WATER SVELLABLE AND WATER SOLUBLE POLYMERS AND USE THERECF 5 FI ELD OF
THE | NVENTI ON The present invention is concerned with water

swel | abl e and wat er sol uble polyners. In particular, water sol uble

pol ymers derived from pol y(nal ei c anhydride) and their use in wall
coatings and water based adhesives. 10 BACKGROUND Water sol uble and
wat er swel ling polymers have many applications. Water sol uble

pol ymers are useful for making elastic coatings as tenporary 15

coverings fWATERSWEUSAEIR ANTRATERSDIWRREPOLYRERS ANEOUSE #8EREOF They
can protect against nechani cal damage and environnmental degradation
during storage and transportation. OMng to their water sol uble
nature, dispersions free of solvents can be made in water and applied

on these syefmoeTHRINSEGAYNNG, rolling or dipping. The continuous
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pol yners are’ use FSIhEsed gel s which have
applications-in 25 cosnetics and medi ci ne. Water sol uble polyners are
prepargd by various nethods. US patent US7230061 di scl oses the

preparat | gg ?(f s EEE h)acrylic acid based water sol uble polynmers with

a. highi scosity. US7214737 discl oses the preparation of

aqueous pdVatereniuBiedns wetkssvaling bolf@ X Hate MEndbldatishsSt yrene with a
hi gh bi ndi ng povver towards fillers. USRE39450 E di scl oses a water
sol ubl e pol yvin yridiniumderivative useful as anti-dye transfer
and col ouWaé?fé?'é@?lpélhma@@rﬁUsewS‘DOmslﬁﬂ@eidﬂs@b&mesaaemdwewy sol ubl e
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di scl oses r | 1in ene oxid gel s.
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al gi n&Pe statags aed tansPotayei.nyl ene gl ycol is al so water sol uble.

Water soluble polymers also can induce floccuiation and thickening propeﬁies.
Hence they are useful in water purification in various industries. Water swelling

potymers are useful for rnaking water based gels which have appllcatlons in
25 cosmetics and medicine.

Water soluble polymers are prepared by various methods. US p'ater{t USs7230061
discloses the preparation of (meth)acrylic acid based water soluble polymers with a.
high intrinsic viscosity. US7214737 discloses the preparation of aquéous pb!ymer
30  dispersion of acrylic or acrylic styrene with a high binding power towards fillers.
USRE38450 E discloses a water soluble polyvinyl pyridiriium derivative useful as
anti-dye transfer and colour protection agent. USTD_OBS‘t 8 discloses a water soluble
polymeric composition suitable for absorbing UV radiation. US7005143 discloses
water swelling poly(alkylene oxide) based polymer gels: USB472136 discloses a
35 water soluble polymeric surfactant based on hydrolyzed maleic anhydride derived co-
_polymers. |



5 Polyners which swell in water are also terned as hydrogels.

Hydrogel s are forned as a result of the absorption of water by super
absorbent polyners which are in general water insoluble due to
crosslinking. They ire capable of absorbing |arge ..amunts of aqueous
i quids and body fluids such as urine and bl ood. Because of 10t hese
characteristic absorption properties these super absorbent polyners
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Commer ci al Pylyatvwednk alyb® issdipenateaspblbent pol ymers are, nainly,
crossligked polyacrylic acids or crosslinked starch / acrylic acid

graft co-polynmers wherein the carboxyl groups are partially
neut r al i zedolyinar whiokl sweth lmwateoaraabo temedashydiaydBeldydrdgad\are wat er
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In particula t Ig sent _i nvent foun such useful wat er
swel | abl e %?FWR%& 8?'3’ WPU%$@7SB§5;/H§?%63%%U§EW?§§% Lﬁ‘"@?ﬁ“ﬁ@?‘ﬂ cyclic
anhydri de)U3gpsT48acti on with an am no sulfonic acid to forma pol yner
havi ngyg epeating units conprising cyclic imdo sulfonic acid.
' Commercially avallable super absorbent polymers are, mainly, crosslinked

polyacrylic acids or crosslinked starch / acrylic acid graft co-polymers wherein the

carboxyl groups are partially neutralized with sodium or potassium ions. Indead,

known water soluble polymers are generaliy prepared by neutralizing a

-20  polymer bearing carboxylic acids with alkali metals.

SUMMARY OF THE |NVENTION
, The present inventors have noted that known water soluble polymers of the sort used
25 _tp form temporary coverings are not able to form clear transparenf coatings. For -
example, a hazing or “crazing” can ocour.

- Atits broadest, the present in\fention proposes that cyctic imido sulfonic acid groups
should be incorporated into a polymer to provide novel and useful water swellable or
30  water soluble polymers. in particular, the present inventor has found that such useful
water swellable or water soluble polymers can be made from poly(cyclic anhydride)
by reaction with an amino sulfonic acid to form a polymer havmg repeating units
comprising cyclic imido sulfonic acid.



Particularly useful exanples of this include derivatives of

pol y(mal ei ¢ anhydride), including copolyners of poly(naleic

anhydri de), which are forned by reaction of the poly(nmaleic
anhydride) with alkyl or aryl am no sulfonic acids. 5 Furthernore,
guat ernary anmoni um salts of such polyners, suitably forned by _
addition of a tertiary am ne, denonstrate surprising advantages with
respect t Gakindavy useftiexasplkudftds Dcludadaivaties bi paly(realgo hnhyeilds), In a
first asp i - i t] OV I [
Fepoat | ng Cord CERREERS bol R RARER UGS S rRB WRECRRUB . i ng
to for nul goly(maleic anhygiideleyity alvkai@ryvamine syishieeeidsl t o form an optionally
substituted cyclic irnido; and Rs is 15a sulfonic acid-containing
group Qr aI% thereof. Suitably X and Y are selected so that the

cycl i ci nT 48 JaPERNATReMSIMsas ghich pplwaerssHIBREPE e ¥w bet t er

sol ubi | i t gdditonwha Erttanaaml i g momegrateatugbing am&ﬁgagdsﬁmthgm;;ectlto f
20corresp | i S | ne y the hydrolysis o
poly(naleggﬁgﬁﬁ$%f§§g%?n$%%%g§|§%Qﬁ£&%$epared by di ssolving the

pol ymer of the present .invention in water are clear, transparent and
| ess Vi scousirhesa hel fieseaOhidhtiorisal R hePiayviligteRalidthipol YVi nyl
al coh é and t he nehﬁl,sglt obt ai ned Q{ t he hgdroly5|s of poly(nmal eic
25anh3 ri GeYPIRPR 2 EYRIDTYTC AIPUGHLD LEPIHTIIINOTBE t he pol ymer of the
present .invention can be used to formclear, transparent, uniform
coatings on substrates |ike gl ass, free standing, flexible,
transparent filmcan be obtai ned /by c §Iing a polyner solution of the
present 30invention on a glass pkate. y The pol ymer can be used as a
conponent in a paint conpositionAiwhe It can significantly reduce

t he contact angle of the coati W er, thereby aiding the

wat er pr oof ness of the paint conposition. This can also nmake it easier
to clean the paint conposition. Thig makes the polynmer particularly
suitable for use in exterior 5paint €onpdsitions.

wherein X and Y are selected to form ah optionally substituted cyeclic imido; and Rs is
16 a sulfonic acid-containing group or salt thereof.

Suitably X and Y are selected so that the cyclic imido is a pyrolidine-2,5-dione.

These polymers show better solubility in water than polyvinyl alcohol and also the
20 corresponding alkali metal salts obtained by the hydrolysis of poly(maleic anhydride).

The solutions prepared by dissolving the polymer of the present invention in water
are clear, transparent and less viscqus whereas ‘fhe solutions obtained by dissolving
polyviny! alcohol and the metal salts obtained by the hydrolysis of poly(maleic

25  anhydride} are turbid.

Aqueous solutions of the polymer of thé present invention can be used to form clear,
transparent, uniform ct;atings on substrates like glass. A free standing, flexible, -
transparent fiim can be obtained by casting a polymer solution of the present

30 invention on a glass plate. |



The polyner is preferably a free radical addition polyner. As

di scussed in nore detail below, the polynmer can be a honopol yner or a
copol yner. 10Suitably the cyclic imdo sulfonic acid Is forned by the
reaction of a cyclic anhydride with an am no sulfonic acid. The
present inventor has found that a cyclic anhydride is particularly
eff-ective for formng the cyclic imdo sulfonic acid in a sinple
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wherein R is a spacer, typically optionally substituted alkylene or arylene.

20  Suitably the cyclic anhydride precursor is preseni in the form of poly(cyclic
anhydride). Thus, it is preferred that the starting materiél is a polymer. In particular, it
is preferred that the formation of the cyclic imido sulfonic acid occurs by selective
reaction of a cyclic anhydr}de repeating unit in the starting material polymer.

25 The cyclic anhydride can be any cyclic anhydride, provided it has an ethylenically
unsaturated bond sultable for free radical po[ymerisation In other words, the cyclic
anhydride must he capable of polymensatlon to form poly(cycllc anhydride).

" Preferred cychc anhydrldes include alicyclic or aromatic anhydrides.

30  Inparticularly ‘preferged embodiments the cyclic anh;ydride is maleic anhydride. Thus
a preferred starting material is poly{maleic anhydride). The present invention is
therefore concerned in preferred embodiments with a polymer comprising units

1



It follows that the polyner units conprising imdo sulfonic acid
formed fromthe 5poly(cyclic anhydride) will have a cyclic imdo
structure corresponding to the cyclic structure of the anhydride. For
exanple, cyclic imdo structures:- conprising succinimdyl or
phthal i m dyl are preferred. The water soluble or water swell.able
properties of the polyner of the present 10invention are particularly
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cyclic i npél@maleRRnyRide)Ne inko M haptdror its ability to introduce
rigidity and hence planarity to the repeating units of the polyner.
The provision of a sulfonic acid or sulfonic acid Salt-containing
group as Firtheimdrel che3Dsitrstnig preprettios nytae palyrhdref e lpyoseit im/iehttmnarétrong
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20 Surprisihgly, the present inventor has found that thé advantageous properties of the
polymer of the present invention can be obtained indepéndently_ of the exact structure
of the cyclic imido sulfonic acid. Tht.ls, provided the polymer has repeating units
comprising'the cyclic imido sulfonic acid, the polymer will suitably exhibit at least
some of the properties described herein, .

25 '

The cyclic imido group may be important for its ability to introduce rigidity and hencé
planarity to the repeating units of the polymer. ‘ .

The provision of a sulfonic actd or sulfonic acid sait-containing group as the imido

30-  substituent imparts the polymer with a strong interaction with water and also with
nitrogen-containing organic . In particular, by providing an interaction that favours the
inclusion of a tertiary amine base (examptes-of which are discussed below) an ionic”
interaction can be achieved between polymer chains. indeed, long range interchain
interaction is believed to assist in the formation of films, and is a desirable property of

35  polymers of the present invention. In addition, the provision of these groups
contributes to the excellent water solubility or water swellability of the po-lymer.



contributes to the excellent water solubility or water swellability
of the polyner. Furthernore, the ionic nature of the polyner |eads
to long range interaction between polyner chains. Due to this

i ncreased interaction, the chains can align together which assists in
filmformation. 5 Preferably the amno sulfonig acid is NFi 2-R1-303H,
wherein RI is selected fromoptionally substituted CI to C o al kyl ene
and Co to Czo arylene The am no group reacts with the anhydride
functi onal roduce the desired i nmido group. The present

i nvent or r# ?ffm theponic nakire Of tResRaiyeas 'Q?ﬁﬁmﬁ%ngdéw ipteraptionibgesn conver t
an 10 anhypmbtyimdectansabud tothiOn@yaad Mg actbh ehadHained thfligh Sogpet widh a

pol ymer . eﬁ&&&wﬂhg rtl&ﬂlar advantage of using an am no sul fonic acid
is that th6 react on M6t orm t he ‘pol ymer can be carried out in a
singlestep, i.e. a "one pot' reaction. Thus, startlng froma
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the sulfonic acid is present as a salt. Thus, Rs in formula |l is

sui tably sul fonic acid salt. Particularly pref erred salts are
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wat er whils al's '€ i n organic

al kal i15meegdditicnaf the agyne 9195@‘@ a%nmmycmmrwebns such as. lit h| um
and sodium are preferred. Divalent counterions such as cal ci um and
magnesi umg %Qul an_nul tléa| ent count erions but

these are" ess ﬁ'spé?%rlrerdéaa"%d%’ﬁﬂg%a? B3 RIS ERP SRS U IS P on of a
cr ossl i nkéeod pelap¥ieacid (Rerinobhrdesss)foni¢ ecd)eTaurianid mmst prefeakdnt
counterions nmay be used where flocculation is desired. Sui t abl y, .

in ad%btl Q to the units 1g:o rising imdo sulfonic acid groups
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salts produce the best results and are therefore most preferred. Its ambiphilic nature
25  enables the polymer to be soluble or swellable in watef whilst preferably also being
soluble in organic solvents.

If alkali metal salts are used, monovalent counterions such as lithium-and sodium are
preferred. Divalent counterions such as calcium and magnesium can also be used,

30  as can multivalent counterions but these are less preférred because they may lead to
the formation of a crosslinked polymér. Nevertheless, divalent and multivalent
counterions may be used where flocculation is desired.

Suitably, in addition to the units comprising imido sulfonic acid groups according to
35 formula I, the polymer comprises units derived from at least one ethylenically
un‘s_aturated monomer, Thus, suitably, the polymer is a copolymer. It can be selected



The ethylenically unsaturated nononer(s) can be selected from any of
the known 5 types of free radical polynerisable nononers often used
as conononers. | ndeed, by selecting an appropriate conononmer or
conononers it is possible to adjust the interaction of the pol yner
with water and thereby control the behaviour of the polynmer when

m xed with water. For exanple, the polynmer could be adjusted by
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are al kenes (e.g. ethylene, propylene, octadecene), styrene, vinyl
pyrradine (neth acry Iate particul ar, nmethyl nethacryl ate),
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i ncludes acrylic 20acid and met hactylic nown in the
art. The ¥iff §at8§F?"€ﬁ‘e‘Ef CPTBPRATHELY ‘%Mﬁéﬁ%e%ﬁ“é“@’tﬁ*?ra%’ﬁis present, as
a % ofi0 t obeddre dissdhangDdr renATRNEBIEN RINGUILLMsbRingONPri sing cyclic imdo
sulfonlc acid, in an anount of up to about 50% preferably up to 40%
nor e preferably up to 30% Suitably the polynmer consists essentially
of units Britiayledy pigferied ebwisnically upsaiingedimonamere pievadenés (@ %ttwldar@ast one

et hyl eni C@bﬂay}énb' r&@u@é@kﬁ@tym@w pyrrOR, (rﬁlﬂ!tl@)fa&'mﬁﬁ#s\/ (i Pﬁnm ey e
conpri ses &%ﬁ g@ gg o units accordlng | ﬁ ) d 9 S0311l1
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and -C$ t cadER@n additicpalienefit obithesd; tind dilesr etyieniaslly uBsaturated monomers, is

that they copolymerise readily with the preferred monomer maleic anhydride.

