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NOVEL QUATERNARY POLYMERS FI ELD OF THE | NVENTI ON Thi s
invention is ained at novel quaternary polyners and

woredohosi®3f or addi ng quat ernary amoni um noi et | BST/FRO@/050373

ol i goners or polyners, such as any natural,
sem -synthetic or synthetic polyner, preferably to
chitosan and chitin, via different coval ently bonded
spacers. The sai d quaternary arfmoni um pol yner
derivatives have enhanced aqueous solubility,
usability and activity in many industria
2DV QUNEERNARY, PORYMERSaceut i cal appl i cations, in
cosnetics, food science, water purification, pulp and
pa?er i ndust r and in the textile industry. One or

4t BHR AN es can be inserted into a
mononer unit of the polyner. This invention is al so
aimed at nono- ja di-quaternary piperazinium acids
udais igvention g aisred i mevelotpamary, polyaness sl aieds fogqdding quaternary

S B ISR SR b BSRRFEL|p, BACHEER vt o

a syraheticgolyondr Jpraferadbly wfchBommdd clalin \vaa élﬁelsdnt Seskatly bonded spacers.

2002 and bi.ode radable i ompt erials 20 e
a8 SOty SRR RO TRAR SPL G DR PRGNS Eniqueps solubili,
byisdbfiag ahd haiviit9in nanP atlusStrielip@litdtions; c.gl e phﬁﬁﬁibeutlcal applications, in
chitosan s used to describe a w de variety, of

h&PuRisH| [prd rssicgee, quﬁ%ro@grﬁ%% rRyR ‘é'n‘éd’éP'ifl et Saf B the textile
W'lﬂdﬁst\‘f‘rﬁh@ r ARRE ﬁ%e&%%%tey logq | 'b@ rln&?t‘éd TRbES MoAbmer unit of the

wel ght's. |tosan y potential applications In
v aolyowgs Tmseirwgntloa igy alsmanmgmatrmm Jaduquatatiary pépefdamigm acids usable

Indystrial Phar 9 979;
i Praraneyed Pr e S Phiie, 53 B8R sBedbods s Hiparatign.
Sci ence 10, 2000, 5), food SC|ence (I'nternationa
Dai ry Journal 14, 2004, 273; Agro Food Industry

HBAGCOR OENTZ OPSTHB N VENGIEN purification (Water
Research 34, 2000, 1503), pulp and paper industry

(Journal of Applied Polyner Science 91, 2004, 2642),
a@utbﬂm G)%l); ?)ﬁtﬂ b-glucosamme) is a non-toxic (Journal of Biomedical Material

Research 59, 2002, 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 (Intemational 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 solubility of chitin and chitosan

is due to strong intra- and intermolecular hydrogen bonding leading to highly crystallized
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i ndustry (Journal of Macronol ecul ar Sci ence Pol yner
Revi ews C43, 2003, 223). The nmain obstacle to the use

w@boocks4esan in different applications i s poorPCT/FI2006/050373

solubility properties, especially the poor aqueous
solubility. The poor solubibity of chitin and chitosan
is due to strong intra- and internol ecul ar hydrogen

bemraekitings.! ERitisAY dissolRePbhly i ¥&dialaghdoRd $blutiedsudiRSto the protonation of
Chi tosan di ssol ves only in acidic agueous sgl utions .
dihe anjne gEoupt trtBeRelYHAT- Shitesaa inpeasty sghublfiia afl gomgon organic solvents.

p@hﬁgﬁh-beg}t&%ﬁﬂﬂé PG WhenSR¢ Q& J)ilfhegx%étylmtgggroximately 50 %

organic s ents. Chitosan becones soluble Iin wa
wdee tthe uidgosmblef dewlommatioat i ©n femappraxiokgulat y Hydrogen bonds

due. t 0 unf avour abl 0 r@ation . for . ..

b RetSBeeaIs Y ctefi RoBl R i Pitsos driyacives have boen
2Q84Igned Ayl synassiedsmainlyt forinpisieahd §clailitydeoperads ofehitosan (Progress
have been desi gned and sinthesized mainly to inErove ..
t e Plymh SPichse 4b PRt 194 Brosesss iroBelrmesagnas . P04, 887). Anionic

PQla¥rBO1uBE &g%gazlnzﬁesré\%g@és ard Wtbox{ K94 BedvdiRed @l‘nirz]é?@drtional Journal of

