 6 carbon atonms in each al kyl noiety, nore pr Eh

-CHerr]Q(CH err])[err]-; or - 14 - an oligo- oxaalkylek 8$§ HASBEE§7I
formul a -[(CR[err])[err]- where the groups 1&§R[err]) ar'e_the "EAHACE I
different and in each group -(CRerr])- the groups R err] are the sane or

di fferent and Qﬁ&f&&%?ﬁ@ 5%5%§ieé§ hydr ogen or

Example 1
ormation methacrvioylox -
!(trimethylammonium)et osphate inner salt -co=- 2-
S hydroxyvethylmethac ate -co-_ e enegdycoldimethacrylate
buttons

2 (methacryloyloxyethyl)=-2'(trimethylammonium)ethyl
phosphate inner salt (compound C) (4.86g) was dissol§ed in ;e
2-hydroxyethylmethacrylate (14.8g), together with |
10 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
15 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.

20 .
xam
ormation of ethacroyloxvet -2' (trimethyl-
ammonium)ethyl osphate inner salt =-co-
hydroxvet ethac ate -co- ethvlene coldimethacrvlate

25 buttons b hotopo erisatio

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

\\Il\l\\ i i



Cerr] alkyl, preferably hydrogen, and bc is 2 to 6 and cc is from1l to 12,
preferably &otﬁ,@ssgr eferred groups B[err] include a val ence b&CT/GBA1/01887
al kyl ene, oxaal kyl ene and ol i go- oxaal kyl ene groups of up to 24 carbon
atonms. In one enbodinent B and B3 are the sane. Accord
- enbodi ment, the nononer bearing a centre of pernanentl Fi$HEEEhas@@ENs a
monomer of fornula (V) [err] wherein BB is a straight | erhEhedED
Clerr]-Cerr] alkylene chain optionally ipntggrupted by one or—m O
atons; nnis froml to 12 Rerr] is Hor a g?err] Cerr] alkyl group, and

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

10 was completed thermally at 70°c in a vacuum oven for 24

hours. The resulting buttons were machined to make contact

lenses.
Example 3
15 'o ati a et -2 i -
mmonium sphate i alt -co- me _ a ate
-co~- ethylene g;xcolg;metnag;x;gte buttons

- * 2(methacryloyloxyethyl)-2'(trzmethylammonxun)ethyl
phosphate inner salt (5.76g) was dissolved in ethanol
20 (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
25 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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YY is a group which includes a centre of positive charge. Mre preferably,
YY is a ar oy h ked from [err] - 15 - [err] in which mpcs/Eseiroiss:o

4; [err] [er% the group BBin (VID) and (VMIE) being-a linear or branched -
al kyl ene chain as defined above and nn being as

THIS SHEET HAS BEEN
REPLACED

- 28 -
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
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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defined above. Preferably BB is a group selected from-CH err]-
-C(R[err])[err]-, in which Rlerr] is C[err] al kyl, and -CH HEerr]
Preferably in conpounds of formula (V), Rerr] is hydrogrﬁTQ

X'is a group as defined under (VID) or (VIE), the group (BB)[eREQLAGED
preferably chosen to avoid steric hindrance in the vici nity—et—tFe=ad ~
-16- -OC(O - group, the reactivity of which 28ukd be adversely affected by

such steric hindrance.
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
10 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
15 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
20 a polytetrafluoroethylene 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
25 solution at pH 7.1 to form a hydrogel sheet. The starting

formulation is suitable for the mould polymerisation of

Sheet Has Been RT‘laced
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Preferred eWO&788% co-nononers of fornmula (1) are: [err] Conﬁgﬁﬁ(dB%“mw .
Conmpound B Conpound C Conpounds D - 17- [err] Conpounds F Conpounds G
Parti cul ar exanples of preferred conononers bearing a

THlS SHEET HAS BEEN

U

- 30 - REPLACED
soft contact lenses.
Example €
(o] tion methacryloyloxyethyl)-2"' (trime
ammonium)ethyl phosphate inner salt-co=-2-hydroxy ethvl-
5 ethac te-co-methylmethyac 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) (3.79q), in 2-

10 hydroxyethyl-methacrylate (8.39g) together with
meﬁhylmethacrylate (5.04q), ethylsneqlycoldimethacrylate
(0.254q) 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- 2-hydroxvet 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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centre of permanent positive charge are

2( et hacryl oyl oxy) et hyl -2' (tri met hyl anmoni un) et hyl phosphate inner salt
[‘Conpound C above] and 1[4(4'- vinyl benzyl oxy) but ane] -
2" (tri met hyl anmoni unj et hyl - 18 - phosphat e i nner  sallf-
formula (111)]. Conpnoners bearing a centre of pernmanent 1'% Uh&E@EN
such as those of formulae (1l1) and (I11), and conononers Fﬁhﬁa PV) ma
be prepared by conventional techniques ustn3lkAaown reactions, for. ‘exanpl e

usi-ng a suitable substituted al kyl (alk)acrylate, glycerophosphoryl
hydroxyethyl methacrylate (5 g) together with methylene

e

bis-acrylamide (25 mg) as cross-linking agent and benzoyl
peroxide (25 mg) as polymerisation initiator. The
resulting monomer solution was then deoxygenated by
5 bubbling 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

10 temperature for 2 hours.

The polymer sheet formed was ;emoved 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.

15 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

20 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

25 by weight.
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chol i ne or

sui tabl e substi

§ﬁkg substituted styrene as starting materi al . PEIIGCBIED1887
ed al kyl (alk)acrylates include '

di met hyl ami noet hyl (et h) acryl ate and 2- hydr oxyet hyl (et h) acryl ate.

Comononers of forrmula (I1) or (111) containing a group
(1'vB) or (1VQ) and conmpnoners of formula (V) including &Ht 3 TOHAS GERDI

(V[A), (VIB),

1 to 4 or by anal ogous known net hods. Corbmfrer s of formira (rryor (1l

and (VIC) may be prepared as described ijn Ref BEBRAEERxanpl

COnoup of Totrmis C\i BparsErbhyh, BRSsiRaRaRTs bt £ fhtibanda ' ' 19
gIycerophosphoixégpgkiQ§a9y51gahgggssabgg Sggate ASTM procedures. Oxygen

10

15

20

25

permeability may be determined with appropriate electrodes
in accordance with appropridte ASTM standards. The
absorption of tear proteins by the copolymers may. be

measured by standard spectrophotometic techniques.

Example 9

athe cutting to oduce contac ses
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
button interface. The contact lenses produced were cleaned
with petroleum ether (60-80) and polished with aﬁ oil based
polish (SpP2). |
Example 10

-
otein adsorpti and equi i W s

Two hydrogel membr;nes 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
2(methacryloyloxyethyl)-z'(trimethylammonium)ethyl

phosphate inner salt (40% mole), methylmethacrylate (59

l lliiiﬁtliliillBeen ||eﬂlaced




at the primary hydroxyl group with an activated acid derivative such as an

aci d anhydri de C{CXC»B[err]CH[err]][err] or an acid hﬁllda :g

CH err]B[err]COHal where B[err] is as defined above a dm#@SHEEﬁﬂﬁﬁgéﬁN
foll owed by acylation of the secondary hydroxyl group‘w th BEPRAPEBpri at
acytating agent, for exanple nethacryl oyl chloride. Purifieatiom, Tor
exanpl e - 19 - by colum chronatography_o_3a_suitable support, may be
perforned after each acylation or after the Second acylation only. Suitable

activated acid qdRyi4gt iatRf deify Hete a&iﬁgptygﬁé%r@ﬁ& hgi¢fles, ppegetive

esters and

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
5 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:

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

15 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

20 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 H;
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I m dazol i des. The acyl ations may be perforned in a suitable anhydrous, -
aprotic sol , exanpl e N, N- di net hyl f ormam de, optional

presence of\x@rbéﬂ?{sggl e non-nucl eophilic base, for exanple tri e?ﬁrncﬁbﬁmsm -7
Alternatively, the primary al cohol group in glycerophosphoryl chollne or an

anal ogue thereof may be bl ocked by reaction wth a suitable protectlng

group reagent, for exanple t-butyldinethylsilyl chlorf
conditions and the secondary hydroxy group then treat d*%ﬁﬁﬁﬁgﬁf$§§ﬁgﬁﬂ g
agent such as nethacryl oyl chloride. The T- Bt ¥l di nethyl si IREP'¥iectin

group may be renoved by treatnment with a dilute organic or m neral aci d,
for exanpl e p-toluene sul phonic acid, hydrochloric acid or with

tetra-butyl armmm%r:r_]afnleuorl I&qui rl%rq%t?nl Ay plri T Increase in brv

Content % Weight . otein
Bolymer
A : 79.4 + 0.6 ' -
5 at 35°C
A ~75.9 % 0.9 0.13 +£ 0.04
at 35°C in
protein
solution . ' ("
10 B 70.5 + 0.4 -
At 35eC
B
At 35°C in 71.1 + 0.5 "0.01 £ 0.05
protein :

15 solution

The membrane containing 2(methacryloyloxy-
ethy1)42'(trimethylammonium) ethyl phosphate inner salt was
found to absorb significantly less protein than a membrane

20 material of comparable water content. The equilibrium

watgg content alsc remained unchanged.

elie e a e H
thesis o ime m‘on'um et ethacrylate
t;iflgo;omethanesulgggnatg (Compound A) .
‘25 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.

30 The product precipitated out slowly and was recovered by

-This-‘Sheet Has Been Reﬁaced
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hydroxyl group may then be treated with an activated acid derivative such
as an aci d arhydrivge JQC(OB[err]CH err]][err] or acid hallde

CH err]B[err] COHal where Bl is as defined above, and e

Anal ogues of gl ycerophosphoryl choline may be prepare
phosphorus oxychloride with a brompal cohol in an iner e
such as dichl oronethane, to give a bronoal kyl phosphor'6d ori date.
- The dichloro derivative thus produced ney 3%hen be treated with

2,2-dimethyl 1, 3-dioxol ane-4-nethanol in the presence
filtration and washed in cold dzchloromethane. The

synthesis is depicted in Reaction Scheme B.

eference Example 2:
t es‘s.o- dimet 2-methacryloxvet - -
5 sulphopropyl)) ammonium betaine inner salt (Compound 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
10 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
15 eth os te i (Compound C)

The'preparation is illustrated by the reaction scheme C

whigh foilows.
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of a base, ﬁ gag € triethylam ne, followed by acid hydrol ypcr/GB99/01832
bronpal kyl phosphor ogyl cerol derivative. This may then be treated with an

amine NR err], where R8 is as defined above, for exanple trlnethylan1ne
generate the glycerophosphorylchollne anal ogue. This prep '
depicted in the followi ng schene. [err] [err] where R err]
defined in relation to groups of formula (J ... Conononer sij of fcﬁ (4+~
or (I1l) containing a group of fornmula (IVE) and Conomer s rnUTE_(\O

containing a grgzp Qbnh 8¢ aa( aPR¥sBRoRAfBA] by the sel ective
acylation of gly e%UpH%Sp%g#y%tﬁ%g%ngﬁvragﬁg‘ﬁ"Liﬁ

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
5 ¢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
10 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
15 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. |
20 b) 2-Chloro-2-oxo-1.3.2-dioxaphospholane (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 _

25 (200ml). The~solution was stirred and a steady stream of

oxygen was bubbled through the solution. The reaction was

This Sheet Has
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anal ogue thereof at the primary hydroxyl group with for exanple, EEN

met hacryl oyl chloride followed by reaction at the -21- FEﬁgg@ﬁﬁfTHASB
hydroxyl group using an activated acid derivative, such as‘an acrertERe

gcOoBlerr]CHerr]][err] or an acid halide CH err] B[ err] ClhHa n
Blerr] is as defined above and Hal is hal ogen. The internediates and fi nal
products may be purified, as necessary ugiq?écolunn chr omat ogr aphy.
Optionally, protecting group strategy, simiar to that outlined above in

T on e ohapf it} U NAnEAHPEERS €QRPRALNTS UL Wd S W feddd 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

5 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,

100 (1982)].

IR(cm'l, thin film) 2990, 2910, 1475, 1370, 1310, 1220,

1030, 930, 865, 830. |

c) 2[24030-1,3,z-dioxaghosphoLan-z-xlgxxletngl methacrylate
3)

15 . 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

20 (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

- 25 addition. sStirring was continued at this temperature for a

This Sheet Has Been Reﬂlaced
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Conononers of formula (I1) or (111) containing a group of formula (IVF) may
be prepar edwigwzmorsesal ogous manner to conononers contai ni ng gr RO GHE91/01887
formula (1VD) or (IVE). Crosslinking Conbnoners The copol
i nvention also conprise residues of difunctional and/or trl fumcsiesrabiAS BEEN
conpbnoners. Such conononers are capable of crosslinking tHhe pol pESLAGEPI ng

pol yneri sati on. Conventional crosslinking agents nay be us = €s of

sui tabl e crosslinking comononers include alKﬁge diol or triol di- or
tri{alk)acrylates, eg (meth)acrylates, prefetably containing 1 to 8 carbon

atoms in the di phrPhef’} HohfhiiCtndh ¥bens Pureher! hbur 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
5 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
10 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),
15 5.70 (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
. 20 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

25 trimethylamine (25.74g; 0.436 mol) in dry acetonitrile
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(al k)acryl am des, e.g. (neth) acrylam des, preferably contaj
carbon atoms in the alkylene group and and di- or tri-vinyl
as di- or tri-vinyl -22- benzene conpounds. Particul ar e:anplesbﬁﬁ“uFﬂ
crosslinking agents include ethyl enegl ycol di met hacryl at e, :

CABGHEES HASCREEN

t et aet hyl enegl ycol dinethacryl at e, trlnethglolpropanetrlnethacrylate and
N, N net hyl enebi sacryl anmi de. Optionally tRe &offononer mi xture used for

polymerising the {R9' Y the Veshel SAP RS SedfdaS"End' Placed in a water

10

15

20

25

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
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nononer such as an N-vinyl lactam nethacrylic acid or acrylic acid and
wher e appropriate aéynklng or sol vating agent such as a solve 1188
exanpl e, 8‘«‘9 #93%8%r water. Pol ynmers of the invention nay_bs 9“
copolyner|5|ng nononers bearing a centre of permanent po-lﬁHmesmﬁﬂh
i pol yéaRA &
i n an appropriate nould. Additionally a solvent or sol vente=n+a - nay be
i ncluded to provide a suitable reaction nediumfor inmm scible conbnoners.

Sui~t abl e sol vents include water, hangenaFéd‘%rganlc sol vents and

non- hal ogenat ed orgagi c sol vents. Init 0S and/ or_r.e ents to | f
bul k nor phol ogy (BPERAL-f | R BEF?ﬁEFen§9%§I§o“B§|qﬂﬂ ;;% e i

Coment vl LG} O B TR (810 13 YA U s e o

the cold solution. The pressure bottle was closed and then

shaken in a thermostat maintained at 55°C for 2 hours. It
5 was then allowed to come to room temﬁerature 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
10 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:
15 -alkanov]l=-2-methacro osph
-metha ovl=-2-alkano hos d c

(cbﬁbound types D and E)
Glycerophoéphorykchbliné (0.01 mole), obtained by
base hydrolysis of natural phosphatidylcholine, may be
- 20 stirred with alkynoic_acid anhydride (0.01 mole) and
dimethylamino pyridine (0.01 mole) in dimethylsulphoxide
(150 cm3).
At the conclusion of this reaction further
' dimethylamino pyridine (1 mole) together with methacrylic

25 acid anhydride (1 mole) may be added. The resulting
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t her mal pol.yoecisation or ultraviol et polynerisation. The invention
therefore further provides a method of preparing a crosslinked polymer
whi ch conprises copol ynerising a monomer conposition such as a nonoper

solution, conprising a diluent nonomer or nonomers, ég;
EEN
comononer or conononers including withinits structure alcg Wi ELE@%B

permanent positive charge, and a nononbner-ofy NONONEr S mh

the resultant polymer. Optionally, the nononer conposition further
coriprises a sol ¥eRtupe MAYVBA! s¥irkeacford2a houy@Rri e on initiator

phosphatidylcholine formed may be purified by column
chromatography on silica using a gradient elution procedure
with chloroform: methanol: water.

5 . 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
i0 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.

15 Reference Example 6

eparation of 1[4(4'~vi ben oxv)buta o i
. .
imet monium)et [e) i sa

The synthesis is depicted in Reaction Scheme E.

A_HxQz_zx_1Li;:zlnx;h__zz__zzlh_:g_g (5)
20 _ 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
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or initiatewe92/B788sToN0ONEr conposition which is subjected to FANYFBILUBEDN .
typically conprises at |east 30% preferably at |east 60% and up to 99.79%" .
by wei ght of diluent nmononer. It typically conprises at |ea
to 50% nononer or nononers which contain a centre of pernma eﬂmsgwéﬁi
charge and from 0.01%to 20% by wei ght of crosslinking nongner. REPLOR

up to 10% by wei ght of gel swelling nononergps-incl uded. | n--efe—enbodi ment
t he nononer conposition which is subjected to polynerisation typically
conprises at | qaHout@tatPusi-goahl y Tole re3ail ity o MRiiEH wais tthrerlipatardd
mononer. It further conprises at |east 0.2% and up to 20% of nononer or
mononer s whi ch ipeao avatert (So0ml)ecaminextracted 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), 7.49 (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~l. |
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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positive charge and, _optionally, up to 10% by weight of gel-swelling
conventi onal

nmononer or nONonMers. The nononer conposition may conprise
further polymer ingredients such as cross-linking agents &g
initiators. These further ingredients are in one enbodineErnﬂ§éﬁﬁﬁ¥%f F

i Wﬁii

amount fromO0.1 to 5% typically fromO0.2 to 3% and prefe
by - - 24 - weight relative to the weight of,6{he mononer - rtron prior
to polynerisation. Preferably the nonomer co sition conprises at

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,

S 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

10 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

15 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

20 (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

25 0.0-0.1 which stained with both Dragendorffs reagent and

acid molybdate.
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I east 0. 01%ayyh/48gk0 10% of crosslinking nononer or nononers. P@ﬁ&'ﬁb?ﬁnﬂé‘l
suitable initiators include bis(4-
tertiarybutyl cycl ohexyl) - peroxydi carbonate, benzoyl peroxi de,
2,2 -azo-bis(2-methyl propionitrile) [i.e. azo-bis-isobutyro _ni =
1- benzyl - 2- hydr oxy- 2- di net hyl et hane- 1- one and benzoi n net’?ﬁ@@%ﬂEEﬂHﬁbBEEN-
initiator is generally used in a total amount, fromO0.1%to t y pECRALE
fromo0.2%to 3% and preferably about 0.5%Dby4wel ght rel ati vie=te ]
of the total nononmer conposition prior to polynerisation Additionally the
nononer conposition may have added to it a solvent or solvent m xture.