- As used herein, the term “{meth)acrylate(s)” includes actylate(s) and methacrylate(s),
- as is well known in the art. Similarly, the term “(meth)acrylic acid” includes acrylic
20  acid and methacrylic acid, as is well known in the art. '

The units derived from these comonomers are suitably present, as a % of total units
of comonomer and units comprising cyclic imido sulfonie acid, in an amount of up to
about 50%, preferably up to 40%, more preferably up to 30%.

25
Suitably the polymer consists essentially of units according to formulae 1 and units
derived from at least one sethylenically unsaturated monomer.
Thus, preferably the polymer comprises

30 '

(1) 50 to 100% units according to formula i



(2) 0 to 50% units derived fromat |east one ethylenically
unsaturated nononer. In this way, the properties of the polyner can
be tuned, by incorporation of appropriate anounts of the

ethyl enically unsaturated nononer. 10 Wilst the above structure (and
t hose given bel ow) represent an alternating copol yner, the present
invention also includes, as discussed above, other copol yner
arrangenents, such as periodic copol yners, random copol yners,
statistical copolyners and blo copol rs. For each of these other
copol yners, the optional 15and d features described herein

al so apply. In particul ady prefepred enbodi nents, the pol yner
conprises units according to fefmuiNa I'T® O Rl S03-+N(R2)3 20H. 111
wherein R, 1is selected fron1optidnal|y substituted C to Co

al kylene and C5 to C20 aryl ene; eadh R2 is selected i ndependently
fromH and optionally substituted g%gto Cl o al kyl; and R3 and R4

are sel ected i ndependently fromH ptionally substituted C1 to
C30 5alkyl, Cs to C20 aryl, pyrrolidi®nyl,i carboxy and ester.
Preferably R3 and IR4 are sel ected independently fromH and
optionally substituted-Cl to C20 al kyl, nore preferably fromH and
opt i onal | YNYEBSh istsgleeted o optipnaycubstiyed Crie Fe aivsheartdhlayto som H and
opti onal | yryBhd)ot h battefedd angt 0 Cul al kyl, and nost preferably from 10H -
and optionally substituted C15 to C18 alkyl. Preferably Rs and R4 are
unsubstituted. In particularly preferred enbodinents, R3 is Hand R4
i s "hexade@yP to 50% units derived from at least one ethylenically unsaturated monomer.

In this way, the properties of the polymer ¢an be tuned, by incorporation of
appropriate amounts of the ethylenically unsaturated monomer.
10 |
Whilst the above structure (and those given below) represent an alternating
copolymer, the present invention also includes, as discussed above, other copolymer
arrangements, such as periodic copolymers, random. copolymers, statistical
copolymers and block copolymers. For each of these other copolymers, the opticnal
18 and preferred features desctibed herein also apply.

In particulary preferred embodiments, the poly'm‘er comprises units according to
formula 1

20

wherain



15 1In other enbodinents, Rs and Rit are sel ected i ndependently from
H and optionally substituted Cs to C20 aryl, preferably fromH and
optionally substituted phenyl. In yet further enbodi nents, R3 and
R4 are sel ected independently fromH and 20optionally substituted
carboxy and ester, preferably ester, wherein the ester is preferably
-C(.0)0CH3. Suitably R is selected fromoptionally substituted Cl to

Co al kyl eng; r.ef-erabl: i ly
substitute I%%%tha &H;%a@%hgﬁﬁgdc@ t?fg%éﬂ@eé? %Jliée)ggetg%ﬁaqﬂ%l& nmor e

pr ef er abl P2¢7 Bai? qleqtestiagapgndeathsiam deediomipnally saastintady éneoahd Cs to C8
arylene. guiitably R2 is unsubstituted. 30In particularly preferred

enbodi nen ,_is selected fromethyl ene and phenyl ene. Suitably
caon o1 €58 B S PR SaR Ps DA osioaay P GRAd Or TGSt | ¢ ut o
C to €l oakik§dtp Caraefigqryablidinyf, cartxdy samdstept i onal | y substituted Cl to
Cs alkyl, nore-preferably fromH and optionally substituted C to C3

alkyl. 35 Suitably R2 is unsubstituted. In particularly preferred
enbodi menfEeraie Rs s Reqrasediasteddutiepensieptiyitwantt byd entionaliyisuietitutadify| . Even
nore pref er@bhiiyl, eas BrefFatipidh Akdhd oftloRalRatbdiidBd ), % & SkRIh&E '

enbodi nents,. the po r has a structuré according to fornula Illa O
S03- 4- N( CQ%ab_ly fqu"P YRe opt[rémally substituted é{s to Cis alkyl, and gnost preferably from

10 H and optionally substituted Cys to Cis alkyl.
Preferably R; and R4 are unsubstituted.

In particularly preferred embodiments, Rsis H and R4 is hexadecyl.

15
In other embodiments, Rs and R4 are selected independently from H and optionally
substituted Cs to Cx aryl, preferably from H and optionally substituted phenyl. ‘

In yet further embodiments, Rs and Rs are selected' independently from Hand
20 optiona{ly substituted carboxy and ester, preferably ester, wherein the ester is
preferably —C{=0}OCH,.

Suitably R, is selected from optionally substituted C+ to Cs alkylene and Cs to Cys,
arylene, preferably from optionally substituted C, to Cs alkylene and Cs to Cyo arylene,

25  and more preferably from optionally substituted Cs to Cq alkylene and Cs o Ce
arylene. ’ '

Suitably Rz is unsubstituted.
30 In pérﬁcularly preferred émbodiments, Ry is selected from ethylene 'and phenylens.

Suitably each R, is selected independently from H and optionally substituted CitoCuw
alkyl, preferably from H and optionally substituted C to Cs alkyl, more preferably from
Hand op‘ﬂonally substituted Cq to Cy atkyl. |
35 ' _

Suitably R is unsubstituted.



wherein each of RlL, R3 and FL are as di scussed above. 10 The present

i nventor has found that the properties of the polynmer can be further
enhanced and/or controlled if, in addition to the units conprising
cyclic imdo sulfonic acid, the polyner includes units conprising
cyclic imdo having a pendant group bonded to the im do nitrogen,
wherein the pendant group is other than a sulfonib 15acid. Preferably
t he pendant group is a neutral species (non-ionic), preferably an
optional I i : - a ) i roup i s
For med by /R B R s BB Ht B0 IO 7 e
units of BHY- BEN SR PEEbYNeAEHR: $eXhypr ecur sor. More specifical ly,
those cyclic 20anhydride units that-are not reacted, e.g. with amno
sul fonic acid, so as to, form sul fonic acid-containing-groups (Rs
above) 5 c aﬁ Haﬁ‘gwarg'eo "TRIRY SPodiMERtsaie APPPY SRR &CEUHE AEOINSdB nponent .
Sui t abl e @rredla illag conponents conprise a primary amne group to
facilitate reaction with the anhydride. 25l ndeed, the polymer
denonstrates considerable flexibility in ternms of its solubility or
extent of swelling in water. Thes& pfReperties can be nodified to

adj ust the polynmer fromwater solu to water swelling by changi ng
the grafting conponents, and hen pendant groups on the imdo units.
This is surprising because cO ionally water solubility and

swel lability can only be adjusted/@nificantly by subjecting a water
30sol ubl e pol ymer to undergo ?slinking. The grafting conponent
can be selected so as to provide .a pendant group selected from al kyl,
hydroxyl substituted al kyl or a he substituted al kyl. However, the
grafting conponent can al so be . agpahi@pati c or aromatic amno acid. 5

Thus, in addition to units apcording{t@sz@nula [1'l, the pol yner
pref er abl P 8achOFRY S G HIkeb 8 SSGRL B0 Formia 1V
10 '

The present inventor has found that the praperties of the polymer can be further
enhanced and/or controlled if, in addition to the units comprising cyclic imido suifonic
gcid, the polymer includes units comprising cyclic imido having é pendant group '
bonded to the imido nitrogen, wherein the pendant group is other th;m a sulfonic

- 15 acid. Preferably the pendant group is a neutral species (non-ionic), preferably an
optionally substituted alkyl or aryl.

Suitably the pendant grdup is formed by feacting a grafting component with the cyclic
anhydride units of the poly(cyclic anhydride) precursor. More specifically, those cyclic

20  anhydride units that.are not ‘réacteci, e.g. with amino sulfonic acid, so as to form
sulfonic acid-containing-groups (Rs above) can then be reacted with an appropriate
grafting component. Suitable grafting components comprise a primary amine group
to facilitate reaction with the anhydride. ' ' -

25 Indeed, the polymer demonstrates considerable fiexibility in terms of its solubiiifyor
extent of swelling in water. These properties can be médiﬁed o adjust the polymer
- from water soluble to water swelling by changing the grafting components, and hence
pendant groups on the imido units. This is surprising bec_:éuse conventionally water
solubility and swellability can only be adjusted significantly by subjecting a water
30  soluble polymer to undergo crosslinkin'g-.- |

10



R51V 10 wherein Rs is selected fromoptionally substituted C1 to Co
alkyl and Cs to Cal aryl; and R3 and R4 are as defined above.
15Preferably R5 is selected fromoptionally substituted C2 to Cs

al kyl, nore preferably selected fromam ne and hydroxyl substituted
C2 to CB alkyl. Suitably Rs is optionally substituted Cs al kyl.
Preferably it is selected fromhexyl and hexanethylamne. 20 It is-:

al so preferred-that R5 is optionally substituted C2 al kyl, preferably
ethylalcohol. It is particularty preferred that Rs is sel ected from
hexyl, heX: Brethipe a?wme%tﬁan Be $R)$cidSeIRSIT0 PrRY ISR PENEBNEreURSeiselry mer

consi sts aﬁm&iﬂdyl aIdrmqm‘ubwmtécSal@I?@z%dh@@b&tﬁut&@élwleeI/érI tha Rty -
Suitably t n_one type of pendant group,

e a P
such t hat C?'ﬁ%rngm)e/ﬁa \Cfvge ah glf?ﬁ?t@ W?f?@?“%?m'l“@ﬁ@é ting units that -
conpri §&e the reaction product of a cyclic anhydride and a grafting
conponent t roperties
conpon acIII“fJé‘ eIEIHﬁoN‘BXmItsf éé%&rﬂﬁ? tonBHILHaOIu tﬂfe {algr‘ﬁ?@géf%fr%ggiFﬁe e e -
conpri sesc‘EIﬂfi”tsgs %@é??ﬁ“ﬁ@t?@mé[ﬁﬁ?ﬁl ae I I I 51V and V '

10
wherein Rs is selected from optionally substituted C; to Cyo alkyl and Cs to Cy aryl;
and
Ra and Rq are as defined above,

15 Preferably Rs is selected from optionally substituted Cs to Cs alkyl, more preferably
selected from amine and hydroxy! substituted C; to Ca alkyl.

Suitably Rs is optionally substituted Cs alkyl. Preferably it is selected from hexyl and
. hexamethylamine,

20

' Itis also preferred that Rs is optionally substituted Cz alkyt, preferably ethylalcohol.
It is particularly preferred that Rs is selected from hexyl, hexamethylamine and
ethylalcohol.

25

Suitably the polymer consists esséntially of units according to fermulae Il and V.

Suitably the polymer includes more than one type of pendant group, such that there
are two or more types of repeating units that comprise the reaction product of a cyclic

11



[111V 10 wherein 191 is as defined above; 15 each R3 and R4 is

i ndependently as defined above; and R5 and R6 are sel ected

i ndependently fromthe definitions of R5 given above. Suitably R5 and
A6 are different. 20lIt is preferred that the units according to

formula 11l are present, as a %of allot the units, in an anmount of
at | east 50% Thus, suitably, the ratio of units of formula Ill to
the total awman@fa gﬁéﬂsﬁgscoﬁlfpoﬁé?lf %@Qvak/\fu%gcannbﬁof%do%@?s

Pr ef er abl ratio is at least 5 nore preferably at | east 10.

Sui tably - ﬁB %1 SHEF 28R Elst s essentially of units according to
formulae 111, 1V and V. 25 The present inventor has found that the

wat er swe i r_c furth G0k roIIed
by intro dh{:ﬁ%ﬁ}:rﬁ f%%&?@f&t Itl’}ﬁ&%nﬁ%é’nﬁmee GHits E%r éc:l; % ormul??_” 5 can be
achi eved Ma¥iovi ding a pendant group on some of the cyclic imdo

units, which pendant group carries a group capable of reacting with a
cyclic anhydride roup on another part of the polyner. An exanple of
such a group i S3a %ﬁi mary am ne. Thus, a suitable pendant group woul d

be an al kyl am ndeed, as noted éﬁ

4 one of the prBferRed RS
ich can be prov d by the

grafting ¢ ent hexanet hyl.enedi am/ne, by reaction witi a Scyclic
anhydri de. itably the po crosslinke ferably the
pol ymer coppripses crosslinking groups ording to f. %,
0 [ N
l?1 0 | O |
R
SO;"N(Ry)g "’ Ro
H
Il v : '
10
whersin

R4 is as defined above;
15 .each Rs and R4 is independently as defined above; and
Rs and Rs are selected independently from the definitions of Rs given above.

Suitably Rs and Reare different.

20 ltis preferred that the units according to formula ill are present, as a % of all of the
units, in an amount of at least 50%. Thus, suitably, the ratio of units of formuia [H to
the total number of units of formulae IV and V is at least 1. Preferably the ratio is at
least 5, more preferably at least 10. Suitably tne polymer consists essenﬁally of units
according to formulae I, IVand V..

25 ' ,

The'present inventor has found that the water swellable propenies of the polymer

" can be further controlléd—by inti'oducing crosslinking into the polymer. For.example,
this can be achieved by providing a pendant group on some of the cyclic imido units,
which pendant group carries a group capable of reacting with a cyclic anhydride

12



10 VI wherein R7 is selected fromoptionally substituted d to
010 allcylene and Cs to 020 15arylene. Optionally substituted C to
010 al kylene is preferred, with optionally: substituted C3 to C6

al kyl ene and particularly C al kyl ene being especially preferred.

