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FWD 2007/034032 PCT/Fs2006/050373 1 NOVEL QUATERNARY
POLYMERS FIELD OF THE INVENTION This invention is aimed at novel

WO 206uederpary polymers and methods for adding quaternary ﬁﬁ%@%}dgﬁmsi

moieties into oligomers or polymers, such as any natural, semi-synthetic
or synthetic polymer, preferably to chitosan and chitin, via different
covalently bonded spacers. The said quaternary ammonium polymer
derivatives have enhanced aqueous sblublllty usability and activity in
many industrial appllcatlons e.g., in pharmaceutical applications, in
Qﬁﬁﬁe(g ’[:’E{%Lﬁ\ 1{)gurlflcatlon pulp and paper industry, and
in the texti In try ne or more quaternary moieties can be inserted
into a monomer unit of the polymer. This invention is also aimed at mono-
FlBI di- QraterRayyEpEragiium acids usable in the preparation of the said
polymers, as well as to methods of their preparation. BACKGROUND OF
THE INVENTION 15 Chitosan (poly-l,4-(3-D-glucosamine) is a non-toxic
Thiyouveation Bioriaelical Maed iaktReseaciiys®:; 2002, :5685pdntbr adding quaternary
anidiggradalle; (Bipmatenialig. &9%%1313255% pg}x accha rlde tha} IS derlvetgetlc or

from chitin by deac t Iatlon in basi tions. he te §an 1S Gge

sypibefisse ) ik epeIghifits it @ﬁ%t%QmﬁdfamU bonded spacers.
THY- @@ﬂﬂﬁﬂt@%§%ﬂ‘éﬁ%ﬁﬁﬁ0§@ﬁ@ﬁg degreenofidsacsivlation Q&%ous solubility,

moleculay weights. Chitosan has many potential ‘applications in various

USHRINE, Ad 2GHVEN ARy ARdr S ianRiepions [Sekvelb RS arlcpstinations, in

cobthatiosadipott 5398, W&ePb@ﬁWﬁjﬁthﬁhB%a&Bé%agg% 132Pin the foxtile
m(?ust harma Science 10, 2000, 5), food science ( Internatlonal Dairy

%’08%?1’%?%‘&9&8}%86%@%?8 (RS FRRIPA AmsoBEamy B it of the
p qbymﬁcaifimsn iwattorRissdar clindAl, 2000nd-5A3i-quineAdgngt ﬂ&%ﬁﬁﬂﬂl&ﬁﬁé usable

A Pal er Science 9 2004, ), d in the textile
ml%% éaat%%l?r%l o?l\/flaélo g%:sulaargme c8 33829 £ IERERAIAI090 03,
223). The main obstacle to the use of chitosan in different applications is
oor solubility properties, especially the poor aqueous solubility. The poor
B&@E@R@%iﬂﬁ BHE ENIYBRRIA is due to strong infra- and
intermolecular hydrogen bonding leading to highly crystallized WO

2007/031032 PC'1/F12006/050373 2
Chitosan (poly-1,4-B-D-glucosamine) is a non-toxic (Joumal of Biomedical Material

. Research 59, 200.2, 585) and biodegradable (Biomaterials 20, 1999, 175) polysaccharide that

is derived from chitin by deacetylation in basic conditions. The term chitosan is used to
describe a wide variety of heteropolymers of glucosamine and N-acetylglucosamine with
varying degrees of deacetylation and molecular weights. Chitosan has many potential
applications in various fields, e.g., in pharmacy and medicine (Drug Development and
Industrial Pharmacy 24, 1998, 979; Pharmaceutical Research 15, 1998, 1326; S.T.P. Pharma
Science 10, 2000, 5), food science (International Dairy Journal 14, 2004, 273; Agro Food
Industry Hi-Tech 14, 2003, 39), water purification (Water Research 34, 2000, 1503), pulp
and paper industry (Journal of Applied Polymer Science 91, 2004, 2642), and in the textile
industry (Journal of Macromolecular Science Polymer Reviews C43, 2003, 223).

The main obstacle to the use of chitosan in different applications is poor solubility
properties, especially the poor aqueous solubility. The poor sdlubility of chitin and chitosan
is due to strong intra- and intermolecular hydrogen bonding leading to highly crystallized
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structures. Chitosan dissolves only in acidic aqueous solutions due to the
protonation of the amino groups in the polymer, Chitosan is poorly soluble

wo 200va@lk@mmon organic solvents. Chitosan becomes solulg-pryateiwhen

the degree of deacetylation is approximately 50 % due to unfavourable

conformation to form intermolecudar hydrogen bonds 5

(Biomacromolecules 1, 2000, 609). Various chitin and. chitosan
strdetuvestivekitvave Diseolvee sigiyeth amddsy atiresizesh imaindydie i phove shmation of

ili rties it ). (Progress .in Pplymer Science 26, 2001,
e A ATk e v
Chiiisesdncgarsaviesaie vaiboxyatid degivatives(atglatation apgourinately 50 %

iolpgical, Magremele 1992, 122: European Polymer Journal 39,
dugooggle%g), 10 %%s?#g%ﬁ%%?ﬁqﬁtédriﬁ%ﬁgolgr%%%%j%‘g%lgﬁ?aoﬁn bonds
(Bigmageumelegpishybird0fes@Brc gims whin Anddhéosoateesuitivs have been
deﬁ@ﬁ%%ﬁcﬂ%ﬂﬁﬁ@f@&?‘fﬁaﬁ% (S tRYIeNG PNCQIRIEH: BEBFRINESof chitosan (Progress

4
._(Carbohydrate Polymers 36, 1998, 49). Import ant water soluble chitosan ~
in Jelafv esigecdiniiVed Wtk Brogrst imaPpmAToIRisRs 129 ARy 8§ Redeionic
waleriveliyes cnaml bfﬁv&dﬂi\%ﬁg@dé/@né@ﬂ%iﬁ\/l@éémﬁd@@'&ﬁﬁ%ﬁ%ﬁ’cﬁ%ﬁ@aﬁh%nal of
.are water-soluble on a wide pH-range including neutral and basic
B R LR 5 By v por e P D B IR ) p e 29)
phbaikheneC afbehpdlycabiciyiaaatse2B0commahkultegaldeehtdfRate Research 302,
ible for the unique properties and activity .of chitosan aternagry. .
I L B B S S R i ohvaves
(Cororlpydiatcalyl prese it A0N,the).polymer or by adding a quaternary
ammonium moiety or moieties. Synthesis of (N,N,N)-trimethylchitosan
has-been widely studied and reported (Carbohydrate Polymers 5, 1985,
ImportanstwaieieniabPoehiesasr Bioteticsl Madeivaizcsled!8 a k86 10%5; ammonium
Gashanuetalg i RAVED 8L 2 fvd Bor2QR- {18508 ;
m157; Drug De\;e?c_) ment and ‘Indibs_trial Ph%érgmac%g{%ﬁ,%%%%?%%ﬁ%nh??%ey e
WaleESAuRIE My &5t IREIRG peEah e evinGenditnnse 5ddR) they have

2 pricielyeaHibSE e BarEIRRBAPolpHER Bhef tdhar m@&%ﬂgz@ R nature is commonly

Bic%i)%arrg)?%:cutics 581',%2#04, 225, Biomaterials 23d 02,153;
CRIFEOAY HArE RENRIR A5 430 BHRHE PjOPRSs v ietvirriethilAmBinuaternary
chithitmrsderivetivativen deuntiprasdoatnobbeahtaie o ivedirgiebrpaity b §f present
., the hydroxyl grqups are nat protected. Hydroxyl groups in the polymer, =~ .
I Y U HGRRY S e B o
(NVpBiirings;tBYl chrigosdechasd b arathli-ighldegred sepbaed (Emiratidracanoliners 5,
1988, oA adhitan SBeRIR Chimoiiyg §ff AR OANeR R 146s: ,
Carbohydrate Potfiymers 36, 19198, {; %né 8%%}% ’%5’ Carbohydrate
P 008 FIP3 Carbohydrate Polymers 36, 1998, 157; Drug Development and
Industrial Pharmacy 27, 2001, 373). The pharmaceutical properties of (N,N,N)-
trimethylchitosan have been widely studied (e.g., European Joumal of Pharmaceutics and
Biopharmaceutics 58, 2004, 225; Biomaterials 23, 2002, 153; Carbohydrate Research 333,
2001, 1). However, well-defined uniform chitosan derivative structures cannot be obtained
by direct methylation if the hydroxyl groups are not protected. Hydroxyl groups in the
polymer, i.e., the primary hydroxyl at position 6 and the secondary hydroxyl at position 3,
are also methylated. High degrees of quaternization cannot be obtained without the total O-

methylation of the polysaccharide (Carbohydrate Polymers 36, 1998, 157).
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3 The amino group in chitosan has also been quatemized by first
reductively alkylating it with aldehydes to form imines, followed by

WO 200r@gueion to obtain N-alkyl derivatives. These alkyl derivativesihayeeen

further quaternized with alkyl iodides (Polymer Bulletin 38, 1997, 387,
Carbohydrate Research 333, 20@1, 1, European Polymer Journal 40,
2004, 5 1355). Uragami and co-workers have crosslinked
TheNaNivip-tgnogthipl cHittbsam vdshalsaribesn grosstimkidgbagBnstsredigiveith alkylating it
i UReianstap.(iomacmaleaues 200t SRR NI disenc
Wlglycol |glyc§|dylether Macromolecu gr C%erﬁ?stry a?n @h%gls%v? ?I%HSS These

alkyl @enivetiviestd stcabsuakaithizetstsmizet thdlamlind dpdides (Rgntawtddictin 38,

19Qﬂfiwivéz%o‘rgﬁ?%”ﬁgs@m%!@E?tﬁo%?,'y[‘;‘%ﬁ%%e&?%lﬁﬁér Journal 40, 2004,
Carbohydrate Polymers 32, 1997, 105). 10 Uchegbu et al’ prepared a

13 3RiateFraaatith SAITATEM DR erteksaleto ObMaINApenlsddsandrigh various
crddghivens (4aiars alional JanrakefiBRarmRacqulicH A2 mbERIA9%, HOWeVek7) and
.all these share the problem with (N,NN)-trimethylchitosan, i.e., uniform
wity fistirisoe v tie betiRbeT fOes amalRg o RCHRE RO RYY Biks s, 2002,
116fi)thmmlmmraﬂ.umgtéh€@mn§bﬁﬁc omr@@edlnhﬁﬁolérifm GulaieHYdYe derivative of
ammonjum mojet e inserted jnto po r stryctures_via varjQus
o oSS, B it R o R BV SRR e 105
Udbegbbtetink grbyamehetingtahitos ammwithighy pidylitoylethigtamnoo obwin chpotideap for
[ ri 2003, 5015; ohvdrate. Resear 2004, 313;
e D T s S iR, ll hese
shirpyticopleblnicarEdyiféésptisstotisiiamar004:,,1 uPidymestdoural 82ymot be
, 334 ‘ ional j ' 4, .
bR dR4idniekRtianal J?%Qﬁmw?ﬁ%@m | @Wﬁ?ﬁ%ﬁ?@% yynthotic

121-126). This N-"[(2-hydroxy-3-trimeth ropyl]chitos
presedretudied for different applications such as in cosmetics (e.g.,
US4772690 ; US4822598 ; US4976952). This derivative with varying

lengths of alkyl chains attached to %uaternar nitrogen has also been 25
The e deatBEATY LI FBBIE atfh mmésgéy IHEH HREes g2 various

SpAGWEITNYAgE o B9ZRGIBAANGIRER BTN 05 RHAERATY GRS ABtained by

derivatives is N@gt ing chito; Macromaqlecules 37, 2004, 2784; _
oA R SLRNELY & 608 TP i SE T JRLpRgls 24 2003, 5015
CarjositgdriceR adiaunein Gaiky it SdBs € biam Chiddsatoge i) \E9Havisg Colloids

wg guaternapy moieties (Bioscience Biotechnolagy and Biqc istry 63, . .,
ami g,glgl’gg\ga& b o"f’sglg?lfc?l eAPTs gineering zgapec&og‘}é, AUU‘% 1,%@11169/ J%m‘“nal 32,
2000, 334; International Journal of Biological Macromolecules 34, 2004, 121-126). This N-
[(2-hydroxy-3-trimethylammonium)propyl]chitosan has been studied for different
applications such as in cosmetics (e.g., US4772690 ; US4822598 ; US4976952). This
derivative with varying lengths of alkyl chains attached to quaternary nitrogen has also been
described as an antimicrobial agent (US6306835) and as a cholesterol lowering agent

(W09206136).