Sci ence 29, Ani oni ¢ Wwater sol ubl e chitosan

d@rici»logipalngcramle@alebd@ 19%%i 132t Europgan Pelymer Journal 39, 2003, 1629),

1 b3 (GBR AR Al 4, 2009 e RIS TC B e Rescarch 302
1629),,7).pbihsphatcesol{ila chioikyd deivatifel arepols(efidyleni2Qihicolalgd) derivatives
oXbtupoledfer Pobiin . L 80an deri vati ves are |

pol y(et hyl ene gl ycol ated) derivatives (Carbohydrate

Pol yners 36, 1998, 49). Inportant water sol uble ]

c imperéant watar jsohibloyehdtoganed aiy plives tary derivaiives witly @ guatermnary ammonium
a . . )

AL Pk RSE Pl RS oo (1) oy ar
watagar-ssloblelinea widegpHaratige pidludinpgeeuiralcdnddiasig comditiors| aah@) they have
basic conditjons, and (2) they.haye a, pernmanent. .

p agie{r?%ntcgpélrtldg cléﬂ{gq Pruthe oo bﬁcj%g% e pgﬁgatlomc nature is commonly
P ad gAERU | 18 e Cre§dhnbibR flob PO Prop&ies dfd aétd/ifeof chitosan. Quaternary
responsi bl e for the unique tEroperti es and activity of

c khitesam Aeriatixescian depreparad sither Riequalemiving sha-yping group already present
oA i U b M SUFLAROOah L 50183 Y. S o
q SN pammyetizyiciniosamhasieert widely stodied asbrepSyatt ((ashabyddate Polymers 5,
1985, 297; International Journal of Biological Macromolecules 8, 1986, 105; Carbohydrate
Polymers 24, 1994, 209; 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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(L LO-trinethylchitosan has been w dely studied and
reported (Carbohydrate Polyners 5, 1985, 297,

wo edogos@si onal Jour nal of Biol ogi cal Macronol epCi/BROE/050373

1986, 105; Carbohydrate Pol ymers 24, 1994, 209;

Car bohydrate Polyners 36, 1998, 157; Drug Devel opnent

and I ndustrial Pharmacy 27, 2001, 373). The

piTaE nRaed) gioup! in Wh@peint hae Saldf be{eN]c}(llﬂa}mzed by first reductively alkylating it

tri, net%ykll chi tosan_have been w de studied (e.
EfBpridghydesierfarm iminph fpHewed oy Eedigtin e Ba M n@ﬁb@&erlzf%twes These

5 [ t I 0] :
Sy i SRS g0 g i Polmer Bl 3,

wWa P97, difT; rﬂbmbqlmydlfatﬂr Rﬂmarchown 2@@14 VaEiumppeat Polymgr deurnal 40, 2004,
C e obt ai,ned rect
o an gl Bl St Mo o T PR et wit various
t bg)sﬂgik)ﬁgﬁigentg, eg., ht:vlétﬁ tBﬂi'aéﬂiijxy'mh)&d r(Bioyﬁacﬁﬁnqﬂmmdsl 3064, 1567) and
an t he. seconga yar at pOSItI are SO

fhyqigthglgne ﬂygﬁ% i ‘?Sf@’{ﬁﬁé‘tnéql?ﬁ faaﬁlwﬁnwnﬁ@t Physics 203, 2002,

Okﬁé‘i NRGuridat o4t g%ﬁ@rtﬂz@@l aomeSHt ¥ ﬁﬁl’ﬂ@%’@ﬁpst f€galactose derivative of
poI;saccharl de (Carbohydrate Polyners

osam éCatbphysirafe diaiymers 39 18%rb% sy rabsoBelymers 32, 1997, 105),
a:ﬂ%h%; £ gf gg}galfehr uatel%glyyc Sljng\}é%’ %lt(%g 8%1 sartlt V\ébttzﬂn a polysoap for

or m ron
oldtwy dlelﬂz\{fya{lhtsﬁfnademal \Jatlmuleef PHéremecutick 204,0E85-168).i Newever, all these
h ebenfrther }@bgtlze th al kyl i adides

o nief BRPFRY 7 h3 hitesany dify dPH{EMRSLRClpres, cannot be
3%@1@111%@ Qihe 18 m%l@tﬁ)&fiaf fie! naRsx l]%Hi'uB@'of Y p@%’lér durmg the synthetic
1355). Uragam and co-workers ﬁ’ave crosslinked
Loraceduret hyl chit osan with various crosslinking agents
e.g., wth tetraethoxysilane (Bi omacronol ecul es 5,
2004, 1567) and with diethyl ene glycol diglycidylether
(IWhe rquaetmecy laamddieni moicty eamdb@hmftms 20 Holy@ @ 2structures via various