Whi | st” an appropriate degree of crosslinking can be selected in order
to provide the polyner with a desired | evel of water swel lability, it

is prefer r@ﬂuﬂ&]ﬁénoﬁ@@pa‘ﬁ%t’f@%o@ﬁneﬁﬁﬁ ga?@%%@%’u@rga grtl Cgi]ptrnﬁ % of units

that are crossl no  nore Yt he degree

of crossli#HRMd e SB‘@@% PeadAttIeYP W@!'%b%ﬁhﬁlh@ﬁmﬁ‘ﬁe‘”%&iﬂé@@él

st a(l:j)l lit yI aifove, Imee shild prefarreDRyAraIg, sWéhﬁllteInfél i$ héxamBthPemink ehighidah | ed
reaager w

I | ect _an | at e deqgree of crossl i nki ng
based on t e ap bg rlel%(gafslffe Ziile ?eggrﬁ)c% ylﬁ‘?ﬁd aPY REFGRMIBE { he
pol ymerS ( a/clipeabyirid®l by gel permeation chromatography with
pol ystyrene standards) is in the range of 1000 to 1, 000, 000,
preferably_in the range of 5000 to 500,000, and nore preferably in
the range oW fe't%dh%%fm'ws!mks@u tably the polymer is resistant to
wei ght | oss bel ow 300C. Wi ght | oss neasurenents are made in the

conventio vinet i.c anal ysis a nitrogen
at rmsphergﬂ\%\n wﬁwtﬁyﬁe% e %?SSRWMWP 8% f&%%ﬂfvm?ﬁ{a pol ymer

exhi bit®s a weight |oss at BOOC of no nore than 1 Om % preferably no
nore than 8wt % and nost preferably no nore than. 6w % Preferably the

pol ymer exhibits a weight |oss at 336C of no nore than 20w %
preferably no nore than 15wt % and ny pré'ferably no nore than 12wt %

10 Preferably the polynmer exhi b wei ght | oss at 358C of no nore
than. 30m % preferably no nore than % and nost preferably no nore
t han- 22wt % N
o |
RT
o |
0

~ wherein Ry Is selected from optionally substituted Cy 1o Cro alkylene and Cs to Cxo
15  arylene, Optionally substituted C+ to Cs alkylene is preferred, with optionally. ©
substituted Cs to Cs alkylene and particularly Cs alkylene being especially preferred.

Whilst an appropriate degree of crosslinking éan be selected in order to provide the
polymer with a desired level of water swellability, it is preferred that the degree of

20 ordsslinking, being the % of units that are crosslinked, is no more than 50%. In
particular, the degreé of crosslinking has been found to help control the mechanicai
stability of the swollen polymer. With this in mind, the skilled reader will be able to
select an appropriate degree of crosslinking based on the application.

25  Suitably the molecular weight of the polymer (as measured by gel permeation
chromatography with polystyrene standards) is in the range of 1000 to 1,000,000,

preferably in the range of 5000 to 500,000, and more preferably in the range of
10,000 to 100,000.

13



Preferably the polymer is water swellable. The % swelling in water is
cal cul ated as 15follows: % swelling = {([Wight of swollen polyner -
wei ght of dry polymer] / weight of dry polyner) X 100) 20 The
measurenent is nade with deioni sed water and the polyner .is all owed
to reach equilibriumswelling Preferably t he polymer exhibits a %
swelling in water of at least 100% nore preferably at |east 200% and

nost pref le%lyﬁhéﬁolﬁn?@%lreé)@%"f@@el&'iotsépéléfw sbe W@’gﬁ#@ exhibits
reversi bl e swel Pref er al Ive cycles~ of swelling and
dryi ng at meé%{%?m%@/ﬁféfﬂaﬁﬁ@ the WﬂtlpmﬁéWéb@eﬁhe@wgrawmeﬁf@ ahplyds cycle is

achi eved, (T4 udalalitrogén aRRSIheROMN ARAITER Ri®barabl v at | east 95%
Suitably, reversible swelling is achieved after 10 cycles of swelling
and drying. Drying is 30carried out at 80C for 24 hours. Preferably

t he pobynBrefdrablyhe eolysed axbibies a we|ght Ids8 aeRobeT biirRImas ﬂﬁﬁﬂowt%ﬁe present

I h
St ep of - 2ol HEndte HEh AR, Qo Bl hiall ROmARTIHES Wi i am no

sulfonlc acid to form poly(inido sulfonic acid). Sui tably the
ol y(cyc! praHIA bolgher i CRIGH WTEL: SRTPG Bl 1k bger | ved Trom
(i) 5Smal ei c_anhydri de an east one ethylenically “Unsat urat ed

nonomner . @ﬁfefaz?lyl’? mqre than Apwizg Qr@rfﬂfé‘{ PrREgrablISIyere han 12wih.ef er abl y. the

co- polynmer is selected from poly(maleic anhydrl de al t - oct adecene),

pol y(nal ej ride-aft-cc-

anhydr i de‘b% efa%wﬁ%?agﬁ%l'@éwg' ¥ aa%%ghig%%ﬁ%ﬁé %flrE’ More than 30wt%,

anhydr i deprafetablysolmdirethed 25\8% drellvhost prioferadiyimoonsetzorbwivacid in step

(1) is used in a sub-stoichionetric amount such that .not all of the
cyclic an%'ydrlde is converted to an inmido sulfonic acid in step (1),

and. t he neelRESYthe PAlde is wriersmelRbis: Tpo% swelipg inrptarfrccalsylalpd@scl i ¢
anhydts deplionst h a

% swelling = {([Weight of swolien polymer - weight of dry polymer] / weight of dry
- polymer) X 100} . -

20 The measurement is made with deionised water and the polymer is allowed to reach
. equilibrium swelling

Preferably the polymer exhibits a % swelling in water of at least 100%, more
preferably at least 200% and most preferably at least 300% .
25 '
Suitably, the polymer exhibits reversible swelling. Preferably after five cycles of
-swelling and drying at least 80% of the % swelling observed in the first cycle is
achieved, preferably at Iegst 90%, and more preferably at least 95%. Suitably,
. reversible swelling is achieved after 10 cycles of swelling and drying. Drying is
.30  carried out at 80°C for 24 hours.

Preferably the polymer is water soluble.
In a further aspect, the present invention provides a method of forming a polymer

35  comprising the step of:

14



15primary am ne. Preferably steps (1) and (2) occur simultaneously.
Preferably the nmethod includes the further step of adding a tertiary
amne to the 20reaction product of step (1) or step (2) to forma
guat ernary anmonium salt. Preferably tertiary anmine is added at the
start of, or shortly after, step (1). In other words it is preferred
that the poly(cyclic anhydride) amno sulfonic acid and tertiary

anine are reac(1¢%at:m§%tdw(cy§uc@dh§@18®%'aMam?rés§wn§@£laﬁo¥ohﬁ reaction

t enper at ur s in the.range of roomtenperature to 200C,
pr ef er abl folyﬁm'tdﬂéﬁf‘)’ é‘é'd B0 to 180C. The duration of heating is
preferably at |east 15 hours, nore pr ef erably about 18 hours.

30Prefera a d| oI ar. roti.c
al so pref ?rugae%hﬁ%g&ﬁtgwlp%hg& Lrﬁ 3638 u e |°r? ngnlgﬁ' %ﬁmtﬁge"veﬁd&ﬂgﬁ nt poI ar
sol venf. Siflgianhydridaang i iﬂllﬁ-‘@f P atylepicabymsatalatedmonpmeh Bgtadly itt han '

t hat of \A@g@faneag@fgej ﬁ,{erlt is at least 110C. ] Preferably the
solvent is selected fromN, N-di net hyl formam de, N, N-di nethyl

35acet am de and N-nethyl pyrrolidone. N, N-dinethyl formam de is nost
preferred Preférabtpmefcemnlgideemeﬁtmunspdlmaléieaﬁwdﬂﬂe fBodadetdR),r eact i on

bet ween t ic. dri n fonic acid in the
presence g?w@%#%:;’n%hg 'd?'sg mééorlerfﬁggoﬁ 9'%3"3% Eéﬂ%téa‘%?eng)o?r\‘i‘ent Thus,
a furt!Aer Pelnareicayeydidealtésobutert i on is the possibility of

solvent-free reaction conditions. In a particularly preferred
enbodi rren of the present invention, the polyner is prepared

accordin g bgélPFe nta_sulfomc ﬁ@d lnﬁ(ﬁq:(ij_g use_gon asWeRigichiometric amount

such that not all of the cyclic anhydride is converted to an imido sulfonic acid in step
(1), and the method includes the step of (2) reacting the poly(cyclic anhydride) with a
15 primary amine. '

Preferably steps (1) and (2) occur simultaneously.

Preferably the method includes the further step of adding a tertiary amine to the
20 reaption product of step (1) or step (2) to form a gquaternary ammonium salt.

Preferably teriiary amine is added at the start of, or shortly after, step (1). In other
words it is preferred that the poly(cyclic anhydride), amino sulfonic acid and tertiary
amine are reacted together simultaneously.

25
Suitabiy the reaction temperature of step (1} is in the range of room temperature to
200°C, preferably in the range 60° to 180°C. The duration of heating is preferably at
least 15 hours, more preferably about 18 hours. |

30 Preferably the reaction occurs in a dipolar aprotic solvent. It is also preferred that the
reaction occurs in a high boilihg point polar solvent. Suitably the boiling point of the

solvent is higher than that of water. Preferably it is at least 110°C.]

A Preferably the solvent is selected from N,N-dimethy! formamide, N,N-dimethyl
35 acetamide and N-methyi pyrrolidone. N,N-dimethyl formamide is most preferred.

15



wherein each of R, 133 and ay are as defined above. 15This
represents an efficient "one pot" synthesis of a quaternary amoni um
salt of an imdo sulfonlc acid group-containing polyner. As noted
above, the nost preferred am no sulfonic acids are taurine and
metanilie acid and so Rl is preferably ethylene or phenylene. 20 1In
a further aspect, the present invention provides a polyner forned by

t he met hodn pfeferreti BRLEIIRIIOMS redSRRAE.g. the reactidnbefivebH iHeBlymagPeCt , the

present i 1.on ovides a.latex conprising.a polyner 25according
to the prg%@ﬂ%ﬁgﬁwgﬁ?P%W9“WW“%39€PFWESQE@H%@%T”Tﬁg’ HEdREt R h¢ent i on
provi des abpgeficarf mbrploBius oot rpvantign gf the pobntior is tacplsidiiggf t o t he
present i nuEBHRE reactineb &AL Y the paint conposition has a contact
angl e of less than 7£L>, nore preferably less than 70 and nost
preferébly | ess than 67. The contact angle is neasured with water by

a static nekbatculsly Rebidred @MbONMER ! the PRSIRARUMBABAL P&l@ﬁer@ge b%/h .
ive and withou

provi di ng t ueous cqating, sanples wi'th the addi

t he 5addiﬁ%%%mg%ﬁmgﬁwgggf%ﬁmgﬁen1evenly on a microscopic glass slide
and allowing to dry under anbient conditions. A drop of water was

pl aced on the coated surface with the help of a syringe gnd,vi ened

t hrough a goni®drnBter. The angle generaﬁ&gm S measured
goni onet er con =l ed by a. conputer. Thigsmidhne polyner o
i nvention n /be used a nt act. .angl e l.oweri ng ad i
| owering th tacf%§ﬁ55%9+i@%wﬁglyna&wnﬁkes %he P nposi tion
nmore hydropiti~bi ¢, which results in better surface wepfalility and
ease of cleaning. In a further aspect, the present invention -provides
an adhesi ve conprising a polynmer according to the presef® invention.
In a further aspect, the present invention provides a subfaglgnt
conposition conprising a polyner according to the present  Hnventi on.
SuitalPy the surfactant is a liquid. However, it can also be a solid.

‘Scheme 1

tfle present
e. By

wherein each of Ry, Rs and R, are as defined above.

15  This represents an efficient “one pot” synthesis of a quaternary ammonium salt of an
imido sulfonle¢ acid group-containing polymer.

As noted above, the most preferred amino sulfonié acids are taurine and metanilic
acid and so Ry is preferably ethylene or phenylene.
20

In a further aspect, the present invention provides a polymer formed by the method of
. the previous aspect.

in a further aspect, the present invention provides a latex comprising a po!ymér
25  according to the present invention.

In a further aspect, the present invention provides a paint composition comprising a
polymer according to the present invention.

16



In a further aspect, the present invention provides a nmethod of
maki ng a pol yner | atex, the method conprising the step of dispersing
the polyner of the present invention in water. 25ln a further aspect,
the present invention provides a nethod of preparing a paint
conposition, the nmethod conprising the step of m xing the polymer of
the present invention with water. Suitably the method includes the

step of ad’(ﬂefé}gb@ﬂ@lp@rméﬁmpo&ﬂod Hhs%c%%ét%ﬁ@le%ﬁ]@%ﬁan FRempLesent
i nvention Prow des a prepari ng an adhesive, the nethod

conpri si nd etf‘ﬁ@bf%’te%?)th@? 7%1(?6? H’@S&H@efﬁ@yiﬁﬁﬁwaﬁﬁ"'i e ganiaskandle imvent i on to
wat er. | measdred WMatWatrcH&aoﬁru@iﬁ@ﬂborﬁudi\ﬁ&@rt ‘FWm@Jé&Pﬂn%ﬁwé’s net hod

f f t t th t
of el ng "ade By BHUHAG R HEETRESN PRt oe 1R bSO e on ol
a furt her agdifye@ng spraadiny there rteniyonenticoscapicaidse elidelsne alfwiry n;odryrrer
accor di ngyhdr kB Ba&ns] Y l(‘drgfﬁnf \PA?BIJV%E %Iao@t{i gﬁ(t‘he L0y &I.L}llf],’aéehﬁgh tﬁ%pea

the present inventi onréf)row S use accor di ng
present i AYBALE BN "fﬂ‘leﬁﬁhr@&‘?ﬁc@mﬁ?m@?@r Tbeamie gerfe(;ﬁtgch\gas aspect t he

present i measutddny tp)é gotiicheer és@roldd @ep&irr%@& ﬁﬁé?%éi%d%efrgf th@e present

i nvention ct ant Ter us | ene:
The term plle c?(n?lng%rgloﬁ‘car?b %Sggnggf%[?t?fga%‘? Frl‘i? atda‘t'ﬁe ﬁ?’&é"f?f'&q @XTTDI ety
obt ai hed Wchém thg rolvoehydkesdierpairtt oorspositioh mere Hydtobhifie, eaichhe sane

carbon at RBkise baRPalfBMERRN N LIE dlibhargnt carbon atoms, of a
hydrocar bon conpound having from 1 2 rbon atons (unI ess

ot herwi se specified), which nmay be aI i phatl c or
In a further aspect, the present invention provides an adhesive comprising a poiymer

according to the present invention.