Another example of quaternary chitosan derivatives is N-betainate chitosan
(Macromolecules 37, 2004, 2784; S.T.P. Pharma Sciences 8, 1998, 291/). Lee et al. preparéd
quaternized diaminoalkylchitosans to obtain chitosan derivatives having two quaternary
moieties (Bioscience Biotechnology and Biochemistry 63, 1999, 833; Bioorganic &
Medicinal Chemistry Letters 12, 2002, 2949). Chun-Ho et al. prepared and studied the
antibacterial activity of (triethylaminoethyl)chitin (Polymers for Advanced Technologies 8,
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Medicinal Chemistry Letters 12, 2002, 2949). Chun-110 et al. prepared
and studied the antibacterial activity of (triethylaminoethyl)chitin

w0 200(Rahomers for Advanced Technologies 8, WO 2007/0310821/112006/050373

PCT/F12006/050373 4 1997, 319). Suzuki et al. prepared NN-p-
(N-methylpyridinio)methylated chitosan and N-4-
[(3-trimcthylammonio)propaxy] benzylated chitosan and studied the
198Te 6t résstsindebipiyese] Wate ridisn(Fbigpyerdidoymati 32220003348 . &nd N-4-
[(39%&9@%’?}%&@@ ) alﬂﬂvﬁiﬁ%?ia?%&@h%&%ﬁ'%%&’ ¥tﬁﬁ<§{t{ﬂg glg:'%ageggsa}sryance of
ammonium moiety, e.g., cellulose (Macromolecular Materials an
thespginieaahd Rdpmeobured ARaM0&ta%éh (International Journal of '
Biological Macromolecules 31, 2003, 123). There arc several commercial
roducers of these water-soluble quaternary derivatives of starch and
Otg%mm%’éféacvfg%@aha@paﬁedbawatnﬁaf@ﬁstafchmw&mm@nawmﬁa@nmmiwn

mdtefydiey b dshiometbylimperaziniueahlaride ydiochlonds ang T’,\’i%ﬂ and
diquatemary 1-glycidyl-1.4,4- trimethylpiperazinium dichloride

sty Sdaagaey LR LR PegisrldReTtRAP A SS90 423 hcRisspare several
coﬁ@hﬁhﬁﬁlﬁﬁﬁﬂ’m@d&ﬁ; alkylese wmr%&ms?ﬁmweaeﬂ%a%wf Md?% cellulose.
earlier prepared non-quaternary N-methy|piperazine derivatives o .
Ts%hitgeisaﬁfb u¥ea%f‘ﬁ£s%&1w§8°8my° fel:ﬂﬂ%ﬁ n%‘l% sOTIBRIEGRESY thad tHethyl-1-
(ciparenthyhitpseari{Bionchtrodedigduberl6ri20 @hd 8&8). Byyareparing -glycidyl-1,4,4-
. [ iperazin rivati btain derivatives that are .
R e A B Sperics
c.gerianive sadabititt belrspkeliigistitytfidamvitess wors-qrpaigsdary
chitosan derivatives. To obtain a quaternary nitrogen atom one needs
harsh reaction conditions 20 usually with a large excess of the alkylating
Weehayengartips prprssatbhrotcistaaneweN-tmetindoiperdedes d tbritiatved bhitosan, but
theRl<YIAURY tRRIHONGUBIEKN AR £BIORAMLAL YRGS NGNS APBERARN chitosan
would result in a hetcropolymer with both diquaternary and o
(BiBReHRRHS ﬁpi%@zﬁ§>nﬁyelﬁ@§wrﬁcﬁ%??félﬁémgérﬁ%@ﬁmfw}ves we can
obgrauRsiimsiiosan weuldihe aigtaiedbld ba alku@sipn efipdnas9tRURsternary
. Of chitos(?im .haeze shown g) decrease éh{% a%ly;e%ﬁ solubility 25 of chitosanhi‘
PIRCTEZIRG  GEINGUN S efS8Y PRR RIS dattiesdly R bfsaePrAstivas chitosan
dehigtivdegike stohid-methydation witreginsatohlednewatels Gussh wideddghconditions
e ee. of temization. (Carbghydrate Polymers 36, 1998, 157)..This,, = .
o BRI SO T R v i al gprine
chijostre rdizatisiveardn ciindedss ahewatergealeiphry 3chBosMMARYa@fesT Hice  this

apﬁ%\éﬁww&% result in a heteropolymer with both diquaternary and monoquaternary

- piperazine moieties in monomers. Also the hydroxyl groups in chitosan would be alkylated.

The alleation of hydroxyl groups of chitosan have shown to decrease the aqueous solubility
of chitosan, e.g., Sieval et al. reported that the quaternary chitosan derivatives with high
degrees of O-methylation were insoluble in water, even with high degree of quatemization -
(Carbohydrate Polymers 36, 1998, 157). This also proves that quaternary chitosan

derivatives, even with high dégree of quaternization, are not necessary water-soluble.

SUMMARY OF THE INVENTION

According to a first aspect the present invention is directed to a novel group of polymers

represented by the following general formula:



According to a first aspect the present invention is directed to a novel
group of polymers represented by the following general formula: WO

w0 2093444334032 FCT/FF2006/050373 S x2 0, (I) 00 x3 O Tpk}/prwheraisyd
~isNHor O, 5 X1, X2 and X3 are independently: RHorlll Il -CC --Y R3

in the case of T being NH (i.e. chiin and chitosan), X1, X2 and X3 can
also be R2 ---Y R3 10 and, in addition, X3 can also be: 011 U-Uri 3
wherein R2 and R3 are independently H or a linear or branched,
substituted or unsubstituted alkyl ghain with 1 to 6 carbon atoms and m is
an integer from 1 to 12, 15 Y is a quaternary ammonium moiety selected

from piperazine moiéties having.the formula] z- R4 z z z -N N~ or N N\ or
N N-R4 R5 R5 R5R5 0
0O— 0
!
X, .

wherein
TisNHor O,
5 X1, X, and X3 are independently:

in the case of T being NH (i.e. chitin and chitosan), X1, X, and X3 can also be

R, ‘ :
foder
R, ,

10
and, in-addition, X; can also be:
C—CH
3
wherein R, and Rj are independently H or a linear or branched, substituted or unsubstituted
alkyl chain with 1 to 6 carbon atoms and m is an integer from 1 to 12,
15 Y is a quaternary ammonium moiety selected from piperazine moieties having the formula

f——n ZJr p 4 \Z'+,___ﬂ Z;/ 4 \Z +/——-—\
—N N or N N or N—R,
N/ R, Rs/ \__/ R Rs/
A) B) ©)

20 or selected from the groups
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(A) (B) (C) 20 or selected from the groups VJC 20071034032
PCT/F12006ro50373 6 Z-Z. __ \\ or-N+ N (fl) (E) wherein R4 and R5

wo 2008/€sigependently a linear or branched, substituted or unglstigsied alky

chain with | to 6 carbon atoms, 5 Z- is a negatively charged counter ion,
preferably selected from the groyp consisting of Cl-, Br, IT, OH-, R1CQ0-,
R1S04 , wherein R1 is H or an alkyl group with 1, to 6 carbon atoms or an
aromatic moiety, whereby the degreeof substitution (ds) of the quaternary
substituent for the total of the groups X&, Xand X3 is at legst®.01, 10 n
is the degree of polymerization, and ¢ inted@®r from 23100000,
with the proviso that when T is 0, Y can have the meaning d\ﬂqgroup
of the formula (A), (B), (C) or (E) as defined. The invention is also
directed to methods of preparing the novgb;uaternary polymers 15
well as to mono- and di-quaternary piperazinium acids of the formula ¢ R5
wheeely Reapand Raire fndegendqniica eqrpanbranoledcrabptisusedmt wsytRttped alkyl
chiwdVi 14 8 Mt n2fonRerein R2, R3, R4, R5, m and T are as defined
above, as well as base salts thereof, as well as to methods for preparing

2 958 BSRARY AR EBRERGY PO iR ysfrerb I se sl iomid gircpgaesiibuelof CT,

Bryer)\Gatiy®s ©DanR sohphydraie Roly Mey, 0f ARYIgehRatHralo 6 carbon atoms or

anSemis .Qtrrr}g}g%yc,)r synthetic polymer having a

whereby the degree of substitution (ds) of the quaternary substituent for the total of the
groups X1, Xz and Xj is at least 0.01, '

n is the degree of polymerization, and can be an integer from 2-100000,

with the proviso that when T is O, Y can only have the meaning of a group of the formula
(A), (B), (C) or (E) as defined.

The invention is also directed to methods of preparing the novel quaternary polymers, as

well as to mono- and di-quatemary piperazinium acids of the formula

z z

Rs R .
- 2 o) - R,

Ry~ e R EN\ | O
N N“—{—CM AN N+ 7L_/<
RON_S 7 [T OH RN/ RC|; m “OH

3 3
Vilia Vb

wherein Ry, Rs, R4, Rs, m and Z" are as defined above, as well as base salts thereof, as well

as to methods for preparing the same.

According to a further aspect, the invention is directed to novel derivatives of any
carbohydrate polymer, or any other natural, semisynthetic or synthetic polymer having a
hydroxyl or amino group Subétituted with a quaternary group as defined above for X;, X, or
X3, wherein Y is a mono- or di-quaternized piperazine group of the formula (A), (B), (C) or
(E) as defined above.
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25 hydroxyl or amino group substituted with a quaternary group as defined
above for Xi, X2 or X3, wherein Y is a mono- or di-quaternized pipcrazine

wo 2009reupsef the formula (A), (B), (C) or (E) as defined abovexW@no06/050373

2007/034032 R'G Ti70QG/0"_i*u373 7 DETAILED DESCRIPTION OF
THE INVENTION The monomer #nits of the quaternary polymers can be
independently substituted by the 5 groups X1, X2 and X3. Thus there can
be different monomers in the polymers, i.e., one or- more of the functional

DISFRYPEI NS A FisNSPaRer W@@bstituted with quaternary

groups R-C +Y (i.e. Xi, X2 and 3 ) and some are unsubstituted
(i.e., X1, X2 and X3 =11). In case T is NH (i.e. chitin and 10 chitosan), X1,

e ot ks b te

gy mier Surdute ortfeihesncam s HFRTBIS Rt és ththBodeppee B one or

m&Rsitihdionfihe sidatrrnaay sy Bsieen: B Britsald stibsdty Wi fraternary
imY R3 ' 20 in the polymer structure can be from 0 to | independently for

Er¥HEh one of the groups X1, X2 and X3, however, the overall degree of
substitution for all the grougs X1, X2 and X3 together being at least 0.01,
in order to provide for a co L%n %he necessary quaternary substitucnt

. in)rg1e)PoI merXTh__e maximum;cglegreni of substitution is 3, in which case

i e FLiPe

and some are unsubstituted (i.e., Xi, X and X3 = H). In case T is NH (i.e. chitin and

chitosan), X, X, and X3 can also be

R,
|
ety
Ry
and, in addition, X; can also be:

M
—C—CH,
These different monomers can be evenly distributed within the polymer structure or they can

also form block structures. The degree of substitution of the quaternary substituent

o R R,
R N =
R R

in the polymer structure can be from 0 to 1 independently for each one of the groups X;, X,
and Xj, however, the overall degree of substitution for all the groups X, X, and X3 together
being at least 0.01, in order to provide for a content of the necessary quaternary substituent
in the polymer. The maximum degree of substitution is 3, in which case there are three
quaternary substituents per monomer in each monomer unit of the polymer. A degree of
substitution of, for example, 0.01 for a substituent means that there is on an average 1 of
said substituents per 100 monomer um'té in the polymer, and a degree of substitution of 1

means that there is on an average one substituent in each monomer unit in the polymer.
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wo 20d08aNsthat there is on an average 1 of said substituents per.

quaternary substituents per monomer in each monomer unit of the
polymer. A degree of 25 substitution of, for example, 0.01 for a substituent
o o %17]?2%06/050373
monomer units in the polymer, and a degree of substitution of 1 means
that there is on an average one sybstituent in each monomer unit in the
polymer. WO 2007/034032, PC:T/F120061050373 8 Typically the degree

Tywlicistiedopfarohe BiateiaRy IRy guadkianstaey aa8iohO B8 dtgb-of 0.05 to
| However, tkge 0 tim{aI degree of substjtutign de%ends on the applications
HOR AR P UTAIISEERS BbiRe PR AFERd e Joe o it Bbpich these
qutaemats pabyalkytgrieuviss the upahning of Rl to R5 contains | to 6 carbon

atoms, preferably 1 to 4 carbon atoms, and preferably in a straight chain.

One advantageous alkyl group is the methyl group. In the above formula,
In Rizcaainh R 3fanrsydae fer abily hyohegg én thd ecsaiiczadéyR g tiouRscaomtains 1 to 6 carbon

i r.substi - whe stituents can be lower ‘

L Th B R R S gascons

allgib grvantioe anctirorseaip gl thrishivaivagdeuBlyaabRenyt grofpstdy hydrogen.
TIREGAY FLHR B0 ERAPHINL MBI CH: Wtﬁ&téﬁ]%ﬁéﬁé%getﬂeog\%ﬁlﬁgiems can be

substituted with'one to three substituents selected from lower a
loyssretamn il rashosr Hemakdmdyosy valbResent 5 In the above formula, n is

the degree of polymerization, and can be an integer giving a polymer with
W2-100000 structural units, i.e., the polymer can range from a dimer with

. Hi BRI Yo e BRHISF A S FAC ATAHN B Ry B B84Y Fo00berow, o

beAsz%ﬁﬁliprbg g@u@ghtﬁ@tbﬁpﬁ&@ﬁehthﬂsﬁ ,bwm?g@mm&mun aﬁbéﬁﬁuﬁaﬂ@éﬁl one to
are in 0 abave, wherein Y. is one of the groups having the
T R S S AN A Ok e ol QbGP A B gher hlogen.

“quaternary group is from 0.01 to 1, preferably 0:05 to 1. A preferred group

[ rderivatives. is. for. by thase having the formula (1) above . .
I B B S A T P & AL 3Gy givine o
podysiep withtam 90 sBuqusebuvary Aentioniolymmsiedy, respe diatly odinef with two

HEQLRS, B (o I | he formulas
m%’ (%3) or (@yﬁ%ﬁ%&g&%ﬁﬁf%@ ﬁ?&%ﬁ%{t}i@]ﬂg@he quaternary

group will range from 0.01 to 1, being preferably 0.05 to 1. According to a
ApeRrred ankPdimsHm¥hariLROIWRSLRATKROME IXStatchnaeltlIfg s defined

30 pullulan ar dextran, the general formula of the pokmer derivative is:

above, wherein Y is one of the groups having the formulas (A), (B) or (C), and wherein the

degree of substitution of the quaternary group is from 0.01 to 1, preferably 0.05 to 1.

A preferred group of polymer derivatives is formed by those having the formula (I) above
wherein T is NH, X, and X; are hydrogen and X; is hydrogen, acetyl or a group containing a
quaternary ammonium moiety, especially one of the groups having the formulas (A) to (B),
and in particular the formulas (A), (B) or (C). In such a case the degree of substitution of the
quaternary group will range from 0.01 to 1, being preferably 0.05 to 1.