Exanpl es of SLnééggﬁiéﬁlggﬁgﬁgfée et hanol , net hanol and water. Wen

present,

L
v

CHj
CHzBC/' O-(Cﬂz)z-N(CH3)2 + CF3503CH3
| Ne—"
5 i
)
10 l .
‘Cﬂs L~ '
CH3 ' :
15 cHy=c /o-(caz)z-ﬁr‘«-c%
c
I - CHy  CF350,®
)
Reaction §gngge B
20 CH,4
~ : '
CHy=C O-(CH,) 2-N(CH3)s + (o]
C o
25 |
0
30 - l ' ‘
- SH3 “333
Cﬂz=°\c __~0=(CHy) 2-&;‘- (CHp) 3-S00
35 | CHj " s
R
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solvent suitably conprises fromO0.1 to 50 weight %of the tota
m xture, preferably from5 to 40 weight % The pol yner
-dlssoIV|ng t he nononer or nononers bearing the centre of}
the diluent nmononmer or nononmers or diluent nonomer/sol vent ..m Xt e

wi'th the crosslinking nonomer or nononers and if present the polynerisation
initiator or initiators. The solution thus §er«ed is then purged with

nitrogen, to renove any oxygen which may be present before the - 25 -
pol~ymeri sat i orRgackiss $chdme | Pol yneri sation is carried
Step (a) Step (b)
5 HO(CH,),OH PC13/CH2C12 -[:\p-cl Ozlbenzene‘l—ol\Péo
272 — ~ \cl
(1) (2)
Step (c)
[:>p\c1 +  CHy=C e O~ (CH,) ~OH
: I
0
15 (2) | (c) I
(CoHg) 3N/ (CoHg) 20
/ca3 .fl, _
o Y.
20 . CH,=C 0~ (CHj) -o-p/
: \ / 212 \O_._
C
| - (3)
0
25
Step (d) | (CH4) 3N/CH3CN
/ ! 3
. CH, \c/.o-(cxiz)z-o-p-o-(caz)z -CH4
35 - i e CH,
. . o)
, (4)
Steps (a) to (d) correspond with the steps'in Reference

Example 4

———
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out in a sheet-formng nould, a contact |ens precursor button (thick round

di sc) noul dwéﬁmkfé:t. lens mould or to provide a cylindrical pp&;@ﬁ?{,ﬂ%m
For exanple, when carried out in a sheet-form ng nmould the nononer sol ution
may be injected between two spaced plates and then polynerised in situ to
gengrate a pol ymer- sheet. Generally the copol yners of the=i=svet
produced by copol ynerisation in the absence water. This
mat eri al which can be noul ded into contact |enses directl? 4 _
gi ve contact |ens buttons which can be | athet@uT usi ng met nown in the
art to produce contact |enses. The xerogel material may be washed in water

or in aqueous g%gég;o{osgﬁgggiany excess nononer and initiator. The
xerogel materi _

CH,~OH
CH,-OH ©
5 !
CH;——O0-P-0~- (CH,) 2PN (CH;) 5
©o
o
10 - CH3~(CHy) p-C:
L ~~o (cH3) ;N —(ON
CH3~(CHj) n=C <
v o (
o
15
CHZ-OH . CHZ -0=-C- (CHZ ) n-CH3
|°| o=c=
CH,-0~C- (CH,) ,~CH CH,-OH
20 2 o 2’n 3 2 °
I Y o+ |
CHy-0-P-0-(CH,) ,-Bh (CH3) 5 ' CHp-0-P-0-(CH,) BN (CH;),
o® | ' o4
25 R
| o
CHy=C-C
~ (CH3) N —(O N
| CHy-C-C |
30 * 2 | §o
. v R
il | i
35 CHy-0-C-C=CH, CH,-0-C-(CHy) n~CH3
0 , o R
I . b
CHy=0=C~(CH;) n~CH3 CHy~0-C~C-CH5
40 -
: ? ' o
CHy-0-P-0-(CH,) 5 =& (CH3) 5 CH, -o-1|=-o (CHp) o BN (cH) 5
4s © eo |
—_— \
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subsequent | y -hydrated to produce hydrogel
of up-to 90%

contact lens materials. In particular,
in gontact
| enses. The invention further

and preferably from30 to 80%
afe*both transparent and water swellable and therefore sui
t he pol yner
| enses which are for exanple sefg70+& gas perneable Ttontact
provi des cont act

with an equilibriumwater content

The pol yners
§ abHS $IOFETAS BEEN
ui t abREPLBFERSe

may be

| enses made from pol yners of

the invention as herei nbefore defined. The invention rmay be further

I11ustrated by phgee;son Scheme E

LN

10

15

20

HO (CHy) 4OH -\@‘CHZO(CHZ) 4OH

N,/
/.\Cl | v

0
r@*cHZO(caz)4o-— g\’/ >

(5)

e

0
(6)
Me3N

. ) o -
\cH,0 (CH5) 4-0-%-0 (CH,) 2NMe,

25

o>

(7)
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-26- follow ng exanpl es. Exanple 1 Fornati-on of 2(nethacryl oyl oxyethyl)-

2' (trimeth ' et hyl phosphate inner | 2-

hydr oxyet hymw ate -co- ethyl mms i““m‘:ryl ate_b P/GB91/01887
2(nethacry|oy|oxyethyl)-2'(trihethAI A yl*phosphaf' RRET
(conpound C) (4.86g) was dissolved i h f-hydroxyethylnethacliug§ g
toget her with ethyl enegl ycodi net hacryl ate (0.25g) and bi s (b
tertiarybutylcyclohexyl)-peroxydicarbonafé‘@bf048g).'This sol uti on was
de-'gassed with nitrogen gas and then pipeb&iiﬁéno an open stainless steel
contact |ens button noul d. _ o

1. A cfoss}inked 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 thereof.

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

This Sheet Has B
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The noul d was placed in an oven in a nitrogen atnosphere at 50[err]C for 1

‘out of the nnul&@
vacuum oven for "

machi ned to nmake contact |enses. Exanple 2 Formation of
2(met hacr oyl oxyet hyl )-2' (trinet hyl - ammonhi4fn=t hyl phosphate_i

1/ 4 hours. After Bigﬂ tine the mould was renoved. The buttons were pushed

Hl" ’mn conpl eted by heating at 70[err]C.in_a
BEit t ons were optically clea 2E

-co- 2- hydroxyethyl nethacryl ate -co- ethyl ene | ycol di net hacryl ate butt ons
by ‘phot opol ymeReEEAneRt Jpesitive y¢heargeyetrhif) ¥ocontaidsh@ SeFinad et hyl

10

15

20

25

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

o 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 C;-C,; alkyl, and a is from 1 to

i

12;



REPLACEMENT SHEET - 27 - phosphaLe_Lnnermsalt (conpound C) 5.00g was
di ssol ved in 2- hydroxyet hyl net hacr | at e together wt hPCl‘IG'B9l/01887

et hyl eneg| WQI%N?@?-'hacryl atﬁmm ‘ma mleﬂ I - 2 hydr oxy- 2- -
di met hyl et hane-1-one (0. 2Q) THIS SHEET HAS BEEN
0 “UthﬂR

tertiarybutyl cycl ohexyl)- peroxydlcar nate (0 02g). The sol EBPACED
de-‘gassed with N2 and then pipetted into an open stainless
| ens button nmoul d. The nmononer sol uti ons=wepe=irradiated with a 100 w i nch
medi um pressure, nercury vapour lanp for 2 mnutes. The reaction was

conpl eted thermal |y at afOpxacliyilens @raumsiah fsoralkexyalikyl having 1

resul ting buttons were nmachi ned to nake contact
to 6 carbon atoms in each alkyl moiety,

prusvocmrarummmd

an oligo-oxaalkylene group of formula
-[(CR‘z)bO]c(cR42)b- where the groups -(CR%;)~- are the same
5 or different and in each'group -(CR4,)~ the groups R% 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
10 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
15 hydrogen or C;.4 alkyl and © 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
20

hydrogen or C1-4 alkyl and 4 is from 2 to 4;
) a group of formula (IVC): )
25 | o O we Ty
-o-g- (CHa) o -NU(RT) 5 - (IVC)

=

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

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

ﬁiiii’i"ﬂ‘iiilfﬂfi’ llm'““’




| enses. Exanple 3 -Formati.on. .of - 2(rret hacryl oyl oxyet hyl -2' (trimethyl -

ammond un) et hyl- phosphat e i nnert‘ﬁf -co- nethyl net hacryl ate -co-
ons

et hyl enegl ycol di “ ‘mm“ \m‘
2( met hacryl oyl oxm a hyl anmoni um et hyl phos ' salt
(5.76g) was di ssotved i'n &t hanol (6.5m ) =aiBd rmet hyI met h cTu!Bangg(Tm&@ EEN

Et hyl enegl ycol di net hyacryl ate (0.21g), 1-benzyl- REDY aren
hydr oxy- 2- di et hyl et harfe-granp . Q@muﬂ:ﬁ bI%QM-
tertiarybutyl cycl ohexyl) - peroxydi carbonate (0.01g) were added to the
solution and dissolved. The resulting sol%¥ition was degassed with the gas
and poured into an open stainless steel cibntact |ens ut&on m)ul d The
sol utions were then CHp=0-P-0-(CH3) ¢~ (IVD)

l |

-[0]y-cH &
CH,-0-C-Bl-CH,

10 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
15 group, £ is from 1 to 4 and if B is other than a valence
bond, Z is 1 and if B is a valence bond Z is 0 if X is
directly bonded to an oxygen or nitrogen atom and otherwise.
Z is 1; |
a group of formula (IVE):
20 o]
-[OJz-CHZ-CH-CHZ-O-g-O-(CHz)gJah(R9)3 (IVE)

o®
25
0-C-B2-CHj
{ - | ]
- )

wherein the groups R? are the same or different and each is
30 hydrogen or Cj;.; 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
o | directly bonded to an oxygen or nitrogen atom and otherwise

35 2 is 1; or —_—
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m nutes. The reactlon was l'y at 70[err]C in a vacuum oven
for 24 hours. The et hanol on1these buttons_by heating at
80[err]C for 48 hours in a vacuum oven. The resul ting $ﬂ§, ngd
to make contact |enses. Exanple 4 FornatLog of 2 (nmeth c?y Oﬁl%§;@g yﬁgh

2' (trimet hyl anmoni un) et hyl phosphate i nner &alt -co- - pt-haery

-co: ethyleneglycodlnethylacrgﬁgge&géghla (IVF) :

]

- 28 - |rra‘gba§ a 100m essure mercury vapopCr/epyi/begss2
ved fsr

I
CH,-B3-C-0-CH, ﬁ
CH-0~P-0- (CH, ) ,N9(R19) , (IVF)

-[0]z-cl:az o,

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.

30 o -%4v—fﬁpeea:acs—%ens—ccnpﬁisiJuLJLunx:hﬁnes-

[}
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A xerogel rod (lcmdianeter_ x 10cm) was produced as fol
2( et hacryl oyl oxyet hyl )-2' (trimethyl anmoni un) et hyl phos

- (conpound C) (5 h et hanol (6.5g), net
(7.49), ethyl ene Mmrlulmmm“late (0.2g) and bis(4- :
tertlarybutylcyclo exXyl )- p8rokydi carbonat e510-03g). The mixture was added
to @ pol ypropyl ene tube (lcm di aneter x 10cm) which was seal ed at one end.

N[ err] gas was bubbl edigbr ahglohbacsolensocoapetisiiewy a copallyassar over the
end- of the tube. The tube was then placed in an oven at 50[err]C for 1.5

hours. After tatcordingtte amyl|enerofl olapasydetond? mandvedntast tleng ube.

The reaction was conpleted at 70[err]C for 24 hours.
material acccrdlng 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.

eet Has Been Reilaced
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-+ 29 - After this time the rod was cut into 1lcmcylinders. These cylinders
wer e heated in a vacuum oven at 80[err]C for 48 hours in order to renoved
the ethanol. The resulting buttons were machined into | pases—Exanple 5
Formation of 2(methacryl oyl oxyethyl)-2' (trimethyl ammoni §irjerAtEmENOSH
I nner salt -co- 2-hydroxyethyl met hacryl ate -co- 13

et hyl enegl ycol di net hyl acryl ate nmenbrane - 1 - Date : MAR w
2(met hacryl oxyet hyl ) -2(tri met hyl ammoni um et hyl phosphat

(compound C) (3.60g) was d'SSO“G3§fﬂET ENS

The present invention relates to copolymers, in

I
|

particular suitable for use in contact lenses.

The use of synthetic hydrogels for contact lenses was
first demonstrated by Wichtecte and Lim in the 1960's.
Early hydrogels employed 2-hydroxyethyl methacrylate (HEMA)
as principal monomer, together with some of the homologous
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 glyéol monomethyacrylates
andzz—hydroxyethyl methacrylate yielded transparent
hydrogels that swelled in water to a higher hydration than
the hydrogels of 2—hydroxyethyl methacrylate. |
| The water content.of hydroxyalkyl methacrylate based
gels can be further increased by the addition of vinyl
lactans, ﬁethacrylic acids, acrylic acids, acrylamides and
methacrylamides. Although the required degree of gel
hydration can be achieved by the addition of anionic
monomers, it is well known that these gels display high
levels of protein 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 swellabiiity are provided by

copolymers which have a permanent positive Eharge built

g



2- hydr oxyet hyl net hacryl ate (6.27g) together with T —
et-hyl enegl ycol di net hacryl ate (0.12g) as a crossl i nki rRERIPOEMENTISHE X
azobi si sobutyronitrile (0.2g) as a polynerisation i itiatorﬁlsﬁﬂARaﬁiinant
nmononer sol ution was then deoxygenated by bubbling piltategen..t.hraugh..for 5
m nutes. The . nonomer solution thus prepared was inj&cted into a nould '
formed by two gl ass sheets covered by spray Jrounted

pol yet hyl enet er epht hal at e sheet and separated using a

pol yt et raf | ugimss RiHeane SRA%EpolRalet e At cmedsby apdlpiePiéing &nd u by
heating the nould to 80[err]C for 2 hours. The polyner sheet thus forned
-was renoved forassliimking & wettadl Iddl udrith meatanier; fioiboewamp beltHEMRI

saline solution at pH 7.1 to forma hydrogel sheet. The starting
with a co-monomer bearing a centre of permanent positive

charge. These formulations have been found to have a high
level of protein résistance to tear component deposition
and a reduction in lens water loss.

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

The crosslinked copolymers of the present invention,
therefore comprise residues of a diluent monomer or
monomérs, a monomer or monomers bearing a centre of
permanent positive charge, and a bifunctional or
trifunctional crosslinking.agent.

The copolymers of the invention may be xerogels which do
not contain any water. Altefnatively, they may be in the
form of hydrogels -which do congain 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.



fornulatlon Is suitable for the nould polynerlsatlon of 30 -_.soft

cqont act

| enses. Exanple 6 Fornmation of 2(nethacryloylo yﬁﬁﬁuﬂdgﬁgﬁfgﬂggfh_
~amoni un) et hyl phosphat e i nner salt-co-2-hydroxy ethyl

met hacryl at e- co- met hyl net hyacryl at e- co- et hyl enegycol - dim®s had&llﬂﬂaw
menbrane The net hod of Exanple 5 was repeated just usi kg

—~

2( et hacryl oyl oxyet hyl )-2' (tri nmet hyl ammon®um) et hyl phosphate inner salt
(conpound C) (3.7%9), in 2-
C Diluent Comonomer

The diluent monomer can act as a solvent for the
comonomers during copolymerisation to produce the copolymer
if no additional solvent is present. Where the diluent
nhonomer and monomer bearing the centre of permanent
positive charges are immiscibié a solvent can be used to.
aid mixing.

Particular examples of diluent comonomers include alkyl
(alk)acrylaﬁe preferably containing 1 to 12, more
pre:erably 1 to 4, carbon atoms in the alkyl group ogtthe
ester moiety, such as a methyl (alk)acrylate and butfl
(alk)acrylate; a dialkylamino alkyl (alk)acrylate,

preferably containing 1 to 4 carbon atoms in each alkyl

_ moiety of the amine and 1 to 4 carbon atoms in the alkylene

chain, e.g. 2(dimethylamino)ethyl (alk)acrylate; an alkyl
(alk)acrylamide preferably containing 1 to 4 carbon atoms
in the alkyl group of the amide moiety; a hydroxyalkyl
{alk)acrylate preferably containing from 1 to 4 carbon
atoms in the hydroxy moiety, e.g. a 2-hydroxyethyl
(alk)acrylate; or a vinyl monomer such as an N-vinyl
lactam, preferably containing from S to 7 atoms in the
lactam ring for instancg vinyl pyrrolidone; styrene or a
styrene derivative which for example is substituted on the
phenyl ring by one‘or more alkyl groups containing from 1
to 4 carbbn atoms, and/or by‘one or more halogen, such as

fluorine atoms.



hydr oxyet hyl - net hacryl ate (8.39g) together with nethy
et hyl enegl ycol di net hacryl ate (0.254g) as crosslinkin
azobi si sobutyronitrile (0.15g) as a polynerisation injtiator. .The,r I
hydrogel sheet is sinmilar to that obtained in Exanpl :!,,__Eﬁfﬁﬁhei-&.égﬁl.m_
formulation is suitable for the nould pol ynerisation of soft "¢ontact: - '
| enses. Exanple 7 Formation of 2-(trime&hylamoni um ethyl nethacryl ate
trifluoromethane sul phate -co- 2-hydroxyethyl methacryl ate -co- nethyl ene
bi s-acryl anm de pol ysetoshecindefstoodt tiyAtunthnougheubytheespecifieation
trifluoro- nethanesul phonate, conpound A, (0.25 g) was dissolved in

o (alk)acrylate, (alk)acrylic and (alk)acrylamide mean

FEFEWACENENT SHEET

acrylate or alkacrylate, acrylic or alkacrylic and
acrylamide or alkacrylamide respectively. Preferably
alkacrylate, alkacrylic and alkacrylamide groups contain
from 1 to 4 carbon atoms in the alkyl group thereof and are
most préferably methacrylate, methacrylic or methacrylamide
groups. Similarly (neth)acrylate, (meth)acrylic and
(meth)acrylamide shall be understood tc mean acrylate or
methacrylate, acrylic or methacrylic and acrylamide or
methacrylamide respectively.

Preferably the diluent nmonomer is selected from
vinylpyrrolidone, 2-hydroxyethyl methacrylate, methyl
methacrylate and mixtures thereof, most preferably 2-
hydroxyethyl methacrylate, methyl methacrylate and mixtures
thereof. In one embodiment dilueﬁt monomers are
vinylpyrrolidone, 2-hydroxyethyl methacrylate and mixtures

thereof.

Comonomers Bearing A Centre of Permanent Positive cCharge.

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

comonomers is provided by a quaternary nitrogen atom.