15
In a further aspect, the present invention provides a surfactant composition
comptrising a polyrrier according to the prasent invention.
Suitably the surfactant is a liquid. However, it can also be a solid.

20

* Inafurther aspect, the present invention provides a method of making a polymer
latex, the method comprising the step of dispersing the polymer of the present
invention in water.

25  Ina further aspect, the present invention provides a method of preparing a paint
composition, the method comprising the. step. of mixing the polymer of the present
invention with water,

Suitably the method Includes the step of adding & pigment.

30 ‘
In a further aspect, the present invention provides a method of preparing an
adhesive, the method comprising the step of adding the polymer of the present
invention to water. ‘
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20al i cyclic, and which may be saturated, partially unsaturated, or
fully unsaturated. Thus, the term "al kyl ene” includes the sub-cl asses
al kenyl ene, al kynyl ene, cycl oal kyl ene, etc., discussed bel ow
Exanpl es of linear saturated G to C7al kyl ene groups include, but are
not limted to, 25-(CH2)n- where nis an integer from1l to 7, for
exanpl e, -CH2- (nethylene), -CH2CH2- (ethylene), -CH2CH2CH2-

( Propyl end) a fuathet asitdp Gtddcd-dadHRventidntrovic®8 @ metiiodanplepsrirafa sranghed

sat ur at ed & t are not mted to,

TS Gy - R EREnS AR iR i Ry etk b

- 6H2 CH( CHBYeRigD to tb@F@@Hé@HB) CH2CH2-, -C1-1( CHSCHS) - CH( CHZCHS) CH2-,
and - CH2CH('CH2CH3) CH2-. Exanpl es of linear parti aIIy unsaturated Cl
to CralLkyl ene grou i nclude, but is not limted to, -CH=CH

(vi nyl 5 ; @gﬁéﬁfeﬁﬂﬁle presepizn\@pm.qgewdes G}%@H—F@WI@QB@P@H@ tgihe

- CH=CH- CHre€R2 inCantid? in,a lated~CH CH=CH-, - CH=CHICH=CH- CH2-,

- CH=CHCH=CH- CH2- CH2-, - CH=CH CH2- CH:CH- and

-CH=CH C1-12-Cl - 12-CH=CH . Exanpl es of branched partially
unsat ur at & farther aspegiaihi prasart inpeotigngravives uskegf alpotymiesadvotdingitahted t o,

- C(01- 13) 5ihbnt invéekibh mEPafrichbriiokdion, and - CH=CH CH(Cl - 13) - 5Exanpl es
of alicyclic saturated Cl to Czal Kyl ene groups incl ude, but are not
limtéd to, cyclopentylene (e.g., cyclopent-1, 3-ylene), and
cycl ohexylnexfertieeagpert, my@fashﬁmvén%nﬂcﬁméé use of a@&@ﬁ‘@l‘ gsoRihg@d theycl i c

partially B %;ﬁ Ac?an?%&’!\[_ly(%l ene groups include, but are 10not

limted to cyc open eny ene - cycl openten-1, 3-yl ene),

cycl ohexenyl ene (e.g., 2-cycl ohexen-1, 4-yl ene;

3-cycl Ohemz_e_gﬁﬁene; 2, 5-cycl ohexadi en-1, 4-yl ene). Arylene: The
termarylene,"” as used herein, pertains to a bidentate noiety

obt ai ned by renpving two hydrogen atons, one fromeach of two

di f f er entAlgfesniheterm fajkyiene/ies Ggeddieretm pataimsb bbideseieouskdy whi ch

moi ety ha&télﬁé&"ﬂﬁ@erﬁ&m%(iwé h;;wo@mms( &mepaﬁh %rn ﬁ{evga&% ARES hbied) -

Preferablgl rin C}J\
r'one om each of two different carbon atoms, of a ydrocarbon compound having

_ -from 1 to 20 carbon atoms (unless otherwise specified), which may be aliphatic or

20  alicyclic, and which may be saturated, partially unsaturéted, oE fully unsaturated.
Thus, the term *alkylene” includes the sub-classes alkenyléne, alkynylene,
cy_cioalkyiene, efc., discussed below.

Examples of linear saturated C, to C? alkylene grobps include, but are not limited to,
25  ~(CHg)n- where ntis an integer from 1 to 7, for example, -CH,- {(methylene), -CHaCHo-
(ethylene), -CH2CH=CHz- (propylens), and -CH.CH:CH,CHz- (butylene).

Examples of branchéd saturated Gy alkylene groups'include, but are not limited o,
~CH(CHa)~, -CH(CH3)CHz-, -CH(CH3)CH.CHz-, -CH(CH3)CH:CH.CHa-,

30 "CHzCH(CHa)CHg- -CH:CH(CH3)CH.CH--, -CH(CHchs)- -CH({CHzCH3)CHz-, and
~CHCH(CH.CHa)CHa-,

Examples of linear partially unsaturated Cs to Gralkylene groups include, but is not

limited to, -CH=CH- (vinylene), -CH=CH-CHe-, -CHy-CH=CHge, -CH=CH-CHy-CHy-,
35  -CH=CH-CHz-CHx-CHy-, -CH=CH-CH=CH-, -CH=CH-CH=CH-CHy-, -CH=CH-

CH=CH-CH-CHzr, -CH=CH-CHz-CH=CH-, and -CH=CH-CH,-CHp-CH=CH-.

18



The ring atons may be all carbon atons, as in "carboaryl ene groups”
(e.g., Co to C20 carboarylene). 20 Exanples of CS to CO aryl ene
groups which do not have ring heteroatons (i.e., Co to C20
carboaryl ene groups) include, but are not limted to, those derived
fromthe conmpounds discussed above in regard to carboaryl groups.
25Al ternatively, the ring atons may include one or nore heteroatons,
as in "heteroaryl ene groups" (e.g., Co to Czo heteroaryl ene).

ExanQ es Iene s include, but are not
o edt Sarfnsd bl Boir R e o Bt oas et DR e |
regar d t ondtdimdediar WI(Cig)-cattp s-C(Cl)AHCBRcaral-RMteeH( Tl t er m

“aryi ene-al kyl ene,” as used herein, pertains to a bidentate noiety

conpri SI ng an aryl ene noiety, -Arylene-, linked to an al kyl ene
noi et y? - RFKRAIRSTE alicyglisgaturated Cidp Gt alipvienpiglopbeindude, BB EXam) limitedof

aryl ene- aid<WC%ﬂ@1tﬁér@{E§ bmzlpumaﬁerge) an%yél&e%&eary' ene-Cl to Cz
al kyl ene, , such @}? 140y[ exarrp e enyl erie- et hyl ene,

phenyl ene( et hcgyf nyI ene- propyl ene, and phenyl ene- et henyl ene
(al so known as phenyl enevi nyl ene). Al kyl ene-aryl ene: The term:

compti §Pﬁ5%fﬁﬂ'e%%?a'i°@§ pH2 kG P E AR Gelbstp SR bR e <
noi et ¥9 ny'lﬂéﬁ‘i’ems CVt:'ﬁ%&nteinz!ene NQ(W%’QIEPW%‘B&W&"G) cyclphexapylens of

al kyl ene- @ty |2esyeloBxen 3-yidhe] 8RIohExe-1,2-Pond; © sQ?Qot%&Jsd{érﬁﬂ@yle%). to 07
aryl ene, such as, for exanple, methylene-phenylene,

et hyl ene- phenylene propyl ene- 10phenyl ene, and et henyl ene- phenyl ene
(al so knowiileas Therigtheaeylgphe ay Lddiprein, pertains to a bidentate moiety obtained

by removing two hydrogen atoms, one from each of two different aromatic ring atoms
15 of an aromatic compound, which moiety has from 3 to 20 ring atoms (unless
otherwise specified). Preferably, each ring has from 5 to 7 ring atoms.

The ring atoms may be all carbon atoms; as in "carboarylene groups" (e.q., Cs 1o Cxo
carboarylene)

20

' Examples of Cs to Cxarylene groups which do not have ring heteroatoms (i.e., Csto
Czo carbéarylene groups) include, but are not limited to, those derived from the
compounds discussed above in regard to carboaryl groups.

25  Alternatively, the ring atoms may include one or more heteroatoms, as in
“heteroarylene groups" (e.g., Cs to Cxheteroarylene). ‘

Examples of Cs to nghéteroarylene groups include, but are not limited to, those

derived from the compounds discussed above in regard to heteroaryl groups.

30 ’ ‘
Arylene-alkylene: The term "arylene-alkylene,” as used herein, pertai'ns toa
bidentate moiety comprising an arylene molety, -Arylene-, linked to an alkylene
moiety, -Alkylene-, that is, -Arylene-Alkylene-. '

85 Examples of arylene-alkylene groups include, e.g., Cs to Ca aryléne—01 to C;
alkylene, such as, for éxample, phenylene-methylene, phenylene-ettiylene,

19



Car boxy (carboxylic acid): -C(.0)0OH Ester (carboxylate, carboxylic
acid ester, oxycarbonyl): -C(.0)0OR, wherein Ris an 15ester
substituent, for exanple, a Cl-7al kyl group, a C3.20heterocyclyl
group, or a Cb5.20aryl group, preferably a C1_7al kyl group. Exanples
of ester groups include, but are not limted to, -C(.0)O0CHS,

- C(=0) OCHZCHS - C(=0) 0C(CE13) 3, and -C(...0)0Ph. Ami no sul fonic
aci d: a Mphenithe-pRBYIBNRE, ShinehdAPbb-ARiRn Bk kHbl PR éfh. Exanpl es
20i ncl ude N R%ﬁ% R1- SO3H vvhg} e?n eachnq ) e}SOH an a&fﬁf or an aryl,
and Rl is” ene or arylene. Sulfonic acid: -S(=0)2-0H 25The term

"Cyclic” as used herein, pertains to a group' whi ch has at | east one

ring. Wer > I WO, 0L rings may be
fused % Aﬁ{y@n&é{-&%& ﬁ%qgﬂr f}g@ e'@alei nasu %)ere"bgm rgg e.g., as in
nor bor Aan 'de%teram*ﬂnawmém@ar) alkderiernapicty -Ajkyleras, linkedspan aBn8 Thept ane)
or a conbiraaty, QhyibRe wafs, -A@/éﬁbm?yl&%oups with one ring may be
referred to as nnnocycllc nononucl ear," whereas cyclic groups
with two 30or nore rings may be referred to as upolycyclic" or

" pol ynucl EzamplesTdiaikylenarayiansgbupsatcads," e@scaxsexéodn@reeé T tpestains to
conpounds o) n- car bon doubl e
bond or i Bie Mo AP BE hekfe Benl BRSO Ra PRV RRE SHEVRR be

parti &P ypiaﬁ!ﬂg'aﬁ% S0, e@e@wenmwrwlqnﬁéﬂmnaw:eds vingertssahienyienst. s The
phrase "opti onaIIy substl tuted,” as used herein, pertains to a group
whi ch may | ch may be substituted.. Unless

ot her vvi s ?g’g@(ﬁw Ctlfé &5%{? substituted,' as used herein,

pertains to a group whi ch bears one or nore substitutents: The term

"substi t uggér (cér@oﬂ%?éjcé}%)@;&& st ‘ﬁxgcﬁg%)ﬁ{;\ '@Q@&Oﬁ %?eir?ﬁ% defers to

a cheni cal ITDIeéﬁ |scoaen
appr oﬂﬁ i afger sHRRlBg, E?r e’éﬁ”ﬂ%ﬁ' 81t 3 bIpHP, ACWO’GI%GF\‘?EXOFYJEW?UR)P*'@‘
subst I t ueBd.garyl group, preferably a Ciralkyl group, Examples of ester groups include, but

are not limited to, -C(=0}OCHS5, -C(=0)OCHCHjs, -C(=0)OC(CHa)s, and -C{=0)OPh.

Amino sulfonic acid: a molecule comprisfng both amine and sulfonic acid. Examples
20 include N(R)=-R+-SOzH wherein each R is H, an aikyl or an aryl, and R is alkylene or
arylene.

Sulfonic acid: -S(=0)-0H

25  The term “Cyclic” as used herein, pertains to a group which has at least one ring.
Where a cyclic compound has two or more rings, they may be fused (e.g., as in
naphthalene, decalin,_ etc.), bridged (e.g., as in norbornane, adamantane, etc.), spiro
(e.g.,asin spiro[S.B]héptane), or a combination thereof.- Cyclic groups with one ring
may be referred to as "monocyclic” or "mononuclear,” whereas cyclic groups with two

30  ormore rings may be referret_:l to as "polycyclic” or "polynuciear.”

The term "unsaturated,” as used herein, pertains to compoﬂnds and/or groups which

have at least one carbon-carbon double bond or carbon-carbon triple bond.

Cdmpounds and/or groups may be partially unsaturated or fully unsaturated.

20



are well known, and nethods for their formation and i ntroduction into

a variety of parent groups are also well known. Exanpl es of
substituents include those |listed above under the heading
"definitions". 15Typi cal substituents are: -F, -d, -Br, and -1; -CH

-OMe, -OFEt, -O(tBu), and - OCH2Ph; -SH, 20-SMe, -SEt, -S.(tBu), and
- SCH2Ph; -C(=0)H; -C(=0)Me, -COEt, -C(=0)(tBu), and -C(=0)Ph;
-C(...0)0H -C(.0)0Me, -C(.0)0Et, and -C(.0)0(tBu); 25-C(.0)NH2,

~C(--:0)N "0)NMe2, and -C(.0)NHEt: - NHC(=0)Me, - NHC(=0) Et
- NHC( = O)Psﬁgg{ﬁj#ﬁn inidyl, and maleinidyl: -NH2, -NHVE, -NHEt,

-NH(i Pr), -NH(nPr), -NIVEZ -NEt2, -N(iPr)2, -N(nPr)2, -N(nBu)2 and
- N(t Bu) 2; Tﬁtﬁ%ras%ooptwly sulM?l’uted Etas usébp Herein 'pgﬁalns & ?"éroupt\n%ﬂ:'h may

5 be unsubstituted or which may be substituted..