Eﬂgﬁ@ M(%g}?dgg’tf%z @@%&Ww@ﬁ& Igfggﬁtlphaﬂgr%engan be obtained by

(?éhb mifoaar{ewﬁﬁ triafhthyl@2@onif ctﬂaid@qm&ﬁa?téxeals 24, 2003, 5015;
Pol rrers 32, 199 p%S‘? Uche bu et al. prepar
daPp210h

ed
q lglaflahﬁ@nagﬁ: Reseerah | B3I C(@;lmaflg% g{‘ﬁchr@lqggt 1205 2g04 108; Colloids

Pt AR L SIS PIAL Bl IR SO . 0 12 g Joural 32,
t ﬁQOQ) 334y Iﬁtﬂmatibhal(Jom‘dél- d¢ffBiplegivgl Macroowieules 34.2004, 121-126). This N-

IR ]iIPyrdrng)x%E - elfhngmr%%&%%t)propyl]chltosan 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. prepared
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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obt ai ned due to nethylation of the hydroxyl groups of
the polyner during the synthetic procedure. The

W@ 2@UM84082 Y anmoni um noi ety can be inserted i NPOI/FI12006/050373

pol ymer structures via various spacers.
I V-[(2-hydroxy-3-trinmethyl agmoni un propyl ] chi t osan
chl oride can be obtained by reacting chitosan with
gl1997, 3y b}, 1Suskki oy Alaprepared mph{mmed@myadﬁﬁ@h@tﬂyadtéd 2Hitosan and N-4-
2003, 5015; Carbohydrate Research 339, 2004, 313
cHBdrmethyirm memnalprapgyy1banzylaise £hitesen  andiydigdythe glgstric resistance of
SRRl (PLYRLCREARNISI00ENGANeer | Ng Aspect s 242
2004, 1; Poly Journal "32, ’2000, 334; Internationa
Jour nal of Blologlcal Macr onol ecul es 34, 2004,

1@*“% %‘%1% rlt?“f“?s AR P12 ReSh i TRFEPD By PERTPS & JupigQary ammonium
bessietgt el lehil@:te (Mi(fr&hﬁlﬁéulﬂppiatemalsl aardSEﬁgimnag 286, 2001, 267) and

%gﬁségcidlgﬁgrgmqnaléfﬁgﬁ&%g gﬁ:@ %L;Iggrgfq% cB}es giJSl,\?:LQ?)ZZ S]@é) ?%l‘%lere are several

abb ARG pPodiiears BF HREY wicE-5AG51B qRASmetySR riR8ERs of starch and cellulose.
descri bed as an antim crobial agent (US6306835) and as

a Tetiol edstadr oteportader alkglatage nof ( WeBh064W6) monaquatemary  4,4-dicthyl-1-

a [

38 finlp BAPHELAR Sl d ARERBIOtRle L B3y ucsmagy 1-etyciay1-1.4.4-
Snﬂinahylﬁijﬂrazm& [ Mﬂmﬁie%U 8159991]89)2 EH()wevleg encephydlicochemical properties,
pr epar ed qu ed d| alkg hjtgsans to ob&gin
cRig-394Pua é‘? Sﬁﬁ *h‘gﬁé’t VRS P ETPRES
(Bi osci ence Blotechnology and Blochen1stry 63, 1999,

833; Bioorganic & Medicinal Chemstry Letters 12,

262 haveoepglier rmppated-HpoEquaigmar rémethsdpiperazing derivadiveshef chitosan, but
a a [ t yl; t ti

( 3“%55’ PGR | By A Thildy o ‘%nc%‘?l%lpesl@ 21,“%8‘337 Mé)l 9@%’ pdrent  chitosan
Sﬁﬁmhlacmmod&culep 16¢ P05 858 o By(preparing quaternary piperazine derivatives we can