- 31 - hydroxyethyl nethacrylate (5 g) together with net ﬁt@ﬂ@CE&EN E
- R
| D& _

bi s-acrylam de (25 ng) as cross-|inking agent and benzo
as polynerisation initiator. The resulting nononer solu

gllass plates separated by a teflon spacer. Polynerisation was carried out
in-situ by heati Ryefrermalabrandigins réltighdbgarngaicenty e ohiPehitive
tenperature for 2 hours.

charge are of general formula (I)

Y-B-X (1)

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
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 polyﬁeriséble group

selected from

R -

CH,=C-C-A- Or

wherein:

R is hydrogen or a C;-C4 alkyl group;

A is -0- or -NRl- where Rl 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 -(CHz)pOC(O)-, -(CHz)pC(O)O-,
- (CH,) pOC(0) 0=, —-(CHz) pNR2=, =(CHy) NRZC(0)~,
- (CH) pC(O)NR2-, (CH,)pNR2C(0)0-, =(CHp)p0C(0)NRZ-,
-(CHz)pNR2C(O)NR2- (in which the groups R2? are the same or
different), -(CHy)g0-, - (CH;)pSO3=, or, optionally in a

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



s

The pol yner sheet forned was renoved fromthe nould gfe
ot a saline solution to forma hydrogel sheet, which |j BER
for formng into soft contact | enses. Exanple 8: Prijeparati o Ll

of conpounds B and C and conpound types Dto G prepaf—c _
Ref erence Exanples in place of conpound A _Tge_hydrogel sheet forned in
each case was suitable for formng into soft contact |enses. Mechanica

o2t} 09 o oot Sonpenolugs: sheet sofkgasagoapaciced b
The water content Ty prfo¢ibés o elether B may be a valence bond ensures
that the centre of permanent positive charge in X is not
directly bonded to a heteroatom, such as an oxygen or
nitrogen atom in.Y.
Preferred monomers which bear a centre of positive
charge are those of general formula (IXI) or (III).
. _
CHy=C
C-A~-B~X - (II)

o)

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

Preferably R is hydrogen, methyl, or ethyl, more
preferably methyl, so that the monomer of formula (II) is
an acrylic acid, methacrylic acid or éthacrylic acid
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 preferébly p is 1. Wwhen



by wei ght . ] 32 - Tear strength neasurenent may be perforned by Instrom
analysrs usrng approprrate ASTM procedures Oxygen (f 11 ey

standards. The absorption of tear proteins by the c-nor‘_m
measured by standard spectrophotonetic tec;nlques D
to produce contact |enses Buttons (as prepared in Exanpl e

K is a group -(caz)punz , =(CH3)pN NR2C(0)=, =-(CHa)pC(0)NR2-,

- (CHy) pNR2C(0) 0=, =(CH,),OCNR2~ or =~(CHy)pNRZC(O)NR2- then
R? is preférably hydrogen, methyl or ethyl, more preferably
hydrogen.

Preferably B is:

an alkylene group of formula -(CR3,),-, 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 hydregen or Cj.4 alkyl, preferably
hydrogen, and.a is from 1 to 12, preferably 1 to §;

an oxaalkylene group such as alkoxyalkyl having 1 to 6
carbon atoms in each alkyl moiety, more preferably
~CHo0(CHs ) 4=

an oligo-oxaalkylene group of formula
- ={(CR%2) 01 (CR45) - where the groups =-(CR%,)- are the same
or different and in each group -(dR42)- the groups R* are
the same or different and each group R is hydrogen or
Cy-4 alkyl, preferably hydrogen, and b is 2 or 3 and c is
from 2 to 11, preferably 2 to 5;

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

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

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



-

using a low nelting point wax and cut wwth a |lathe speed of 2800 rpmto
produce contact |lenses. Cutting times were 1-2 seconds Egngﬂw Iy

t hi ckness reduction fromthe edge to the centre. N trdggen may g t§5§ETo ,
cool the dianond button interface. The contact | enses pﬁﬁgucd 199%aned
wi th petrol eum et her (60-80) and polished with an oil d=palish(SP2)
Exanpl e 10 Protein adsorption and equilibriumwater content study Two '

- hydrogel menbranes of conparabl e water Soft ént were prepared: menbrane A

e S Th e (ERbRS A, AR (T AR n9e ATt at
(0.2 mole % o nTREPLALC BoREE LY Berhfa" G Ive)C U hat¥ U 13 "

preferred.

The groups of formula (IVA) are: .
-¥D(Rr5), R (IVA)

where the groups R5 are the same or different and each
is hydrogen or Cj.4-alkyl and 22 is a counterion.

Preferably the groups RS are all the same. It is also
-preferéble that at least one of the groups RS is methyl,
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 exchanged with ions in physiological fluids and thus the
specific nature of the counterion is not critical in the
present invention. However, physiologically acceptable
counterions are preferred. Suitable physiologically
acceptable counterioné include halide anions, such as
chloride, bromide or fluoride ions, other inorganic anions
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. ?

When X is a group of formula (IVA), preferably B is a

group of formula -(CR35)- or -(CR3,),-, eg.i-(CHz)- or
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2( et hacryl oyl oxyet hyl)-2' (trinmet hyl anmoni um et hyl" phosphate i nner salt
(40% ol e), nethyl nethacrylate (59 - 33 - nole%_and ethyl ene glycol
dinethacrylate (1% . Both menbranes were cut into

a buffered protein solution for 24 hours at §S[erri5?lﬁﬁﬁ¥M§NTﬁ@E§Es wer e
soaked in buffer solution for the sanme |ermgth of finge. T f sojlution
was the same as that of the buffered protein soluﬂqueéxggpgggdggth

bovi ne al bum n=4f#28820ken | ysozyne were not added. The conpost

buffered protein solution
P The groups of formula (IVB) are:

RS |
JG&-(cnz)d-so§9 | (IVB)
R6 '

where the groups R® are thé same or different and each is
hydrogen or Cj_4 alkyl and 4 is from 2 to 4.

Preferably the groups RS are the same. It is also
preferable that at least one of the groups RS is methyl,
and more preferable that the groups Ré are both methyl.

Preferabiy d is 2 or 3, more prgferably 3.

 When X is a group of formula (IVB) preferably B is a
group of formula -(cR3,) - or =(CR3;),-,
eg. =(CHy)= or =(CHpCHy)~.

|
The groups of formula (IVC) are:

O WSS\
o /
-o-g-(caz)e-dska7)3 (IVC)

o 2

where the groups R’ are the same or different and each is
hydrogen or C;.4 alkyl, and e is from 1 to 4.

Preferably the groups R7 are the same. It is also
preferable that at least one of fhe groups R’7 is methyl,
and more preferable that the groups R7 are all methyl.

Preferably e is 2 or 3£'more preferably 2.

When X is a group of formula (IVC) preferably B is a



L3

was as follows: Sodi um Chloride 0.85% Boric Acid

0. 46% Sodi um Borate (10 H20) 0. 04% Boui-ne Al bum - . =
0: 39% Chi cken Egg Lysozyme 0. 12% Vit REFL ACEMENT SHEET

98. 4% The conditions chosen mnm c the occul ar envirofnent - g A

equi val ent to those experienced by a contact |ens du injge?_m. ﬁw
equi libriumwater content was neasured thernogravit meit
wei ghts of the menbranes conpared after=s¥8kf'ng in the buffer solution and

the buffered protein solution. Thg equi | ibrium water content data and
changes in group of formula -(CR?3)= or =(CR%3)a-,

eg. ‘(Cﬂz)" or -(Cﬂzcnz)".

The groups of formula (IVD) are:

0
Tnz-o-p-o—(cuz)fJSN(333) (IVD)
={0),-CH .S '

CH,-0-C-B1-CHy
o

wherein the groups RB are the same or different and each is
hydrogen or C3~4 alkyl, Bl is a valence bond or straight or
branched alkylene, oxaalkylene or oligo-oxaalkalkylene
group, £ is from 1 to 4 and if B is other than a valence
bond, Z 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.

Preferably the groups R8 are the same. It is also
preferable that at least oné of the groups R8 is nethyi,
and more preferable that the groups R® are all methyl.

Prefefably f is 1 or 2, more preferably 2.

Preferably Bl is:

a valence bond;

an alkylene group of formula -(CR3az)aa-, wherein the
groups -(CR352)- are the same or different, and in each
group -(CR33,)- the groups R%a are the same or different
and each group R32 is hydrogen or Cj-4 alkyl, preferably

hydrogen, and aa is from 1 to 24, preferably 6 to 18;



dry wei ght equivalent to the adsorption.of protein fromthe solution are

shewn bel ow. -34- Menbrane Equili brium Water  ==—fFCFeasE L

Content % ~ Weight (g. Protein/g Polymer A REFLAGEMENT SYERT
[err] 0.6 . - at 35[err]CA 37M'%A§ .9
0.13 0.04 at 35[err]Cin protein Dﬂejn.” R

- 11 ~

an oxaalkylene group such as alkoxyalkyl having 1 to 6
carbon atoms in each alkyl moiety, more preferably
-CHZO(CH234-; or

- an oligo-oxaalkylene group of formula

-[(CR4az)baO]c;— where the groups -(CR%3,)- are the same or
different and in each group -(CR‘az)- the groups R42 are
the same or different and each group R42 jis hydrogen or
Ci-4 alkyl, pfefefably hydrogen, and ba is 2 or 3 and ca is
from 1 to 12, preferably 1 to 6.

Preferred groﬁps 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
-(0]z-CH, -ca-cnz-o-g-o- (CHa) g~EH(R%);  (IVE)
P
0-C-B2-CH,

|
o

wherein the groupé R? 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 a valence bond Z is 0 if X is
directly bonded to an oxygen or nitrogen atom and otherwise

2 is 1.



.solution B 70.5 0.4 At 35[err]CB At 35err]Cin 71.1 + 0.5
0,01 + 0.05 protein solution The nenbrane contai ni ng 2(net hacryl oyl oxy-
ethyl) 2' (trimethyl ammoni um et hyl phosphat e i nner set=was—Foard—to-absorb
significantly less protein than a nenbrane nateri al|| BEPCAPEEYNHSEERAL
content. The equilibriumwater content al so remaingd unc Eggfer nce
Exanpl e 1: Synthesis of 2(trinethylannnniynifthylnttﬁa@rj%gn

-----------------

Preferably the groups R? are the same. It is also
preferable that at least one of the groups R8 is methyl,
and more preferable that the groups R® are all methyl.

Preferably g is 1 or 2, more preferably 2.

Preferably B2 is:

a valence bond;

an.alkylene group of formula -(CR3P,),p-, wherein the
groups —(CR352)- are the same or different, and in each
group -(CR3b2)- the groups R3P are the same of different
and each group R3b jis hydrogen or C;.4 alkyl, preferably
hydrogen, and aﬁ 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(CH,) 4=; oF

an oligo-oxaalkylene group of formula |
- (CR4P,) ,p0]cp- Where the groups =-(CR4P,)- are the same or
different and in each group -(CR4b2)- the groups R4P are
the same or different and each group R4D is hydrogen or
Cj.4 alkyl, preferably hydrogen, 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:



trifluoromethanesul phonate (Conpound A) 2(Di methyl ami no)ethyl met hacryl ate
was vacuumdistilled and then dissolved in 0.1M dlchloronethang.__mn_._
Met hyl tri fl uoronet hyl sul phonate (one nol ar eqU|vaIk'_
the resulting solution, the tenperature of the sol utii

t hroughout at 40[err]C or | ess. The product precipitia ed o t
recover ed by -35- filtration and washegizia col d di aeiH
synthesis is depicted in Reaction Schene B. Reference Exanple 2:

0
3. |
CH,-B3-C~0-CH, O
CH-0-P-0-(CH, ) p¥P(R10) 3  (IVF)

-[O]z;éﬂz P

wherein the groups R10 are the same or different and each-
is hydrogen or Cy.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 Z is © if X
is directly bonded to an oxygen or nitrogen atom and
otherwise 2 is 1. .
- Preferably the groups R10 are the same. It-is alsé
preferable that at least one of the groups R0 is methyl,
" and more preferable that the groups R0 are all methyl.

Preferably h i# 1 or 2, more preferably 2.

Preferably B3 is:

a valence bond;

an alkylene group of formula -(CR3°2)ac-, wherein the
groups -(CR3C,)- are the same or different, and in each
group -(CR332)- the groups R3€ are the same or different
and each group R3C€ is hydrogen or Cy-4 alkyl, preferably .
hydrogen, and ac is from 1 to 24, preferably 6 to 18;

an oxaalkylene group such as alkoxyalkyl having 1 to &
carbon atoms in each alkyl m;iety, more preferably

=CH,0(CHy) 4~; oOF



betai ne inner salt (Conpound B) 2(Di net hyl am no) et hyl
vacuum di stilled and then dissolved in 0.1M dichloro
solution was added an equi nol ar anount of propane sult
slowy precipitated out of solution and was recovered _
washed with cold dichloronethane. The reaion is shown in Reaction Schene
B. Reference Exanple 3 Preparation of

2(met hacryl oyl oapebbygp-8kbaalkydehgl groupi oh €ormulahosphat e i nner salt
(Conpound C) The Ereparation Is illustrated by the reaction schene C which’
fol | ows. ~[(CR4C,) ,cO)cc~ Where the groups -(CR4S,)- are the same or

different and in each group -(CR4C,) - the groups R4C are

the same or different and each group R4€ 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 B> include a valence bond and alkylene,
oxaalkylene and oligo-oxaalkylene groups of up to 24 carbon
atoms. |

In one embodiment B and B3 are the same.

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

Rll.
cxz=<‘:-ii:-o— (BB) np~YY (V)

o L]

wherein BB is a straight or branched C;-Cg alkylene chain
optionally interrupted by.one or more oxygen atoms;

nn is from 1 to 12

Rl is H or a ¢;-Cc, alkyl group; and

YY is a group which includes a centre of positive
charge. More preferably,

YY is a group selected from:

N (cHy) 3; | _ (VIA)



- 36 - a) 2-Chloro-1, 3-di oxaphosphol anep (1) In a flask fitted wwth a
pr.essure equal i sing dropping funnel, reflux condenser (fg = SEET
CaCl[err] guard tube) and magnetic stirrer, was pl aced a RAFMEICEMESY S -
phosphorus trichloride (220m ; 346.3g; 2.52nol) in dichlprometh p@@pﬁﬁﬂ)
Et hyl ene glycol (139m; 154.7g, 2.49nol) was then added '
droppi ng funnel at such a rate that the asol-uti on of HC
excessive. On the addition of the ethylene glycol, the condenser was
arranged for distillation, andiﬂﬂﬂﬁlchloronethane renoved at

JET-(cnz)z-so}5 (VIB)
CH;,

o ..
" .
-o-T-o-(cnz)mmJ§k(cn3)3 (VIC)
<)
in which mm is from 1 to 4;
0

I y
CH,-0-P-0- (CHp) 5PN (CH;) 5

-cH  o®
éﬁz-o-c-(aa)nn-c33; and (VID)
:
0
-cnz-ca-caz—o-g—o-(cnz)219N(cn3)3
Is (VIE)

0-C=(BB) nn~CH3
!

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

branched aikylene chain as defined above and nn being as

defined above.

Preferably BB is a group selected.from ~CHp~, -C(R12),-,
in which R12 is c;_, alkyl, and =-CH,~-CH,-0-.

Preferably in compounds of formula (V), R11 jg hydrogen
or methyl.

"When X is a group as defined under (VID) or (VIE), the
group (BB)pn is preferably chgsen to avoid steric hindrance

in the vicinity of the adjacent



at nospheric pressure. Wien the distillate tenperature reaeh
flaask was arranged for vacuumdistillation using a wat B E T at i pn
t hen gave 2-chloro-1, 3- di oxaphosphol ane (158m ; 224. 5q;
colourless nmobile liquid (which funes in nmoist air) b.
Hg. [cf 45.5-47[err]C 20nm Hg, Lucas et al, J. Am Che
(1950)]. IR (cnferr], thin filnm 2980, 29 g,_1470 1210, 1005 930 813
770. b) 2-Chl oro-2-o0x0-1, 3, 2-di oxaphospholane (2) In a flask fitted with a
nmagnetic sti Hoer(o)=~eighridap;ottenseaddiviitdd of twhiciacodbd rbe Jaavérsehe) and
sintered gl ass gas I nl et tube, was placed a solution of 2-chloro-

1, 3- 2- di oxaphadsektedndy( s0ehSgtett it hividrancel y benzene

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

CH4 CH,
caz=c-§:—o-(cuz)2-®:lq-ca3

o CH,

CH3$O§D
| Compound A
CHy CH4
caz=c-ﬁ—o-(cnz)243T-(c52)3-5693
o CH4
Compound B
CHj ﬁ CH4
CH,=C-C=0~(CH,) ,-0-P-0- (CH» ) 5 -&N-CH,
I | |
o &P CH,
Compound C
0

i
caz-o-f-o—(caz)fsh(cx3)3
©
CH-0~C=C=CH,

o) CH3
CH3-O‘E-(CH2)nn-CH3

o)
Compounds D



through the solution. The reaction was =~ -37- mldly ex@gthe
tenperature control was achieved by allow ng the sol vent {|t%F
oxygen was passed through the reaction mxture for 6 houfls
renoved by rotary evaporation, and the_pﬁ ourl ess nobil eljr dilie —di-sti¥
to give 2-chloro-2-o0xo0-1, 3, 2- di oxaphosphdl ane (2) (87.417;, 77% as a
colourless nmobile liquid -b.pt 95-97[err] 0. 2nmbar [c.f.

102. 5-105[ err] CJ | mbar (Edqyndson, Chem Ind. (London)), 1828 (1962);
79[ err] C 0. 4nbar :

I )
CH,-0-P-0- (CH,) 28N (CH3) 3

e

I
o]
CH,-0-C~-C=CH,

i1
O CH
3 Compounds E

0
caz-o-ﬂ-o-kcazjz-ch(CHg)3
o <

CH-0-C-C=CH,

I i
OH

o
Compounds F
]
CH,-0-P-0 (CH,) 2-NZ(CH3) 3

oo

CH'O'C“(CHz)nn-Cﬂa

0
CHz'O’C'C=Cﬁz

i1
o Compounds G
Particular examples of preferred comonomers bearing a
centre of permanent positive charge are
2 (methacryloyloxy)ethyl=-2"' (trimethylanmonium)ethyl
phosphate inner salt [cOmpouﬁd C above] and 1([4(4'~

vinylbenzyloxy)butane]- 2"(trimethylammoniup)ethyl



(Ureda et al.,
IR(cnferr], thin film 2990, 2910, 1475, 1370, 1310, 1R3Q:rihR3MENISSHEBGS
830. c¢) 2(2-0xo-1, 3, 2-di oxaphosphol an-2-yl oxy) et hyl nmetihacryl ate In fla
fitted with a magnetic stirrer, |ow tenperature therno Jgs gh gﬂgésu
equal i sing funnel fitted with a silica gel guard tube, :

sol ution of 2-hydroxyethyl methacryl ate (2Qg0Qg, 0.154nol) and triethylam ne
(15.60g; 0.154nol) in dry diethyl ether (300m ). The solution was stirred
and cool ed t rwipiaie -iHH&r I3 nga -coipould. oA sotmulan(niIjjeshly
distilled 2-chloro- 2-oxo-1, 3, 2- dloxaphospholane(Z) (21.99; 0.154 nol) in
dry diethyl et he:ron(oz'fmdérs/vasaaﬂ'mg aldeghtreoof Spermane8?d positive

charge, such as those of formulae (II) and (III), and

Makromaol . Chem Rapid Comuno., 3, 457,
n

=~

comonomers of formula (V) may be prepared by conventional
techniques.using known reactions, for example using a
suitable substituted alkyl (alk)acrylate, glycerophosphoryl
choline or suitable substituted styrene as starting
material.