Unless otherwise specified, the term “substituted,” as used herein, pertains o a
group which bears one or more substitutents. The term "substituent” is used herein
in the conventional sense and refers to a chemical moiety which is covalently

10 aitached to, or if appropriate, fused to, a parent group. A wide vafiety of substituents
are well known, and methods for their formation and intreduction into a variety of

parent groups are also welt known.

Examples of substituents include tHose listed above under the heading “definitions”.
15 Typical substituents are:

-F, -Cl, -Br, and -[;
-OH;
-OMe, -OFEt, -O(iBu), and -OCH.Ph:
SH; -
20  -SMe, -SFt, -§(tBu), and -SCH.Ph;
-C(=0)H;
-C{=O}Me, -C(=0O)Et, -C(=0)(tBu), and -C(=O)Ph;
-C(=0)OH;

-C(=0)OMe, -C(=0}OEt, and -C(=0)O(tBu);

25  -C(=0)NH;, -G(=0)NHMe, -C(=0)NMe, and -C(=0O)NHE;
-NHC(= O)Me -NHC(=0)Et, -NHC(=0)Ph, succinimidyl, and maleimidyl;
-NHz, -NHMe, -NHE, -NH(iPr), -NH(nPr), -NMes, -NEt,, -N(iPn)z, -N{nPr)z, -N(nBu)z,
and -N{(iBu)y;

_ -CN;

30 -NOz
-Me, -Et, -nPr, -iPr, -nBu, -iBu;
-CF3, -CHF, -CHaF, -CCls, ~CBra, -CHaCH:F, -CHZCHF;, and -CH.CFa;
-OCF3, -OCHF;, -OCH,F, -OCCls, -OCBrs, -OCHCH,F, -OCHp,CHFz, and -OCH.CFs;
-CHz0H, -CH:CH:0M, and -CH(OH)CH,0H;

35  -CHoNHMa,-CH,CHNH,, and - CHzCHaNMez, and
phenyi.
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-CF3, -CHF2, -CH2F, -Cd 3,-CH2CH2F, -CH2CHF2, and - CH2CF3; -0CF3,

- OCHF2, - OCH2F, - OCBr 3, -OCH2CH2F, -OCH2CHF2, and - OCH2CF3l - CH20H,

- CH2CH20H, and - CH(OH) CH2OH; 35 - CH2NH2, - CH2ZCH2NH2, and - CH2CH2NWe2;
and phenyl. Any one or nore of the aspects of the present invention
may be conbined with any one or nore of the other aspects of the
present invention. Simlarly, any one or nore of the features and
optional features of any of the aspects may be apptied to any one 5
of the ot of . optional and
oreforre dﬁ]ﬁ’fe ar%ﬁ:?eshsof thg%g?ctér%}%egddgrgge@ﬁ egP?n |§§f§%corr§g8§g{tg any

par ti cul afe GForeefdne elirl aprasisal thedrdsealtinventornr Simiadynenytane bhmoreat ur e of
the pol yneneemiibsafd aéztnmeawa& FIRPGfe aéﬁs&& H@&H@E;?%le@t@ta'ngaﬁd and

preferred features associated apply to

a prodtct o B N&riasRece s, th&é'S%ﬁP'EﬁhﬁEBeﬁPWPW”WeWEdBW
Figure 1 shpsmlttheohosieths aseafs, tnrpartmhryaﬁrongfan@@raa{e@febturdél gure 2

showsthe e 1l d15F e 3
<hows rela?@atlo(ﬁlrg ﬁ’agudg {J/f etﬁ@folﬁe!r%%&y I o?@@ n%(%ﬁ‘pi: ﬁﬁ{_‘%@r

Exanpl e 1‘@“130l Hmf%fﬁ%#fai’fiifeﬁa@fm@fadwdn A anefhod iwmrese roaw @l applyfto s ploflemi ¢ aci d
aroug 20cgnatvieRkeRag pol ymer To an oven dri-ed single neck round bottom
fl ask,, pol y(mal ei ¢ anhydri de-al t oct adecene) (10g), and taurine

(3. 571‘5 wer e added These tW solids were stirred slowy using a
magnet i c B Dt HEeRAWINGS mam de (DMF) (100m) was 25added
t hrough a syri nge and the stl rrer speed was increased. Triethylam ne
(2.89g, 4nL) was then added. The suspension turned |ight brown

i mredi ateﬁ%i"%ﬂ lapwsithiel Resasteqoef tiesf polyerer pbFXamlei ie.  The -fl ask was t hen

fitted Wﬁléur@2§mm|tﬁemﬁlﬁ@£oﬁﬁtﬂﬂ%ﬂﬁé?bf estehphe flapg ng tube on top of

aggccﬁg @ﬁéa§%ms§hersewa :Inlggt?rvénotxlge pcﬁymer of Exampéj 'n-an oil bath at

AMP

Example 1 - Preparation of quaternary gmmpnium salt of sulfonic acid group
20  containing polymer

“To an oven dried single neck round bottom flask, poly(maleic anhydride-alt-
- octadecene) (10g), and taurine (3.57g) were added. These two solids were stirred
stowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (100mL) was '
25  added through a syringe and the stirrer speed was increased. Triethylamine (2.899,
4ml) was then added. The suspension turned light brown immediately afterthe
addition of tertiary amine. The flask was then fitted with a double surface cdndenser
and a drying tube on top of the condenser. This reaction mixture was heated in an oil
bath at 160°C for 18h.
30
The reaction flask was then cooled and the DMF solution was added dropwiée toa
beaker containing a large excess of ethyl acetate. and stirred well. The solid
separated was allowed to settle. The ethylacetate layer was decanted off and the
solid residue was washed repeatedly with ethyl acetate. Then the beaker was air
35  dried to constant weight. |
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The reaction flask was then cool ed and the DV sol uti on was added
dropwi se to a beaker containing a | arge excess of ethyl acetate and
stirred well. The solid separated was allowed to settle. The

et hyl acetate | ayer was decanted off and the solid residue was washed
repeatedly with ethyl acetate. Then the beaker was air 35dried to
constant weight. Yield 13g. CGel Perneation Chromatography

(Pol yst yr éfietd $igaGelcftecmedhibir CrlomentaphyMrorystii@hdSandsva: THBE QRdat): Mn

Pol ydi sper s"”%%%’”‘ﬁ91%"|§§ ';(OT)E&QGF&W— 160449, 2924, 2853, 2759, 2739,

2679, 2492
51447, 1405, 1365, 1348, 1192, 1044, 737, 668. The | R spectrum (1) IS shown

| n i gur e (i (keARaet bam, b6, besa(drah é?%gte%ﬁge%};@;{)tiﬁ.%é | faggdl . VIZ

pol y( ei é 7&@5 | de- al t oct adecenea) for spectrum
(2) ard t A& 8% 1348 d hp D hnieh 668 Tha IRswpediumy(1 bis Sagyya Fioge 1.

?:a[) blolny 11 S SpddE6 (a)”ielthht?tﬁ%alﬁﬂ&rﬂngrrﬁﬁ@ﬁ@tvlzvﬁ:l&{malbﬁ afRRIAd-SIm g 1), ; L he f
abel l e r| c stretehing o
i de 1000s Rens L T st de3 AR [l ais SYETHoafe Rl o 9

6( ppm : ostsef@m qfeyhydadelcamboeylﬁ 03333 and31-7194m(‘t98pe®vélymﬁae(:m)m (13-3. 1

b e r mme e
g )75, ?&}13th3(léb)ell d’%aegp;e?a gdﬁ@tbthegas? %' &c(aha 2’{% Sicg%g@nge( p38 5

47. 43, 49Cd§§°“y§017f2 aﬂ}‘%ésgfcmlEﬁesPﬁ%“"B'Ms’erved 13C- NMWR val ues correl ated
wel | with. theoretical values cal cul ated using ChenDraw(r) for the

Structur ey nmi EBEk) s(ppm): 0.8-0.9 (1), 1.1-1.3 (b), 1.3-1.4 (1), 2.7-2.8 (b), 3-3.1 (b),
3.18.3(b), 3.6-3.8 (b), 9.5-9.8 (b). "C-NMR (CDCls) 5(ppm): 8.75, 14.1, 22.5, 27.77,

298.37,29.76, 31.82, 34.73, 35.42, 38.75, 47.43, 49,38, 50.1, 179.1.
15

The observed "*C-NMR values correlated well with theoretical values caleulated
using ChemDraw® for the structure .

Thermogravimetric analysis (TGA) (Nitrogen atmosphere; heating rate: 10°C/min):

20 5% weighf loss at 298°C, 10% weight loss at 336°C and 20% weight loss at 358°C.
The weight loss curve (1) is shown in Figuze 2, and shows weight loss in mg (Y axis) .
obtained directly from the TGA instrument. '

The contribution of triethyl amine (TEA) to the polymer is 18.1 wi%. Assuming "that

25  the TEAis not strongly bound to the polymer it would be expected to observe a
higher weight loss at lower temperatures due to the low boiling point of TEA (bp
88.3_ C). However, this was not observed, indicating that the TEA is strongly bound to
the polymer and does not leave the polymer chain until the degradation of the _
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Thernogravinetric analysis (TGA) (N trogen atnosphere; heating rate:
10C¢ mn): 20 5% wei ght | oss at 298C, 10% wei ght | oss at 336C and 20%
wei ght |l oss at 358C. The weight | oss curve (1) is shown in Figure 2,
and shows weight loss in ng (Y axis) obtained directly fromthe TGA
instrunment. The contribution of triethyl amne (TEA) to the pol yner
is 18.1 w% Assuming that 25 the TEA is not strongly bound to the
pol ynmer, béckhonel bdgibetoexpecTiethémoglasanat & rﬁarl?éd}éw in W)l 20 [tthdt @ftRe at

| over te”@tﬁﬁﬂé &R A @l LY e el Of . Tea T 3550

However was not t the TEAis strongly
bound to the pol ynmer and does not | eave the poI ymer chain until the

degr adat i fe @htrib®n of PRGIREH ?E iR %erh® of i % R '?P&rt%m that is

rrarked as in Fig 2 is estartlng mat eria
pol y( mal ePHCUAFARY ‘Bﬁtrkflecq”@&”adecene) The contri but| on of
triethyl W/MTexEmwmfﬂaarfmp@éthmu ot o the pol ymer can be

5cal cul ated by usi n?lféh@i(ég#g%ggqg%\/\i % of TEA = MAW of TEA/ Repeat

unit 'Vl X 100 = 100 = 18.1. Thb boiling point
of TEA i s 88hogicy peitrog BEA IneB828906 Sincd ths20 Tegvt driss @robeetvédin thteofyoley mer

only abOV@ﬂygéﬁ% 34076, tﬁ’@béfﬂﬁér ih {Puetfch‘ﬁ oi‘ Qfaﬁgrrqgry SHRLALMRGY s E?}Dn' um sal t

is very 10stable. This also inpli he structure o _
r enai Hi i FledR iR 290 '@H“estﬂé?’rﬂ@r%rﬁ’&tf”@s"f p‘?j’ﬁ%%é?rﬁﬁ'i‘%'ﬁta&tfat B'éhymar soI ut| on

in wat er tempemilvesscl ear coat The quaternary ammoni um salt of sul fonic
acid group containing polymer 15(100ng) of Exanple 1 was added to a

sanple bottle containing water (10nL). The sanple was allowed to
di ssol ve F{ﬁ@qrﬁiwgm‘ polymer solution in water to make clear coat

The quaternary ammonium salt of sulfonic acid group containing polymer
15 (100mg) of Example 1 was added to a sample bottle containing water (10mL). The
sample was allowed to dissolve overnight.

A colourfess solution was obtained. 'I;he pH of the solution was between 6 and 7. A
rectangular glass plate was covered with the polymer solution by dropwise addition

20  and the water was allowed to évaporate under ambient conditions. Afier 18h, the
glass plate was covered with a homogenous, transparedt film which was free of
cracks.

Adhesive to bond glass plates
25 A rectangu[ar glass plate was covered with the above mentioned agueous
solution. Another glass plate of the same size was placed on top of the aqueocus
-_solution and the two slides séparated by the layer of aqueous solution were left in a '
fume hood ovemnight under ambient conditions. The glass plates were bonded
together'strongly and also showed birefringence. Indeed, the birefringent nature was
30 found to be concentration dependent. Glass piates bonded together with a 1 wi%
solution showed birefringence and those bonded together by a 5 wi% solution did
not show birefringence. In both cases the adhesive layer was transparént.