-net h ri.di nj o) ated c |tosan -
| OBt SR ARAT BABblso ey o MR S v R rangs dowsygr quatermary
E&#éi‘a@ﬁlet a@ivaliest Ednfol’ B8 | prépuRée ditébctlyn86M IREE hbAlqBaternary chitosan
ner Journal 32, 200 334). O her polysaccharides

hé@lévaéll"% T ehtaioa quaieenay nntﬁgéntthg Qnegirefle hagghyreaction conditions
amlﬂbtwﬁh a large excess of the alkylating reagent. It is impossible to obtain well-defined

chitosan derivatives by alkylating the non-quaternary chitosan derivatives, since this
approach would result in a heteropolymer with both diquaternary and monoquaternary
piperazine moieties in monomers. Also the hydroxyl groups in chitosan would be alkylated.
The alkylation 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 degree 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:
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Engi neering 286, 2001, 267) and starch (Internationa
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There are several commercial producers of these
wat er - sol ubl e quaternary dekivatives of starch and
cellulose. Tsai et al. reported al kylation of starch
wi th nmonoquat ernary 4, 4-di et hyl -1 -
(chloroethyl)prperazrnrunrchlorrde hydr ochl ori de and
with diquaternary |-glycidyl X3, 4, 4-
tri met hyl pi perazi unrdlchlgrlde (US5349089). However,
no physi cochemi cal| propertfies, e.g.|, aqueous
solubility of thesle al Ky gtarch derivatiyes were
reported. W have |eakj+ prepar ed hon-quaternary
JV- net hyl pi perazi ne derivatilves of ghitosan, but these
were only relatively nore sédhuble in water than the
parent chitosan (Bi omacronol ecul es 6, 2005, 858). By
pﬂéﬁﬁmlng quat ernary pi perazine derivatives we can
oRltiaigy |vat|ves that are highly water-soluble on a
Je pH range. However, quaternary piperazine
déﬁ;XaMKM%sneaWQmmdhmhprepared directly fromthese
non- quat ernary chi tosan derivatives. To obtain a
quaternary(h|t gen atom one needs harsh reaction
c¢pd|5|ons ?_%_m*th a large excess of the
alkylating m IS inpossible to obtain
wel | - defi ned CR tosan derivatives by alkylating the
non- quat er nary chltosan derivatives, since this
afiptho @ade ofdWethg M {i.¢. chitinand elﬁlersaxppxy, FerandiX;hcdnaiso be
di quat ernary and nonoquat ernary pi perazine noieties in
nmononers. Al so the hydroxyl groups in chitosan woul d
be @ kyl ated. The al kyl ati on of hydroxyl groups of
chitd%an have shown to decrease the aqueous solubility
of §yn, e.g., Sieval et al. reported that the
qu tqrnd?y chitosan derivatives with high degrees of
dhyl ation were insoluble in water, even with high
degree of quaternization (Carbohydrate Pol yners 36,
1998, 157). This al so proves that quaternary chitosan

dghd MRhAMESH, X§keNaldb b hi gh degree of quaternization,
are not necessary water-sol ubl e.

—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,

Y is a quaternary ammonium moiety selected from piperazine moieties having the formula

z Z .
/ \ +7 4 \Z + +/R4 \Z + \
—N N or N N or /N N—R,
/ R, R5/  / R R; —
(A) (B) ©

or selected from the groups
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SUMVARY OF THE | NVENTI ON According to a first aspect
the present invention is directed to a novel group of

w@edoynot32 repr esent ed by the foll owi ng gener al PCT/F12006/050373

formul a:wherein Tis NHor O X1, X2 and X3 are

i ndependently: in the case gf T being NH (i.e. chitin

and chitosan), X1, X2 and X3 can also be and, in

addition, X1 can also be: O -C#£H3 wherein R2 and R3

are independently Hor a |inear or anched,

substituted or unsubstituted atNyl cRhain (ymth_l K%

carbon atons and mis an integer m1lto 12,

guat er nary anmmoni um noi ety sel ected from pi perazi ne \

moi eties having the formula (A) (B) (O or selected

fromthe groups(D) (E) wherein RA(BMd R5 are (B

i ndepen branc ubst i.t ut or .