Examples of suitable substituted alkyl (alk)acrylates
include dimethylaminoethyl(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)

‘may be prepared as described in Reference Examples 1 to 4
or by analogous known methods.

Comonomers of formula (II) or (III) containing a group
of formula (IVD) and comonomer of formula (V) including a
group of formula (VID) may be prepargd by selective
acylation of glycerophosphorylcholine or analogues thereof
at the primary hydroxyl group with an activated acid
derivative such as an acid anhydride O(C(0)BlCH;],
or an acid halide CH;BlCOHal where Bl is as defined above
and Hal is halogen, followed by acylation of the secondary'
hydroxyl group with an approbriate acylating agent, for

example methacryloyl chloride. Purification, for example



m nut es,

the tenperature being held at -20[err] C duri
Stlrrlng was continued at this tenperature for a

and then for a further hour as the reaction mxture
roomtenperature. The precipitated triethylam ne hydr

LAGHY t""HJr gg% ho}

;
to
ed

by filtration, and was washed well wth ether. “THé et her was renpved
fromthe conblned f||trate and washi ngs rotary evaporation. The cl oudy

oi |

orect pi tat o B TR Drogarovr etk Pars, BaitaHoe upisote Sty weOT)

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, éprotic solvent, for example N,N-
dimethylformamide, optionall& 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 ageht such as methacryloyl

chloride. The t-butyldimethylsilyl protecting group may be

removed by treatment with a dilute organic or mineral acid,
for example p-toluene sulphonic acid, hydrochloric acid or
with tetra-butylammonium fluoride. The deblocked primary
hydroxyl group may then be treated with an activated acid
derivative such as an acid anhydride O{C(0)BlCH;]}, or acid
halide CH;BlCOHal where Bl is as defined above, and Hal is
halecgen.

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

dichloromethane, to give a bromoalkylphosphorodichloridate.

to



whi ch was again renoved by filtration. Renoval of the ether on the rotary
evaporator gave (3) (34.18g; 94.3% as a colourless Viss .

(cmerr], thin film 1720, 1640, 1450, 1360, 1310, 12 =
850. NWR (CDCl[err]; 60Nz, [err] ppm 1.95 (s,3H), 4.i25-4.70
(m1H), 6.25 (m1H. K (Si , eluting with 10% MeOH: 9
-0.9; spot visualised wth nol ybdenum bl ue spray reages
wi th iodine vapour). d) 2(Methyacryl oyl exget kyl -2(tr|nethylannon|un) et hyl
- phosphate inner salt (4). The phosphol ane (3) (67.20g; 0.285 nol was

di ssol ved i n k¥ dicKlort \Weatiatative ithys prbdicaddnayn then be treated

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

of a base, for example triethylemine, followed by acid
hydrolysis to give a bromoalkylphosphorogylcerol
derivative. This may then be treated with an amine NR3,,
where R® is as defined above, for example trimethylamine,
to generate the glycerophosphorylcholine analogue. This
preparation is depicted in the following scheme.

0

I
POCly + HO(CH,)¢Br > Cl,P-O(CH,)¢Br

1-' | o OH
o<
v
2. Hzot
0 o
I g |
--P-0~(CH,) ¢-N3RE ; - P - (CHy)¢Br
H P < OH OH
H NRE, OH

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

Comonomers of formula (II) or (III) containing a
group of formula (IVE) and comomers of formula (V)
containing a group of formule (VIE) may be prepared by the
selective acylation of glycerophosphorylcholine or an
analogue thereof at the primary hydroxyl group with for

example, methacryloyl chloride followed by reaction at the



heavy wal |l ed tissue culture bottle. The phospholane sol ution mas tﬁgg__,_—
treated with a solution of anhydrous trinethylam ne (25.:#4¢ ) ¥
dry acetonitrile -39- (100mM ). The vessel was then s &Lﬂd4 or=Ta )]
a water bath held at 50[err]C for 30 hours. The vessel e ¢
sol ution brought to the boil. The solution_ was filtered wh1¢s®~hﬂt """" A
then set aside for crystallisation. The™ p?&duct was col

filtration. ad pst, of 8,59 Y¥lud YNNG Y SUELLQRea HELPL ProduCt vas

derivative, such as an acid halide O[C(0)B2CH3), or an
acid halide CH3BZCOHal, 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 empioyed.
Comonomers of formula (II) or (III) containing a
group of formula (IVF) may be prepared in an analogous
manner to comonomers containing groups of formula (IVD) or

(IVE).

Crosslinking Comonomers

The copolymers of the invention also comprise
residues of difunctional and/or trifunctional comonomers.
Such comonomers are capable of.crosslinking the polymer
during polymerisation. Conventional crosslinking agents
may be used. |

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

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



(4) as a white anorphous, hygroscopic solid (51.16g; 61% . —E+apo

the nmother |iquor gave a very viscous oil (20.00g; 23% ERHEN t‘gr
product (4) crystallised on standing at -20[err]C TLC Y{si | i i
eluting with MeOH CHerr]d[err] (11 v/v)) showed onel\spas MR "0 e ~wh

was reveal ed with Dragendorffs reagent - B2l ybdenum bl u¢g_speay nt, and

i odi ne vapour. IR(cnerr] 1720, 1640, 1320, 1300, 1230, 1170 70, 750. NWR

(Dlerr]O 6MélzedercimpomdL. 0 Pareiqular 2exampbes 9fooressainking)

5.80, (m1H) and 6.25 (m 1H). CHN Found: C 42.98% H 7.88% N 4.42% P

10.51% CHN agmnts irgcWdeethylenegiycaldinethagrydate, (d|)

2 B aery O racthy eeslycol dinethacrylatd) © V!
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 appropriate a bulking or solvating
agent such as a solvent, for example, an alcohol or water.

*  Polymers of the invention 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
organic solvents and non-halogenated orgénic solvents.

. Initiators and/or reagents to modify the bulk morphology of
the final polymer may also be included. Any conventional
technique may be used for the polymerisation, typically
thermal polymerisation 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

]



phosphate inner salt [Alternative Preparation] Into a glass pressure bottle
(300cnB), were placed 2-(2-o0xo0-1, 3, 2- dloxaphospholan 2- vl oxy) et-hyd

nmet hacrylate (10.0 g, 42 mml) prepared in step (c) @’“@LB&CEWM@HEEH
- 40 - (60cnferr]). The pressure bottle was cool ed ilh col d1 m t ien
trinethylamne (2.5 g, 42 mmol) was rapLdby added to @@Kpolgﬁ ﬂn .0n: [The
pressure bottle was closed and then shaken in a thernmbstat-=

55[err] C for comdabher bt Whondeierd |i9Verhd thg OFELhOn' 008 sepaetaterg and
to stand overnight, and was shaken again at 55[err]C for 13 hours.

centre of permanent positive charge, and a monomoner or

monomers which will crosslink the resultant polymer.
Optionally, the monomér 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 1eas£ 30%,'preferab1y
at least 60%, and up to 99.79%-by weight of diluent
monomer. It typically comprises at least 0.2% and up to
S0% monomer or monomers which contain a centre of permanent
positive charge and from 0.01% to 20% 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 éolymerisation typically comprises at least
70%, preferably at least 80% by weight of the diluent
monomér. It further comprises at least 0.2% and up to 20%

. of monomer or monomers which bear a centre of permanent
positive 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 agenﬁs
and polymerisation initiators. These further ingredients
are in one embodiment used in a total amount from 0.1 to

5%, typically from 0.2 to 3% and preferably about 0.5% by



After the reaction it was cooled down in water to 100[
filtered wwth filter paper. The filtrate was evaporate
pressure with a streamof nitrogen for 2 hours to affor
g, 98% as a colourless viscous liquid which crystallis anm
freezer. The product could be purified by preparative
chromat ogr aphy. Reference Exanple 4: 1-alkgnayl-2-nethacroyl phosphati dyl
chol ine and 1-netharyl oyl - 2-al kanoyl phosphati dyl choline (Conpound types D
and E) ‘G ycereihasPhndiGhal itte tHe Qleigh€)of Otli@i Boflohyr basmpbygdtdoysi s of
nat ural phosphat’ dyl choline, may be stirred with al kynoic acid anhydride

(0.01 nole) gidor 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,
benzoylpéroxide, 2,2'-azo-bis(2-methylpropionitrile) [i.e.
azo-Bis-isobutyro nitrile], l-benzyl-2-hydroxy-2-
dimethylethane~-i-one and 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 polymefisgtion |

Additionally the monomer'composition ﬁay pave 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 the

‘total reaétion mixture, preferably from S 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 with the crosslinking monomer or monomers
and if present the polymerisation initiator or initiators.
The solution thus formed is khen purged with nitrogen, to

remove any oxygen which may be present before the



di met hyl am no byridine (0.01 nole) in dinmethyl sul phoxide (150 cnferr]) At
the conclusion of this reaction further dinethylam ng | AH OBER)
together with methacrylic acid anhydride (1 nole) ma %%%%ﬁﬁ%ﬁ?ﬁ

resul ting - 41 - mixture may be stirred for 24 ho{irs,. 13 MAR B9l
phosphati dyl choline formed may be purified by col umilchr.oigiogr
silica using a gradient elution procedure2®i th chlorof orm methanol: water.

The synthesis is depicted in reaction ishene Dill \ . )
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 sclution
may be injected between two spaced plates and then
polymerised ipn 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 produce.contact lenses. The xercogel 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 hydrogel with an
equilibrium water content of up tec 90%, and preferably from
30 to 80%. |

The polymers of the invention are both transparent
and water swellable and therefore suitable for use as
contact lens materials. In partiéular, the polymer may be
suitable for use in contact lenses 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



which-R = CH err]. Reference Exanple 5: Synthesis of 1-alkanoyl-2-acroyl
phosphati dyl chol i ne and 1- acroyl-2-al kanoyl phosphati =,
(Compounds type F and G The procedure of Reference ExéngkgLﬁbgazmeHEET
repeated, but with acrylic acid anhydride (1 nole) being useﬁa &ARSW
met hacrylic acid anhydride. The synthesis is depicted ijhReatt om
in which R=H Reference Exanple 6 Prepakgtion of
1[ 4(4' - vi nyl benzyl oxy) but anel -2"- (trinethyl anmoni un) et hyl phospate inner
salt. The symdlagvird ddamipglexl i n Reaction Schenme E
~ 4- Hydr oxy- 1(4'-V|nylbenzyloxy)butane (5)

Example 1 :

Formation of 2(methacrvlovloxvethyl)-
2'(trimethvlammonium) ethyl phosphate inner salt -co- 2-

aro thvimethacrvlate -co- ethvlenegdvcoldimetha ate

buttons
2 (methacryloyloxyethyl)=2'(trimethylammonium)ethyl

phosphate inner salt (compound C) (4.86g) was dissolved in
2-hydroxyethylmethacrylate (14.8g), together with
ethyleneglycodimethacrylate (0.25g) and bis(4-
tertiarybutylcyclohexyl)-peroxydicarbonate (0.048g). This
solution was de~gassed with nitrogen gas 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 were pushed out of the mould and the
reaction completed by heating at 70°C 'in a vacuum oven for
24 hours. The buttons were optically clear and could be

machined to make contact lenses.

Example 2 : _
Formation of 2(methacrovloxyvethyl)=-2*'(trimethyl-

ammonium)ethyl phosphate inner salt -co-

hvdroxyethylmethacrylate -co- ethvleneglvcoldimethacrylate

buttons by ghotggolgme;isatién
2 (methacryloyloxyethyl) -2'(trimethylammonium)ethyl



1, 4- But anedi ol (50.00g) was dfssolved in dry toluéne ( Ao A
par a- chol or onet hyl styrene (15.62g; 0.1nol) was then ad g{EF)\’MWﬁNTﬁW%

catalytic quantity of 18- crown-6 (0.3g) was then addeg.. ] f _ S
stoppered, stirred at roomtenperature for 18 hours an [¥%$F§~*§§ﬁﬂﬂf """ -
42 - 4 hours at 45-60[err]. The resulting solution was then poured in to
wat er (500m ) and extracted w th dichl oro#thane (3x75m ). The conbi ned

extracts were dried (MySO err]) and evaporated (20 err /2%%2 0 give a
yel | ow oi | , RRPERhAKS anper| Fééttécgi“?@“&dyg)léw d ‘(a]fa. ,°’_t6'ée.‘gw.1b?bt.
152- hydroxyethylmethacrylate (14.2g) together with

ethyleneglycoldimethacrylate (0.29), l-benzyl~2-hydroxy-2-
dimethylethane-1-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 scolutions 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 vacuunm ovén for 24

hours. The resulting buttons were machined to make contact

lenses.

Example 3

.o ati o ethac ovloxvet -2 e -

ammonium) et o) e ] -co- met tha ate
-co=_e lene coldimetha ate buttons

2 (methacryloyloxyethyl)-2'(trimethylammonium)ethyl
phasphaté inner salt (5.76g) was dissolved in ethanol
(6.5m1) and methylmethacrylate (7.5g).
Ethyleneglycoldimethyacrylate (0.21g), 1l-benzyl-2-
hydroxy-2-dimethylethane-l1-one (O.Zg) and bis(4-
tertiarybutylcyclohexyl)~peroxydicarbonate (0.01g) were
added to the solution and dis;olved. The resulting solution
was degassed with the gas and poured into an open stainless

steel contact lens button mould. The solutions were then



157[err] /I mbar. NVMR (60MHz: CDCl[err]) 1.55 (m 4H); 3.50 (m 5H; 1H exch);

4. 45,

3402, 2938 2888, 1631, 1602, 1582, 1511, 1480, 1445, L
1063, 920, 907, 827, 801, 716 and 667 cnferr].

4(2- Oxo-1, 3, 2- dloxaphospholane 2-yloxy) -1(4'" - vinylb
4-Fwdroxy-1(4'-vinylbenzyloxy)butane (5)-(38.03g; 48.6

2H) 5.50 (dd, 2H), 6.75 (dd, 1H), 7.40 (m 4H._IR (thin film,

=

%PL&%%&?EN%%—?EET
L a&%Xl&p AR 6)

triethylamne (4.92g, 48.69 mol) were dissolved in dry diethyl ether
(150n1) and t HarratHiated ®ys @ WooomW filnchechedium prpesus \mekrcwrly f vapéur The
solution was cooled to -30[err] and 2-chl oro-2-o0xo0-1, 3, 2- di oxaphosphol ane
(6.94g; 48.69 Yamp foxd@edidutes.se Thereg@tion was completed thermally

at 70°C in a vacuum oven for 24 hours. The ethanol was
removed from these buttons by heating at 80°C for 48 hours

in a vacuum oven. The resulting buttons were machined to

make contact lenses.

Example 4
Formation of 2{methac [o) c -
2' (trimet ammonium)et o) ate i salt —-co-

methylmethac ate -co-_ ethyleneglycodimet ac ate rod
A xerogel rod (lcm diameter x 10cm) was produced as

follows:~

2 (methacryloyloxyethyl)=2'(trimethylammonium)ethyl

phosphate inner salt (compound C) (5.77g) was mixed with

ethanol (6.5g), methylmethacrylate (7.4qg),

ethyleneglycoldimethacrylate (0.2g) and bis(4-

_ tertiarybutylcyclohexyl)-peroxydicarbonate (0.03g). The

mixture was added to a polypropylene tube (lcm diameter x
10cm) which was sealed at one end. N, gas was bubbled
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
remove& from the tube.

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



m nutes, the tenperature being held at -30[err]. The reaction m xture was
then stirred for a further 2 hours, during which tinme tf et af [r
allowed to rise to 10[err]. The mixture was filtered an %%%K%F‘e‘gmﬁi%%%s
washed wi.th dry ether. The filtrate was evaporated (20[; rdgu_lﬂrml&mi v
a cloudy oil. The residue was shaken with 50m of dry her dnd reliltered,.
Evaporation of the filtrate gave the - 283 = product as a viscous yellow
oil (13.73 g; 90.4% . TLC (eluting with 10% MeOH 90% di chl or onet hane)
showed one ndifderstéis Wimen theired was cuki §nke| pFFacylinders. 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.

Xam

ormation o thacryloyloxyethyl)=-2"'(trime ammonium
ethyl osphate inner salt -co- 2-hvydroxyethvlmethacrylate
-co~ ethvleneglvcoldimethylacrylate 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 crosslinking
ageni and azobisisobutyronitrile (0.2g) as a polymerisation
initiator. The resultant monomer solution was then
deoxygenated by bubbling nitrogen through for S minutes. -

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

The polymer sheet thus formed was removed from the
mould 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



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

cnferr]. 1[4(4'-Vinyl benzyl oxy) but ane] - 2" (trlnEthy|dHHUHI ngE
phosphate inner salt (7) Trinethylanine (2.00g, 33. 9' %vﬁ ?T
into a reaction vessel, and frozen with liquid n|trogen n_of t he

4(2- oxo-1, 3, 2- dloxaphospholane 2-yl oxy) - - 34’ -V|nylbenyFOX :
(10.00g, 32.1 nmol) in anhydrous acetonitrile (40m ) Was then added to the

reacti on vess@oreidgrHtaras idiesseal ed and placed in a thernostatted water
bath (50[err] for 50 hours). The reaction vessel was then cooled to room

tenperature, opened, and the reaction m xture evaporated to about half its
ori gi nal

xample
ormatio methacryvlovloxvethyl)=2' (trimet
mmonium)eth osphate inner salt-co-2-hvdroxy ethvl-
ethac ate-co-methylmethvac te-co-et ene -

dimethacrylate membggng

The method of Example 5 was repeated just using
2(methacryloyloxyethyl)-2'(trimethylammonium)ethyl
phosphate inner salt (compound C) (3.79g), in 2-
hydroxyethyl-methacrylate (8.399) together with
methylmethacrylate (5.04g), ethyleneglycoldimethacrylate
(0.254g) as crossiinking agent and azobisisocbutyronitrile
(0.15g) as a polymerisation initiator.
| The resultant hydrogel sheet is similar to that
obtained in Example S. The starting formulation is

suitable for the mould polymerisation of soft contact

lenses.

Example 7

Formation of 2-(trimethylammonium)ethyl methacrylate

tr uoromethane sulphate =-co- 2-hvdroxve ethacrvlate

=-co- methvliene bis-ac amide polvmer shee

2-(trimethylammoniuﬁ)ethyl methacrylate trifluoro-

methanesulphonate, compound A, (0.25 g) was dissolved in



vol une (21 nm pressure). The concentrated sol uti on was then stitred
tenperature, whilst anhydrous ether (200m) was added d qmmﬁﬂFHMENTSHEET
preci pitate the product as a viscous oil. The nixture was then, Le r
several hours at -10[err]. The product was collected by
supernatent solid. TLC (eluting with neghg O|/dICh|0r0n1 A )
one major spot at Rf 0.0-0.1 which staine with both EXagendorffs r eagent

and aCid'“”X?g?ﬁEyethyl metﬁ?gg;ngeSQE?EB'%ogether 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

Bubbling 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 that

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.