Preparation of transparent film

35  The guaternary ammonium sait of sulfonic acid group containing polymer
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A col ourl ess sol ution was obtained. The pH of the solution was
between 6 and 7. A rectangular glass plate was covered with the

pol ymer sol ution by dropw se addition 20 and the water was allowed to
evapor at e under anbi ent conditions. After 18h, the glass plate was '
covered with a honpbgenous, transparent filmwhich was free of cracks.
Adhesive to bond gl ass plates 25 A rectangul ar gl ass pl ate was

cover ed wi(l®mdef Btaope meastaddencid aaqupRuniteebrbihinfchidbRiMEmLYl ass

pl ate of t i d f. t he agueous sol.ution and
Phe tuo si\ 8e29RE fad oo BBl oo P ol R OTST TR o ef
in a fune ARBBE OV EFRNGHAT olapvilate aeb ithentcovsoertivith taim solutibhdy groagwiae pl at es

ver e bondedaitieeiiphiced hfahak Yo At 280, SIQUEDIRL K& finaeRGe, | ndeed,
t he biref ri Qrgﬁ%t nature was 30 found to be concentration ePendent.
d ass pl at'@EmMRsAKR §oTiaigiag AUPL Hifekans- A figrie.d@nperesh frep sippding, thin

bi r ef r i ngéditne wassHhatacasemtbn gest fiagahbe vadihed dfedwndes@itint on di d not
show bi refcgﬁdg&?)ggce. In both cases the adhesive | ayer was transparent.
Preparation of transparent film 35 The quaternary ammoni um salt of
sul fonic acid group containing polyner (100ng) of Exanple 1 was

added t0 Fns iy &Qﬁéﬂirﬁmﬁe%ﬁzh%%&%nﬁﬂ LA PhdRdng e} andif\RadRbyer  was

al | O\A/eiﬂ t?h di szrol ve conpl et el é an orma clear Solution. The top
portidn of"PdEe sHEdPRYmGPYdBe Beri{180%s then covered with this
solution by dropw se addition and.placed in a funme hood. After 24h,
the gl assgpl: 1S, 11l S 0 10 b ont ai ni, ng. 80nL of
hexane. A" F'@%{?B’ﬁg‘,@“'b anéiﬂ)]gotr'jgenAfﬁ?élesggg%“aﬁg?%kh§weﬁﬂ9 Fﬁt?i“f[ﬂ@(ﬁgk
separ at ed of $Hen PrRiYer awsighilchde palinet] / waighttdfidry pdiyinedd Xuidder anbi ent

condi tions. The flexibility of the filmwas tested by a sinple

manual,.bendi ng test and jt was found 10that the free standing film

Coul o "Bo Bt R Bty Nesnbin Sz S g e e f For Shehe %6 RO

sol uti on =psBkn{IBnedlymergvas atiovedtq [dAéh ginilibadm swelidgemdpainygred at- wei ght

of dry pokyBEdod [ - ), 0} 15The reversibility

of swellling in del}ogﬁig‘%{ e%é‘t"g{r%eg%%ggm"?". gnévé?%%l}agg%‘.n Eil‘flsfr?m%ach
tendency was observed. This shows that the polymer has a robust structure that can

tolerate repeated swelling and drying without loss of performance.
20

Exampie 2 - Preparation of guaternary 'ammoniurn salt of sulfonjc acid group -
contalning polymer partly grafted with ethanol amine

To an oven dried single:neck round bottom flagk, poly(maleic anhydride-

25  altoctadecene)(3.5q), and taurine (0.63g) were added. These two solids were stirred
slowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (30mL) was
added th_rough a syringe and the stirrer speed was increased. Triethylamine (0.5g,
0.7mL) was then added. The suspension turned light brown immediately after the
addition of tertiary amine. The flask was then fitted with a double surface condenser

30 anda d}ying tube on top of the condenser. This reaction mixture wasg heated slowly
in an ofl bath. At abqut 90°C, a clear solution was obtained. Ethanol amine (0.31g,
0.3mL) was added and flask was heated to reflux for 18h.

The reaction flask was then cooled and the DMF solution was added dropwise to a

35  beaker containing a large excess of water. The swollen gel was separated by
filtration, washed repeatedly with water. It was then transferred to a beaker and dried.
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repetition, the polyner was allowed to reach equilibriumswelling and
then dried at 80C for 24 hours. Ten repetitions were nmade. No adverse
change in swelling tendency was observed. This shows that the polyner
has a robust structure that can tolerate repeated swelling and drying
wi t hout | oss of performance. 20 Exanple 2 - Preparation of

guat ernary ammoni um salt of sulfonic acid group containing polyner
nartly grafted with ethanol -am ne To an oven dried singleneck round

bottom f |l j i de- ] and
Caurine. (0 ahap ethaREslen CRRBKLIAR, conBh I8 REFEE ety y

usi ng a mddAE M¥ 33Q1Pdidolydepe/sit=N-di net hyl f or mani de (DMWF) (30mL) was
_zli_d_de;:lhtlhroygh ?Osyri nge7§1rjd t he tSLI rre(rjdsgee_(il_hwas increfased-'i g

rie a : ) was en added. e suspension turne

1 gt Br o REAT 136 $920r 12 1o0R. 1 PO, TS6R. 1680 01 i JokinTHde.  The
flask was then fitted with a double surface condenser 30 and a
drying tu h L JJhis reacti ): s heated
St oul'y 1 n SV (CBRE bR oFRBAR 35k v a5 E 2 Bl e Sl BB ned.

Et hanol aRi3k65 ), 324.5 (). SGiNVMRBDGIY d gibrarad7 f, Has &, 2mce9, dvewet £2i38, 0 ref | ux

for 18h. 5977h8 gaeald/ po %'5@ ghas then cool ed and the DVF sol ution
was :added dr opwi se to'a% beaker containing a |large excess of water.

The sWBllen gel was separated by filtration, washed repeatedly with
\gat er. t-_l t.TM@:E'lerheilt‘hefri& aﬁbﬁis@(‘g@ﬁ) @\?roaeub&ﬁiﬁ%he@é?@leéifn;t‘lﬁ%ez 1|o<¥i/ﬁitn§ 4ﬁ/-h Cel
er meat i op,,Chr ogr, ol ) ren andar d; el uent ): =
17783; Mmgé"%nﬁ??s %@p%ﬁ‘&é%@v&é a4 356" a”gazﬁzéﬁve}g“&mﬁ?t 3%8Sa. 2923,
1771, 1699, 1444, 1402, 1342, 1210, 1176, 1041, 750. 'H NWR (CDCl 3) 8
(ppm: O. ﬁ,ega,gtfé,;af,wa@b,g§§ey§e,(b) , 1.1-1.2 (t), 2.5-2.6 (b), 2.85-3.0
(b), %53-% 5 &% 9,2-9.57b).13CNWR (CDCI3) 8 (ppm: "8.71, 14.13,
22. 69,1° 2779 Pohgnes gbtaied inpxargple §40.5giavas addegdo agamplg botfly gontajming 4
Ther r nogr ewfentrl ). Tha petyryerivas @A 1§ Msparege vath BusHber £stafigat i ng rate:
100 mi n) : H%enued Aggﬁéidcgﬁgeﬁl\t]asagr%gd. 10% wei ght | oss at 336C and 20%
. Pr

wei ght |oss at. 35 paration of water based gel

Example 3 - Preparation uaterna mmonjum salt of sulfonic acid grou
20  containing polymer partly grafted with hexvl amine .

To an oven dried single neck round bottom flask, poly(maleic anhydride-
altoctadecene) (3.5 g), and tauriné (0.63 g) were added. These two solids were
stirred slowly using a magnetic stirrer. Dry N,N-dimethyiformamide (DMF) (30 mL)

25  was added through a syringe and the stirrer speed was increased. Trigthylamine (0.5
g, 0.7 mL) was then added. The suspension turned light brown ii'nmediately after the
addition of tettiary amine. The flask was then fitted with a double surface condenser
and a drying tube on top of the condenser. This reaction mixture was heated slowly
in an oil bath. At about 90°C, a clear solution was obtained. Hexyl amine (0.51g,

30  0.7mL) was added and flask was heated to reflux for 18h.

The reaction flask was then cooled and the DMF solution was added dropwise to a
~ beaker containing a large excess of water. The swollen gel was separated by
filtration, washed repeatedly with water. It was then transferred to a beaker and dried.
35 '
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15 The pol yner obtained in exanple 2 (0.5g) was added to a sanple
bottle containing water (5nmL). The polyner was allowed to disperse in
wat er overnight. A stable, colourless, translucent gel was forned.
Exanple 3 - Preparation of Quaternary ammonium salt of sulfonic acid
group 20containing polyner partly grafted with hexyl amne to an
oven dried single neck round bottom flask, poly(naleic anhydride-

al t oot aded#ived 6q. GiebPeyneation Ehtematdgrephy (PoBB8tyghe weneardidthitkluciade t wo

sol i ds weL@go5{gh Ml;@ﬁ@hgvpi didsdr) gnetic stirrer. Dry
N, N- di et hyl f or mam de ( l?ééog asegrgS was added through a syringe

and the stirrer speed was |ncreased Triethylamne (0.5 g, 0.7 nl)

was then arighse.cmihe4edyisgpeeBise M 7y 1r1eesl 1hégRkodn e 1208 ediaiehy . af ter |
the addit of tertiary amne. The flask was then fitted with a

doubl e surface condenser. and a drying tube on top of the condenser.
This reaction m xture was heated slowy in an oil bath. At about 90C,

I L dded
0 7L BB O PR el T2 1200 0PI v, adce
cool ed and91h¥ (DM 188126(H) oh7-R8<b)aglded (). GpviiléR (GRClY Slpmiges.680nt ai ni ng
a large exs@5%4 95, 0k 59T5§5§‘é?|sb% fiCho Y50, %@%%%59% by A1 | tration,

vvashed re eat ed| wat er . then transferred t'o a beaker and-

dried!®3 % & 8‘)’(3'336‘36 S 4@‘%44%591 on Chr onat ogr aphy (Pol yst yrene
standard THF eluent): My = 12319; Mw= 18649; Pol ydispersity 1.5.

| R (KBr) 3469 29 3,.177 467 1403, .,1347, 1208,
1177, 104@{&%"9? netriq 419 ysﬁl\(/@%éﬂ@f’%ﬁn %‘meb‘%ﬁie Bd R RPN 0.9-1. 1
(b), 1. 09-%% %lg(ﬂtlgoss 4 289°2, §% Wight20s8 hR3HFAC bb\d 20 Weight 12ss dtBp3°C3. 7- 3. 8
(b), 9.7-9.8 (b). "C—NI\/R(CDCIB) 5 (ppm:. 8. 68, 14 02,
15 Preparation of water based gel

The polymer obtained in example 3 (0.5g) was added to a sample bottle containing

water (5mL). The polymer was allowed to disperse in water overnight. A stable,

colourless, milky white gel was formed.

20 Example 4 - Preparation_of guatarnag{ ammonium salt of suiphonic acid group

containing polymer partfy grafted with hexyl amine and ethanol amine

To an oven dried single'neck round bottom flask, poly(maleic anhydride-
altoctadecene) (3.5g), and taurine (0.63g) were added. These two solids weré stirred
25  slowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (30mL) was
added through a syringe and the stirrer speed was increased. Triethylamine (0.5g,
0.7mL) was then added. The suspenéion tumed light brown immediately after the
addition of tertiary amine. The flask was then fitted with a double surface condenser
‘ and a drying tube on top of the condenser. This reaction mixture was heated siowfy

' 30  inan oif bath. At about 90°C, a clear solution was obtained. Hexyl amine (0.26g,
.0.3mL} and ethanol amine (0.16g, 0.18mL) were added and flask was heated to
reflux for 18h. '

The reaction flask was then cooled and the DMF solution was added dropwise to a

35  beaker containing a large excess of water. The swollen gel was separated by
filtration, washed repeatedly with water. It was then transferred to a beaker and dried.

27



14.12, 22.54, 22.69, 26.58, 27.66, 28.94, 29.15, 29.38, 29.5, 29.69,
29.77, 31.34, 31.93, 33.82, 35.53, 46.2,48, 179. Ther nogravi netric
analysis (TGA) (N trogen atnosphere; heating rate: 100 mn): 5%

wei ght | oss at 289C, 10% wei ght | oss at 337C and 20% wei ght | oss at
363C. 15 Preparation of water based gel The polynmer obtained in
exanple 3 (0.5g) was added to a sanple bottle containing water (5nl).
The pol yner was al |l owed to disperse in wat er overnijht. A stable,

col our | essvlelmbbyaé{\lnbmaﬁtﬁif CM@ﬁat{)]Qé Po[ rEReNaBradTHE l@Paat | on of
quaternary. sui phoni_c group contai ni ng
pol yrrer_parf#%ﬁg}r‘vﬁ%i@gmﬁ%ﬁwmﬂ?@?& afti ne and et hanol ami ne

5 IR (KBr) om™: 3445, 2923, 2854, 1771, 1698, 1467, 1403, 1346, 1177, 1042, 750,

"H-NMR (CDCl3) 5 (ppm): 0.86-0.9 (1), 1.2-1.3 (b), 1.34-1.38 (1), 2.6-2.9 (b), 3.1-3.3
(b}, 3.5-3.9 (b), 8.9-10.1 (b). *C-NMR (CDCls) 3 (ppm): 8.66, 14.02, 14.13, 22.52,
. 22.7,26.58,27.59, 28.94, 29.15, 29.39, 29.51, 29.7, 29.77, 31.33, 31.94, 33.82,
10 35.54, 46.18.

Themogravimetric analysis (TGA) (Nitrogen atmosphere; heating rate: 10°C/min):
5% weight loss at 293°C, 10% weight loss at 339°C and 20% welght loss at 361°C.

15  Preparation of water based gel
The polymer obtained in example 4 (0.5g) was added to a sample bottle containing
water (SmL}). The polymer was allowed to disperse in water overnight. A stable,
colourless, milky white gel was formed. ‘

20 - Example 5 - Preparation ofquaternary ammonium salt of sulfonic acid group
' containing polymer panrily crosslinked with hexamethylene diamine

To an oven dried single neck round bottom flask, poly(maleic anhydride-
altoctadecene) (3.5g), and taurine (0.63g) were added. These two solids were stirred

25  slowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (30mL) was
added through a syringe and the stirrer speed was increased. Triethylamine (0.5,
0.7mL} was then added. The suspension turned light brown ifnmediately after the
addition of tertiary amine. The flask was then fitted with a double surface condenser

~ and a drying tube on top of the condenser. This reaction mixture was heated sldwiy

30 in‘an oil bath. At about 90°C, a clear solution was obtained. Hexamethylene dlamane

(0.23g) was added and the fiask was heated to reflux for 18h.