According to a preferred embodiment, when the polymer backbone is starch, cellulose,

pullulan or dextran, the general formula of the polymer derivative is:
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WO 2007/034032 11CL 82006/050373 92 Oy 0 X Il) 0" 0 X1 n wherein
X1, X2, X3 have the formulas presented above, wherein Y has the

wo 20016809 of a quaternary group of the formula (A), (B), (G)91{E), 80652

R3, R4, R5, Z-, m and n are as above defined, and the degree of
substitution of the quaternary grayip in the polymer is from 5 0.01tol. As
in the case of chitin and chitosan, there can be different monomer units in
the said polymers of formula (11), i.e., in any monomer, unit one or more of
the functional groups 0 R2 can be substituted (i.e., XA,’X2, and/or X3 = R3
) or the functional groups can be 10 unsubstitute f?.e., X1, X3, and X3 =
[I). The different monomer units can be|evenly uted or they can alsgl)
form block structures within the polymer stijetore. TRe degree| of
substitution of the quaternary groups is|as described above for ghe chitin
and chitosan structures. 15 The present invention igalso directed to
wﬂ&%“g%ﬁﬁ%d'ﬁ“%%”%@’ﬁmé@%@é Gl IS HAPUBS YMARAN hing of
VIlib given Below, as well as to methods for their preparation. These type

queformeistizeupanictitermbliify .<1g).ifko prébiugnvofecBieRtoRemhanteatkbn are as
obREBHREPIY LI AR EABR .Y (RORMA SHERRESeRIEd s fom
1996, 469). The reported quaternary piperazinium derivatives have been
O-Q:]yﬁiﬁesized by first attaching the secondary 20 or tertiary piperazine
moiety to a target compound followed by quatermization with alky!l
halides. Unfortunately, this strategy often leads tg mixtures of products, _
AL TRl R P ﬁaﬁleﬂtlmﬁ%srﬁaf% SRS RRATEF GBS the said
poBagingrdheuledd foe ldhariousosepaiaiidnons siande antheiguaieHaaptoups
piperazinium salts and side-products. 25 The novel mono- and
di-quaternary piperazinium acids have tﬁfe‘gﬁm las °, O 2007034032
PCTIIYI2006r'050373 —C C%Y
can be substituted (i.e., X1, X», and/or X3 = Ra ) or the functional groups can be
unsubstituted (i.e., X3, X», and X3 = H). The different monomer units can be evenly
distributed or they can also form block structures within the polymer structure. The degree
of substitution of the quaternary groups is as described above for the chitin and chitosan

structures.

The present invention is also directed to mono- and di-quaternary piperazinium acids of the

* formulas VIa and VIIIb given below, as well as to methods for their preparation. These

type of moieties have been built in e.g. into prodrug molecules to enhance the aqueous
solubility‘ of the parent compound (Pharmaceutical Research 13, 1996, 469). The reported
quaternary piperazinium derivatives have been synthesized by first attaching the secondary
or tertiary piperazine moiety to a target compound followed by quaternization with alkyl
halides. Unfortunately, this strategy often leads to mixtures of products, especially when the
parent molecule has numerous functional groups, leading to the need for laborious separation

of mono- and diquaternary piperazinium salts and side-products.

The novel mono- and di-quaternary piperazinium acids have the formulas
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10 zR5R2 O R4~N+~ICR ZR 4\ R6'-' \--/ 7- R (r)H Ry CN4JOH 3 R3
Villa VllIIb wherein R2, R3, R4, R5, m and Z- are as hereinabove defined

wo 208nekiheir salts. 5 Appropriate base salt forms comprise, fop examplentis s

ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium,
sodium, potassium, magnesium, gglcium salts and the like, salts with
organic bases, e.g. trimethylamine, triethylamine, triethanolamine,
N-methyl- N,N-diethanolamine, ethylenediamine, and salts with amino
acids such as, for example, arginine, lysinc and the like. 10 The said
piperaziniuni acids are prepared by reacting a compound having the
formula R2 O R4 NN4C' Rl im O-E 3 X wherein R2, R3, R4 and m have
the meaning given above and E is hydrogen or any commonly used
protecting group &Y, thehcarboxyl moiety (Green TW, Wuts PGM 15

Proteqiqon orthe\c,arboﬁll gro Protectlv%gmup&m\Orga Synt@3|s
3rd edltlcy ageN hn Wiley &

) J1999)\p ~(1% hyl,
which €& b reroye Eé‘{ar exam@l@ by hydaoiflsrgt_oyorm t OH
corresponding acid, with3 a quaternizing compound corresp dlng to the
group R5, s iﬂas a suitable alkyl halide, alkyl fluorosulfonate, dialkyl
sulfate, alkyv ylate, or alkyl mesylate, to form Wiixture of the
wherip®ynkls Ravkagnihe farnabas: 26rMyRORIOBAaB2d their salts.
PCT/F12006/030373 11 Z-R5R2 0O R2 R4\ +1+jS Z-' O RZN C~0O-E
R4/N+ N*C /m~
Appropriate base salt forms comprise, for example, the ammonium salts, the alkali and earth

alkaline metal salts, e.g. the lithium, sodium, potassium, magnesium, calcium salts and the

like, salts with organic bases, e.g. trimethylamine, triethylamine, tricthanolamine, N-methyl-

N,N-diethanolamine, ethylenediamine, and salts with amino acids such as, for example,

arginine, lysine and the like.

The said piperazinium acids are prepared by reacting a compound having the formula

R
"\ % 0
R—N ) ;
4 \ /N‘——(_[;(‘:HO‘“E
3
X

wherein Ry, R3, Ry and m have the meaning given above and E is hydrogen or any
commonly used protecting group for the carboxyl moiety (Green TW, Wuts PGM:
Protection for the carboxyl group. Protectivé groups in Organic Syntesis 3rd edition. Pages
369-453. John Wiley & Sons 1999), preferably ethyl, which can be removed, for example by
hydfolysis to form the corresponding acid, with a quaternizing compound corresponding to
the group Rs, such as a suitable alkyl halide, alkyl fluorosulfonate, dialkyl sulfate, alkyl

tosylate, or alkyl mesylate, to form a mixture of the compounds having the formulas
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5R R5\--/ R O-E 3 Vllla' Vllib' wherein R2, R3, R4, R5, m and E have
the meanings given above, thereafter separating the compounds, and, if

WO 20078Ge&Rary, converting the so separated compounds into #ei8:06/050373

corresponding acids, and optionally converting the acid obtained into a
salt as defined above. The separation of the two compounds can
preferably be carried out by precipitating one of the compounds,
preferably the diquaternary piperazinium acid (i.e., VIM'), by a suitable
choice of solvent, whereby the other compound will remain in solution. 10
Suitable solvents for use are, e.g., acctonitrile, pyridine, t-butanol,
1-butanol, methyl ethylketonc, 2-propanol, I-propanol, acetone, ethanol,
methanol, nitrobenzene, dimethylformamide, ethylene glycol, DMSO and
Water Th&pergm skilled in the art can for example,based on the
g\e e(ft‘r’law co s ants the solvenys éa lect t%;solve@ts in which
> Nthe di ompound wil C|p|t

on?)—quétm'm%g\d 15 coﬂpcﬁmd willfemain iAf sol t| n, Wher@ﬁrdin it can
be recovered, fof example by evaporatlon In the f(ﬁl@wmg when the term
chitosan is *}iﬁd, it is intended to mean both chitin and chitosan. 20 The
chitin and chitosan derivatives according to the ntion containing a

whypteiteRraRs, nReniorndrbupm X, H@usinglogiXsh cangenkealifideseparating the

coffSRAIRS BYJ2APIRIRGHN %ns%%a%%e%at%e ARERIBUSSANRR" their
droxyi group, whereby the remaining reactive gPoups are |onaﬁ
Coﬁﬁ‘@f@é@ag ildsa eednppiiprs haviery eientothsubeid' B aingd) im@mawcsz defined

abg)@-rﬁ@%@p@ﬂﬁgegﬁhé%w@ (%glﬁaqusQa]n ﬂae¥a1§}§)b5§amed out by precipitating

one of the compounds, preferably the diquaternary piperazinium acid (ie., VIIIa"), by a

suitable choice of solvent, whereby the other compound will remain in solution.

Suitable solvents for use are, e.g., acetonitrile, pyridine, t-butanol, 1-butanol, methyl
ethylketone, 2-propanol, 1-propanol, acetone, ethanol, methanol, nitrobenzene,
dimethylformamide, ethylene glycol, DMSO and water. The person skilled in the art can for
example based on the dielectricity constants of the solvents easily select the solvents, in
which e.g. the di-quatemized compound will precipitate, and the mono-quaternized
compound will remain in solution, wherefrom it can be recovered, for example by

evaporation.

In the following, when the term chitosan is used, it is intended to mean both chitin and

chitosan.

The chitin and chitosan derivatives according to the invention containing a quaternary
ammonium group in X, X, and/or X3 can generally be prepared by reacting a chitin or
chitosan derivative having a free amino or hydroxyl group, whereby the remaining reactive

groups are optionally protected, with a compound having the formula V’
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wherein A is an activating group, Y' is a suitable leaving group or is a
quaternary ammonium group Y, R2, R3, in and Y are as hereinabove
w0 206kefiaesh, or with a compound 5 having the formula 1l R2 X ddlb: 33
wherein L is a leaving group, and Y" is either a quaternary ammonium
group Y or a leaving 10 group, apd R2, R3, inand Y are as above
defined, whereby L is as good a; or a better, or more reactive leaving
group, @s compared to a leaving group Y', and when an intermediate
caf pou¢d containing a leaving group Y' is obtained, the intermediate is
Al = ith @/tgrtiary or aromatic amine corresponding to the
quaterﬁgairy ammonium group Y, to yield the desired quaternary polymer,
and remdving any 15 protecting groups. In the formula 1ll, L can be for
example triflate, tosylate, mesylatc, bromide or iodide, and Y' as a leaving
group can be for example chloride. 20 According to the invention, a
whspipoing abtaieiédiivie srivix 1 YX 2sandioitatehioreitie goeanimgiofa quaternary
anliﬁigﬁﬂgﬁ%rgﬁﬁ be Roneriad igiaeQpIPQUAYd WNBISID 82l &L oX 4, ARd(0k, pound
X3 are different from hydrogen, by reacting the same with a compoung{ ot
hafﬁ%‘g}?rfﬂfglmaéﬂv, wherein the symbols have the meaning as defined,
and reacting an intermediate so obtained containing a leaving group Y,
with a tertiary or aromatic amine corresponding to the 25 quaternary
amronium group Y, and removing any protecting group optionally used in
L ign. WO 20 li 034032 PCT/S+12006/050373 13 According to
the_inv Ation, for the'preparation of a compound containing a group X2
anBfor X3 which is different from hydrogen and wherein Xi is different from
a group containing a quaternizing group, a chitin or chitosan derivative,
wherein the amino group is protected and one or both of the hydroxyl
whynstipk &re lenprgerted, mdcacteditithaaBatomypp undoohthe fotayle Bt dteaving
e REYRID 0 svRRcle ave IRe VARG Adelined. and LEaRUNGAM cyer, or
intermediate obtained in which Y' is a leavihg groug, witha f&r lary or
more reactive leaving group, as compared to a leaving group Y”,

and when an intermediate compound containing a leaving group Y’ is obtained, the
intermediate is further reacted with a tertiary or aromatic amine corresponding to the
quaternary ammonium group Y, to yield the desired quaternary polymer, and removing any

protecting groups.

In the formula III, L can be for example triflate, tosylate, mesylate, bromide or iodide, and

Y’ as a leaving group can be for example chloride.

According to the invention, a compound obtained wherein X;, X, and/or X3 have the
meaning of hydrogen, can be converted to a compound wherein said X;, X, and/or X3 are
different from hydrogen, by reacting the same with a compound of the formula III or V’,
wherein the symbols have the meaning as defined, and reacting an intermediate so obtained
contaihing a leaving group Y’, with a tertiary or aromatic amine Correspond1hg to the
quaternary ammonium group Y, and removing any protecting group optionally used in the

reaction.
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aromatic amine corresponding to the quaternary ammonium group Y and
removing any protecting groups. 10 A chitin or chitosan derivative

W0 20088200899 to the invention, wherein X1 is a group as defingdr abR¥€os0373

containing a quaternary ammonium group, can be prepared for example

by reacting a chitin or chitosan palymer in which the hydroxyl groups in

the 3 and/or 6-positions are optionally protected, and having a free amino
Agrodipgn oneher mangiofi thimidronpeepanitioafofhecchitosad potyaengnithroup X,
anSORDUNEOH AR R 9L ¥ BEACINPQABNE LN RIS M o prou

second step, |f1necessary, with & erﬁary or aromatic amine corresponéﬁn% group
condathis gopu gteteraiyingrgromiumeigtoupr Yandae dedvirigyanyhprete gtingmino group is

Accordi n e ' o] S.in which Xt is,a group.as .