Example 8: Prepvaration of further copolymers

The method of Example 6 was repeated using,
respectively, each of compounds 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.

Mechanical testing of copolymers

The copolymer sheets and lenses produced may be
swelled in appropriate agueous solutions and then
dehydrated by heating. The water content may be determined

by weight.



[err] -

(b) [err] (4) Steps (a) to (d) correspond with the steps in Reference——

Exanpl e 4

45 - Reaction Scheme C Step (a) St ep

t
I

REPLACEMENT SHEET

i| Dete I3MARW .....

- 32 -
Tear strength measurement may be performed by
Instrom analysis using appropriate ASTM procedures. Oxygen
permeability may be determined with appropriate electrodes
in accordance with appropriate ASTM standards. The
absorption of tear proteins by the copolymers may be

measured by standard spectrophotometic techniqués.

anpie

Lathe cutting to produce contact lenses

Buttons (as prepared in Example lf were mounted
using a low melting point wax aﬂd cut with a lathe speed of
2800 rpm to produce contact lehses. Cutting times were 1-2
seconds for 0.01 mm thickness reduction from the edge to
the centre. Nitrogen may be used to cool the diamond
button ihterface. The contact lenses produced were cleaned
with petroleum ether (60-80) and polished with an oil based
polish (SP2). |

xa e
Protein adsorption and equilibrjum water content study

Two hydrogel membranes of comparable water content
were prepared: membrane A (comparative) comprised of
methacrylic acid (16.5 molé%),.2-hydroxyethylmethacrylate,
(83.3 molet) and ethyleneglycol dimethacrylate (0.2 mole
%); membrane B according to ﬁhe invention comprised of
2(methacryloyloxyethyl)-z'(trimethylammonium)ethyl

phosphate inner salt (40% mole), methylmethacrylate (59



Reaction Schene D [err] -47- Reaction Schene

.......... ey
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molet) and ethylene glycol dimethacrylate (1%). Both
membranes were cut into 0.9mm discs and soaked in a
.buffered protein solution for 24 hours at 35°C. Control
lenses ﬁere soaked in buffer solution for the same length
of iime. 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 Albumin : 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
during 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:



Claims for the following Contracting States: AT, BE, CH LI, O OK FR
@B, &R IT, LU N, SE 1. A crosslinked copolyner mhl '
pol ymeri sing a heutral diluent nonomer or nonomers,
t;lfﬁnc;lonal crosslinking conononmer and a zmﬁtterio nonomer or nono
of the formula | Y-B-X ato 4.3, MAR..I98)......
wherein B is a straight or branched al kyl ene, oxaalky éhé‘ggvpéalgg“:“fj
ol i go- oxaal kyl ene chain or if X contai ns” a@%afbon- carbon chain between B
and the zwitterionic group or if Y contains a term nal carbon atom a

val ence bond, Y is an ethylenically unsaturated polynerisable gr oup

'?#EEENEMQMISMET

selected from(ferr mherel r or rr; group:
Ais -O or - £ wher %ﬂ dtd en or wwkyl

group or Rlerr] is -B-X wh X are as def
group - (Cl-l[err])[err]OC(O)E'&'E‘ég‘g’?e"g ])[err]?:(o)eomW

-(CH err])[err]NRerr], -(CH err ])[ err]NRlerr] C(O [err])[err] C(O
NR[ err] (CH[err])[err]NR[err]CX OO (CHerr])[err err|C(O O,

-(CHerr])[ergl CC(O NR[ errg, a(&Hbegr]l)[err]NRlerr] (O NR{erw] (in which
t he groups at 3isecC

A 75.9 0.9 0.13 + 0.04

at 35°C in
protein

solution

I+

+
o
FN

'

B 70.5 *+
At 35°C

B

At 35°C in 71.1 #
protein

solution

+
o
wn
o
©
'
+
o
L]
=
L]

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

Reference Example 1:¢

Synthesis o trimethylammoniumlet ethac ate
trif;uo;omethgnesulggonatg (Compoﬁnd A)
2(Dimethylamino)ethylmethacrylate was vacuum
distilled and then dissolved in 0.1M dichloromethane.
Methyltrifluoromethyl sulphonate (one molar equivalent) was
added slowly to the resultin§ solution, the temperature of
the solution being maintained throughout at 40°C or less.

The product precipitated out slowly and was recovered by



Rlerr] are the same or different) -(CHerr])[err]O, rﬂv—-~f~—-”"”‘_"
-(CGHerr])[err] S err]- or, optionally in a conbination ﬂ;&ﬁ{ééﬁa ENAISHFES
bond, and p is froml to 12 and Rlerr] is hydrogen or \b[err] Cerr] alkyl
group and X is a group of formula (1VC: [err] where thq(gyayps MARF87 ar
the same or different and each is hydrogen gr Cerr] al
to 4 provided that when [err] is 2, Y canndf be [err] in which Ris Hor

Me, or in whi @%ﬂﬁix%g*[a% Lalsfldd % 18 JALRDEEoREPHanE. O7 B O

formula (1VD)
synthesis is depicted in Reaction Scheme B.

i

é ence Example 2:
Synthesis o et -met oxvet - -
ulphoproopyl ammonium betaine sa (Compound B)

2(Dimethylamino)ethylmethacrylate was vacuum

distilled and then dissolved in 0.1M dichloromethane. To

.this solution was added ah equimolar amount of propane

sultone. The betaine slowly precipitated out of solution

and was recovered by filtration and washed with cold

dichloromethane. The reaction is shown in Reaction Schenme

B.
Reference Example 3

eparation of 2(methacrvl oxyet 42' rime mmoniu
e hosphate inner sa (Compound C)

The preparation is illustrated by the reaction scheme C

which follows.



wherein the groups R err] are the sane or different and each is hydrogen or
Clerr] alkyl, Blerr] is a valence bond or straight or branched alkylene,
oxaal kyl ene or oligo-oxaal kyl ene group, | is from1l to Giﬁﬁﬂ?ﬁf:§;@§cgggﬁrf
than a valence bond, z is 1 and it B is a val ence bond & HB&EGYF TS E'
directly bonded to an oxygen or nitrogen atom and ot hervi se-z 13 ] 7.oul
of formula (IVE): [err] wherein the groupseREerr] are t ePd8meor

and each is hydrogen or Clerr] alkyl, Blerr] is a valen ond or a
straight or lmag% ookl @ﬂa,ig%?ﬂéﬂlﬂ]%rﬂ (@i go- oxaal kyl ene group, g is
from1l to 4 and | I's other than a valence bond, z is 1 and if Bis a

val ence bond Ia ias fQaisk ¥iitted wdeh a lpredsstireo egmaddsginyg @ropgimpen at om

and otherwise z is 1; or a group of formula (IVF): [err]
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
(500ml) . Ethylene glycol (139ml; 154.7g, 2.49mol) 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, the condenser was arranged
for distillation, and the dichloromethaﬁe-removed at
atmospheric pressure. When the distillate temperature
reached 60°C the flask was arranged for vacuum distillation
using a water pump, Distillation then gave 2-chloro-i,3-
dioxaphospholane (158ml; 224.5g; 71.3%) as a colourless
mobile liquid (which fumes in moist air) b.pt. 36-40°C/21lmm
Hg. [cf 45.5-47°C/20mm Hg, Lucas et al, J. Am. Chem. Soc.,
72, 15491, (1950) ] .

IR (cm~1, thin film) 2980, 2905, 1470, 1210, 1005, 930,
813, ‘)70.

b) 2=-Chloro-2-oxo0-1,3,2-dioxaphospholane (2)

_In'a flask fitted with a magnetic stirrer, reflux
condenser (fitted with a CaCl, guard tube) and sintered
glass 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



-50- wherein the groups Rlerr] are the sane or different a
hydrogen or (Jerr] alkyl Blerr] is a valence bond or a str
oxaal kyl ene or oligo-oxaal kyl ene group, his fro
ot her than a valence bond, z is 1 and if Bis a val ence bo
directly bonded to an oxygen of nitrogea ggom and otherw s

al kyl ene,

s o

GEPLACEHENT GREET
lto K. Bis
DzmtsﬁbaLHABLEBJ.

e

copol yner according to claiml in which Bis an al kyl ene group of formul a

- (CRlerr]) [ epildiyWegbeheriiie ,dadid TenfdiLiute - coherbiewasmachietied§ dyent,

and in each group -(CRerr]) the groups R err] are the sane or different
and each grodplBWwehg] the Bydveseh to rEdfiux. CEhe] oxllyeh, wasdpasisedf rom 1

to 12: an oxaal kyl ene group such as al koxyal kyl having | to 6 carbon atons
i n each al kykheoughythenrehicgdonx adxturenc gy o6iphotrser nTha sedventhenas t he
groups -(CRerr])- are the sanme or dif- ferent and in each group [err] the

groups R errrempredhbyszntary evhporatiomd andhtheocplruziepsi mobideogen
or CJerr]-Cerr] alkyl and bis 2 or 3 and c is from2 to 11. or if X

contai ns a caesddueadbstidfedn tivegidien 23 ahiPnom27@KeTdrPoRic group, or if

Y contains a term nal carbon

dioxaphospholane (2) (87.41g; 77%) as a colourless mobile
liquid ~-b.pt 95-97°C/0.2mbar (c.f. 102.5-105°C/lmbar
(Edmundson, Chem. Ind. (London)), 1828 (1962); 79°C/0.4mbar
(Umeda et al., Makromaol. Chem. Rapid Communo., 3, 457,
(1982)].

IR(cm’l, thin £ilm) 2990, 29210, 1475, 1370, 1310, 1220,

1030, 930, 865, 830.

c) 2(2-0x0-1,3,2-dioxaphospholan-2-vloxy)ethyl methacrvlate
3)

In a flask fitted with a magnetic stirrer, low
temperature thermometer, and a pressure equalising funnel
fitted with a silica gel guard tube, was placed a solution
of 2-hyaroxyethylmethacrylate (20.00q, O.154m61) and
triethylamine (15.60g; 0.154mol) in dry diethyl ether
(300ml). The solution was stirred ahd 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 beiné held at =-20°C during the

addition. sStirring was continued at this temperature for a



r REPGAGERENT SHEET
err], Blerr] or

o8P

atom a val ence bond. 3. A copolyner according to claiml
which X is a group of formula (IVD), (lIVE), or (IVF) and B
Bl[err] respectively contains up to 24 carbon atons. 4. Ac

e ——

h3MAR.1997..... |

copol ymer which is obtained by polynerising a neutral dilu
nononers, bifunctional or trifunctional crosslinking nononer and a
zwitterionic nonomer or nononers of the=f3Bmala V [err] wherein BB is a
strai ght or branched Cerr] -Cferr] alkylene chain optionally interrupted
by one or nofursheged houwsandnthen fon B tfhrkhemhoyy as therreaction
Clerr]-Clerr] ,al kyl group; and YY is a group which includes a centre of

posi tive chaRd¥tire Wascpllewes &Og¥arPe YhHARR LEPRGFITMLRY ERR®d from
[err] [err] SVIE&

recipitated triéthylamine hydrochlqride was removed by
filtration, and was washed well with dry ether. The
ether was removed from the combinedlfiltrate and washings
by rotary evaporation. The cloudy oil residue was then |
shaken for 5 minutes with dry diethyl ether (50ml) to
precipitate a further érop of triethylamine hydrochloride,
which was again removed by filtration. Removal of the
ether on the rotary évaporator gave (3) (34.18g; 94.3%) as
 a colourless viscous oil.
IR (cm~1l, thin £ilm) 1720, 1640, 1450, 1360, 1310, 1290,
1170, 1030, 930, 850. |
NMR (CDCl,;; 60MHz, &§ ppm) 1.95 (s,3H), 4.25-4.70 (m,8H),
5.70 (m,1H), 6.25 (m,1lH).
Rf (Si0,, eluting with 10% MeOH:90% CHZC12 -0.9; spot
visualised with molybdenum blue spray reagent (eg Sigma),

and with iodine vapour).

d) 2(Methvacrvlovloxvethyl)=-2(trimethylammonjum)ethyl

phosphate inner salt (4).
The phospholane (3) (67.20g; 0.285 mol was

dissolved in 100 ml of dry acetonitrile, and placed in a
heavy walled tissue culture bottle. The phospholane
- solution was then treated with a solution of anhydrous

trimethylamine (25.74g; 0.436 mol)-in dry acetonitrile



-51- [err] wherein mmis 1 to 4, nnis 1 to 12 and BB
branched Cerr] -(ferr] al kylene chain optionally intg
nore oxygen atons. 5. A copolymer according to claim ¢

nmet hyl - ammoni um et hyl phosphate inner salt. 7. A copol yner ac

precedi ng cl 100kDh) whi Thethessel neas thaamsealedseladd glddednial lo/lvater
(al k) acryl ates, dial kylam no al kyl (alk)acrylates, al kyl (alk)acrylam des
hydr oxyal kyl b3th kheld yatt$6°C NFar nJ0 haursns, Theyvesselsuas dpdnddsd and
styrene derivatives, and m xtures thereof. 8. A copolyner according to
claim7 in vehenrsehetipn jerpughticherthe befidect e@her smlutipnpwasol i dene,

2-hydroxyeth¥j- nmet hacryl ate, methyl nethacryl ate and m xtures thereof.
iltered whilst hot, and then ‘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 oil (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, Molybdenunm
blue spray reagent, and iodine vapour.

IR(cm‘1 1720, 1640, 1320, 1300, 1230, 1170, 970, 750.

NMR (Dp0; 60MH2; &§ ppm) 2.0 (s,3H), 3.27 (s,5H) 3.60-4.50
(m, 8H), 5.80, (m,iH) 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)_2-(Methacryvlovloxvet =2'=(trimet ammoniumjet
me'm_iwmu
Into a glass pressure bottle (300cm3), were placed
.2e(2-oxo-1,3,2-dioxaphospholahoz-yldxy)ethyl methacrylate

(10.0 g, 42 mmol) prepared in step (c) and dry acetonitrile



of+ 2- hydroxyet hyl methacrylate. 10. A copol yner accordi} R
whi ch the diluent nononmer consists of a mxture of 2-h
met hacryl ate and nmet hyl nethacrylate. 11. A contact le teRi
conprising a crosslinked copol yner obt ai ?r@d_by copoly pdR le3am131997
zwitterionic nononer, a neutral diluent noner and a bifunctional or
trifunctiongl 3sS! i gki.n o) | ens el,l a rdi ng
to ol aim 11 SSIch ARE PRECPOFPoRCr i Sastke £ cHTu h ey REE,
centre of peplen S iGa AW ¢8d sby a Utk PP Wadi aL8 A
contact |ens ﬁhte?ﬁalqgggggégﬁgq?osbﬁgin111 orP%Ia?njﬁéﬁgﬁﬂgh%cﬂé?%go

zwWi tterioni gh@beenar skaatiba. f orkel priddsut-d-pottEs aids Bolds@aSan@i €hén 0"
branched al kyl ene, oxaal kyl ene or ofli go-oxaal kyl ene chain or if X contains
a carbon- cgharencha 8 fRevRoBtBtapdintainkd t£Y iS50 C £6PUP Réurs. Y It
contains a termnal carbon atom a valence bond, Y is an ethylenically
unsat ur at edwasl yheni adbbwedr topcsomecteddorotemperature 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
evaporated under reduced pressure with a stream of nitrogen
for 2 hours to afford the p:oduct (12.3 g, 98%) as a
colourless viscous liquid which crystallised on standing in
a fréezer. The product could be purified by preparative

liquid chromatography.

Reference Example 4:

—-alkanovl-2-methacro o i ine
-metharvlovl-2~alkano hos d c

(Compound types D and E)

Glycerophosphorylcholine (0.01 mole), obtained by
base hydrolysis of natural phosphatidylcholine, may be
stirred with alkynoic acid anhydride (0.0l mole) and
dimethylamino pyridine (0.01 mole) in dimethylsulphoxide.
(150 cm3).

At the conclusion of this reaction further
dimethylamino pyridine (1 molé) together with methacrylic

acid anhydride (1 mole) may be added. The resulting



-52 - [err] wherein: Ris hydrogen or a (ferr]-Clerr] alkyl group: Ais -O
or*-NR[err]- where R err] is hydrogen or a (err] -(er{f=
Rlerr] is -B-X where B and X are as defi ned above; and
-(CHerr])[err]O(OQ-, -(CHerr])[err]C(OQOC, -(CH[err
-(CHerr])[err]NRlerr]-, -(CHerr])[errLNggecr] C(O-, - i
NR[err] - (O{HH)MHHWMH]QQO (G{HH)MH] T S |
-(CH err]) [ epnkecre My Hd stiredd Tad Jdeniddi or rié O NR| err]- (in whioh
the groups Rlerr] are the same or different), -(CHerr])[err]O,
-(CH err]) [ ephbSpharildylchol it iferidd/ ndy e pux iviedrbyi tblémna val ence
bond, and piIs from1 to 12 and.Rlerr] is hydrogen or a (JQerr]-(err] alkyl
group and X chrsmgtography’ @nmsil icdBudiarg ]a gradient elution procedure

with chloroform: methanol: water.

The synthesis is depicted in reaction scheme D in

eference Exa e 5:

thesis of 1-alkanoyl-2-acro hosphatidvlcholine and 1-
acroyl-2-alkano osphatidvlcholine (Compounds type F
and G)

The procedure of Reference Example 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

epara o 4(4'~vi ben oxv)butane]=2"-~

trimet ammonium)eth os e i salt.

The synthesis is depicted in Reaction écheme E.
4-Hyvdroxy-1(4'-vinvylbenzvloxv)butane (5)

1,4-Butane&iol (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 (0.$g) was then added. The flask was stoppered,

stirred at room temperature for 18 hours and for a further



where the
Cl-Cerr]

the groups Rerr] are the sane or different and each
alkyl, and e is 1 to 4 provided that when e is 2,.Y Ci
which Ris Hor M, or in which Kis (CH[err])[errI
group of fornmula (1VD): [err] wherein the groups R er -—------—-a-?—u-.i':

different

groups R err] are the sane or different and each is hydrogen or
alkyl and d is from2 to 4; a group of fornga=tNMO - Terr]l where

3EREBUMNEMENﬁ%H£}Fr

nnotdfe [err]

and each is hydrogen or (Clerr]42lkyl, B[err] is a val ence bond or
4 hours at 45-60°. The resulting soiution was then poured
in to water (500ml) and extracted with dichloromethane
(3x75ml). The combined extracts were dried (MgSO,) and
evaporated (20°/21imm) to give a yellow o0il, which was
distilled to give a2 yellow oil,(14.539; 69.6%) .b.pt. 152~
157°/1mbar. _

NMR (60MHz: CDCl,) 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,
1480, 1445, 1382, 1320, 1116, 1063, 920, 907, 827, 801, 718
and 667 cm~l.