R e e radhfeDRhachlly GRS PE bragSHEd LR pf imspbstituted aly

i $hdin Re@Altb\6atboaathged counter ion, preferabl y

sel ected fromthe group consisting of H

7Risacisgativelysehprged gountes ignpparefegably %ﬁlecsﬁﬁl fxm W @P%gpmlstmg of CI,
h OBk

%B‘érééeﬁ?ﬁ‘ﬁcﬁ)%?ﬁ% RSB R PR oA el 1 (0 6 carbon atomsor

qaaammapyncsﬂb,stltuent for the total of the groups X1,

0 (xﬁher% I)%%l g éaet: of élgu%loggdsa) iJ tﬁ?t hetegls ié-%tfil%ofab ,the total of the

groups X, X, and X3 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

R
R4\Z- P | ZO R I\ | ZO
+ N+ C 4, ,t
R/ \_/ Z_i| m OH R5/N\ /N_i? m OH
3 3
VIIla VIIIb

wherein Ry, R3, R4, Rs, m and 7 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 substituted 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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with the proviso that when T is O Y can only have the
meani ng of a group of the formula (A), (B, (O or (E

wasoodesqosed. The invention is also directed toPCERFROBHNS0373

of preparing the novel quaternary polyners, as well as
to nono- and di-quaternary piperaziniumacids of the
formula Villa vnb wherein R2, R3, R4, R5, mand Z are
as defi ned above, as well as base salts thereof, as

well as _to nethods for preparing the same. According
{ DR ALEDRESGRIEIION OREHEBOMN BN s di rect ed t o
novel derivatives of any carbohydrate pol yner, or any

ot her natural, sem synthetic or synthetic polymer
h&he mgoreniey anisx f ther qeatérnary grodymers whis i tindepdndeintljy sabstituted by the

quat er ar [ S fined. a e for X1 X2 or .
RGP RELX B s e S AP Fhophten R B i, i, one or
0 v o Dihe iR tibo] Froups (r§omd &)the frichor@ér (i} afsSsubldtitedvith quaternary
above. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

m8HYRRr units of the quaternary polymers can be

i ndependent |y substitutedrby the groups X1, X2 and X3.

Thus there can be différ Ql; n?norrers in the polyners,

i.e., one or nore of the £|u Ttional groups in sonme of

t Kiec. Mo¥nand/arXsts are substitured with quaternary

groups_and so re ynsulst Lt ut (L& 5. X1 X3 ...

Ty 838 ie, BB LERATS) X0, X R 51D I Chiss 17y MR chitin and
X2higdsan)XX;,0armnddocdaalstd, i n addition, X1 can al so

be: ol | -CCH These different nononmers can be evenly
distributed within the polynmer structure or they can

R2

|
o

R3

and, in addition, X; can also be:
i
—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
2 b
fCJﬁC#Y or JﬁCH;Y
| ql

in the polymer structure can be from 0 to 1 independently for each one of the groups X, X
and X3, 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 units 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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al so form bl ock structures. The degree of substitution
of the quaternary substituent in the polyner structure

w@am7oe082o0m 0 to 1 i ndependently for each oneP©f/F2hes/050373

groups X1, X2 and X3, however, the overall degree of
substitution for all the grQups X1, X2 and X3 toget her
being at least 0.01, in order to provide for a content

ofTybleglly @ aReRe Yof qutatietioa it thelahicindBNgroumwilhBe in the range of 0.05 to
pol ynmer. The maxi rum degree of substitution is 3,

in
whi HRwewgethe wetleabsi@rt%?fe%lbﬁfuawt depeydssemrtheiapplisstignsyiay which these
of the polyner. A degree
ggﬁaaﬁart% ;Jt% Jtai%gn g&ﬁ fro WBkd. pol y g

subs or exanple, 0.01 for a
substituent neans that there is on an average 1 of

bstltuents 100 nmonQner  uni
ot ShestEon, b P o O BTl G R RE st to 6 carbon
t htblhts pﬁfdﬁibljzim ltaxt RarhoR ans, s:t&;&efetage;nm d tﬂlra]:giﬁ bhaii.r@ieeddvantageous
unjit_in the pol yner. Typic egree o
salkl groyp i thempsthyl goyp, Jn ﬁwép » # Bnd Rp arq prefepbly hydrogen.