B o A i RO aATcd SRR v o
CORROMYHRIgEA Eampe Blepa¥ediereiacthegsmbochitie Sreomitasing poljefieed, and
redBuiBiGhyn&idydeaxt ApURR N e BRANEr 8-RORILNARS YL GPUIANAY (ertiary or

protected, and the amino group in one or more of the monomer units of
AGRRUS AT EAEROBHRaINA FrealABRGYorB e ESh STRIAQ PN TGRS any
profdstifBeiiipEne group Y is replaced by a suitable leaving group, with a

tertiary or aromatic amine corresponding to the quaternary ammonium

group Y, and removing any protecting groups. 25 According to a second

A emiiiodimbibsiardivvpiepacatiolingf oolyergrsdipvingRaKAQsH Qbup as defined

3PS NID R 0.00p Xl containing & guatemary ammanium arguD. 3,
chitin OF Chitsan polymer RAVING A froerAMING Grotp Adoh WHiak ¢Ry reactng a
chird axghigpoapgatythe Snawblicr Gbsitiorgl apewgptionédlly protdated pssitions are
[each \9/' o] ing the formula.lll or V 30 as defined above, . .
oD e G G BB Fumis o
thephifivred prbrneadith tepnpund eitthe fsriaky 10 erSietidedimidebove, and then
in CORESPRNGIY 1@ the.q p\%t}fi'adté?ﬁﬁ%"ﬂg AIRERIGANNG YHRBoNG to the
2007/034032 PCT/F120061050373 14 Examples of such methods are
QUGS RRY B THE R IBOY A TR HENS SBYBPIOlRIEE SFeWepicted in
Schemes | and Il, respectively. Scheme I illustrates the reaction for a

monomer unit in the starting polymer In wherein the amino group has o
Ag5eE B)sﬁma%%ﬂm%%%w% APIBIEY Srolip EPHARS éq%a?ﬁfﬁ%aammmng

a Qlaternary ammonium group and X and X; are hydrogen can be prepared by reacting a
chitin or chitosan polymer in which the hydroxyl groups in the 3 and/or 6-positions are
optionally protected, and the amino group in one or more of the monomer units of the
polymer carries an alkyl or alkyloxy group corresponding to the group Xj, wherein the group
Y is replaced by a suitable leaving group, with a tertiary or aromatic amine corresponding to

the quaternary ammonium group Y, and removing any protecting groups.

According to a second embodiment, for the preparation of polymers having an amino group
substituted with a group X containing a quaternary ammonium group, a chitin or chitosan
polymer having a free amino group and in which the hydroxyl groups in the 3 and/or 6-
positions are optionally protected, is reacted with a compbund having the formula IIT or V’
as defined above, and when Y’ in the formula III or V’ is a leaving group, reacting the so
obtained intermediate compound with a tertiary or aromatic amine corresponding to the

group Y, and removing any protecting groups.
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Method APpH 1100-0, OObOP4- HHH O(HO fRzCR)m
R2~R'~-m R2 CRm Y'laV1Y VIl Scheme 1. 10 Thus the quaternary
Wwo ze@romenium polymers of the formula VII can be prepared y-@ suldgiitiion
reaction of the polymer la with a tertiary or aromatic amine corresponding
to the group Y. In the formula, P;ig independently IT or a protecting group.
The protecting group may be e.g. a triphenyhnethyl group (Tr), benzyl,
Emmiﬂeﬂmnfyl Spemethothytde nzytet- tﬂlt;dtra.ﬂéchm ohaca&y&kgioﬂpoﬂthe method B,
wl?l@ zg%l %%ﬁ] %{'_r%%&ngg éﬁ‘@ﬁlr Pcb lvfeg I@c%r%é Qt(lzsﬁ €. reactlon for a

tr| eny group; Y'is a'suita ving group, b g
mmgwatemwmrtée sterlipg afelianty brovhimeinthehdorine gR2 e R@am}a@tuted with
aﬁgsylec f‘oqz a4 absence (q = 0) or presence
(9= 1)%@?keto g%up%r%%r%%%ﬁgggﬁz{nt 20 In a first step (a) the
protected or unprotected intermediate la is reacted with any tertiary or
Mafigypadic amine corresponding to the quaternary ammonium group
containing moiety Y, preferably with 1,4-dimethylpiperazine, pyridine or
1-methylimidazole, to yield the quaternary polymer VI. 25 In a second
step (b) tpe possible protecting grogps are removed by reactlonﬁ such as

eductign with hydrogenolysis (fordnstance; in the presence of@ palladium
black a(ga\lyst) O 2007/034032 6CT/F1 006/050373 15 treatnent with
a h idsucit as ydrobrémic, i@ﬂr

r

hy§r0| C acid, pr treatm n?wnkﬂhiﬂuoroa etic acid. refe aldiy!

hydrochtorigoacid is used
q
(Rz——C—R RZ——C-R ( 7 —Rg
\ m m l m
Y Y Y
I VI Vi
Scheme 1.

- Thus the quaternary ammonium polymers of the formula VII can be prepared by a
substitution reaction of the polymer Ia with a tertiary or aromatic amine corresponding to the
group Y. In the formula, P is independently H or a protecting group. The protecting group
may be e.g. a triphenylmethyl group (Tr), benzyl, p-nitrobenzyl, p-methoxybenzyl, t-butyl,
allyl or acétyl group. A particularly preferred protecting group‘ for use in this invention is the
triphenylmethyl (Tr) group; Y’ is a suitable leaving group, e.g., chlorine, tosylate, iodine
etc., preferably bromine or chlorine. R, and Rz are as above defined, and q is 0 or 1,

indicating the absence (q = 0) or presence (q = 1) of a keto group in the amino substituent.

In a first step (a) the protected or unprotected intermediate Ia is. reacted with any tertiary or
aromatic amine corresponding to the quaternary ammonium group containing moiety Y,
preferably with 1,4-dimethylpiperazine, pyridine or 1-methylimidazole, to yield the
quaternary polymer VI.

In a second step (b) the possible protecting groups are removed by reactions such as

reduction with hydrogenolysis (for instance, in the presence of a palladium black catalyst),



5Method BPpPOX2 OOC10CIO~]QHNHNLPNH2P O X30 9l
T lbVI''R2R3IM VII'RZi R3/mY Y Scheme IT. 10 The scheme Il shows
wo 20dh6sieaction of a monomer unit in the polymer Ib containing-q, {86 X5
group. The quaternary ammonium polymers of formula VII', wherein X2
and X3 are hydrogen or a quateypary group, and the other symbols have
the meanings as defined, can be prepared by condensing the amino
tregnoog ofithe Iytéwhadatecti with a compednd llaviagHhd otavmida M dofthoric or
hyarsod%ﬂ:neéjlda bg\{reéaWrgngF {{I]it 1|Isif’fl ' 8%%%%5%35%18%&@&%‘ glr&ll#f?f gkﬁoric acid is
prejtoerabaly with a mono- o I-quaternary piperazium acid of the” oﬁowmg :
usédrmula, Z R5 R2 O R4 jN+~~N C R4\ QNH *i mOH 3 R3 Vllla Vli[b
wherein R2, R3, R4, RS, in and Z- are as hereinabove defined. 20 In the
formula Ib, P is independently H or a protecting group as hereinabove
5 Mefbfith&d. In the step c, the compound V!I'is formed where P' has the
meaning of a protecting group, hydrogen or X2 or X3. The reaction with
the compound V' is favorably effected in the presence of an activating
agent, schh as N,N'-dicyclohexyicafodiimide and | WO 2007/034032
PCT/F42006/60373 16 hydroxypéhzotriazgle. The reaction is-carried ot
in anfinert solvent stich ag in-all ic ora omgtic, p %ggna ed
2% alcohols, etheys; ols, amides-strch|aso formgmide,

P10
ethyiMesmamide or acetargide, N\methylpgyrrolidon okphosphoric aci
q ;

tfis- (dimethylamide), acetonitrile, dif#éthyl sulphoxide and tet@ﬁé)thyl e

sulphone. Water can q
( R,;—C—R3) ( RrCfRa)
Ib VI | /m VI |
Y Y
Scheme I1.
10 The scheme II shows the reaction of a monomer unit in the polymer 1b containing a free

amino group. The quaternary ammonium polymers of formula VII’, wherein X, and X3 are
hydrogen or a quaternary group, and the other symbols have the meanings as defined, can be
prepared by condensing the amino group of the intermediate 1b with a compound having the

formula V’ or III as defined above, wherein Y’ is a quaternary ammonium group Y,

15 preferably with a mono- or di-quaternary piperazium acid of the following formula,
R .
7 5 R, ) R
R“\\N+ [\/li_(‘(iz%_zo R4\ZN+ \N“‘é‘é O
e m
Rg /2 RI OH R5/ N l m "OH
3 Ry
VHIa Vb

wherein Ry, Rs, R4, Rs, m and Z” are as hereinabove defined.

20
In the formula Ib, P is independently H or a protecting group as hereinabove defined. In the
step ¢, the compound VI" is formed where P’ has the meaning of a protecting group,
hydrogen or X, or X3. The reaction with the compound V’ is favorably effected in the

presence of an activating agent, such as N,N'-dicyclohexylcarbodiimide and 1-
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5 also be used as a solvent. In a second step (d) the possible protecting
groups are removed as hereinabove defined. When the protecting groups

Wwo 200§ not used, it is possible that one or more of the fungtionaddisos73

groups X2 and X3 in chitin and chitosan are also substituted with a

quaternary group, i.e., the degregqof substitution for the groups X2, and

X3 is independently 0-1, as discussed earlier. Protection groups are ,
hy fesgbchzathiarno kheltgaterctany substittiehtsiaie 0 heattabhed such as in aliphatic

regioselectively to primary or.secondary hydroxyls, i.e., X2 and X3, .
o RSB, St iy s such as
foraeamightedivittthyy bfvthradimidioommietmidie Wrinvdiny liyrdsbsyhevithphosphoric acid tris-

i neth lety a ry hyd | with an acetyl mai
R PSR Wr can
alsedipvessibity selediiied and they enable the regioselective modification of

chitosan (Macromolecules 24, 1991, 4745). 20 Starch, cellulose and

other carbohydrate polymers containing hydroxyl groups can be
In & sEeRIHetER B dhg enst i BSRFNE Sty arv BT athag dawiarborm desieny.

by esterification. The esters can be prepared by reaction of a

r with a reactive carboxyl 25 derivative of the

arbohydrate polyme ( )
W%mﬁrmwmx@s@me BOS PRerilis RORSIRIR i RAR gL Bi§a fmetional
grciﬁ;a:c égi?bl gieﬁ\t'ﬁiﬁgxg @ﬁllmhﬁcgameb‘lﬂﬂ@@ stbsiytated withiedineetary group,zi.e., the
refer. roming or chlorine.or is a guaternar oniymgroup Y, R2, .
B i T T TR A

hereinabove defined, and when a compound is obtained as an

prSUCHBPURIR, LA IR CRYND HOUD.erdE NETMEARIE B [ARCE, 4y onog
reacted With"a tertiary or aromatic amino corrgpon&ng 0'thé group Y, to
regipsieleehzclickirpdnaprater naggndetyrhedr &b . coakitine C Xrh oospledvilgtiVes amino

grighst fanmua 4d Biclpde-acd ﬁl?l%gigﬁ(?lép\%ﬁpj agi fﬁ{i‘ltgﬂrﬁ%%ﬁ: \ T primary
activated esters, activated amides. Acid anhydrides include symnietric .
hydrydmidsedHatemvdacd arisnrae shosasoadasichydrembiith an acetyl moiety
(Macromolecules 24, 1991, 4745). All of these protection groups can be conveniently
cleaved and they enable the regioselective modification of chitosan (Macromolecules 24,

1991, 4745),

Starch, cellulose and other carbohydrate polymers containing hydroxyl groups can be
converted to the quaternary polymer derivatives of the general formula (IT) by esterification.

The esters can be prepared by reaction of a carbohydrate polymer with a reactive carboxyl
derivative of the formula (V")

R
0 2
A—~é{)~€—(13-}aY' V)
R3

wherein A is any activating group and Y is a suitable leaving group, e.g., chlorine, tosylate,

iodine etc., preferably bromine or chlorine or is a quaternary ammonium group Y, Ry, R3, m



10

15

20

25

30

nitrophenyl ester, ester with N-hydroxysuccinimide, etc. Activated amides
include amide with imidazole. The carboxyl derivative can be activated

wo 20085 parbodiimides as activating 10 agents, such as PCT/FI2006/050373

1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) or N,N'-

dicyclohexylcarbodiimide (DCC).In this method, the carbohydrate polymer

and the carboxyl derivative are mixed in an aqueous or non- agueous
andOlvarrt avitlerthieabarbaltfimideandagehén Theoogsbad/lid @buative 48 an intermediate

nverted ta the carresponding urea,. which reacts with, the basic.hydroxyl .

e R e R R Romase
amifie Theapihdhip tults geovb & pre parlddhwidbsihidrybtiiong @obxadyl

chloride, phosphorus trichloride or phosphorus pentachloride in the

presence of an excess of acid acceptor such as triethylamine in a
Theoragtilar wehend siseivaiy dfeaite, dieniBrotMettissgladeotgishehtnrisien &), acid

The acid chloride r%abee isolated or it may be generated in situ. 20

Alternatively the carb %)L oup can be activated with ethyl ehloroformate

in the presence of trigthylamine to. produce a mixed anhydride, and the )
m“‘é’égﬁfgt n reacted with theS’c }yﬁgﬁgrﬁeﬁ%lﬁ%gﬁS GTdGhidely anhydrides
indster ipkagesc 2niiyideida carbohydratedolymieydsdeacteciivitreties include p-
.reactive carboxyl deriyative shown in formula ("), the intermedjate .
i e T OB R AR ARy e amide
withr onidticodemifes corbospbdetivgtivetvangro aptivaerefisiad atvishiibpddes as activating

Sdimet iperazine rdineQr. i le iel q ar ',
e 1 30 For & P o o e L SiUBAE LT B o

digesg ecmhpdidite ARG Cholpmihiscregoppothe 1 68dobydiswmplgmer and the

cafbeiaarshatde sl mzRamiGAl edificions Al WRAANMIR Q3B odiimide
PCT/2006/050373 18 applications. Essential of Carbohydrate Chemistry.
reasghled o gasbORYIIsHGHYS S FRG Y RIS Ydtie ATUBPOREiRGI St gvhich reacts with

theyaResiiuatatapheriméativghyaiio yb imitNG hesame 1k & MBlEScly.
Characterization. 1H and 13C spectra were recorded on a Broker
AVANCE DRX 500, operating at 500.13 MHz and 125.76 MHz,

Thespattthdlyideorypobadseperal disshlveidiip RPMride, oxalyl chloride, phosphorus
trichloride or phosphorus pentachloride in the presence of an excess of acid acceptor such as
triethylamine in a non-polar solvent such as hexane, dichloromethane, toluene or benzene.

The acid chloride may be isolated or it may be generated in situ.