-0xo0~1,3,2-dioxaphos olane-2-yloxy)-1(4'~-

vi benvloxy)butane (6
4-Hydroxy-1(4'~vinylbenzyloxy)butane  (5) (10.03g; 48.69
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-
didxaphospholane (6.94g; 48.69 mmol) added dropwise over 30
minutes, the temperature being held at -30°. The reaction
mixture was then stirred 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 evappratéd (20° / 21imm) to give a
cloudy oil. The residue was shaken with 50ml of dry ether

and refiltered. Evaporation of the filtrate gave the



straight or branched al kyl ene, oxaakyl ene or oligo- oxalkalkﬁEBnﬂCQ%QHPsHEET
is froml1lto 4 and if Bis other than a valence bond, z ig§ 1 and if B is
valence bond z is O if Xis directly bonded to an oxygen rDmetﬂdﬁ
and otherwise z is 1; a group of formula (IVE): [err] whereFs
Rlerr] are the same or different and eagh jss _hydrogen or C[err] al kyl,

Blerr] is a valence bond or a straight or branched al kyl ene, oxaalkylene or

ol i go- oxaal kyk-8AAcH" 94Pa T ilse ok i o fNdeid. P31 & 0bheggyhan a val ence
bond, z is 1¥an |c B |g alvgogr?g?éolrfg'lz ?2 8 ' Xlés dlrec?ly bonded to

an oxygen or nitrogefLat Qanatdnet REeH X0F MEOH/ QO%adﬂéﬁmareﬁ:eftﬁﬁmba
(I'VF): [err] wherein the groups Rerr] are the same or different and each
i s hydrogen sho@kar bheahkjbr Bpot:] which witzined bwith cacidshoaypiater
branched al kyl ene, oxaal kyl ene or ol i go-oxaal kyl ene group, his froml to 4
is other is pehgenthgRfaoval¢nc@rbqrohiry k1) IS8 2048, a29a7¢nesslognd Z
is Oif Xis directly bonded to an oxygen or nitrogen atom and

- 1630, 1602, 1581, 1475, 1419, 1363, 1283, 1103, 1032, 820,

842, 807, 800, 715, 610 and 421 cm™1,
4(4'-Vinylb oxy)lbutanel-2"(trimethylammonium)et
phosphate inner salt (7)
Trimethylamine (2.00g, 33.9 mmol) was distilled

into a reaction vessel, and frozen with liquid nitrogen. .A
solution of the 4(2-oxo-1,3,2-dioxaphospholane-2-yloxy)-1-
(4'-vinylbenyloxy)butane (6) (10.00g, 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 nixture evaporated to about half its original
volume (21 mm pressure). The concentrated solution was
then stirred at room temperature, whilst anhydrous ether
(200ml) was added dropwise to precipitate the product as a
viscous o0il. 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 bbth Dragendorffs reagent and

acid molybdate.



otherwise Zis 1. [err] contact Iens material according to claim13 in

which B is an al kyl ene group of formula [err] wherein thd IS
FFPLAﬁeN@ﬂwanEET

Rlerr] are the sane or different and each group Rerr] i9d

Clerr]-ferr] alkyl, and a is from1 to 12: gn oxaal kyler

al koxyal kyl havi ng 1 to 6 carbon atons inedch al kyl noi ety —an

ol i go- oxaal kyl ene group of formula [err] where the groups [err] are the

or different aggﬂﬁﬂgﬂ?ggﬁggﬂﬁgggr] is hydrogen or (Jerr]- (ferr] alkyl, and

bis 2o 3and Ccrs 1. or if X contains a carbon-carbon chain

bet ween B and the centre of positive charge, or if Y contains a termnal °

[err] and the sane or different, and in each group (CRer
hyer en . or
4 DQYeO g" m
sane or differ. ent and in each group [err] the groups R err] are the sane
carbon atom a val ence bond.

_~CH3 '
CH =C O-(CH -N(CHq)o + CF,S0,CH
2N e— 2)2 3)2 3S03CH3
I
o}
CH;y Cﬂ .
. CHy Qllq
CHZ—C\ c/O‘(CHz)z- I'CH3
I CH, CF3SO39
(o
Reaction §chgﬁe B
CH, |
~ :
cnz=c\ /O-(CHz)z-N(CH3)2 + /o
c o0
i
0
CH4 CH,

l
caz=c\c _-0~(CHy) 2-&!«- (CH,) 3-50,9

i CH
o 3



15. A contact lens material according to claim13 or cl g
a group of formula (IVD), (IVE), or (IVF) and B[err],
respectively contains up to 24 carbon atons. 16. A contjs
according to claim13 or claim14 in which Xis a grou
(1VQ. 17. A contact lens material accordigngdo claimIT 8
which the zwitterionic nononer has the fornula V [err] wherein BB is a-
- straight or ake Glefleme- € err] al kylene chain optionally interrupted by
one or nore OXygen atons, nn is from1l to 12; err] i or a (err]-Cerr]
al kyl group: $§88¥2)i s a group which includes a—%%ﬁ%#biof positive charge
and a centre of negative charge, which is selected from[err] [err]

PCl,/CHyCl, o oz/benzene
HO(CH,) 4OH ol T p-a1 /,
el ‘tl

(1) (2)
te c
/O . /CH3
+  CH,=C O-(CH») 3~OH
[::::P~\\c1 27— 2)2
i
o
(2) (c) I
(C2Hs) 3N/ (CoHs) 20
CH, °
CHy=C o-(c32)2-o—p<::::
o
\\c,//’/
I (3)
o .
Step (d) (CH3) 3N/CH3CN
v

H ) CH4
c//; | 49£
CHy= c’,,fo-(cuz)z-o-T-o—(CHz)z ~CHq
! e
' (4)

Steps (a) to (d) correspond with the steps in Reference
Example 4



-55- [err] wherein mmis 1 to 4, nnis 1to 12 and BBis a straight or
branched C[err]-Clerr] al kylene chain optionally interruptediby=one-or_nore
oxygen atons. 18. A contact tens material according to clai N BEPLACBRIERT sIjf t/

is a group of formula VIC. 19. A contact lens material acconding to clai-m
17 which the zwitterionic nononmer conprises 2 (nethacryl oyl x9:)tef.t3(mR_ _
(el -1997....... I

2' - (trimethylamoni um et hyl phosphate inner salt. 20. A contact—Fe#s
material according to any of clains 11 te 4% in which the diluent nononer
i's selected fromvinyl pyrrolidone, 2-hydroxyethyl nethacrylate, nethyl

met hacryl ate and m xtures thereof. 21. A contact |lens material according to
claim20 in \Reagtion StthemsiD nononer consists of 2-hydroxyet hyl

methacryl ate. 22. A contact |ensymiggi al according to claim20 in which

t he dil uent nonomer consists of |a3'n'xture of 2-hydroxyethyl nethacrylate
and net hyl nethacrylate. 23. A a4 |gns conprising a copol ynmer
according to any one of clains ] to 10 gy a contact | ens material according

to any of clainms 11 to 22. CHZ——-O-P—O‘(Cﬁz)z'GN(CH3)3
©o
(o)
CH3-(CHy) n~C

CHy~(CHa) n=C o (cH3) N —ON
lcH3=(CH2)n <S;;;T°

o
Cﬂz -0OH . CHZ =-Q=C- (CHz) n'CH3
o !
CHy-0-C- (CH3) n~CH;, CH,-OH
o 0
+ I
CH;-0~P-0-(CH, ) 5PN (CH) 5 CHy-0-P-0- (CH;) 3-8 (CH,) 4
® »
R .
| o
cHy=c-cZ
S0 (cH3) ;N —O)N
| o
4 R
o R o
i |
CHy-0-C-C=CH, CHy=0=C~-(CHy) ,~CHj
o O R
i : b
CHy-0-C- (CHy) n~CH; CHy-0-C-C~CH,
o _ o
I : |
cxz-o-T-o-(cnzszEh(cn3)3 ; CH,-0-P-0(CH,) 38N (cH,) 4

.9 éo .



24. A process for producing a copolyner defined in any-one of .clains 1 to
10 which conprises copol ynerising a nonomer conpositi of ﬁgﬂg@é&%ﬂ 3
di | uent nononer or nononers, the said zwitterionic confjnonmer gﬁ cOo g
and the said crosslinking conononer or nononers. 25"AL5&@§9§ MAR 194N
claim 24 in which the reaction m xture fgr < he pol yner tsation 1AEIU

o~ Q

sad+-0n L ACI eSS " a |
sol vent. 26. A process according to claim 25 in which the solvent acts as a
reaction nediumfor inmm scible nononers. 27. A process according to claim
25 in which the splv i ter or an al cohol. A process according to

ent. is
“claim 24 irlﬁﬁﬂ?ﬁﬁ?ﬁmggnﬁT? i oni ¢ nonomer anqgééiss-linking nmononer are

di ssolved in the ent nononer or nMONONErsS. of a copol yner according

to any one of clai HoCLO orHO(CHy) #QH | ens War &HpR(CHdaPHi ng to any of

clains 11 to 22 in the production of a contact lens. [err] U§&)according to

claim?29 in which the polynmer or contact |lens material, as a xerogel is

- noul ded into contact |ens buttons whic Qgg | g¥he cyt. [err] for the
following Contracting State: ES A prodess *#¥”produgi ng a crosslinked

copol yner by pol ynerising a neutral dilueg}?ngponEr or nononrers, a

Cl v

41::1‘~ca20(c52)4o

o)
0

<>

' (6)
MésN
v
MCH i |
H,0 (CHy) 4~0-P=0 (CH,) ;MMe;
le

(7)



1thtaiomc

7:":-“;'--

bi functional or trifunctional crosslinki

nononer or nononers..of-_the formula | Y- ,
(I') wherein Bis a straight or branched aIkyIBEBLAGEaaI

'G@W ENT.

ol i go- oxaal kyl cont ai ns_a carpon- o= chﬁﬁﬁﬁT
bet \?veen B an)cgl 'ﬂlﬂlﬂ“ﬁlmmllmur(group or +§ Y contains g Datefith# ARC e
atom a val ence bénd"Y I's &n ethylenlcal y unsat ur at ed ‘Fotyre ryrou
selected from[err] wherein: Ris hydrq@gg%ﬂ% a Cerr]- C[err] aIkyI gr oup
Ais -O or -NRerr]- where Rerr] is hydrogén or a (Jerr]-Clerr] alKkyl
group or Rlerr] is -B:X wAeegoBsaifik&dacopl yritir’ Wby s A¥tainable by

L L ————

polymerising a neutral diluent monomer Or monomers, a
monomer or monomers bearing a centre of permanent positive
charge, and a bifunctional or trifunctional crosslinkiﬁé
agent. .

2. A copolymer according to claim 1 in which the
diluent monomer is selected from alkyl (alk)acrylates,
dialkylamino alkyl (alk)acrylates, alkyl (alk)acrylamides
hydroxyalkyl (alk)acrylates, N-vinyl lactams, styrene,
substituted styrene derivatives; and mixtures thereof.

3. A copolymer according to claim 2 in which the
diluent monomer is selected from vinylpyrrolidone, 2=
hydroxyethylmethacrylate, methylmethacrylate and mixtures
thereof.

4. A copolymer according to any one of the
preceding claims in which the permanent positive charge in
the comonomer or comonomers bearing a centre of positive
charge is proQided by a quaternary nitrogen atom.

5. A copolymer according 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 (1)
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

This Sheet Has
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i a group—(CHErr]Ieri] OO -, - (CH ersl)Lereorare= |
[err] i m[err]N err ]\ 1iné SHEET HABIBEEN MR err] C(O) -
[e”])mm\ ““’@V\m r])[err]NR[ e r]C(CP)EPLACED EPLACEMENT SHEET

( CHerr])[er OO * - (CHerr]) [ e=FCSSCORR e
-(CHerr])[err]NRlerr] CCONR[err]- (in.wggch the g Rl er
d ferent), -(CHerr])[err]O, -(CHerr])[err]SJerr]-
conbi nati on peraBent HIsIGVARhat gé d% off Iy tEod€a PR K B[eéi-ﬂuhﬁlhydr ogen
or a (err]- C[err] al kyl group and is a group of formula (I1VC): [err]
where the greagboll ation,ake valent@dbatid,di fferent and each |s hydr ogen or
Cferr] alkyl, and e is 1to 4 provi de when e is 2, Y cannot be [err] in
which Ris Hor M, & isear grioupibiearing a (d&tlitare]c)f gpeimihent PoyitLpee

bond; a group of formula (1VD): [err]
charge and

Y is an ethylenically unsaturated polymerisable
group selected from
R
CHé=C-C-A- or
! K-
wherein: .

R is hydrogen or a Ci-c4 alkyl group;

A is -0- or =-NRl- where R! is hydrogen or a C;-C4
alkyl group or Rl is -B-X where B and X are as defined
above; and

K is a group -(cnz)pOC(O)-; -(CHz)pC(O)O-,

- (CHp) gOC(0)0-, -(CH3)pNR2=, =(CH,)oNR3C(0)~,

=(CH;) pC(O) NR2-, (CHy) pNR2C(0)0-, = (CHz) pOC(O) NR2~,
—(CHz)pNRZC(O)NRZ— (in which the groups R2 are the same or
different), —(cnz)po-, —(CHz)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 gfoup.

6. A copolymer accordihg to claim S5 in which B is
an alkylene group of formula =(CR3;),-, wherein the groups
-(CR32)- are the same or different, and in each group
-(CR32)- the groups R3 are tﬁe same or different and each
group R3 s hydrogen or-C;~-C4; alkyl, and a 'is from 1l to

12; S
This Sheet Has Been Reﬂlaced
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-57- wherein the groups Rlerr] are the~sane.or different; and each is
hydrogen or QLerr] alkyh-Brerr] is ol vARSRFEENPIE BEENTTES

al kyI ene, oxaal kyl ene i“ B‘! E oxaal kyl ene mmtm;aj S &GEE‘E&‘TWETf ’,‘B
is other than- llim is 1 O|t X
Is directly bo “ “ b@ or nitrogen atom and ot Mg%& _ 1

group of fornul a (IVE) [err] wherei n theéﬁkoups Rl err]=&rethe same or
different and each is hydrogen or Cerr]” B[err] is a val ence bond or,

traight or branched. al kyl | ky| i gos
'S trom 1 to 4 and i1 WiSHEhE PR SEELE Bneh 85 AGRPRAKYLTREVING'R, 2
\éﬁgegfﬁe?&ngezg'olsgoihb%'§tgxh£eﬂ\'XaQH”QiQyEOmBE‘.e%)’gen or nitrogen atom

an oligo-oxaalkylene group of formula

- (CR%,)p0]c(CR%;)p~ Where the groups -(CR4,)- are the same
or different 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 positive charge, or if Y contains a
terminal carbon atom, a valence bond.
7. A copolymer according to claim 5 or 6 in
which X is a group of formula (IVA)
-N®(RS) 4,22 (Iva)
where the groups RS are the same or different and each is
hydrogen or Cj.4 alkyl and 72 is a counter ion;
| a group of formula (IVB):
_ 26
-Q'z- (CH,) g-505° (IVB)

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

hydrogen or C;.4 alkyl and d is from 2 to 4;
a group of formula (IVC):
o
-o-g- (CH,) o-NE(R7)3  (IVC)

=

where the groups R7 are the same or dif:erént and each is

hydrogen or Cj.4 alkyl, and e is from 1 to 4;r_-mf e e
) . Sheet Has Been Rerlaced
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a group of férmula (1VF): 'ferFT'mher’ Tkﬁﬁ$§£PHR§ rf{] are the sane or

gi fSI (ra;?grrt ag?lunm Ilm“lﬂmwlfun of oxa | |/u| ARO—Of D:L:;S‘ i:%:éé;%engncegs'gggrd!ﬁr

is from1l to 4*iftB ts ®tHer *than a val ence bond, S a

valence bond z is 0 if Xis directly bongled-to an oxyggn or‘n, ARnﬁsyo

and otherwise z is 1. 2. A process according to claim Q%mer. """

al kyl ene group of foangteupesE] fobmudan (IV®)groups - (CRerr])- are the same

or different, and in each group -(CR[err]) the groups R err] are the sane
-or different and each group R err] is RBydrogen or Clerr]- C[err] al kyl , and.
ais froml to 12; an oxaal kyl ene grouff such as a 0 gukr haV|ng l1to6
carbon atons in each al kyl noi et fH2aR=8Pgd Had @% Yr oupt'¥®) f or mul a

' [(CR[err])[err](CR[err])[err% ere groups -(CRerr])- are t he sane
or dif- ferent and in each={® (CR[ r])- the groups Rlerr] are the sane

or different and each group R[ergk g;g or (Jerr]-Cerr] alkyl, and
bis 2o 3and cis from2tol ZoP' t ai ns a car bon-carbon chain
between B and the zwitterionic group, if Y contains a term nal carbon

wherein the groupé R8 are the same or different and each is
hydrogen or Cy.4 alkyl, Bl is a valence bond or straight or
branched alkylene, oxaalkylene or oligo-oxalkalkyiene
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 Z is 0 if X is
directly bonded to an oxygen or nitrogen atom and otherwise
2 is 1; .
a group of formula (IVE):
o
I
~(0] z-CHy~CH-CHy-0~P~0- (CH,) gIN(R%) 3  (IVE)

o
0-C-B2-CH,
|
o

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, 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 l ; or —_—————— e — —--—-—-.-—: e

[ lIIl
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atom a valence bond. 3. A process accarding to claiml or claim2 in which
X, is a group ef-fornura (TVD), (IVE), O Tl eanda BBREN] Hmﬂ or Hmﬂ

respectively co mfar bon &t ors. RépL,chDocess_ Qr _proetei=hag
crosslinked co @‘M\ ﬂmm i si ng d=meutral—ditudp El'Regg,i:quSHEET
nonomners, bifu nal worstrtfunctional crossllnkl Rmonorrer and a .
zwitterionic nononer or nononers of the goraula V ;Ea.tmmi--n BB
is a straight or branched Clerr]-Cerr] al kyl ene chai ji_opt}
interrupted by one oa gPe@pO¥¥ILGrRLYAS(IVR)ES from1 to 12: R[err] is Hor
a CJerr]-Cerr] alkyl group; and YY is a group which includes a centre of
positive charge and @ centre of negative charge, which is selected from

3 n -
CH4~B3-C-0-CH; ?':
CH-0-P-0~- (CH, ) h,NP(R10) 4 (IVF)

-[O]z-cl:ﬂz o=

wherein the groups R0 are the same or different and each
is hydrogen or C,., 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
otherwise 2 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 atoms.

9. A copolymer according to claim 7 in which X is
a group of formula (IVA), (IVB) or (IVC).

10. A copolymer according to claim 9, 8 in which
the group X is a group of formula (IVC).

| 11. A copolymer according to claim 10 wherein the
groups R7 are all methyl.

12. A copolymer according to'claim 11 which
comprises residues of 2(methgcryloyloxy)ethyl-z'-
(trimethylammonium)ethyl phosphate innér salt.

13. A contact lens material comprising a copolymer

according to any one of claims 1 to 12.