The reaction flask was then cooled and the DMF solution was added dropwése toa

beaker containing a large excess of ethyl acetate and stirred well. The solid
35  separated was allowed to settle. The ethylacetate layer was decanted off and the'
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To an oven dried single neck round bottom fl ask, poly(maleic

anhydri deal t oct adecene) (3.5g), and taurine (0.63g) were added. These
two solids were stirred 25 slowy using a magnetic stirrer. Dry

N, N- di et hyl f or mam de (DWMF) (30mL) was added through a syringe and
the stirrer speed was increased. Triethylamne (0.5g, 0.7nm.) was then
added. The suspension turned lIight brown i mediately after the

addi ti on oblidresiticaras veashetgepehleaiyfwitashkhylvaetatd Eherf thd beattemidshaira doubl e
surface C%Q@t@%@ﬁst%%@hﬁryi ng tithe on top of the condenser. This
reaction mxture was héated slowy 30 in an oil bath. At about 90C a
cl ear solution was obtained. Hexyl am ne (0.26g, .0.3nL) and ethanol

am ne (0. Mg 3.6y, ERNMBImBET0R oa%%@bg?amyt#mgréﬁ%tah@é&;wFtémesﬁfnhﬁlx for

18h. The reaction 1l was then cooled and the DVF solution was
added dr oﬁv@isé%’&tﬁ"%%gg'%z’gﬁ@?erﬁaﬁﬂa?ni ng a | arge excess of water. The
swol I en gel was separated by filtration, washed repeatedly with

water. |t t hen ) ; r L ed. ie]ld 3.8g.
Gol per et T S B s e ey ena B8 arefay 5 15Tt - v
13392; Mwv = 21999; Pol ydispersity = 1.6. 5HR (KBr) cm 1: 3445, 2923,
2854, 17714-NMBIBDCLASPpmit 8@3.0.6536.6+ 1-1 57d), 18442, P98 (b) B AR, CDCI 3) 5
(ppm : 0.86-0.3 (3@24 %?2?1.3 bi?’qf %ﬁ-@.’53?:&)2@)’%?%%?’)5%?@)'3. 1-3.3
(b), 395- 8193 B): 365380} P-66-9-8{b)- "GSHMRNRDEEDCPRY): 8. 7202 286%6, 14. 02,
14. 13, 2228633, 2826731.920635%, 32.47,28.08260094, 29. 15, 29.39, 29.51, 29.7,
29.77, 31.33, 31.94, 33.82, 1035.54, 46.16. Thernogravinetric

anal ysi s éTGA) -(Nitrogen atnosphere; heating rate: 10Chnin): 5%

wei ght | oskerapgradelric a0gsisdT GAX (Nitogen asimogB3@E; bering B6: WeiCghin):| oss at
361C. 15 By.eRpahabof 283-cNedoe el o 2 takged i n
exarrplg 4 (0. %g) was, added ?gelgﬁgg%pa?géobggﬁﬁg@%%gy%lgnaghév\kg?ér (5nL).
The pé) ymer was allowed to disperse in water overnight. A stable,

col our | es&reparatidayor whaier basgelgeivas formed. 20 Exanple 5 - Preparation

of auat enm b S ' j ' ' ini.ng. pol ynmer
partly crgzés%imﬁ%gg&\%h ?ﬂhhéﬁpggk%%%sgﬁ%%tgég c{gg%ﬁeg%/ogk\aﬂg?qoed

singl e neWRer(ETihk ThoPYBRArMag slowep &1 Jicpassedn walgheMplighti destedet adecene)
(3.5Q0), atubutieass irarslucéht G3asemed.added. These two solids were stirred
25 sl y using a magnetic stirrer. Dry N, N-di net hyl f or mam de (DVF)
(30nL). was added through a syringe.and the stirrer speed was

i ncr eased=auiipiier pYyeling e iy deigizedovarr=)354%s t hen added. The suspension
turned | igdifibhur®¥helirghamdh 80k N 8dtidie Bedi tion of tertiary am ne.
The flask was then fitted with a doubl e surface condenser and a
drying tube on top of the condenser. This reaction m xture was heated

sl owl y 30Example éhaPdint cAmpadiftont 90C, a cl ear sol uti on was obt ai ned.
Hexangf hytRngiyReASE Emple 1 was added to & paint composition and the contact angle of

the exterior surface of the resulting paint composition (when dried) was measured
(with water by a static method using a goniometer). The paint composition containing

the polymer additive had a contact angle of 65.03°. A similar measurement made
using an identical paint composition, except for the absence of the polymer, had a

30  contact angle of 77°. Thus, the polymer lowered significantly the contact angle.
Furthermore, the polymer was fully compatible with the paint composition, as
indicated by the smoothness of the finished coating. The paint composition was an
exterior wall coating made up of water based emulsion containing latex and inorganic
particles. |

35

Comparative Example 1
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(0.23g) was added and the flask was heated to reflux for 18h. The
reaction flask was then cool ed and the DVF sol ution was added
dropwi se to a beaker containing a | arge excess of ethyl acetate and
stirred well. The solid 35 separated was allowed to settle. The

et hyl acetate l-ayer was decanted off and the solid residue was washed
repeatedly with ethyl acetate. Then the beaker was air dried to

cg nlst ant \Relyghdieic anhydﬁﬂle%ltﬂ:cﬁd&@ne Cé@.le siRenFRRdriaNfohaaiprt O g%sap hy
t
borya oo pe ShaNdalbig B BT b ot ST iand Rstont aBs 1600

1465, 1403latel 3similat efigvas HOELYsINE4Bly(MHbitMRy (CBA 13)ctBle¢qmpywith 0. 85- 0. 88

EB % é Jshlgrofo?%aséc?l@éml ifodi «%Ssegggﬂﬁl\ﬁm% %@bg&?/%%% éog’zl §4§12,

22. 69, 529. 38, 29 76, 31. 93 34.02, 35.47, 46.28, 179.4
Ther nogr a\donphming: Baebysi s (TGA) (N| trogen at rmsphere heati ng rate:

10C mi n): Aﬁ%? %f%%tg%oo!ﬁmale[c angyd?r"igé aig'oc{acwe er%p htc% Is thetstaﬁ%(g%a erla 20%

wei ght | oss
fo‘r example 1, was prepared and added to water. The resuitant solution was opaque

and inhomogenous with the visible settling down of polymer.
10
Comparative Example 3
Poly(viny! alcohol) was added to water. Thé resultant solution was opaﬁue and
inhomogenous with the visible settling down of swollen polymer.

15  Comparative Example 4
Poly(vinyl alcohol) was added to water. The resultant solution was appliedto a

rectangular glass slide. Another glass plate of the same size was placed on top of thé
layer of aqueous solution and left in a fume hood overnight under ambient conditions.
The glass plates were bonded fogetherina non-tfansparent manner and dispersed

- 20 particles were observed throughout the bonded surface indicating the formation of
inhomogeneous adhesive layer. ' '
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Preparati on of water based gel The polymer obtained in exanple 5
(0.5g) was added to a sanple bottle containing water (5nL). The

pol ynmer was allowed to disperse in water overnight. A stable,

col ourl ess, tr%p_ﬁ! ent gel was formed. Equilibriumswelling ratio in
dei oni zed vvater——i\%— 7% Equilibriumswelling ratio in 0.9 wt % NaCl
solution = 37% Exanple 6- Paint conposition 25 The pol yner of

Exanpl e 1 was’ addeda halyrer Py reSMPSHE bbrdhg a %ﬁsﬁ%ts%mc%@ gy Of
the exterior s%foaacme toéﬂ%@e[ resul ting paint conposition en ari ed)
was neasured (vvlciﬁ wat & ?/ a static method using a gonioneter). The
pai nt conposition containing the polyrner additive had a contact
angle of 65.03. A simlar neasurenent using an identical paint
conposition, except for the absence g{ t he'ypol yner, had a 30cont act
angle of 77. Thus, the polyner |lowerey sigpificantly the contact

angl e. Furthernore, the polyner was cg’pati ble with the paint
conposition, as indicated by the sngoth ss of the finished coating.
The paint conposition was an exterior |1 coating nade up of water
based enul sion containing latex and inofganic, particles. 35
Conparative Exanple 1 Pol y(mal ei ¢ anhydri de-alt-octadecene) (the
starting material for Exanple 1) was dispersed in aqueous al kali

sol ution at 10whstiocdrmdntarasdiairddntbrre asbptiondllp sebsihi@s Sydid @ati; ari Rs is
simlar test \Naauﬂaﬂ@r[yta&hfagsuﬂ%w&fr&%@an%e@iat%%inﬁtsgﬁ&hg,- oct adecene)
with chloroformas solvent. In both cases no filmformation was
observed. Conparative Exanple 2 An alkali salt of poly(nmaleic
anhydri de- al t - 8¢t adee@yey acapriiingtic Flaimt hwhereiaths gygicinitie siliahic fdd satxanpl e
1, was prepar edenihgasl theshiid Ois watr@lotion[H@iuEES dlpbig@lcis Myiddeneiday opaque
and i nhormgenogﬁm\g/isg,gngcgﬁd_vi sible settling down of polyner.

Conpar ative Exanple 3 Poly(vinyl alcohol) was added to water. The-
resul tant sol ution was opaque and i nhonmobgenous with the visible
settling down &f swbhdlmrpaloydingrie cldi Lohwainaltd oydicExiaamd<is delected from

alicyclic and aromatic anhydrides.

4. A polymer according fo claim 3, wherein the oyolis anhydride is maleic
anhydride.
5. A palymer aceording fo any ohe of claims 2 1o 4, wherein the amino sulfonic

acld is NM»-R4-80,H, wherein R, s selestad from optionally substituted € to Cyp
alkylene and Cs to Cyq arylene.

6. A polymer according to claim §, wherein the amino sulfonic acld is selested
from taurine (2-aminoethanesulfonic acid) and metanillc acid (3-
aminobenzenesulfonic acid).

7. A polymer according to any one of the preceding claims, wherein in addition
to the units comprising imido stifonic acid salt groups aceording to farmulz 4, the
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Pol y(vinyl alcohol) was added to water. The resultant solution was
applied to a rectangul ar glass slide. Another glass plate of the sane
size was placed on top of the |layer of aqueous solution and left in a
fume hood overni ght under ambient conditions. The glass plates were
bonded t oget her - nner and di spersed particles
wer e observed ? ﬂ%@%@ﬁ@g%e% h@@gg%gg&ggg ?aasggnﬁeimle@g?@ﬁﬁseiﬁ‘féégor mat i on
of i nhonogeneo¥™dBHesi ve | ayer. CLAIMS 1. A polyner having repeating
units conprising a cyclic imdo sulfonic acid salt according to

formula Rs whgrein : : Q form.an.optionall
substituted cyclic '?Bn%lsg%q agcr?_gﬁrﬁgé%ﬁgﬁ %ﬂ%{%gﬁ%‘%’yogg‘%%%lgﬁﬁ{‘%gl’w%&?’wa
sul foni ¢ aci d- U1 g agienis selected indenprdepiivdorialiene freferablp eloyteriom 1,
wherei n the cyetopgerepataiestnief, oiyicoe,aitlihysdiiine asC @ftt)a@yidtasy (et | 1S
the reaction prRAYGLatRfAHL 1 pERNGAL ] ; am no .

sul foni ¢ aci d. g‘} A pglry;%rfg'r %(%%BC{)%BE“%S to ef‘@?ﬁ‘&@%@%“% RNk i ¢
anhydride is s8f%cted from ali cyclic and aromatic anhydrides. 4. A
pol yner according to claim3, wherein the cyclic anhydride is maleic
anhydride. 5. 9A pod 86ERAI Shyide 8o HRE: | DBeréi

wherein the am'c rggﬁ@ﬁrc aci' IS ytNI t-alz-eRIQH-QS@TQ G%nzér'g“:ﬁ?\rgiﬁ:th%ipéwmw

sel ected from op Rr8hal | y substituted C1 to Cm al kylene and C5 to C20
arylene. 6. A polyner according to claimb5, wherein the am no

sul foni c acid 1 56el eokedid dramuitaibl RRrbAuATL NG hargsul foni ¢ aci d)
and netanilic acid (3- am nobenzenesul fonic acid). 7. A polyner

according to any one of the precedi clai s, wherein in addition to
the units conprising imdo sulfonic I |t groups according to
formula 1, the 31
o T Q
Ri
I
SO,H

il

wherein Ry is selected from optionally substituted C, to Gy alkylene and Cs to Gy
arylene; and

(2} 0 to S50% units derived from at least one athylenically unsaturated monemer.

10. A polymer according to claim 9, comprising units according to formula Il
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pol ymer conprises units derived fromat |east one ethylenically

unsat urated nononer. 8. A polyner according to claim?7, wherein each
of the at | east one ethylenicalty unsaturated nononer is selected

i ndependently from al kene (preferably ethyl ene, propyl ene,

oct adecene), styrene, vinyl pyrrolidi a (meth)acryl ate(s)
(preferably nethyl nethacrylate), iso vi nyl pyridine,
acrylonibile, vinyl chloride and acryl] cid. 9. A polynmer according
to any one of the preceding clains, erein the polyner conprises (1)
50 to 100% units of a quaternary a umsalt of formula Il 0O NRi
S091- 111 wherein Rl is selected fro @nal ly substituted G to 010
al kyl ene and CB to Cal aryl ene; E? 0O to 50% units derived from

at | east one athylenicarly unsatufated nmononer. 10. A pol ymer
according to claim9, conprising unitStaccording to forrmula 111 Ol
SOCI AR2) 3 wherein R1L is selected fro 'Qpthgflly substituted Cs to
010 al kyl ene and Cs to 02,3 aryl ene; ea@hH % s selected

i ndependently fromoptionally substituted Ctd G e alkyl; and R3 and
R4 are sel ected independently fromH and optionally substituted Cl to
C39 al kyl, Cauerl20 aryl, pyrrolidinyl, carboxy and ester. 11. A
pol ymer according to claim 10, wherein R3 and 54 are sel ected

i ndependently fromH and optionally substituted CI to C25 al kyl
Ry is selected from optionally substituted Gy to Cs, alkylene and Cs to Cy arvlene:

each R is selected independently from optionally substituted Cy to Cyp alkyl; ahd
Rs and R, are selected independently from H and optionally substituted C, fo Cyp
alikyl, G to Cuo aryl, pyrrolidinyl, carboxy and ester.

11, A polymer according to claim 10, wherein R; and R, are selected
independently from H and optionally substituted Cy to Cyp atkyl

12. A polymer according to claim 11, wherein Ry and R, are selected
independently from H and optionally substituted Gy to Cap alkyl

13, A polymer according to claim 12, wharein R, and Ry are selected
independently frorm H and optionally substituted Gqs to Cyg alkyl.

14, A polymer according to claim 13, wherefn R and R are selected
independently from H and optionally substituted Cys ta Cyg alkyl.