Alternatively the carboxyl group can be activated with ethyl chloroformate in the presence
of triethylamine to produce a mixed anhydride, and the latter is then reacted with the

carbohydrate polymer to form amide or ester linkages.

When a carbohydrate polymer is reacted with the reactive carboxyl derivative shown in

formula (V’), the intermediate containing the leaving group Y’ is further reacted with a
tertiary or aromatic amine corresponding to the group Y, preferably with 1,4-

dimethylpiperazine, pyridine or 1-methylimidazole, to yield the quaternary polymer II.

For a review of modification of celluloses and starches, reference is made to Prog. Polym.

Sci 26, 2001, 1689, and Robyt J: Polysaccharides II. Chemical modifications and their
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10 and 3-(Trimethylsilyl)propionate-d4 was used as an internal standard.
Measurements were carried out at 300 K or 343 K. 11-1 and 1H

WO zogﬁ@ﬁgged 13C spectra were recorder in a routine way. F&EI%&Q&&H%@%

the recycling time was 4.6 s and 128 transients were collected. For {1H
13C spectra, the recycling time Was 5. 2 s and 8192 transients were
accumulated. 13C- 1H gradient-enhanced heteronuclear single quantum

apptittiation (ge-1ISREyexperimentsCshoiefrergarriedpubhifdie ppases 228244,
sensm\//e rln , us}n%ﬂ'@d%chomntlecho -TPPI gradient selection. FT-IR
prm&: ra Were recorde a Nicolet 510 P spectrometer from KBr pellets.
Synthetic procedures A previously reported method (Macromolecules 37,

004, 2784) was jused to convert 20 ehitosan info 6-0-

T}fek{)eﬁlbmle%r%ﬁ%lﬁ oéaelr?usvglg% '}1%% ?8“%%%5&’# a{nﬁlﬁnﬁﬁ}fﬁﬁgloy 6-O-
triphenylmethylchitosan. 6-O-triphenylmethylchitosan (compound 4 in the

EXmg!eg) or N- chloroacyl-6-O-triphenylmethylchitosans (1 and 17 in the
examples) were used as starting materials for the quaternization ‘
reactions. N-chloroacyl-6-O-triphenylmethylehitosans were prepared as

cﬂﬁ%ﬂ'@%‘t&bﬁiom%f@mel%%@&&ﬁwa%%c&%%d%'ra HRELRVERLH PR 500,

of the polymer formulas, only a reacting monomer unit is shown. Example
opEryig ?ea%%w&m AN pRSE A CrogTeRRBAsH eRldHdelvanin D:O
O O K OB 2 O 3 N o RN e Ol eits were
a) ds go
o b -5 h ARy ARGRATEEL) BB g ecordt & routine
wa| Goaliétypation thd)edychinp| e asol) A AadimEIRykaineAGi REANBoR3Red. For
4 mmol) 5 Kl w lrred in 50.ml of t rrolidone under
{ ﬂrgf# ar 8%] ’fﬁeﬁﬁy% & réaction 521%? ured};/g%%c%ﬁ%%%s S ARy lpted. C-
'"Hherptivdtctimascirbcipitatedeantbiidthyhathen aodelation (ge-HSQC) experiments

were carried out in the phase sensitive mode, using the Echo/Antiecho-TPPI gradient

- selection. FT-IR spectra were recorded on a Nicolet 510 P spectrometer from KBr pellets.

Synthetic procedures:

A previously reported method (Macromolecules 37, 2004, 2784) was used to convert
chitosan into 6-O-triphenylmethylchitosan, via N—phthaloyichitosan and N-phthaloyl-6-0-
triphenylmethylchitosan. 6-O-triphenylmethylchitosan (compound 4 in the examples) or N-
chloroacyl-6-O-triphenylmethylchitosans (1 and 17 in the examples) were used as starting
materials for the quaternization reactions. N-chloroacyl-6-O-triphenylmethylchitosans were

prepared as described in Biomacromolecules 6, 2005, 858.
In the examples below, of the polymer formulas, only a reacting monomer unit is shown.

Example 1. N-[1-carboxymethyl-2-(1,4-dimethylpiperaziniom)]chitosan chloride
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washed with methanol and diethyl ether. 2.b) ds 0.46: 1.4 g of
N-chloroacetyl-6-O-triphenylmethylchitosan (1) (degree of N-

wo 20&ergacetylation 0.46), 12.51 ml (92.5 mmol) 1,4-dimethylpipetazingsand

0.614 g (3.7 10 mmol) Kl were stirred in 70 ml of N-methylpyrrolidone
under argon at 60C for 72h. The ygaction mixture was cooled in ice-water
and the product was precipitated with diethylether and washed with
methanol and diethyl ether. 2.c) ds 0.85: 2 g of
N-chloroacetyl-6-O-triphenylmethylchitosan (1) (degree of N-
chloroacetylation 0.85), 24.3 ml (180 mmol) 1,4-dimethylpiperazine and
1.195 g (7.2 mmol) - 15 KI were stirred in 100 ml of N-methylpyrrolidone
under argon. at 60C for 72h. The reaction mixture was cooled in ice-water
and the product was precipitated with diethylether and washed with
methanol and diethyl ether. The 6-O-triphenylmethy] protection group was
removed during a 3-hour reaction by stirring compounds 2a-c with 1M IICI
at room temperature. The reaction mixture was evaporated to 20 dryness
and the product was washed with methanol and diethyl ether. Products -
were WOr20071034032 R€11f12006/0'50373 20 dialyzed against wate

. tempetature for 24 h and®hen freeze--dried |(ThermoSawant.
©0D-230,|Savant, olbzsﬁgaglé;). 3.a){730 mg fZW m
~Dégree of substifi fined by 11-1 NN%% MRS
ubstitut

3.b)9 5 g)of b yielded 387 md* 30 (76 Degree of s
determi&%j by 'H NMR was 0.46. 3.c) 1.35 g of 2c yielded 720 of 3¢
(96 6).Dmgree of substitution eterined by 'H NMR was 085. IR {KBF):
v 3600-3100 (0-H), 3000-2700 (C{H), 1682 (amide 1), 1565 (amjide 11),
1470 (C- 10 N), 1150-950 ern’ (C- yranose). 'lt NMR at 343 0): 6
2.0 (CH3i N-acetyl), 2.4 (It- 11), 2.8-8.0 (11-10), 3.0-3.101-2, wheh amino
group unsubstituted), 3.3-3.4 (H-12), 3.4-3.9 (If-9, H-6,11-5, tt-4, H-3, H-2
substituted), 4.2 (11-8), 4.6-4.8 ppm (11-1). 13C NMR at 343K (D20): 5
2.25.0s(AH3, N-gceiyl) Méhbrfdackly)]-bAB((phtR) 1haty (Eilon5814 (@ehree of N-

HEL 6 T SRR A o
Kl@sy, 80red(@-40umd wif SYitutsht)l®1raliddne under argon at 60°C for 72h. The reaction

mixture was cooled in ice-water and the product was precipitated with diethyl ether and

washed with methanol and diethyl ether.

2.b) ds 0.46: 1.4 g of N-chloroacetyl-6-O-triphenylmethylchitosan (1) (degree of N-
chloroacetylation 0.46), 12.51 ml (92.5 mmol) 1,4-dimethylpiperazine and 0.614 g (3.7
mmol) KI were stirred in 70 ml of N—methylpyﬂ‘olidone under argon at 60°C for 72h. The
reaction mixture was cooled in ice-water and the product was precipitated with diethylether
and washed with methanol and diethyl ether.

2.c) ds 0.85: 2 g of N-chloroacetyl-6-O-triphenylmethylchitosan (1) (degree of N-
chloroacetylation 0.85), 24.3 ml (180 mmol) 1,4-dimethylpiperazine and 1.195 g (7.2 mmol)
KI wére stitrred in 100 ml of N-methylpyrrolidone under argon at 60°C for 72h. The reaction
mixtare was cooled in ice-water and the product was precipitated with diethylether and
washed with methanol and diethyl ether.

The 6-O-triphenylmethyl protection group was removed during a 3-hour reaction by stirring
compounds 2a-¢ with 1M HCI at room temperature. The reaction mixture was evaporated to

dryness and the product was washed with methanol and diethyl ether. Products were
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4, substituted), 1.02.9 (C-1, substituted), 104.0 (C-I, unsubstituted), 167.0
(C-7),177.1 ppm (C=0, N-acetyl).

WO »odample2.N-[1-carboxymethyl-2-(4,4- dlmethylplperazmlulg&)mgmm 73
5

chloride 20 TrTrOOOH O 0O O1 HONH2HOH'HOHN O ~O 4
N g N N\ - Ni- /N\CI- The preparation of
4-carboxymethyl-1,1-dimethyipiperazinium iodide is described in example

difyseeneigdiptocesitte. lag of&nl- tfﬂ@hﬁ;ﬂﬁ%ﬁ@thﬂiﬁhmsan (#hd(freerantivgyze-dried
oup_ .content 2.074 m was olv O mL of

(T%WBWW&%{%%DZ% g g}ﬂfﬂfﬁo methylpiperazinium iodide,

3.dy iyoroxysrenz otdldzalecand Nol3dicykiheRgeadodinbidirutivereetermined by 'H

ngfh solv? gg‘n 20_mL of N-methylpyrrolidone. The solutions were combined

"Sirred’ WO 200711034032 PCT/F12000/050373 21 at room

3. b@@ﬁﬂemmmsderdadgb%ﬂfmgaﬁf BbTHE prpdietscwefeyretipitateiiteritiined by 'H
t,%l r and washed with methanol and diethyl ether. 5.a) Amounts
of reagents used: 214 mg (0.713 mmol) 4-carboxymcthyl-1,1-

3 @hrihétfhgl pipeeayieiled iBddey@BAccqdivi) Deerag 00, mtmm @@omined by 'H

NIy & hydroxybenzotriazole and 171 mg (0.829 mol, 0.40 equiv)
N,N'-dicyclohexylcarbodiimide. 674 mg (61 %) of product 5a was

R kel T50)-A BRI TR EAE (S, 4 66m(arrideBe IpadroiEaID), 1470 (C-
quw? GSBARNS Bylhdsc S RPVRIBPIAERII A 0N LLRER, 2.4 (-

mmol, 0.78 equiv) TI-nydroxybenzotriazole and 337 mg (1. 33 hunol,

11008 PUNH ) clohexy (Eaibodivnideiisogong (Foustioted proddetBp2), 3.4-3.9

aﬁ@%@ﬁrﬁ& g % 3}@99@%9&&&9@6@@ HERY: 828 YA (B ONAR: 343K
(D20): & 25.0 (CH3, Nacetyl) 46.5 (C-11), 50.3 (C-10), 514 (C-12), 584 (C-2,
substituted), 59.1 (C-2, unsubstituted), 63.1 (C-6, substituted), 63.3 (C-6, unsubstituted),
63.8 (C-9), 63.9 (C-9), 65.3 (C-8), 74.7 (C-3), 77.7 (C-5), 80.5 (C-4 unsubstituted), 81.4 (C-
4, substituted), 102.9 (C-1, substitated), 104.0 (C-1, unsubstituted), 167.0 (C-7), 177 1 ppm

(C=0, N-acetyl).

Example 2. N-[1-carboxymethyl-2-(4,4-dimethylpiperazinium)]chitosan chloride

Tr Tr
0 O OH
0 0
—gwo\ &NO\ ‘%/O\
HO™  NH, HN HO™ N

f__//\ﬂ/

6 N
- (
N N_ck
The preparation of 4-carboxymethyl-1,1-dimethylpiperazinium ijodide is described in
example 9. General procedure. 1 g of 6-O-triphenylmethylchitosan (4) (free amino group

content 2.074 mmol) was dissolved in 50 mL of N-methylpyrrolidone. 4-carboxymethyl-1,1-

dimethylpiperazinium iodide, 1-hydroxybenzotriazole and N,N'-dicyclohexylcarbodiimide

were dissolved in 20 mL of N-methylpyrrolidone. The solutions were combined and stirred
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dimethylpiperazinium iodide, 447 mg (3.241 mmol, 1.56 equiv)
1-hydroxybenzotriazole and 677 mg (3.281 mmol, 1.582 equiv)

— md}}é\!l{-éjjigyclohexylcarbodiimide. 1.714 g (100 %) of produ%tc%:Fﬂ&%/ 0373
00INSL0S]

tained. 15 The 6-O-triphenylmethyl protection group was’remove
during a 3-hour reaction by stirring compounds 5a-c with IM HCI at room
temperature. Reaction mixture evaporated to dryness and product

- at Washvashrdawith methangbang dieshyl eferpRmAducticnest dialyzgbwith diethyl

against water at room temperature for 24 h and then freeze-dried (Thermo
ethen gad vy eibroshaahigiBybrdsk: NY). 20 6.a) 650 mg of 5a
5.y)eldeshahQ mer ofcba (87 Yolsddegree ofipbstiution deteuminedaodymethyl-1,1-
.NMR. was 0.15. 6.h) 880 mg of 5b yielded 329 mg of 6b (71 %). Degree .
dﬂaeﬁaﬂigﬁﬁ%ﬁla@temﬂﬁ@d@% W@wé&%.&%ﬁ%@)gﬁél‘@“&ﬁ%é’ﬁ%lo@ﬂm) 1-
hy@békybgnab (ot %)d Depreg Of Sbsitl tiorodeieimiNgd-bie yd1oBbxIvHRb odiimide.
as 0.87, IR (KBn): v 3600-3100Q (0-H), 3000-2700 (C-H), 1658 (amide 1),
67\%%&% (énﬁ’éé) ﬁ(ﬁmf%ﬁg%twﬁ)o]f%’éﬁd%o cm -1 (C-0, pyranose). 1H NMR.
5.6t 34BK(B29)rB R0 {Clstl: Midcetyl)] 386 (H-0) 3 @rdv) dldrtwhemethyl-1,1-

T T N R T ——

333,68 g (DEBB9130 3D ¢hi2) SBS i phexpaeaigotisidansdfstitat€d), %) of
et S RPNEled 3C NMR at 343K (D20): b 25.0 (CH3, N-acetyl), 49.0
(

C-9), 54.4 (C-11, C-12), 58.0 (C-2, substituted), 59.1 (C-2,
S ehdamintsed rageytcum o8’y wee 2s(ssimimel) 1 63.3q@vs, 4-carboxymethyl-1,1-
dipRaupstiaieshied i3 dfde, Uy &@-@(&ﬁmyb%%ﬂ)ﬁ) 14hyddozPpenzotriazole and
substituted), 77.4 (C-5, substituted), 77.7 éC_S' WO 2007/034032 ACTi' . ‘
STH1061 385038 L0b-of s RBEHARE &) sy g Qe rebpsliiititier)l B eg €190 %) of
prodbstuiesh ob32add C-1, unsubstituted), 1.03,4 (C-l, substituted), 175.2

T S R A B i SEP3e3. e shRighction by stiming

~ cattipoloridesiit Tithl OV OIB'1 avtardoihl thtfip8rafube. Reaction mixture was evaporated to

dryness and product was washed with methanol and diethyl ether. Products were dialyzed
against water at room temperature for 24 h and then freeze-dried (ThermoSavant
ModulyoD-230, Savant, Holbrook, NY).