This Sheet Has Been RTlaced
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whe n nmis 1 to 4, nnler:Fﬁzi’Z——% strai ght or
[err] Lo iGHa l? %%%EB* by one or nore

branched C[err] ] “al kyl ene ghal n op%I P! !

oxygen atons. |ngto. aim N : .
fo?/?rul a VlC Gﬁ,mﬁmmﬁﬁuﬂmﬂb ng to clai m 51in which t G %Mmﬁ‘lEE’r !
monorer conprises Z- (et Rackyl byl oxy) eth 3 -(trimethyl - |t el et hyI ’
phosphate inner salt. 7. A process accor ng to any prece g cT- & MiRoes i

\c/ivlhiallcﬂyf gren ﬁlol gIeE;[/I m)an'ﬁ;nsacr3??0%'?é % %ﬁé?é%%& %8?5%% roxyal kyl T

(al k) acryl at efccd¥diny/ltd aHy2Bhe %ﬁ/r@i@mﬁub et u% dasash%a%t 1

derivatives, and mxtures thereof. 8. A process according to claim S n

whi ch the di et i8N isorice rige [ tas texch £ oM vi nyl pyrrol i dene,
2- hydr oxyet hyl - nethacryl ate, nethyl methacrylate and m xtures thereof. 9. A

process according told.ai ® pricvesds dor hersdhdbng SDaeﬁBlyﬁé?Sbihim@B in
2- hydroxyet hyl nethacryl ate.

any one of claims 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. |

16. Use of a copolymer according 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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-59 10. A process according to claim7 in which the dlluent monomner
.consists of a m xture of 2-hydroxyethyl nethacryl ate andF
met hacrylate. 11. A process according to any preceding (IBEHAA¢EMENtBHEHE
reaction mxture for the polynerisation includes a solvgnt. ocess §
according to claim 11l in which the solvent acts as a re c@@en J&kﬂ

i mm sci ble nononmers. 13. A process accerbigng to claim 1.

solvent is water or an alcohol. 14. A process according to any of clains 1
to 10 in which the zwitterionic nononer and cross-|inking nononer are '
di ssolved in the diluent mnomQONTACE ILENS MATERIAL contact | ens nateri al
conprising a crosslinked copol yner obtalned by copol ynerising a
zwitterionic nononmer. a neutral diluent nmononmer and a bifunctional or
trifunctional crosslinking conononer . ABSIRACEont act | ens material according
to claim 15 in which the zmﬁtterionic conononer or conononers bears a

centre of posi tdye, CAyge o OGSt Rl UAELLE"Y QLA 09801 by

polymerising a neutral diluent monomer or monomers, a

IIDL r| r

monomer or monomers bearing a centre of permanent positive
charge, and a bifunctional and/or trifunctional cross-
linking agent, are suitable for use in contact lenses.
Process for producing them by copolymerisation, contact
lens material comprising them, contact lenses made of them
and processes for producing contact lenses from them.



17. A contact lens material according to claim15 or claim 16 in which the
zw tterionic nononer has the formula (I) Y-B-X
(I') wherein Bis a straight or branched al kyl ene, oxaalkseT 1 ’

ol i go- oxaal kyl ene chain or if X contains a carbon- \[cag ' weikn B
and the zwitterionic group or if Y contains a term
val ence bond, Y is an ethylenically uns4&irated pol T
selected from[err] wherein: Ris hydrogen or a (Je r] al kyl group:
Ais -O or -NRerr]- where Rerr] is hydrogen or a (Jerr]-Cferr] alkyl
group or Rlerri™T™s -B-X where B and X are as defined above; and Kis a
group -(CHerr])[err]OC(Q-. -(CHerr])[err](QOC, -(CH[err]OC(OOC,
(CH{ err]) [ er r chiiRfs@artre taiowihdtdh@dchdg st | SR 4,1, 6, Ok ea, ael Gell 40 ker r] C(O)
NR[err], -(CH[‘err])[_err]NR[err]C(O)O, (CHerr])[err]NRlerr]C(O O

-(CH err]) [ er '] OCPE)T4 ceqolviper which {s@jifinad yylpgijmarising Aliuie dilje@MmEoiiRpranondmars, @ bifkndridiiaiC h
t he groups R[ergja"u?“é’“ ﬁ%“wﬂémf’“ﬂfﬂ%HPT‘?’“Q“("G‘I[’@P‘H“)T‘(EF’PF@"'?'
-(CHerr])[err]SOerr]-, or, optionally in a conbination with B, a val ence
bond. and p is from1l to 12 and R err] is YnedXogen or a Clerr]-Cerr] ahkyl
group and

wharein 8 is a straight or branched alkylene, oxaaikylene or oliga-oxaalkylene chain ar if X contains a carbon-
carben chain between 8 and the zwittaricnic group or if Y contains a terminal carbon atom, a valance bond,

Y is an ethylenically unsaturated polymarisable groi:p salected from

i
cs,-c-cl:-a- and
o

wihacgin:
R is hycragen or a C,-C, alkyl group;
A is -O- or -NR"- whera R? is hydrogen ar a C,-C, alkyl group or A is -8-X whera 8 and X ars as defined

above: and .

K 15 a group «{CHa),0C(Q)-, {Ciy),ClO)0-, ~{CH),CC(Q)Q-, ~{CHy) NFZ-, -{(CH,) NFRC(Q)-, 4{CH,),C(O)
NEZ-. .(cHz),NRzC(O)Oo (CHz),NHEC(OJO-. «(CHy), OC{QINAZ-, -(CHz),NﬁzC(O)NR?- {in which the groups
f2 ara the same or diffarent), ~(CHa),O-, {CH,),SO0;- cr, opticnally in a combination with 8, a valence bend,
anc g is lrom 1 to 12 and AR is hydragen or a C,-C, aikyl group and :

X is a group of formula (IVC).

o]
I .
~0~P~0(CH,) ,~N (R'); (Ive)

‘whara the greups A7 are the samae or diffarant and sach is hydrogen or C; , alkyl, and e is 1 1o 4 pravided that
whaen e is 2, Y cannct be

. i) caz-}:-i:-'a
v °- ’

R

*= ¢ L M §$ x




X is-a group of formula IVB: [err] where the groups R err] are the sane or
different and each is hydrogen or CJerr] al kyl and g=s=Frer=2— roup
of formula (I1VO): -60- [err] where the groups R[ ¢r REPLAGEMENT SHRET

different and each is hydrogen or CJerr] alkyl, andje is qggyid-d
that when e is 2, Y cannot be [err] in l"f{‘gifh Ris H oDatNe,-.--Er)J‘-'g-N-- ------------

in which R is M or Me, or

K-

in which K is (CHy),-O- or a valence bond ;
a group aof farmula (1V0):

o
CH,-0-P-0- (CH,) ,~ "N (R")  (IVD)
-(o]},~c¢ o°
cxz-o-i-n'-ug
o

:M_'ei“ the graups F9 are the same or differant and each is hydrogen or C, 4 alkyl, B! is a valence band or
"':'9'“ or Ufancfled alkylens, oxaalkylene or ofigo-oxaalkylene group, f is from 1 o 4 and if B is other than 2
Nce band, zis 1 and if B is a valenca bond z Is 0 if X is directly bonded to an axygen or nitrogen atom and

Stharwise zis 1:
8 group of formula (vE); -
i
-{0] ~CH,~CH~CH,-0-P~0~ (CH,) g- N (R') 5 (IVE)
2
o—i:-a -CH,
o

wharsin the groups R9 ara the same or different and each is hydrogen or C, 4 alkyl, 82 is a valence bond or
a straight or branched alkylene, oxaalkylene or oligo-cxaaikylene group, g is from 1t0 4 and if B is other than
a valence bond, z is 1 and if B is a valence bond 2 is 0 if X is directly bonded to an oxygen cr nitregen atom
and otherwise 2is 1; or

a group of {ormula (IVF):
o
s |
CH,~B —c—o-?x{z cl>
cl::-:-o-p-o-(cxz),,n‘(n“‘) 3 (IVF)
-(0],~cx, O

L



[err] in which Kis (CHerr])[err]-O or a bond; a group_of formila_(lVD):

[err] wherein the groups Rerr] are the sane or diffe mﬂE

hydrogen or (ferr] alkyl, B[err] is a valence bond or ??%P t or ‘r*g%"(-: d
al kyl ene, oxaal kyl ene or oligo-oxaal kyl ene group, f i§ hdion ]sgummd |
is other than a valence bond, z is 1 agg if Bis ava
Is directly bonded to an oxygen or nitr 8en atomand otherwise z is 1; a
group of fornmula (IVE): [err] wherein the groups R err] are the same or
different and eagh diiniik ﬁﬁﬁugn mqr,amGngan,Lm%KgéL s nﬁLg,LL]c, §q|ae=\é§L§JH&%onQﬂd or
a straight or brassl a nk&e@a&a%««caghqpnnmah ykeRenghetd, J
is from1l to 4 awmhnésfoend ziis am.iraas"a vhilradhodd vl it @iDactyBEneled tazan bxgged ordilidded dlomBnd S A
val ence bond z i gth@wifefZisd. i s directly bonded to an oxygen or nitrogen atom

n her w is 1; or
and ot he S§ %com%wnei accgrding to claim 1 in which 8 is an alkylene group of farmula {CA%5),-, wherein the groups -{CR3,)-
are the sama or differant, and in each group -(CR3,) the groups A3 ara the same or difterent and each graup A3
is hydrogen or C,-C4 alkyl, and a is fram 1 to 12;

X @

T

an cxaalkylene group such as alkaxyalky! having 1 to 8 carbon atoms in each alkyl moiety,

an oligo-oxaalkylena group of larmuia -{{CR%4),O(CR%,),- whera tha groups -(CR*%,)- ara the samsa ar dif-
terant and in each group -{CR%,)- the groups A* are the same or diffarent and each group R* is hydragen or
Ci-Cy, alkyl, andbis 2 or 3 and cis fram 2 0 11,

or it X contains a carben-carbon chain batween 8 and the Zwitterionic group. or if Y contains a terminal carben
atem, a valence bond.

3. A copclymer accarding lo claim 1 or claim 2 in which X is a group of fermula (IVD), (IVE), or (IVF) and 8!, B2 or
B3 respectivaly contains up to 24 carban atoms.

4. A crosslinked copolymaer which is cbtained by palyrerising a neutral diluent monomar or manomaers, bifunctional
or tritunctional cresslinking manomer and a zwittadionic monamer or monomers af the formula V

r .

I
CH,=C~C~0~(BB) ,~¥Y¥ {v)
0
wherein BB is a straight or branched C,-Cg alkylene chain apticnally interrupted by one or more axygen atoms;

nnisfrom 1 to 12;

R isHara C,-C, alkyl group; and
YY is a group which includas a centre of positive charge and a centre of negative charge, which is salected from

Q

momy o (CHy) N (), (VIC)

)
i
?‘Il’c"i?*‘ (CHy) =N (CHy)
-cl:n 0 | . (vio)
CH-,-O-(;-(BB)M-CH,; and
o
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a group of fornmula (1VF): -61- [err] wherein the gljoups Rrerd &=the
sane or different and each is hydrogen or (err] MIQ/,Ré%kéaﬁM$NT§H5§Je_
bond or a straight or branched al kyl ene, oxaal kyl ene @r_ol i ORI | eng
group, his fromlto 4 if Bis other than a val ence dﬁﬁ?“gﬂis~-man ~i-f{l B
is a valence bond z is O if Xis directlyy bonded to an oxygén or nrtrogen
atom and otherwise z is 1. 18. A contaEPﬁlens mat eri al according to claim
17 in which B is an al kylene group of formula [err] wherein the groups
-(CR32)- are the sane or different, and in each group (CRerr]), the groups
Rlerr] are the same or different .and each group R err] is hydrogen or
Cerr]-Cerr] alkyl, and ais frgm1 to 12: an oxaal kyl ene group such as

al koxyal kyl having 1-ta,&xcanperpabofes,) L wpah) gl kyl noiety, (VIE)
l.

o
o-f—(an)m-cag
o

wherein mmis 110 4, nnis 1 to 12 and 88 is a straight or branched C;-Cg alkylana chain aptionaily interrupted
by one or mora oxygen atoms.

S. Acopgiymer according to claim 4 in which YY is a group of formula VIC.

6. A copclymer accarding to claim S in which the zwitterionic monomer comprises 2- (methacryioyloxy) ethyl1'{tri-
mathyl-ammenium)ethyl ghosphate innar sait.

7 A copclymer accarding to any preceding claim in which the diluent monamer is selected from alkyl (alk)acrylatas,
dialkytamino alky! (alk)acrylates, alkyl (alk)acrylamides hydroxyaliyl (alk)acrylates, N-vinyl lactams, styrene, sub-
stituted styrene derivatives, and mixtures thereot.

8. Acaopolymer according to claim 7 in which the diluent monaomer is selectad from vinylpyrrolidene, 2-hydroxyathyl-
maethacrylate, methyimethacrylate and mixtures thereof.

9. Acopciymer according to claim 7 in which tha diluent monomar consists of 2-hydraxyethyl methacryiate.

10. Acopolymeracconding ta claim 7 in which the diluent monomer consists of amixture of 2-hydroxyethyl mathacrylate
and methyl mathacrylate.

11. A contact lens material comprising a crosslinked copolymer obtained by copolymerising a zwittarionic monomer,

a neutral diluent monomer and a bifunctional or trifunctional crosslinking camanomer.

12 ; contact lens material according o ciaim 11 in which the zwittaricnic comanomer or comanamers bears a centra
Positive charge provided by a quatemary nitrogen atom, )

13. A contact lens material according to claim 11 ar claim 12 in which the zwittericnic menamar has the farmula (1)
Y-8-X . 1))

wherain 8 i-s a straight er branchad alkylena, oxaalkylene or oligo-oxaatkylene chain or if X cantains a carbon-
carben ch;m bBetween 8 and the Zwitterionic group or if Y contains a terminal carbon atom, a valence bond, Y is
an ethylenically unsaturated poiymerisable group selected from

*
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~an ol.i go- oxaal kyl ene group of forrmula [err] where the groups -(CR[err])
are the same or dif- ferent and in each group -(CR efFffr=: err]
are the sane or different and each group Rlerr] is HyBEBHAREYENT SHEET
Clerr]-Cferr] alkyl, and b is 2 or 3 and c is fromZto 1]0 &fw
contai ns a carbon-carbon chain between B and the ce | Peteof ;%Ju hdr ge,
or if-Y contains a term nal carbon aton? a val ence | ens
material according to claim17 or claim18 in which X is a group of formula
(IvD)y, (IVE), or (IVF) and B[err], Blerr] or Blerr] respectively contains
up to 24 carbon atonms. 20. A contact |lens material according to claim17 or
claim18 in which Xis a group of fornula (1VB) @=(IVC. 21. A contact
| ens material according to & aim15 or claim 16 in Wwgh the zwitterionic
nononer has the fornmula V [drr wherein BB is a st N\t or branched (err]
-Cerr] alkyl ene chain off 4y PRferrupted by o nore oxygen at ons;
nnis froml1l to 12; Rerr] is*or a (err]-(err] roup; and YY is a
group which incl udes a centre %f positive charge and a ceﬁ‘t‘re of negative
charge, which is selected from

wherein:

A is hydrogen or a C,-C, alkyl group;

Ais -Q- or -NR'- where R' is hydrogen or a C,-C,, alkyl group or R! is -B-X where B and X are as defined
above; and

K is a group -{CHp),0C(QO}~, -{CH,),C(O)O-, -(CH),0C(O)O-, -(CHy), NRZ-, <(CHy),NFA2C(O)-, -(CH,),C(Q)
NAZ-, -(CH,) NR2C(Q)O-, (CH,) ,NR2C(O)O-, .(CHz),OC(O)NHZ- -(CHZ),,NFlzc(O)NFlz- {in which the groups
F2 are the same or differant), «(CHy},0-, «(CH,),SO;5- o, optionally in a combination with B, a valence bond,
and pis frem 110 12 and R2is hydrogenara c,-c,, alkyl group and

Xis

a group of formula IVB:

R
|
~"N—-(CH,) 4~S04" (IVB)
e
R
whaere the groups RS are the same or different and each is hydrogen ar C,_ alkyl and d is from 2 to 4;
a group of formula {IVC):
i
-0-B-0(CH,) .~N"(R) (xvC)

where the groups R are the same or different and each is hydrogen or C,4 alkyl, and e is 1 10 4 provided that
when e is 2, Y cannot be

. i) cxz-cl:—i;—a
R O

in which Ris H or Me, or

I



[err] -62- [err] (MC) wherein nmis 1to 4, nnis_l1io_
straight or branched Clerr]-Cferr] al kyl ene chain opt} giBiae

by

EMENT SHERTE
21

one or nore oxygen atoms. 22. A contact |lens nmaterialijaccording to clai
in which YY is a group of formula VIC. 23. A contact | &ns, mfk8rJUN.J
according to claim 2l which the zw tterigni c nononer Pt =
(met hacryl oyl oxy) ethyl- 2'-(trinethyla dym et hyl phosphate inner salt.
24. A contact |lens material accordt gto of clainms 15 to 23 in which
t he diluent mononer is selected fromvinyl Pyr¥olidone, 2-hydroxyethyl
met hacryl ate, nmethyl nethacrylate and m xtures thereof.

in which K is (CHy),-O- or a band,;

a group of formula (IVD):

0

I .
CH,~0~P~0- (CH,) ;= N(R) 5 (IVD)

-(0] z-CH o
0]

whaerein the groups R38 are the same or different and each is hydrogen or C, 4 alkyl, B! is a valence bond or
straight or branched alkylene, oxaakylene or oligo-oxalkaikylene group, f is from 1 to 4 and it B is other than
a valence bond, z is 1 and if B is a valencs bond z is 0 if X is directly bended to an oxygen or nitrogen atom
and otherwise Zis 1;

a group of foermula (IVE).
o]
Il +> 9
-{0],~CH,~CH~CH,-0-P-0- (CH,} g—- N(R') 5 (IVE)
. 1.
2
0~-C-B ~Cliy
|
0

wharain the groups R? are the same or differant and each is hydrogen or C,, alkyl, B2 is a valence bond or
8 straight or branched alkylene, oxaalkylene or oligo-oxaalkylene group, g is from 1 10 4 and it B is other than
8 valence bond, 2 is 1 and if B is a valence bond z is O if X is directly bonded to an oxygen or nitragen atom
and otherwisa z is 1; or

& group of lermula (JVF):

o]
CH;"BS-E’O‘CHZ 0
 CH-0-P~0- (CH,) ,N"(R") 5 (IVF)

|
-(01,~CH, O

:h“‘,i" the groups R'9 are the same or differant and each is hydragen or C,_, alkyl, B3 is a valence bond or
straight or branched alkylene, oxaalkylene or cligo-oxaalkylane group, h is from 1 to 4 if 8 is other than a

Valenc9 bond, zis 1 andif Bis a valence bond Z is 0 if X is directly bonded to an oxygen or nitrogen atem and
AMharwise 2 is 1. . .