I 8108 Qaidfalid1 GrodpOcah: b WG SHuted Ble sutRfitufdl wHER V\ﬁ@he%ubstltuents can be
substitution dépends on the applications in

t hewer atkoay €Y- garpop alopisk hydroxy ouhdleges. are used. In the

above fornmula, an alkyl group in the neaning of Rl to

R5 contains 1 to 6 carbon atons, preferably 1 to 4

C &Vitddn tlat consext amte pveheorg lah ardnmatie gbttpais @bdvantdpeously Dphenyl group, a
a vania eous al k gro i.S .the

ABEVE) AT TR KON wRe B Py BrsipstiRg with one o

S ﬂtr@e albktitucifl§ SR 1ROk ot KR IbWb Ak ($13tb%§liotn%&f§s) or halogen.
wher eby the substituents can be | ower al'koxy (1-

carbon atonms), hydroxy or halogen. Wthin the context
0 e, r [ S

fIn %ﬁ&ny o@é ﬁg{ﬁﬁtﬁei‘ etrl]lg EPJ;: ooﬁf ﬂ% aRH&daﬁorﬁ%ﬁ%ﬁ‘%%% In¥eger giving a
V\Apobrtnermythtﬂal(tm)ﬁo lsm:léttmal emitso ic. stltes;toil;tm&re:dnmrtgb fmme atdimer with two

three substituen ed fro | ower
L PIDRo A5 § POl v ey e gL eash  (00R0Ghov e
formula, nis the degree of polynerization, and can be

an integer giving a polynmer with 2-100000 structura
urﬁ prgferfedgroupn plepqdpmgitiseare these, rvahegain Iy 5rVH, Hinkr ang Kpare as defined

J@&ﬁ&%s%g %r% &y %ﬁp%&vﬂlgathg%rﬁﬁ}% Kh), V{’Bb ngC)OImd wherein the

east
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 (E),
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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A preferred group of polyners are those, wherein T is
NH, X1, X2 and X3 are as defined above, wherein Y is

we@em7o3408he groups having the formulas (A), (ByCDFIR2(66)050373

and wherein the degree of substitution of the
quaternary group is from0.91 to 1, preferably 0.05 to
1. A preferred group of polyner derivatives is forned
by those having the formula (1) above whergin T is NH
X2 and X3 are hydrogen and X1 is_hydrogen,/ acetyl or a

group containing a quaternary anmmoni um ety,
especi ally one of the groups haVi ng ormul as |( A)
to (E), and in particular the fqrmyl —PB) or ()

(©. In such a case the degree df stibstit@ion of| the
quaternary group will range from0.01 to % bein n
preferably 0.05 to 1. According to a preferred

e et &N Xy, WERavieNRe BSHUIR! proseted aib6vd, Swiikéh Ohhas the meaning of a
cellul ose, pullulan or dextran, the general fornula of

t MBatgERyraeuRiel the rmyle (AY: R(Cd on (Bl and R, R RyaBe @ and n are as

f I ' i i
S0 0BR8P R g B o
(B)0ltadd R2, R3, R4, R5, Z, mand n are as above

defined, and the degree of substitution of the

guaternary group in the polyner is from0.01 to 1. As

| Astinethe @ag of clitih tand chiiekatihiheSedh bd BHTeeen€ aondgher units in the said
di fferent_  nongoner. units in the said pol yners_of .

f BPiyiness qfifpymula (ID, i.e.; iy agyynoRgmsTHEH! Qg or Mgk olihe fisickons groups
the functional groups can be subgtiguted (i.e., Xi,

X2, and/or X3 = or the functlonaéxgpg$%§ can be

unsubstituted (i.e., X1, X2, and ?— Y. The

di : I URd_t he evenRy di RUESS;

t ﬁge{ﬁ‘{:gﬁg%tp%g@%’r)% gﬂz’o%kdﬁg?(ﬁuct ures wt hiﬁir-?F thﬁ e po ogﬁégi'mups can be
stunsubstitned (The XiedteandfXsebH).i The ddferaft mémer units can be evenly
quat er nar roups.i s.as.descri bed ahqve . for.the chitin
AR SR BB TR Sty TR e ot i) The dogree
diof egisaifhtiod oTO quadtBarsH gréiatie af Aestribed @bA@l ot B @htirland chitosan

of the fornmulas Villa and VII1b given below, as well
as¢@uget hods for their preparation. These