6.‘a) 650 mg of 5a yielded 269 mg of 6a (82 %). Degree of substitution determined by 'H
NMR was 0.15. -

6.b) 880 mg of 5b yielded 329 mg of 6b (71 %). Degree of substitution determined by "H
NMR was 0.42.

6.c) 1,61 g of 5¢ yielded 550 mg of 6¢ (61 %). Degree of substitution determined by 'H
NMR was 0.87.

IR (KBr): v 3600-3100 (O-H), 3000-2700 (C-H), 1658 (amide I), 1534 (amide 1I), 1475 (C-
N), 1150-950 cm™ (C-O, pyranose). 'H NMR at 343K (D,0): 8 2.0 (CHj, N-acetyl), 2.9-3.0
(H-9), 3.0-3.1 (H-2, when amino group-unsubstitated), 3.1-3.2 (H-11, H-12), 3.25-3.5 (H-8),
3.45-3.8 (H-10), 3.5-3.7 (H-5), 3.6-4.0 (H-6), 3.55-3.7 (H-4, substituted), 3.6-3.8 (H-3), 3.7-
3.9 (H-2, substituted), 3.75-3.9 (H-4, unsubstituted), 4.6-4.8 ppm (H-1). *C NMR at 343K
(D20): & 25.0 (CHs, N-acetyl), 49.0 (C-9), 544 (C-11, C-12), 58.0 (C-2, substituted), 59.1
(C-2, unsubstituted), 61.9 (C-8), 63.0 (C-6, substituted), 63.3 (C-6, unsubstituted), 64.3 (C-
10), 743 (C-3, unsubstituted), 74.7 (C-3, substituted), 774 (C-5, substituted), 77.7 (C-5,
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cr,N\ The preparation of 1-earboxymethyl-1,4,4-trimethylpiperazi-1,4-dium
diiodide is described 10 in example 9. General procedure. 1 g of
-O-triphenylmethylchitosan (4) (free amino group conte 7. I
wo zoglv/ggag%;olved in 50 ml, of N-methylpyrrolidone. 1-carboxr;%r§g%ﬁ§/ 9%8%273
1,4,4-trimethylpiperazi-1,4-dium djipdide, 1-hydroxybenzotriazole and N,N-
dicyclohexylcarbodiirnide were dissolved in 20 ml, of N-methylpyrrolidone.
unblisshiions wergnapmbineg:and uiHRen AP B RTIRCABIRTMAS02.1 (C-1,
argun: for. ..... Irc produccts were 15 precipitated with diethyl ether and
i iehFrtorabes ety i 7 Ay WP RS 6 b depisibea:
473 mg (1.07 mmol) 1-carboxymethyl-1,4,4- trimethylpiperazi-1,4-dium
diiodide (0.52 equivalents compared to free amino group in 6-0-
triphenylmethylchitosan), 173 mg (1.28 mmol, 0.62 equiv)
EAahiyrleoxybgnzotrisole a6Hd 3 ode thg-CL(23 menih &5 2pepetin)i-1,4-dium) chitosan
di!c\%tlo'l;lq;gyclohcxylcarbodiimide. 1.08 g (87 %) of product 7a 20 was «
obtained. 7.b) Amounts of reagents used: 941 mg (2.13 mmol, 1.03 equiv)
1-carboxymethyl-1,4,4- trimethylpiperazi-1,4-dium diiodide, 346 mg (2.56
mmol, 1.23 equiv) 1- hydroxybenzottijazol nd 528 mg (2.56 mmol, 1..23
equiv) I}g}\ﬁ'-dicy lohexylcarbodiimi el 1.29 g (93 %) of product 7h was

obtai e%. 25 7.c) Amountg of reagents used: 1.883 mg (4.26 II"I,2,05
(@(ZL\{@@QX methyt=1,4,4- Xi piperazi-t;2=diu azrﬁggg@é\m
11 M), 2.46 equiv) 1 C'9W/14834032 PC'1'J [20 06/680° 3 g) 23
ydroxybenzotriazole and 1.054 g (5 ol, 2.46 equiv) mg N.N=0
dicyclo%?xylcarbodiimide. 1.73 9 (300 %) of product 7c Wasybtai?e!g./The
6-O-triphenylmethyl protection groms removed during a 3-fbuN
reaction by stirring compounds 7ax¢ with IM HC1 at room tempegatyre.

Reaction mixture was evaporated It'o"js\dryness and product w& yhshed
with methanol and diethyl ether. Products were dialyzed against water at

Theaneneraipetatlitectsboymethd thé i fideethylpae(@hd ihdisavdiiedide is described

i 1 N e b - | ny u
m?%%ﬁ%%%%ﬁ%é@%‘?@%&%ﬁé?é%%;“%%’f#ye%ﬁﬁ% R 80 g v

canisny 2974 Frmplyiwrsetissoly¢h g Bt -peidrdaysrolideatttiesrboxymethyl-
1 defermingdiPycidzi-1,4-dium  diiodide,  1-hydroxybenzotriazole and  N,N'-

dicyclohexylcarbodiimide were dissolved in 20 mL of N-methylpyrrolidone. The solutions

——were combined and stirred at room temperatare under argor for 96 h. The products were

precipitated with diethyl ether and washed with methanol and diethyl ether.

7.2) Amounts of reagents used: 473 mg (1.07 mmol) I-carboxymethyl-1,4,4-
trimethylpiperazi-1,4-dium diiodide (0.52 equivalents compared to free amino group in 6-O-
triphenylmethylchitosan), 173 mg (1.28 mmol; 0.62 equiv) 1-hydroxybenzotriazole and 264
mg (1.28 mmol, 0.62 equiv) N,N'-dicyclohexylcarbodiimide. 1.08 g (87 %) of product 7a
was obtained.

7.b) Amounts of reagents used: 941 mg (2.13 mmol, 1.03 equiv) 1-carboxymethyl-1,4,4-
trimethylpiperazi-1,4-dium  diiodide, 346 mg (2.56 mmol, 123 equiv) 1-
hydroxybenzotriazole and 528 mg (2.56 mmol, 1.23 equiv) N,N-dicyclohexylcarbodiimide.
1.29 g (93 %) of product 7b was obtained.

7.c) Amounts of reagents used: 1.883 mg (4.26 mmol, 2,05 equiv) 1-carboxymethyl-1,4,4-
trimethylpiperazi-1,4-dium  diiodide, 691 mg (5.11 mmol, 246 equiv) 1-
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NMR was 0.54. 8.c) 1,71 g of 7c yielded 640 mg of 8c (68 %). Degree of
substitution determined by IT1 NMR was 0.65. IR (KBr): v 3600-3100

WO 20%%%%%5000-2700 (C-H), 1682 (amide 1), 1563 (amide ”)Pé%%@ﬂ@y}

0 em -1 (C-O, pyranose). IH NMR at 343K (D20):
N-acetyl), 3.0-3.1 (H-2, when amino group unsubstituted), 3.4-3.6 (H-11,
11-12), 3.5-3.6 (H-13), 3.55-3.8 (H- 5), 3.6-4.0 (11-6), 3.6-3.9 (lI-4),

hy3@Ryd&hkbtrloke 7 -dna (H:854-30),(8.713.8 ko2, Slz.bﬁiiwt%q%ﬁég?'ﬁf}g N,N'-

(L&), 4.6-4.8 pom (11-1). 73C NMR at 343K (D20): S 25.0 (CHSi N-
diggelgiselsishedimyisd 7 (1) %5 peodks), Broseiiged. (C-9), 58.4
IO e s i s i e
oA o B (6T PR RSO [Eepory i g csporsad 9
drideseiyl). froduniplend Wistizdcaritio xyettetiyll s yidiyiued ehisdn chietidedialyzed

25FETI’TI‘~OI‘OOH,8%)I;‘§|§|?1%I~1§ZZE. lk\x‘ti ICN “O%O_O?/‘Q 4032 I'CTI S ‘
a%ﬁG/}g@ﬁéﬁ é%’ﬁbéemg ot A-chiorgdce yﬁ -O- ?ffphrecr?ﬁ:me ﬁylc itoean -
MulsteBrégOof dNaohdrdzroekybifion 0.85) was stirred in 10 ml of pyridine

T W rated.and the produc

BB g R s N e R, AR R o o
NBIRaws P6mg (51 %). 5 The 6-O-triphenylmethyl protection group was
8.56;@%%9'\1;17@3@1&@%0 "RRCYPBPREWIND AT DO QLSRN AL WBA by 1

20 nil o HCI at room temperature. The reaction mixture was
Bﬁ%?e?f'to dryness and the product was washed with methanol and

8.gjetiml gthercyielde e Qb sisti@ion ralgried Mot MR eRHE by 'H

was 0.85, The yield of the product (10) was 63 rug (65 %). IR. (KBr): v
§7%168%0-H), 3100-3000 (C-H, pyridyl), 2950
IR (KBr): v 3600-3100 (O-H), 3000-2700 (C-H), 1682 (amide I), 1563 (amide IT), 1481 (C-
N), 1150-950 cm"1 (C-O, pyranose). "H NMR at 343K (D,0): § 2.0 (CHs, N-acetyl), 3.0-3.1
(H~2, when amino group unsubstituted), 3.4-3.6 (H-11, H-12), 3.5-3.6 (H-13), 3.55-3.8 (H-
5), 3.6-4.0 (H-6), 3.6-3.9 (H-4), 3.65-3.8 (H-3), 3.7-4.5 (H-9, H-10), 3.7-3.8 (H-2,
substituted), 4.3-4.4 (H-8), 4.6-4.8 ppm (H-1). *C NMR at 343K (D,0): 8 25.0 (CHs, N-
acetyl), 52.0 (C-13), 53.7 (C-11), 56.9 (C-12), 57.9 and 58.1 (C-9), 58.4 (C-10), 58.9 (C-2,
substituted), 59.0 (C-2, unsubstituted), 63.4 (C-6), 65.6 (C-8), 63.3, 74.4 (C-3), 77.7 (C-5),
80.9 (C-4), 1022 (C-1, unsubstituted), 102,8 (C-1, substituted), 166.5 (C-7), 177.1 ppm
(C=0, N-acetyl).

Example 4. N-(1-carboxymethyl-2-pyridinium)chitosan chloride

,Tr lTr
o o OH
0 o)
~lo o | — | Lo o | — | =Le .
HO™ HN HO™ N HO™ uN
1Y, 9\ 10

- ’a

I

AN N I
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10 2700 (C-H), 1687 (amide 1), 1559 (amide 11), 1490 (C=C, pyridyl),
1374 (C==C, pyridyl), 1150-950 (C-O, pyranose), 783 (arom, pyridyl), 725
aro[% yridyl), 677 cm-' (arom, pyridyl). 11-1 NMR at 300K [3203: 6_230‘
EH1 K acetyl), 3.5-3.6 (H-5), 3.7-4.0 (11-6), 3.7- 3.8 (H-4; 38X H 143,
(F111), 8.75-8:8 ppm (H.9). 13C RMR at S00K (D20) 3 250 (CH3,

-11), 8.75-8.9 ppm (H-9). a : : :

-acetyl), 58.84(C 0-(G-6) - -3), 7,7.6 (C- -
3d&§1.fr%g-@?ffos@%?ﬂ%%c@f%ﬁﬁgc-13%%%%%%—%@%%§ (c,@l) El%él.)ie of N
ck@mgggxgj?&@@,s Nggr/e.d :;&%}0 rgl of fé?dme u:;l; zg)n at 60;20 fcl)(r% ';;Qh. The

7&f Y i Qliatm) : Aarelel, y
) o%rq Hélg% HN H]aé{HF?N %Bo JO 1Cl 11%%%%112 |\1|q| + lc%gﬁut o The
rebgiy qyiekt N edregatend-BLoRatAt rfimethylchitosan (1) (degree of

IN-shinreseatylalion O ias Stiis iy 23N Qf domathylimidazalendsrstirr
B e IS o i
s I
wyialthpbareductdhwasntilfonep Bt Xhs 2adted 6-Orthiplhemylmetdidihyl ether. The

rotection group was remoyed dugi -hour reacti y.stirring ., 105 m
SR U ST TR TR T H D LS Yo roduct
(106)ixtares ag €GA ey alRd(I0Rdyy ne360ark 00e(QFDL 1161 0300ASOEH, withidyl), 2950-

t I jethy The \7Q 2007 0 CT/EF1200 7 . ’
D5, R R L fde B AR el (B Frricn
11461856F (REOprpyacdER) Was(dmg(idys), TRIKBrymy PeEdyB1 00, (arom,

AR TD N O, S8 (0 Bt R S (gl 37
PYde ﬁ Eé= i zgqqe% S DN AR A DL 3
3.8.(H@)13, 3\ dcdtyB), 3.8360(HH5)),36-3.8 (H115),3.6.3 FBY{#1)-87¢B90), 8.65-
s AN AAS A ARAO RN OAR (I L2 BAA0, T s .
11); 7. %4-1(%,@ -8. 'ppm%ﬁ%—%).f I%Qz}[% {é’éb): f‘féy’ '
2%CA3D, (C-aseHly, (C-8), 74.7 (C-3), 77.6 (C-5), 81.1 (C-4), 103.3 (C-1), 131.0 (C-10),
148.6 (C-9), 149.8 (C-11) 169.4 ppm (C-7).