15, A polymer agcarding to claim 14, wherein R, is H and R, is hexadecyl.

e

16. A polymer according to any one of claims 10 to 15, wherein R, is selected
from optionally substituted C, to C; alkylene and Cs to Cig arylene:

17. A polymer according to claim 16, wherein Ry is selected from optionally
substituted C, to C4 alkylene and Cs to Cyq arylone.
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12. A polymer according to claim 11, wherein R3 and R4 are sel ected
i ndependently fromH and optionally substituted C10 to Cm al kyl 13.
A pol ynmer according to claim12, wherein Rs and 54 are sel ected

i ndependently fromH and optionally substituted Cs to C 3 al kyl.
14. A polyner gccondi I 3 rein, R _and R4 are sel ected
i ndependent |y fﬁf o_mh%blg’%ﬁ't%ﬁﬁd%%awhﬁm g%\@g‘? riE{ntrh‘ésds%cgedterm@Pt ,”a@I kyl .
15. A pol ymer SYEEHes Grde Pea‘i&ﬁf'%ieﬁﬂﬁéqf"\ﬁné'w@ﬁﬁ Rais Hand Rl is
hexadecyl. 16. A polyner according to any one of clainms 10 to 15,
wherein RL is |l e i t d Cl. to al kyl ene
and Ca to 015 ﬁéafe Igﬁggmgﬁ%ﬁﬂél@l yrrehé/'é@%%rﬁ]ﬁ“tﬁ%éeﬁegmglﬁgwr%ih%of’ea erein
Rl i s sel ect edPFPi®optional |y substituted CI to 04 al kyl ene and 05
to 015 aryl ene. 18. - A polyner according to claim17, wherein R

|5 sel eoted Tram ORighORE! dokoHPBILHY I ofdfnc @ 94 ks, @nd G5 to
Ca arylene. 19 AE'O mer accordi %toc_alm eérern (S

sel ected fromBERGH H%&Hﬁ‘%ﬁ@ﬁ)‘?l’@ﬁ ly subsditvtes Cody Gmdkvlaccording to any
one of clainms 10 to 19, wherein each R2 is sel ected i ndependently

from optional I, SUR%BIS{&HF&@O]‘QE}]Q toQiabeh QD%Jgg%ln acl?lgié iséél?{?éd%%h?r%%ﬁtw di ng

to claim 20, erei.n _each IS Selecte |ndeependent fro

optional ly su\tl)y{'s?’ﬁ wiee abs%e%%tg%@tﬁyi. 22. A polymer according to
claim 21, wherein each R2 is selected independently fromoptionally
substituted Clzzt 0 E3oinkiydccordBgte i@, WiBILindGEWRIE Bledidd ifdaBbife R,

wher ei n each %ﬁ%ﬁgfﬁw‘l‘“bﬁ“&g‘%ﬁ%&g%h\{wr according to any one o

clains 10 to ereinin 0o units according to formul a
[1'l, the polyner also conprises units according to fornmula IV 1V
wherein R5 is Bel edpelimbrazmudRy oGreah £Y, whehbtdztukeid o). t 0 010 al kyl
and Cs to Cmaryl; and

24, A polymer according fo any one of claims 10 to 23, wherein In addition to
units according to formuda Ill, the polymer also comprises units according to formula

v
0
o7 N
Rs

1%

wherein R is selected fram optionally substituted C; to Cig alkyl and Cs ta Cap ary;
and

Rs and R, are as defined in any ona of claims 2 to 15.-

25, A polymer according to claim 24, wherein R; is selected from optionally
substituted €, to Gy alkyk )
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R3 and R4 are as defined in any one of claims 2 to 15. 25. A pol yner
according to claim 24, wherein R5 is selected fromoptionally
substituted 02 to CB al kyl 26. A polyner according to claim 25,
wherein R5 is selected fromam ne and hydroxyl substituted C2 to CB
al kyl.  27. A polymer according to claim26, wherein R5 is Ce al kyl.
28. A pol ymer agcog/?i to claim27, wherein Rs is selected from
hexyl and hexaffet h aﬂﬁfiﬁiﬁéém‘ﬁwg AR AP nihergip Rois gplaged Erre prainerams,
wherein Rs is byteurabstiuteiMde Ciatd 02 al kyl. 30. A pol yner
according to claim?29, wherein Rs is ethylalcohol. 31. A polyner
according to CE.!ai m 4l wher eiEﬂERs is selected from hexyl,

hexamet hyl am n& and" BYAVA AFRBINEI claig, wheseip is/Co alkdor di ng to any one
of claims 10 to 31, wherein the polyner conprises units according to
formulae 11, b andpdm@daRérding b ki, Wéiﬁh?iaﬁélgé@%’f@?@&%g@s

defined in any e preceding clains; eac
i ndependent |y g%& g&&%@§s1n any one of the preceding clains; and RS

and RG are sel ected independently fromthe definitions of RS in any
one of clainms 24 t oA gdymer according to claim 28, wherein R is optionally substituted G, alkyl,

30.  Apolymer according to claim 28, wherein R is ethylalcohol.

31. A polymer areording to claim 24, wherein Rs is selected from hexyl,
hexamethylamine and athylalcohol.

32, A polymer according to any one of claims 10 to 31, whereln the polymer
comprises units according to formulae i1, IV and Vv

Ry Ry
4 Re R Ra, Rs
e}
N (8]
G | 3] N ©
R o | o l
I . Rs Rg
SONR,),
H
Iit . \Y v
wherein

Rt and Ry are as defined in any one of the preceding claims;

each Rz and Ry is independently as defined In any ane of the preceding clzims; and
Bs and R are selected independently from the definitions of Rs in any one of claims
24 to 31.
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33, A polymer according to claim32, wherein R5 and Re are different.
34. A polynmer according to claim32 or claim 33, wherein the units
according to formula Il are present, as a %of all of the units, in
an amount of at |east 60% 35. A polyner according to any one of
clainms 32 to 3ds. WhresdBimar deerdingtd @aiffs2Utickein Rf arkioR, Bkl datfeldnt. t O the
total nunber of units of fornulae IV and Vis at least 1. 36. A

pol ymer according to claim35, wherein the ratio is at |east 5. 37.
A pol ymer accoffi nd® RRYmeEr a65Ride fo dR@r3Rionclalfe3r whargn fhe uglls qeending 190,
38, A pol yner aeennsiinge jresedt)ys 0REcfall oftheuis, iBah drfoudlof avkadt 81%, t he
pol ymer consists essentially of units according to forrmulae LII, IV
and V, 39. A polyner according to any one of the precedi cl ai s,
wherein the pog%rer’“ padymer 6%C§Tdfrﬁl%‘éﬂ‘y°”ﬂef U‘W?)%??ﬁérw%%'bihﬂfﬁﬁﬁt%‘“%l aim
39, wher ei n t hef fpoiuate o toiafal inseRr Gruaisdf fankilagVomnawis atdesbr.ding to
formul a VI wherei n R7 is selected from opti onaIIy substituted G to
C a al kyl ene and to C20 aryl ene. yner according to claim
39 or claim40; Whe‘% %QEWGFHFDH%GF%@Q’B*%GP’%@‘F 1hﬁl€?t'r?¢'5 #&a5P nore t han
50% 42. A polynmer according to any one of the preceding clains,
wherein the mb@¢“'ﬁ£ol%ﬁér9%r&ﬂgt& BENPR! YRR IS rd if fGeabefpge of 1000
to 11000, 000, A pol ynmer according to claim42, wherein the

nol ecul ar melght of the polyner is in the range of 5000 to 50, 000.
44. A pol ynmer &Bcorilbsigrer scasrdifiarie 4%, onplebelains 32 W@?H@h%@imﬁamﬂ[m@ght of
the polynmer is chivisth@sdngdlger @its 36boH 16 RriniladlO0V andG, A nethod of

formng a pol yner corrprisi ng the step of: (1) reacting a
poly(cyclic anhgdrl with an amno sulfonic acid to form poly(imdo
sul fonl ¢ aci d) Apoiymer according to any one of the preceding claims, wherein the palymer

is crosslinked,

40. A polymer accarding to claim 28, wherein the polyraer comprises crosalinking
groups according to formula Vi

wherein Ry is selected from optionally substituied C; fo Csq alkylene and C; to Cgp
arylene.

41. A polymer according to claim 39 or claim 40, wherein the degree of
crosshinking is no more than 50%.

-~
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and further including the step of adding a tertiary amne to the
reaction to forma quaternary anmoniumsalt. 46. A nethod according
to claim45, wherein the poly(cyclic anhydride) is a copol yner
conprising units derived from (1) naleic anhydride and (ii) at | east

one et hyl eni cajl y m@w&&f&i@@ﬁ@e&fgquéegéz?fﬁseamg,@?%p@% ng to

claim 46, wherein the co-po rls rom po ma
anhydri de- al t-’?)‘?!?“&ﬁé't’i’%’ﬁ@f?‘%%‘f'ﬂ% iBfre r%(ﬁﬁ)?ﬁ’(opﬁ@-h&orfé ol efin),

pol y(ma(ei c anhydride-alt-1-tetradecene) and pol y(ral eic

anhydri de- al t -4zsobyt r acedtin | f
cl a%/msI 45 to f?s \Aﬁep%ﬁlﬁﬁ Féc@%}&agmﬁr?%u ?V g%%@%%ﬂ%”‘sapggg% ofﬁgg&ymer

sub- st oi chl ongt i3 JeA29%at not all of the cyclic anhydride
is converted to an Inmdo sulfonic acid In step (1), and the nethod

i ncl udes the siep afaokdie £886h4 Bl s AAbXNGhbCo 2P RUGRIARY egw} a
primary am ne., .49. A ngt(g%tag rdi-ng to any one of clains ﬁ to 48.
wherein the t &F IV §9RA 12000 ng%ud to the reaction product of step
(1) or step (2) -to formthe quaternary anmoniumsalt.... 50, A nethod

according to amy ORendMod@k@nimy fHRiinter 48mprsg iRiIskplRe reaction
tenperature of step (1) is in the range of roomtenperature to 200C..

51.- A nmethod according to claim&50, wherein the reaction tenperature
of step (1) is in théeesringgeokovlio antgdite) wipan emippsuiforic anitiofalinng t o
any one of cl giolpimidib stimnbigidywherein the reaction occurs in a dipotar

aprotic sol vengny fux%%rjr@lu%ﬂ@geﬁgﬁgﬁﬂ%]?g?hrﬁegyoﬁm{etg% ,géctﬁsJ, Al 445 1O

52, wherein the reaction occurs In a I 'ng pol nt polar
sol vent. 54. NREERGEMROLEYE g to claim 52 or claim53, wherein the
solvent- is selected fromN, N-clinethyl formam de, N, N-di nethyl

acet ani de and 4%; Meihydthdaeahdirdas Saim AP wheiR Yok oy die LRR Y isbhe-

nmet hod of any 2l 45 1o0.54. .56, A latex co ising a polyner
according to ap%i}%gﬁgeorﬁnggﬁqﬁsnéﬂfeq %Qrﬁﬁﬁgﬁa'cgrg\y&%’f?gﬁﬁ ﬁtj‘faﬁ?‘me

conmposi ti on cdipiarEriygnetyery meromicording to any one of claims"! to
44 and 55, 58. An adhesive conprising a polynmer according to any one

f claims 1 taqps mce i al
ool ymer accor di g, 1o el Sofit 12 aPh 1 ORIRRL S LRS! "0 ©

surfactant corfFO8TE B ATHEEsEEPHEAGCEN RIS M deEford@ink ur f act ant

is a liquid. poly{maleicanhydride-alt-1-tetradecene} and paly(maleic anhydride-altisobutene).

48, Amethod accerding to any-one of claims 45 to 47, wherein the amino suffonic
acid Is used'in a sub-stoichiometric amount such that not all of the cydlic anhydride is
converted ta an imido sulfonic acid In step (1), and the method includes the step of
(2) reacting the poly(cyclic anhydride) with a primary amine.

42. A methad aceording to any one of clairms 45 to 48, wherein the tertiary amine

is added to the razction product of step (1} or step (2} to farm tha quatemary
ammuoniurn salt,

50, A method according to any one of ¢laims 45 {o 48, whereln the reaction
temparature of step (1) is in the range of roam temperature to 200°C.
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Si . A surfactant conposition according to claimb59, wherein the
surfactant is a solid. 62. A nethod of making a polyner l|atex, the
nmet hod conprising the step of dispersing the polynmer of any one of
claiml to 44 and 55 in water, 63. A nethod of preparing a paint

conposi tion, the. mpt rh&gocpé%wgih%g oMk E@ vﬁa‘él%% e regéft)éh %%&Qﬁr%&a}égﬁ) di ng

any one of cl al s
to any one of 'El'rbff‘?r’?”?e?% 9 3B%%d 55, V\/nerel n the nethod includes the
step of adding a pignent. 65. A nethod of preparing an adhesive, the

net hod conpri s t cl ai ns
o aa agg 5552;2 Vﬂ&ﬁeﬁﬁ&cﬁd&c&‘ﬁm@@%n?ﬂné ?%E\?ﬁegpﬁ%bwahe%@ﬁagg%cg%

conposi tion, tH&EY %%%BDE%FW'?&RWQL'[ he step of adding a pol yner

according to any one of clainms Ito 44 and 65 to the corrposition

67. Use of a posynery rﬁé%ﬁ&féib&giné 1) a@a?ﬁné)&%!a%s @t@‘bﬁh%refn%e‘"réac@i 55 in

a |latex. 68, Use_ of to any one of clalns to 44
and 55 in a pa?cﬁ?rsgb?@gg%”l”gﬁmmé@ ‘9 %8F a pol ymer according to any

one of clainms | to 44 and 55 in a sur f actant conposition.
54. A method according to claim 52 or claim 53, wherein the solvent is selected
from N,N-dimethyl formamide, N,N-dimethyl acetamide and N-mathyl pyrrolidone.

55. A polymer formed by the method of any one of claims 45 to 54,
86.  Alatex comprising a polymer zccording to any one of claims 1 to 44 and 55.

57, A paint composition comprising a polymer according to any one of claims 1 to
44 and 55,

58, An adhesive comprising a polymer according to any one of claime 1 to 44 and
55!

59. A surfactant composition comprising a polymer according to any one of
claims 1 to 44 and 55.

80.  Asurfactant composition according to claim 59, wherein the surfactantis a
Heguict,

61, Asurfactant composition acoording to ¢laim 59, wherein the surfactant is a
solid.

82. A method of making a polymer latex, the method comprising the step of
dispersing the polymer of any one of claims 1 to 44 and 55 in water,

63.  Amethod of preparing a paint composition, the method comprising the step of
mixing the polymer of any one of clalms 1 to 44 and 58 with water.
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64. A method according o any one of claims 1 to 44 and 55, wherein the msthod
includes the step of adding a pigment.

65. A method of preparing an adhesive, the methad comprising the step of adding
the polymer of any one of claims 1 fo 44 and 55 fo water. '

66, A method of preparing a suriastant compostiion, the method comprising the
step of adding a polymer according to any one of claims 1 fo 44 and 85 to the
composition.

67. Use of & polymer according o any one of claims 1 to 44 and 55 in 2 latex.

88, Use of a polymer according to any ene of claims 1 to 44 and 55 in a paint
compaosition.

69.  Use of a polymer accarding to any one of ¢laims 1 to 44 and 55in a
surfactant composition,
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