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



10

15

20

type of nvieties have been built in e.g. into prodrug
nol ecul es to enhance the aqueous solubility of the

w@a00ens408pnpound (Phar maceuti cal Research 13, ROPB12006/050373

469). The reported quaternary piperaziniumderivatives
have been synthesized by fiygst attaching the secondary
or tertiary piperazine noiety to a target conpound
foll owed by quaternization with alkyl halides.
Unfortunately, this strategy often | eads to m xtures
of products, especially when the parent nol ecul e has
numer ous iunctional groups, leading to the need for

| abori ous separation of nono- and di quaternary

pi perazinium salts and side-products. The novel nono-
and di - quagernar 5 piRger azini um aci ds have the R

formul aRyil 14 v, whelr ei n R3, |R RS_“n1andf
as herelngﬂﬁzzsg fﬁ@éﬂiaﬁ%\ eir sa
base salffs fo i se, exawﬁ e \L_g/a |um
salts, the alkali a earth alkallne nmetal sal £ ,
t he Iithiunhlsodlunl pot assi um nagne5|un1 caIC|um
salts and ta&ll#j ke, salts with organi cVBBses, e.g.
t eR. LAyl y. I

NS R RE B ab AR AT Lo Aol AR AT sl
salts Mﬁth am no acids such as, for exanple, arginine,

lysine and the. ldke. The. sald p razini um.aci [ €41 1
pfké)sgolpga egy)?ser s&lﬂt Cfl?xl‘ni;]sgcoglpgg or cﬁc 1p gev r? arymoniyii rs%i?ﬁ, gw alkali and earth
WakaBndmBR1 sdR3, e¢.R4tha tichii eodaunh, rmmam, Afgadsitdn calute salts and the
and Eis h dro en or any connnnly used protecting
gligeFakoy H@aelarbeﬁw g rigmsthylaptine dpethykpming '§levbewlamme N-methyl-
PO Sdthi31anfhe, [y 16RARMING, EQ4Rs WithOhRinb! ééﬁisg{ueh'% for example,
in Organic Syntesis 3rd edi'tion. Pages 369-453. John
Wargiying 1@dnesandgigolke. pref erabl y et hyl, which can be
renoved, for exanple by hydrolysis to formthe
Caht 858 9ﬁiéfaaﬁmﬁﬁ béids e pFepred B9 r&iclihg b BEmPAHANEPflg the formula
corresponding to the group R5; such as a suitable
al kyl halide, alkyl fluorosulfonate, dialkyl sulfate,
al kyl tosylategp or alkyl nesylate, to forma mxture
of the /conpound$ havOng the fornulasVilla vnb

R—N  N—fcC

\_/ R| O—E

8 X

Y — =

=

wherein Rj, R3, R4 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. Protective groups in Organic Syntesis 3rd edition. Pages
369-453. John Wiley & Sons 1999), preferably ethyl, which can be removed, for example by
hydrolysis 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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wherein R2, R3, R4, R5, mand E have the neani ngs
gi ven above, thereafter separating the conpounds, and,

w0 boones®ssary, converting the so separated conpOL/RI806/050373

into their corresponding acids, and optionally
converting the acid obtaineffinto a salt as defined
above. The separation of the two conpounds can
preferably be carried out by precipitating one of the
conpounds, preferably the diquaternary piperazinium
acid (i.e., Villa'), by a suitable choice of solvent,
wher eby the other conpound will remain in solution.
Sui tabl e solvents for use are, e.g., acetonitrile,
pyri di ne, t{-butanol, 1-butanol, nethyl ethylketone,
2- propanol ;“s1- Bgopanal , acetonez_ethanoIJQnethanoI,
niRrobénzenk, ,di net pyl T or mankde? ernyl ene Plycd?, DVBO
and ter.hkhé—ﬁ skilled*iIINthe N r
exBépl sed the @ dfect REi ty_cdnst nt s"of @N&
sol vents easil{3sel ect the solvents, in Mch e.g. the
di -quaterni zed conpound will precipitate and the
mono- quat er M¥&d compound wi I | remai n YWbBol uti on,