Example 5. N-[1-carboxymethyl-2(1-methylimidazolium)]chitosan chloride

,Tr /Tr
0 0 OH
0 0
’g&o\ g _XEA/O\ — %o\
HO™ uN HO™ hN HO™ N
1 ¢l 11 N CF 12 o
¢ ¢
jw jv

295 mg of N-chloroacetyl-6-O-triphenylmethylchitosan (1) (degree of N—chloroacetylationA
0.85) was stirred in 10 ml of 1-methylimidazole under argon at 60°C for 72h. The reaction
mixture was evaporated to dryness and the product was washed with methanol and diethyl
ether. The relative yield of product 11 was 116 mg (34 %).

The 6-O-triphenylmethyl protection group was removed during a 3-hour reaction by stirring
105 mg of compound 11 with 15 ml of IM HCI at room temperature. The reaction mixture
was evaporated to dryness and the product was washed with methanol and diethyl ether. The
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38.8 (C-12), 53.6 (C-8), 58.6 (C-2), 63.0 (C-6), 74.7 (C-3), 77.6 (C-5), 81.3
(C-4), 103.4 (C- 1), 126.3 (C-I I), 126.5 (C-10),140.3 (C-9) 170.5 ppm

WG 20%2%3}0 Example 6.1V-(I-carboxybutyl-4-pyridiiuium)chitpg@gq&/l)g{&g%gr

OOHH-4~0~0-H13.-HI.O~ HN[HNHNO 819
CI N N+ a U 220 mg of N-chIorongtyryI-6-O-triphenylmethylchitosan a7
(degree of N- 15 chlorobutyrylation 0.67) was stirred in 8 ml of pyridine
depRdesrarannatf9CiendRl. Fhe stlventirasR\@rROkMedoa thePrAsClr the

was washed with methanol and diethyl ether. The relative yield of 1 S ,
Prgast1 4B MY 35 7496y Bne 8- GrkrifRe iRy 3p0Re it grotlp Wag0-3000 (C-H,
infi@meNg hdying @03(5%, regfiopbuesStringsd 43-mes afcorspoundd 8iithzole),

14 ml of 1M HC1 at room temperature. The reaction mixture 20 was

11800 ate AMRIAIMAK AR WP grd dwAsraxRed Witk FethahBrifdH-6), 3.6-

gty etnsro Thesdenges siitutien et 19 calculatad fiom X4 NIMRg), 7.50 (H-
’ sp(?eﬂc}?ra was 0-%17. ?Il'he yield of ?helprgg(lﬁt (éla%as Atgdmz] (56 % VB ¢

%). IR
Uik BeR (Hao0b-8760582np30db3706 (NG, A 65K ARle: 19, %%@ZQ%iA’eacetyD,
381 1A8 9566083158 M3 b (€-0), mraness); HeNMR, afi33@Ka), 103.4 (C-
ﬁé@%}@% 2.0 é&iﬁjé N-g?:(g?yl : 2.3-%%: %I-Q), r%.4-2).5 (H- ),%.1-3%%—1)-2, (
1) Anita:grefup 65 Msttistdied) ! P22 {178, H-5, H-4, H-3, H-2
substituted), 4.5-4.6 (H-1, substituted), 4.6- 4.7 (H-10), 4.8-4.9 (I(-1,
unsubstituted), 8.1-8.2 (H-12), 8.5-8.6 (H-13), 8.8-8.9 ppm (H-11). WO
2007/034032 PCF/ 12006/050373 26 13C NMR at 343K (D20): 3 25.1
Exaitiie bl-Aedbydir BOxVE:E)M-3418diaid) oBith{e&nhRuhktituted), 58.8 (C-2,
unsubstituted), 63.2 (C-6, substituted), 63.4 (C-6, unsubstituted), 63.7
(C-10), 73.5 (C-3, unsubstituted), 74.9 (C-3, substituted), 77.6 (C-5,
ubstitutdd), 78-1 (C-5,unstubstituted);;80.2 (C-4 unsubstitutetl), 82.2

(C-4, stituted), 100.5 (C-1, O OH
o) o o : o
HN HO™ LN HO™ LN
O o) 0
17 18 19
Cl o + Ol

_N _N

g J
220 mg of N-chlorobutyryl-6-O-triphenylmethylchitosan (17) (degree of N-
chlorobutyrylation 0.67) was stirred in 8 ml of pyridine under argon at 60°C for 72h. The
solvent was evaporated and the product was washed with methanol and diethyl ether. The
relative yield of 18 was 140 mg (57 %).
The 6-O-triphenylmethyl protection group was removed during a 3-hour reaction by stirring
140 mg of compound 18 with 14 ml o‘f 1M HCI at room temperature. The reaction mixture
was evaporated to dryness and the product was washed with methanol and diethyl ether. The
degree of substitution of 19 calculated from "H NMR spectra was 0.67. The yield of the
product (19) was 44 mg (56 %). IR (KBr): v 3600-3100 (O-H), 3000-2700 (C-H), 1655
(amide 1), 1554 (amide II), 1489 (C=C), 1150-950 cm™ (C-O, pyranose). 'H NMR at 343K
(D,0): 3 2.0 (CHs, N-acetyl), 2.3-2.4 (H-9), 2.4-2.5 (H-8), 3.1-3.2 (H-2, when amino group
unsubstituted), 3.4-3.9 (H-6, H-5, H-4, H-3, H-2 substituted), 4.5-4.6 (H-1, substituted), 4.6-
4.7 (H-IO),'4.8—4.9 (H-1, unsubstituted), 8.1-8.2 (H-12), 8.5-8.6 (H-13), 8.8-8.9 ppm (H-11).
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5 unsubstituted), 103,8 (C-1, substituted), 131.3 (C-12), 147.0 (C-13),
148.8 (C-11), 177.3 (C-7). Example 7: Quaternary piperazinium acids | N

WO zodjl/ggiéégN\"N " 'O----' Precipitates 21 2320i-0 U O ~~ %é%ﬁiég&%373

1-(2-ethoxy-2-oxoethyl)-4-methylpiperazine (20) was prepar
1-methylpiperazine and ethylbrgmoacetate as described in Journal of
Medicinal Chemistry 43, 2000, 1489. When the compound 20 was

BreaeiRGMIRMEh B Ay Beetenillle MaieiIony2-qxogihvi s (c-8), 582 (C2
1,4,4-trilrcncthylg?)iergzi-l,4-dium diiodi%le 2?) precirf){l)g'?e}d asap(ure)’ ©2

subgitsetindhd U1 1 EridRed.ofdatie strteteiipfPetainfurmnsubstituted),

63i,f7ct'z@ﬁé%2)3t§f(@§',eﬁ!n%§&1ﬂﬂ&ﬂ; 6406 @ 3 LBLdnmal) o 6 205, substituted), 78.1
1-( -ethoxy;2-oxoetha2-4-methylp|pe‘razme(ZO. -and 9.3 nil (149 mmol, 4 .
(CotyudpomTariitle FAtdth SPORIEGHAON Torash-bhe prstitdre WAS €1

unbiliesesemy ashacl withreeaieailriie. Bhepretipitate yelded 28%4a(13, 1773
%) of 1-(2-ethoxy-2-oxocthyl)- 1,4,4-trimethylpiperazi-1,4-dium diiodidc
(C(i' ). The filtrate was evaporated to dryness and 20 the yield of
4-(2-ethoxy-2-oxocthyl)-1,1-dimethylpiperazinium iodide (22) was 9.998 g
E%Z 00)7.T Iils {er%cizit{‘on Wasagg}.eategci\ggth 7.8 g (41.9 mmol) of
-@eethb -5-%xoe§1w})-% me W}ﬂplperazine (20) and 26,1 mL (420 mmol,
10 equiv) of Mel. The reaction was proceeded in 300 ml ACN for 240h.
The precipitate was filtered and yvashq_d with acetonitrile. The pg_ecipit?}te
yielded 11-124 g (57 %) of 1-(2.ctoxy;Z-oxdethyl)-1,4,425 ' /—\ ./
trimcthylpiper zi-I,4-diurD__qiiodToFé\(~2}5‘. | @té\vasevaapom‘éqy\' oM
gm;r;(iﬁtgg yield of4-(2-ethoxy-2-oxoethyl)-1,1-dimcthylpiperazinium
i00ide {22y Was B8y (42-296). 'VJO286FEE3MB2 PCT1f200610503723
27 1-(2-e§~6)xy-2-oxoethyl)-1,4,4-_trimethylpiperazi-1,4-dium diiodide (21):

'H NMR &t 300K (D20): 3 133 2&, J= 14 Hy), 3.44(3H, s), 3.47(3H, 5), O
3.59 (3H, s), 3.9- 4.3 (814, bm},gxlf37 Qllyq}jfl%M\Hz),_Af&Z (&@N\AOH

22 24
1-(2-cthoxy-2-oxoethyl)-4-methylpiperazine (20) was prepared from 1-methylpiperazine
and ethylbromoacetate as described in Joumal of Medicinal Chemistry 43, 2000, 1489.
When the compound 20 was reacted with Mel in dry acetonitrile, 1-(2-ethoxy-2-oxoethyl)-
1,4,4-trimethylpiperazi-1,4-dium diiodide (21)7precipitated as a pure compound and 4-(2-
ethoxy-2-oxoethyl)-1,1-dimethylpiperazinium iodide (22) remained in solution. 6.96 g
(37.37 mmol) of 1~(2-ethoXy—2—oxoethyl)—4—methy1pipe;‘azine (20) and 9.3 ml (149 mmol, 4
equiv) of Mel were reacted in 270 ml of ACN for 48h. The precipitate was filtered and
washed with acetonitrile. The precipitate yielded 2.354 g (13 %) of 1-(2-ethoxy-2-oxoethyl)-
1,4,4-trimethylpiperazi-1,4-dium diiodide (21). The filtrate was evaporated to dryness and
the yield of 4-(2-ethoxy-2-oxoethyl)-1,1-dimethylpiperazinium iodide (22) was 9.998 g (82
%). This reaction was repeated with 7.8 g (41.9 mmol) of 1-(2-ethoxy-2-oxoethyl)-4-
methylpiperazine (20) and 26.1 mL (420 mmol, 10 equiv) of Mel. The reaction was
proceeded in 300 ml ACN for 240h. The precipitate was filtered and washed with
acetonitrile. The precipitate yielded 11.124 g (57 %) of 1-(2-ethoxy-2-oxoethyl)-1,4,4-
trimethylpiperazi-1,4-dium diiodide (21). The filtrate was evaporated to dryness and the
yield of 4-(2-ethoxy-2-oxoethyl)-1,1-dimethylpiperazinium iodide (22) was 5.82 g (42.2 %).
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'3C NMR at 343K (D20): 5 16.03, 51.89, 53.60, 57.01, 57.75 (2C), 58.27
(2C), 58.49, 5 67.08, 167.03

70 20874281 oxy-2-oxoethyl)-1,1-dimethylpiperazinium iodide (!2?%: ToNMR 8t
wo 200@6&5?"?‘(?)20): 81.28 (211, t, J= 14 Hz), 3.01 (411, 5), 3.21 (6 5,23),»?@.49

(4H, s), 3.51 (2Il, s), 4.24 (214, .| =14 Hz) "C NMR at 343K (D20): 3
16.18, 48.58 (2C), 54.50 (2C), 60.04 (2C), 64.25, 64.98, 10 174.44 The

1-ethyhssier greuns el £leaved byiralidkiytpiperaamprdnas 24iRasid2 ). 'H
water, 1-carboxyme:££-1,4,4-trimeth Ipiperazi-1,4-dium diiodidgh(%Z?g. 8.5

NB et JERBR 20 dXBeAR 1 A O Hazh B A b Bl G 817 39

4 yesrefiwxackin 7G04 waterifora %G (pihg reaction mixture was

- avagorated to dryness and the procedure was repeated. The 15 product

Sheld- it oRel 808 crytailized Wit Sthatol Fréatlvade’ (2C), 58.49,
67\iglded white powder 4.98 g (62 %). 'H NMR at 300K (1)20): 5 3.41 (3H,
s%, 3.43 (3H, s), 3.49 (311, s), 3.9-4.1 (611, bm), 4.35 (214, s) 4.4-4.5
4-Brathry-2-saeind 2 kAl Bppipeainumaiodidgd2: FENME a1 190K (D:20):

5 60PBILa9;53141¢ay sy methy) 3L disrethy pineraginiyum sodite, 6249.24 (2H, q, J
11.77 g of 4-(2-ethoxy-2- 20 oxocthyl)-1,1-dimethylpiperazinium iodide
- as refiuxed in 600 ml water for 48 h. The reaction mixture was

'‘QannRted laskymess)a theradyst was, gystalizes witvdietty) ather 64.98,
from ethanol. Yielded white powder 5.484 g (51 %). 'H NMR at 300K

1145%0): 33.30 (6lI, s), 3.51 (4H, s), 3.69 (2H, S), 3.73 (4H, bm) 13C NMR
Tiad QAP DduBsABeBB (243 B 341260 ¢ Ok 48B3 ufdl 2C hnll D3, i2waler.