-

con . .
W contacy lens material according to claim 13 in which B is an alkylene group of formula {CR3,),-, wharein the

* < L L} s *
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22. A contact lens material according to claim24 i N | t
mononer consists of 2-hydroxyethyl nethacrylate. 26. ﬁ%%@%&%"?éﬁ?ﬁ?
'material according to claim24 in which the diluent {monormgrac WS off a
m xture of 2-hydroxyethyl nethacrylate and net hyl Ha@r‘y-r%t‘gM'
contact |ens conprising a copol yner V\/niS’&h is the product of a process
accordi ng tQuaNYce®Ean i r g S

mat eri al acﬁa‘?ﬁuag&@?j&ﬁ%@?ﬁﬁ%ﬁgﬁiﬁﬁg@% f"ﬁ'{js%gm%féagm(‘:%g%)TJyoﬁgfmn eh
is the product of a process according to any one of the clains 1 to 14

or a contact bremsaiyetegriupbucaecanogiaiRghdviog AR carborGltapris adtaiyionoidly, i N a net hod
of produci ng 2 dgamxerityletacamyp of omuid e ale Yl b ghdrothe dratipmm(TB' o) are Yvnsagia ot ditiar-
pol ynmer or cofft &etn e acupdERlI- Bp groym Ftde hesame nedigigaland 4ash gieva Flie tydiogdner C,-
contact |ens BA¥of(g oA ¥ A2g<ds omAeeut . 30. Use according to claim28 in
whi ch the copd] Lﬁnﬁﬂi’a"l? SHERCHET G BerP e g FnEe of Posit RS Prdfsontains a terminal

¥
0 atom, a valenca ba

| a1 owerpererid

15. A contact lens material according to claim 13 or claim 14 in which X is a group of formula (IVD), (IVE), or (IVF}
and 87, 82 or B3 respectively contains up to 24 carbon atoms.

16. A coritact lens material according to claim 13 or claim 14 in which X is a graup of formula (IVB) er (IVC).

17. A contact lens material according to claim 11 or claim 12 in which the zwitterionic monamer has the formula V

R"

CH,=C~C-0~-(BB) , ~YY "
|
o
wherein BB is a straight or branched C, -Cg alkylena chain optianally interrupted by one or more oxygen atoms;
nnis from 1 to 12;

A" is H or a C,-C, alkyl groug; and
YY is a group which includes a centra of positive charge and a cantra of negative charge, which is selected from

Tﬂs _
-‘r't-ccnz),—so; (VIB)
CH,
i
—0=P=-0~(CH,) .~ N (CHy) 5 (VIC)
20
?Hz‘O‘T'O' (CH,) ;~'N(CHy) 5
-CH o (VID)

CHZ-O—F- (BB) ,,~CH;; and

0

O
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-CH,-CH-CH,~0-P-0~ (CH,) ,~'N(CHy) 5 (VIE)
&
0-C-~(BB) ,,~CHj

0

wharein mmis 1to 4, nnis 1 to 12 and BB is a straight or branched C,-Cg alkylene chain optionally imterrupted
gy ane of more oXygen atoms,

48, A contact lans material accarding ta claim 17 in which YY is 2 group of formula VIC,

19, Acontactlens material accarding to claim 17 which the zwitterionic monomer comprises 2 (methacrylaylaxylethyl-
2'«(trimatbylammonium)ethyt phosphate inner sait.

20. A contact lens material according to any of claims 11 to 19 in which the diluent monomer is selected from vinyl
pyrrolidone, 2-hydroxyethyl methacrylats, methyl methacrylate and mixturas theracf,

21, Acantactlens material according to claim 20 in which the diluent menomer consists of 2-hydroxyethyl methacrytate.

22. Acontact lens material according to claim 20 in which the diluent monomer consists of a mixture of 2-hydroxyethyl
methacrylate and methyl methacrylate,

23. Acontact lens cemprising a cepolymar according to any ene of claims 1 to 10 or a contact lens material according
tc any ot claims 11 to 22,

24, A precess for preducing a copolymer defined in any one of claims 1 to 10 which corhprises copclymerising a
moncmar compaosition comprising the said diluent monemer ar monomers, the said zwitterionic comenomer or
esmenamers, and the said crosslinking comenomaer or mencmaers.

86, A procass accarding to claim 24 in which the reaction mixture far the polymerisation includes a salvent.
86, A process accarding to claim 25 in which the sclvent acts as a reaction medium for immiscibla monomers.
2%, A process accarding ta claim 25 in which the saivant is water or an alcahal.

.I.. A process accarding to claim 24 in which the zwittarionic monomer and cross-inking manomer ars dissolved in
: the diluent monomer or monomers.

Ing’ : : .
'.-.‘ Use ot a copalymer accarding to any cne of claims 1 to 10 or a contact lens material according to any of claims
~111022n the production of a contact lens. :

Q-__U« according to claim 29 in which the polymer or contact lens material, as a xeragel is moulded into contact lens
utlons which are Ia!};e cut. . .

M tor the lallewing Contracting State : ES

g a crosslinkad copolymer by polymaerising a neutral diluent menomer ar monomers, a

5‘ Process far graducin
- Clicnal or trifunctional crosslinking comenomar and a zwittericnic monamar ar monomers of the formula |

Y-B-X 0

.

Mherain g ; . .
m"' "Bisa straight or branched alkylena, oxaalkylens or cligo-cxaalkylene chain or if X contains a carbon-

* C L mnos *
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carben chain between 8 and the zwitterionic group or if Y contains & términal carbon atom, a valence bone

Y is an ethylenically unsaturated polymarisable graup selectad from

R

CH,=C-C-A- and
| K-
o

wherein:

R is hydrogen or a C,-C, alkyi group;

A is -O- or -NR'- where R is hydragen or a C,-C, alky! group ar R' is -B-X where B and X ara as ds
above; and

K is a group -(CH,),0C(Q)-, -{(CH,),C(O)O-, -(CH),0C(QO)O-, -(CH,),NR2-, -(CH,),NR2C(O)-, -(CH,).
NRZ-, -{CHp),NF2C(0)O-, (CHy) ,;NR2C(O)O-, - (CH,) ,OC(O)NRZ-, (CH,) NR2C(O)NR2- (in which the ¢
F2 are the samae or different), «(CH3), 0O~ -(CHy),SO;-, or, optionally in a combination with B, a valence
and p is from 1 to 12 and R2 is hydrogen or a C,-C, alky! group and

X is a group of formula (IVC):

0

-o-l'l-o (CH,) ~N"(R")4 (IVC)

where the groups R7 are the same or different and each is hydrogen or C,salkyl, and e is 1 to 4 provide
when g is 2, Y cannot be

in which Ris H or Mse, or

r
in which K is (CHp),-O- or a valence bond;
a group of formula (IVD):

0
CH,-0-P~0—(CH,) 4~ "N (R') (IVD)

-[0],CH ©

CH,-0-C-B'-CHj |

I
° | TV
* c L M S .
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wharain the groups R® are the same or dilfarant and each is hydrogan or C, alkyl, B! is a valence band or
straight or branchad aikylena, oxaalkylene or cliga-axaalkylana group. ! is fram 1 to 4 and if 8 is other than a
valence bond, Zis 1 and it B is a valence band z is 0 if X is directly bondad ta an oxygen or nitragen atom and
otherwisa Zis 1;

a group of farmula (IVE):

Q

- (0] ,~CH,~CH~CH,~0~P~0- (CH,) g~ N (R’) 5 (IVE)

o-c-Bi-CH;

Q

wherein the groups R? are the same or diffarent and each is hydrogen or C,_ alkyl, 82 is a valence bond or
a straight or branched alkylene, oxaalkylene or oligo-oxaalicylene group, g is from 1t 4 and if 8 is other than
avalence bond, zis 1 and if B is a valence bond z is 0 if X is directly bonded to an oxygen or nitrogen atom
and ctherwise z is 1; or

a group of formuia (IVF):

0
CH;-B’-C-0-CE, 0
CH-0-P-0- (CH,) N (R") 4 (IVF)

R
-{0],~CH, ©

wherein the groups R0 are the same or different and each is hydragen or Cy alkyl, 83 is a valence bond or
a straight or branched aikylene, cxaalkylene or cligo-oxaalkylene group, h is from 1 to 4 if B is other than a
valence bond, Zis 1 and if B is a valence bond zis 0 if X is directly bonded to an oxygen or nitrogen atom and
ctherwise zis 1.

2. Aprocess according to claim 1 in which 8 is an alkylene group of formula {CR3,),-, wherein the groups -(CR3,)-

are the same or different, and in each group -(CR3,) the groups A3 are the same or different and each group A3
is hydrogen or C,-C, alkyl, and a is fram 1 to 12;

an axaalkylene group such as alkoxyalkyl having 1 to 8 carbon atoms in each alkyt moiety,

an aligo-oxaalkylane group of formula -{(CR4,),0],(CR*,),- whera the groups CR*,)- are the samae or dif-
ferent and in each group {CR#%,)- the groups R* ara the same or different and each group R* is hydrogen or
C-Cialkyl, angbis 2or 3andcisfrom 210 11, :

or if X containg a carbon-carbon chain between 8 and the zwittarionic group, or if Y contains a terminal carbon
atom, a valence bend, -

A Pf°¢9_ss according to claim 1 or claim 2 in which X is a group of formula (IVD), (IVE), or (IVF) and 8!, 82 or B3
faspectively contains up to 24 carbon atoms.

:'\o:mcess _ror preducing a crosslinked copolymer by polymarising a neutral diluent manomer or monomars, bifunc:
al or trifunctional crasslinking monomer and a zwitterionic moncmar or menomars of the formuia V

oo
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R

CH;"'—"E'O‘ (BB) =YY ")
o

wherein B8 is a straight or branchad C, C; aliylene chain optionally interrupted by one or more oxygen alems:

anis tfrom 1 to 12;
A" is H or a C,-C, alky! group; and
Y'Y is 2 group which includes a centra of pasitive charge and a cantra of negative charge, which is selected frem

Q
~Q=P~0~(CH,) = N (CHy) 3 (VIC)
1
fﬂz-o—r-o-ccsz)z-°ﬂccxx>s
-~CH o (VID)

CH,~0-C-(BB) ,~CH;; and
l

Q

Q

—c:-zz—cx-caz—o-g-o- (CH,) ;=N (CHs) 5 (VIE)

0
0~C~(BB) ,~CHj

o]

whersinmm is 1 ta 4, nnis 1 to 12 and BB is a straight or branched C;-Cg aikylena chain opticnally intarrupted
By one ar more axygen atoms.

. A procass accarding to claim 4 in which YY is a group of formula VIC.

. Aprocass according to claim 3 in which the Zwitterionic monamaer camprises 2-(mathacsyloyloxy)ethyl-2'-{trimettiyl-
ammonium)athyl ghosphata inner sait,
o

. A procass according to any grecading claim in which the diluent monamar is salected from alkyl {alk)acrytates,
dialkylamina alkyt {alk)acrylates, alky! (alkjactytamidas hydraxyaikyl (alk)acrylatas, N-vinyl lactams, styrene, sub-
stituted styrene darivatives, and mixturas theract.

A pracass accarding ta claim 7 in which the diluent menomar is selactad frem vinyipyrrafidena, 2-hycroxysthyl-
methacrylata, mathyimathacrylate and mixturas tharaol.

. A procass according ta claim 7 in which the diluent manamar consists of 2-hydroxysthyl methacrylate,

* c L ] $ *
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10, A pracess according ta cldim 7 in which tha diluant manamer cansisis of a mixture of 2-hydraxyathyl mathacrylate
and mathyl mathacrytate.

11. A pracass according to any precading claim in which tha raaction mixtura far the galymarisation incluces a salvent,
12. A process according to claim 11 in which tha salvant acts as a reaction medium for immiscibla menomars.
13. A prccess accarding te claim 11 in which the salvent is water ar an alcchal.

14, A pracess accarding o any of claims | to 10 in which tha zwittarionic menemer and cross4inking mencmaer ars
dissolved in the diluent menomer ar menamars.

15. A cantact lens material comprising a crosslinked capolymar cbtained by copalymerising a zwitterionic monamar,
a neutral diluent manemer and a bifunctional or trifunctional crasslinking comaonamer,

16. A cantact lens mararial accarding ta claim 15 in which the 2witterionic cemenamaer ar cemonomars bears a cantre
cf pesitive charge praovided by a quatemary nitragen atem.

17. A contact lens material accarding to claim 15 or claim 15 in which the zwittericnic menomer has the formula (1)
Y-8-X ()]

wherein 8 is a straight or branchad alkylena, oxaalkylena or cligo-oxaalkylene chain ar ¥ X cantains a carben-
carban chain between B and the zwiltaricnic group aor if Y centains a terminal carbon atem, a valence bond, Y is
an ethylenically unsaturated polymerisable group selected from

R
| N
CH,=C-C-A- and !
o
o K-
wherain:

R is hydragen or a C,-C, alkyl graup:
A is -O- or -NR'- whera R! is hydrogen or a C;-C, alkyl group or R! is -8-X where B and X are as defined
above; and

K is a group +(CH,),0C(0)-, {CH)CIO)C-, +(CH),OC(Q)C-, ~({CHy)gNFZ-, (CHy) NFARC(O)-, {CH,),C(O)
NFZ., {(CH,),NR2C(0)0-, (CHa) NR2C(O)O- {CH,) OC{OINRZ-, (CH,),NAZC(Q)NRZ- (in which the groups
F2 are the same o diffarant), {CH,),0-, «(CH,),SO5-, or, opticnally in a combination with 8, a valence bond,
;n'd pisfrom 1 10 12 and A2 is hydrogen ar a C,-C, alkyl group and
is
a group of formuta VB
- .
T&
—*N—(CH,)} ~s0;° ' (IVB)

Whera the groups S are the sama or diffarant and each is hydragen or C, , alkyl and dis rom 210 4;
a group of lormula (IVC): )

e
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~0-P-0(CH,) ~N"(R"} 5 (zvC)

where the groups A7 are the same or different and each is hydrogen or C,.4 alkyl, and e is 1 to 4 providad that
when e is 2, Y cannol be

i) cH,-C-C-A

R

in which R is H or Me, or

in which K is (CH,),-O- or a bond;
a group of formula (IVD):
o]
CH,~0~P-0~ (CH,) ~ N(R), (IVD)
-{0],~CH ©°
1
CHZ-O-E.‘—B ~CH,
o

wherein the groups R® are the same or different and each is hydrogen or C, alkyl, B! is a valence bond or
straight or branched alkylene, oxaalkylene or ofigo-oxaalkylene group, f is from 1 to 4 and if B is other than a
valenice bond, z is 1 and if B is a valence bond z is 0 if X is directly bonded to an oxygen or nitrogen atom and
otherwise zis 1;

a group of farmula (IVE):
]
-[{0] z—CHz-CH—CKz-O-P-O— (CHZ) g-’N‘ (R’) 3 {IVE)
K 4
2
|
o

wherein the groups R? are the same or diffarent and each is hydragen or C, alkyl, B2 is a valence bond or
a straight or branched alkylene, oxaalkylene or cligo-oxaalkylene group, g is from 1o 4 and if 8 is othar than
avalancabond, zis t and if Bis avalence bond 2is Q it X is dlrectly bonded te an oxygen of nitrogen atom
and otherwise 2 is 1; or
a group of farmula (IVF):

IIIIIIII Il I|I|| ||III Il
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CH;-B’-C-0-CH, O©

CH-0-P-0-(CH,),N" (R"), (IVF)

-[0],~CH,. O

whaerein the groups R19 are the same or diffarent and each is hydrogen or C,.4alkyl, 83 is a valence borid or
a straight or branched alkylene, oxaalkylene or cligo-oxaalkylena group, h is from 1 to 4 if 8 is other than a
valence bond, Zis 1 and it B is a valence bond z is 0 if X is diractly bonded to an oxygen or nitrogen atom and
otherwise Z is 1. '

18. A contact lens material according to claim 17 in which B is an alkylene graup of formula {CA3,),- wherein the
groups -(CR3,)- are the same or different, and in each group (CA3,), the groups A3 are the same or different and
each group R3 is hydragan or C,-C, alkyl, and a is from 1 to 12;

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

an oliga-oxaalicylene group of farmula -[(CR%,),0(CR4,)y- Where the groups -(CR4,)- are the samae or dif-
ferent and in each group -{CR*,)- the groups A* are the same or different and each group R4 is hydragen or
C,-C,alkyl, andbis 2or 3and ¢ is from 2 to 11,

or if X contains a carbon-carbon chain between 8 and the centre of pasitive charge, orit Y contains a terminal
carbon atom, a valence bond,

19. A contact lens material according to claim 17 or claim 18 in which X is a group of formula (IVD), (IVE), or (IVF)
and 87, B2 or B2 respactively contains up tc 24 carbon atoms.

20. A contact lens material according to claim 17 or claim 18 in which X is a group of formula (IVB) or (IVC).

21. A ccntact lens matarial acserding ic claim 13 ¢r claim 15 in which the zwittarionic monomer has the formula V

R"

CHfCl:"Tl:‘O- (BB) ,,~YY (V)

0

wherein BBis a straight or branched C, -Cg alkylene chain optionally interrupted by one or more oxygen atoms;
nmis from 1 to 12;

A'is H or a C,-C, alkyl group; and
YY is a group which includes a centre of positive charge and a centre of negative charge, which is sele;ted from

’ ca
~'N—(CH,) ;~S0;* (VIB)

CHy

QLT
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Q

-o-tll-o-(cﬂz'i = N(CHy)g (VIC)

Q

Il >
Tﬁz'o"?‘o‘(mz) 2~ N(CHy)s
-CH O (VID)
CH,-0~C~-(BB) ,,~CH;; and

o

Q

| .
~CH,~CH~CH,~0~F-0~ (CH,) ;= N (CH;) 5 (VIE)

0~C- (BB) ,,~CH;

0

o

wharein mmis 1104, nnis 1 to 12 and 88 is a straight or branched C;-Cg alkylene chain aptionally interrupted
by cne or mora oxygen atoms.

22. A contact lens material acsarding to claim 21 in which YY is a group of formula VIC.

23. Acontact lens material aceerding ta claim 21 which the zwitterionic mencmer comprises 2 (methacryloyloxy) athyi-
2'- (rimethylammanium)ethyl phcsphata inner salt.

" 24, A contact lens matarial according to any of claims 15 to 23 in which the diluent moncmer is selected from vinyl
gyrralidona, 2-hydroxyathyl methacrylate, methyl mathacrylate and mixtures therecf.

25. Acontact lens material according to claim 24 in which tha diluent menemer consists of 2-hycroxyethyl methacrylate.

26. Acontact lens material accarding ta claim 24 in which the diluent menomer consists of a mixture of 2-hydroxysthyt
methacrylata and methyl methacrylate. '

27. A contact lens comprising a copclymaer which is the product of a process accarding to any one of claims 1 to 14
or comprising a contact lens material according fo any of claims 15 to 26. '
»
28. Usa of a copalymer which is the product of a procass accarding to any onae of claims 1 to 14 or a contact lens
matarial according to any of claims 15 to 25 in 2 methed of producing a contact lens.

29. Usa according to claim 28 in which the polymer or contact lens material, which is a xerogel, is mouided into contact
lans Buttons which ara latha cut.

30. Use according to claim 28 in which tha capolymer is moulded diractly to give a contact lens.
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