L A CEANS: L RyRRaY PONRISISRANY BITAYY T oy -
oxoethyl)-1,4,4-trimethylpiperazi-1 4-dium diiodide (21) was refluxed in 700 ml water for
96 h. The reaction mixture was evaporated to dryness and the procedure was repeated. The
product was washed with acetone and crystallized with ethanol from water. Yielded white
powder 498 g (62 %). "H NMR at 300K (D,0): § 3.41 (3H, s), 3.43 (3H, s), 3.49 (34, s),
3.9-4.1 (6H, bm), 4.35 (2H, s), 4.4-4.5 (2H, bm)

BCNMR at 343K (D,0): 8 51.79, 53.45, 56.85 (3C), 58.44 (2C), 66.58,169.53
4-carboxymethyl-1,1-dimethylpiperazinium iodide (24). 11.77 g of 4-(2-ethoxy-2-
oxoethyl)-1,1-dimethylpiperazinium iodide (22) was refluxed in 600 ml water for 48 h. The
reaction mixture was evaporated to dryness and the product was crystallized with diethyl
ether from ethanol. Yielded white powder 5.484 g (51 %). "H NMR ét 300K (D,0): 8 3.30
(6H, s), 3.51 (4H, 5), 3.69 (2H, s), 3.73 (4H, bm)

B3C NMR at 343K (D,0): § 48.86 (2C), 54.84 (2C), 60.47, 62.74 (2C), 173.72
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X1 n 5(I) wherein T is NH or 0, X1, X2 and X3 are independently: O R2 -

-C CY 3 Horaquaternary substituent R, and 10 in the case of T being  ycsLLP

NH (i.e. chitin and chitosan), X1, X2 and X3 can also be a quaternary

substituent R2 CY R3 and, in addition, X1 can also be: O 11 H or C-CH

3 15 wherein R2 and R3 are indeperzgntly H or a linear or branched,

substituted or unsubstituted alkyl chain with 1 to 6 carbon atoms and m is
cLamasieger from 1 to 12, and 20 wherein Y is a quaternary ammonium

moiety, selected from piperazine moieties having the formula MCSLLP

29Z2727Z~Z NNRNNR4NN-R R5R5R5R5a (A) or (B) or (C)

1. Quaternary polymers having a general formula:
B 1
e
O
O
°F
X;—0 -!-
- X1 —n
Q)
wherein
Tis NH or O,

X4, X, and X; are independently:

H or a quaternary substituent

in the case of T being NH (i.e. chitin and chitosan), X4, X, and X5 can also be a

quaternary substituent
Flaz
ey
L3
R .
and, in addition, X; can also be:

i
H or C—CH3 ‘

¥

wherein R, and R; are independently H or a linear or branched, substituted or
unsubstituted alkyl chain with 1 to 6 carbon atoms and m is an integer from 1 to
12, and

wherein Y is a quaternary ammonium moiety, selected from piperazine moieties

having the formula
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or selected from the groups 5Z Z N+_\N\~- N (D) or (E) wherein R4 and

RS are independently a linear or branched, substituted or unsubstituted

1o alkyl chain with 1 to 6 carbon atoms, Z' is a negatively charged counter  MCSLLP
ion, whereby the degree of substitution (ds) of the quaternary substituent

in the polymer 15 structure for the totad of the groups X1, X2 and X3 is

from 0.01 to 3, n is the degree of polymerization, and can be an integer

from 2 to 100000, \%jth the proviso that WQen Tis 0, Y can only haveZthe

meaning of th mulg (A), (B), 20 (C r@f\. The polymers accorgl

to claim 1, W!g‘erein\r;l?is‘ﬁ\lH, and Y is o:gé;\gf the Iijrﬁ"ulas (A), (B) NCC), N—R
wherein t greg of substitution of the' quatepnary substituent jsfrom /~  *
0.01to 1. 25 3. The pﬁymers according to claim 1, Wherein T is NH, X2

and X3 are hyd(ﬁgen and X1 isolpydrogen, acetyJBgr the quaternary,
substituent, and the degree of substitution of the' quaternary substituent is
from 0.01t0 1.iV1 C G L L P 30 4. The polymers according to claim 1,
wherein §igdRoleh #ehafié Yroase hydrogen or the quaternary substituent
wherein Y is one of the formulas (A), (B), (C) or (E), and wherein the

degree of substitution of the quaternary substituent is from 0.01to 1. 5 5.

A process for the preparation gf the quaternary polymers according to the

formula (I) in claim 1, the prpocegs camprising: 1. for the, aration of a
compound wherein T is NH7&@)Xeacting a chitin or ¢ |t8§an rivative

having a free amino or hydroxyl gfetp, 10 and wherein emaining
reactive groups are optionally in protected form, (i) with a co?npound
having the formula V (D) or (E)

wherein R, and Ry are independently a linear or branched, substituted or unsubstituted

alkyl chain with 1 to 6 carbon atoms,

Z is a negatively charged counter ion,

whereby the degree of substitution (ds) of the quaternary substituent in the polymer

structure for the total of the groups X;, X, and X; is from 0.01 to 3,

n is the degree of polymerization, and can be an integer from 2 to 100000,

with the proviso that when T is O, Y can only have the meaning of the formula (A), (B),
(C) or (E).

2. The polymers according to claim 1, wherein T is NH, and Y is one of the formulas
(A), (B) or (C), wherein the degree of substitution of the quaternary substituent is from
0.01 to 1.

3. The polymers according to claim 1, wherein T is NH, X; and X; are hydrogen and
X, is hydrogen, acetyl or the quaternary substituent, and the degree of substitution of the

quaternary substituent is from 0.01 to 1.
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RZ 111 A +Y' (V') R3 wherein A is an activating group, Y'is a suitable

leaving group or is a 15 quaternary ammonium moiety Y, R2, R3, m and MCSLLP

Y are as above defined, or (ii) with a compound having the formula Ill R2
L- - *Y" (lll) R3 wherein L is a leaving group, and Y' is either a quaternary
ammonium moiety 20 Y or a suitablesfeaving group, and R2, R3, m and Y
are as above defined, whereby L is as good as or better than or is a more

4. reacfiye C%%Ws%@é@gﬂﬁg compred \fmaneirhea\;@,rrg,gmug‘ ¥hcaRganheydesyen or
intermediate compound containing a leavi roup. Y. i aiped ! d

el R COTSRLI ReTuTne ot s e (5 BT of 8, ar

whergimthesiegegontitngstituienceidhe auaeanami cvbstithestes femd- fikla the
desired quaternary polymer, and then removing any protecting groups; or
MC;SLLP 31 b) for the preparation of a chitin or chitosan derivativ

5. hav RGBT BroU GBS R AR PRV R e o the formuia

(I) pus@rnarihammessacompisindy, and X2 and X3 are hydrogen, reacting a
chitin or chitosan polymer in which the hydroxyl groups in the 3 and/or
6-positions are optionally protected, and the 5 aming |g_roup in one or more

. of the nfBREIREFERACIARE DENRREHRAMREER BIRWEr alkyloxy group
eyrrespasubinggta dretigroughidsantierbiativehavieg)a frée eaptacedWI@)Xyi group,
suitable JeaVIng: gieHi MLl Helk b AremAlG e SRy RSBkt torm,

the quaternary ammonium moiety Y, and removing any protecting groups;
or 10 (i) with a compound having the formula V'

R2
0
A—g—%—c::—%—r;v' V)
R3

wherein A is an activating group, Y' is a suitable leaving group or is a
quaternary ammonium moiety Y, Ry, Rs, m and Y are as above defined, or

(i) with a compound having the formula 11i

RZ
L%‘%#Y' (i
R3

wherein L is a leaving group, and Y' is either a quaternary ammonium moiety
Y or a suitable leaving group, and R,, R; m and Y are as above defined,
whereby L is as good as or better than or is a more reactive leaving group as

compared to the leaving group Y',

and when an intermediate compound containing a leaving group Y' is
obtained, the intermediate compound is further reacted with a tertiary or
aromatic amine corresponding to the quaternary ammonium moiety Y, to
yield the desired quaternary polymer, and then removing any protecting

groups; or
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30

c) for the preparation of a chitin or chitosan derivative having an amino
group substituted with a group X, containing a quaternary ammonium
group, reacting a chitin or chitosan polymer having a free amino group

and in which the hydroxyl groups in the 3 and/or 6-positions are optionally MCSLLP

protected, with a 15 compound havingthe formula Ill or V as defined
above, and when Y" in the formula Ill or V is a leaving group, reacting the

9 obtaipqHateraIRA e @ﬁ)@%H%ﬂwiﬂﬂlwéﬁﬁi@&i%tﬂ@mm@aﬂnﬁnino group
correspon 0|et Y,.,and removin rotecti ro

Wherebflégé%?ﬁ%éu\ﬁ' Jhel| ué)dx v\/ﬁ%rr‘é%n %%ﬁuand/ormrg\(/% rrPrrio%er Y, and
meaningefamydftoges hydropencaaeetingd Qcﬁé‘%@fp@'ﬂ!hlﬁ@ihépéymgélﬁ hich the
X2 and/gy aﬁ%?ﬁegrQUB%’WEHEOQ"éFWéP@%&YoWG&@@WWé&@ and the

compound of formula Il or V as defined above, and r &ctm%‘%

mtermecﬁ%‘f@%@@ﬂf’afﬂéﬁ‘ cBhiRimg e BT, i Mg garries an
aromatickglioeatiormgpgnodingo?fesp dhdingttdhearsoaphonheregrtigonygiety Y is

and remoying any, prateqing 8r R S RIeNRIMHFES Indiig ertiarRAatlE amine

for the preparation’of a compound wherein T is 0: 30 esterifying a
carbohy8PERSpeRANer o MSifHE S RN s RBIRMHFofetRl Nycﬁ%‘;(feé?t%'ﬁg any
with a reaetyetiegdroxpbderivative having the formula o R2 A-C iY" (V')

R3 MC SLLP 32 wherein A is an activating group, Y' is a suitable leaving
group or a quaternary ammonium moiety Y, R2, R3, mand Y are as

aBove défnEe, piegatiien af cbapbura %*&ﬁéﬂqéﬁf%@tyﬁ i gediiagnino group

containiggiAsnAIUP gfoupexntesnedialg ia fatbernaactashmishian group,
tertiary or arpmatic amine 5 corresponding to the m |etyY to dth
desired ﬁ?ﬁﬁ%?ﬁaarf I?Jg] yomrecrh qne rgopom/%pghg\rﬁ'y ro reecetlﬁlg Iar%é Fom ﬁd in which

compouﬂtbdfb'dm?e{ﬂthwslﬁfd’d_@ré@nd&i\@ﬁm?@lar@cﬁfﬁ)@aﬁ@“éb!a?ﬁé@cmd with a
wherein gL, X2, AFRRE3He APAYAraesn g GefmeauKbViIRINVAENX2 in the

and/or X3 is different from
formula 1ll or V' is a leaving group, reacting the so obtained intermediate

compound with a tertiary or aromatic amine corresponding to the moiety Y,

and removing any protecting groups,

whereby a compound obtained wherein X4, X, and/or X3 have the meaning of
hydrogen, can be converted to a compound wherein said X, X, and/or X; are
different from hydrogen, by reacting the same with a compound of the
formula Il or V' as defined above, and reacting an intermediate so obtained
containing a leaving group Y', with a tertiary or aromatic amine corresponding
to the quaternary ammonium group Y, and removing any protecting groups

optionally used in the reaction; or
for the preparation of a compound wherein T is O:

esterifying a carbohydrate polymer containing at least one unprotected
hydroxyl group with a reactive carboxyl derivative having the formula

0 2
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hydrogen, by reacting with a compound of the formula V, and in case a
compound containing a leaving group is obtained as an intermediate,

reacting the intermediate with a tertiary or aromatic amine corresponding ~ MCSLLP

to the quaternary ammonium moiety Y, and removing any protecting

groups 15 optionally used in the reacs®n. 6. The polymers according to

claim 1, wherein Z- is a negatively charged counter ion selected from the
group coERIRgAT i€ laBraditingRELMD-YRIS@4 svithbleineRding Hroup or a

an alkyl Gy with 110 6 carban, ﬁﬂé?'@‘sﬁ)r AN aromatie 5‘98'89’:1)88/3 oﬂé’ﬂﬁed and

polymer accoro%grpo claim is’the quaternary substituent.

The pOlM@%%@@MHQQ@mW@WIW%IW@H@@mglﬁ'ﬂatérﬁéwqg group
SUbSt'tUQntS{H’éhﬁﬂ%%gcfE%é C?Qefmﬁaﬁ‘ fesatetRsAith), 4%&[&@)02%&9551&; amine

polymers according to ¢ &in th ree.of |tut|on of the
quaterngﬂfrgaBgﬂ% 5 tooly“_eL%i q?ﬁé‘%% yé ars acco'?’d‘D gy oo
claim 1, wherein the degree of substltutlon of the 30 quaternary

substituest s L prlotd dint GrORINFBRT S RERN BN Kheaiay 2,

wherein the degree of substitution of the quaternary substituent is from
0.05to 1.

and, if desired, converting a compound obtained wherein X4, X, and/or Xsis
hydrogen, to a compound wherein X;, X, and/or X; is different from
hydrogen, by reacting with a compound of the formula V', and in case a
compound containing a leaving group is obtained as an intermediate,
reacting the intermediate with a tertiary or aromatic amine corresponding to
the quaternary ammonium moiety Y, and removing any protecting groups

optionally used in the reaction.
6. The polymers according to claim 1, wherein Z" is a negatively charged counter ion
selected from the group consisting of CI', Br', I, OH", R{COO", R;SO4, wherein R, is H or
an alkyl group with 1 to 6 carbon atoms or an aromatic moiety.

7. The polymers according to claim 3, wherein X is the quaternary substituent.

8. The polymers according to claim 3, wherein X; is one of the quaternary

substituents wherein Y has one of the formulas (A), (B) or (C).

9. The polymers according to claim 3, wherein the degree of substitution of the
quaternary substituent is from 0.05 to 1.

10. The polymers according to claim 1, wherein the degree of substitution of the
quaternary substituent is from 0.05 to 1.

11. The polymers according to claim 2, wherein the degree of substitution of the

quaternary substituent is from 0.05 to 1.