3 i t QOF | .
oV SR RPS RE Ry A ahEFRASE B mi RS 0, Db, perealler scparating the
i sompeunds,i tand,s if meeesdad, toonveting bibe hsa eeparatedndompounds  into  their
chitosan.. The .chitin. and. chitosan derivatives, .
aCeorEP Y% SCIF?Tea“.dn?Pélﬁ’f‘%%‘/n QSRR RGO Gfiaped fup p salt as defined
aaberl The sepatapion bf Hk, twZoaipdlids cfd peclirablg teraatried due by precipitating
prepared by reacting a chitin or chitosan derivatiyve ,
h&0$ 9§ te eGrarouzfs. 5Clarably, e sliqiategnasy pipeipratiemyaci¢ §-., VIla), by a
I IR IRice SRESI MR, VPR ShEbBeARnpRIAd Wil RERiERsBRition.
wi th a conpound having the fornmula VWherein Ais an
activating group, Y is a suitable leaving group or is
a ternary a Lum. gr.oup, 2 .m an r
n ST 580 T B R i Pacbionifile, Sa e FPwdnl g Bfancl, methy1
f othylketont) | 28r¢panocl, 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’



10

15

20

25

L-(--Y(llIl) R3 whereinL is a |eaving group, and
Y is either a quaternary amoniumgroup Y or a
wo e@vios®3ngr oup, and R2, R3 mand Y are as aboVvECT/FI2006/050373
defined, whereby L is as good a; or a better, or nore
reactive | eaving group, as ponpared to a |eaving group
Y', and when an internedi ate conpound containing a
IeaV|ng RJoup Y is obtained, the internediate is
fartﬁbr act ed mnth atertiary or aromatic am ne
Q; Rgﬁ quat ernary anmoni um group Y, to
y| I th red aternary polyner, and renovi ng any
protectlm groups In the formula Il1, L can be for
exanple triflate, tosylate, nesylate, brom de or
iodide, and Y' as a |eaving group can be for exanple

chl oride. According to the_invention, a conpound
oB‘thﬁT%& Vih@Reasivaiing geoupn ¥/ ois acsutighle leaying,gmHp gy isra quaternary
?&ﬁb PeRGORY 6h a8 Y ArPa s REFBRAHBA VRIS, orS@it a compound
Xl X2 and/or X3 are different from hydrogen, DBy
re&dngﬁgfbﬁ@ﬂgﬂhe with a conmpound of the fornula Il
or V, wherein the synbols have the neaning as
defined and reacting an internedi ate so obtained
cont &R |ng a leaving group Y', with a tertiary or
onat am ne correspondi ng to the quat er nary
dn&nr Youp Y, @md renoving any protecting group
opti blly used in the reaction.According to the
|nvent§on for the preparation of a conpound
containing a group X2 and/or X3 which is different
from hydrogen and wherein X1 is different froma group
c ovierwiml nga kwaging erup; 2idny’ igresher,a quatdniary amoroniin gosArY or a leaving

otouB; iy W Yy oo BREE arlrei gt Bt deckoe & pga botor, or
I aeé Rectivellbavin CHOWN 48 Corfipartd'® af 1edvig @olp > 0or V ,

wherei n the synbol s have the nmeaning as deflned and
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
containing a leaving group Y’, with a tertiary or aromatic amine corresponding to the
quaternary ammonium group Y, and removing any protecting group optionally used in the

reaction.
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reacting any internediate obtained in which Y is a
| eaving group, with a tertiary or aromatic am ne

wa@erresfpendi ng to the quaternary anmmoni um gr oupCiYFEROE/050373

renovi ng any protecting groups. A chitin or chitosan
derivative according to thejgnvention, wherein X1 is a

group as defined above contai ning a quaternary

AMTONdIHE @y QhtD ,m\féﬁﬁorbefopftﬁQalp%i)afa@anXalm oﬁhd contalmng a group X»
reacting a chitin or chitaosan in ic

hyed/ex s Whighy ds diffpreni grogn alwém@n @nﬁdglr@rrla st r @fferent from a group

ORbA Rl & &E&ﬁﬁﬁ %gou andh A \or BRitRah HEFvaBYE, heBERUR dnfino group is
for 87 Ry

one or omer units o chi’t osan
pototented and tOhe aorcbmbmfnt@e dfydrdxy] fgooups| axe [unpratected, ds reacted with a

ggémgglgnld o%/ e{%‘r% a eIP(%rnVJ rv]vhgres e%ond leglﬁyei#ehe meaning as defined, and

iary
c@erabﬁﬁgoaﬁydlnﬂgnﬁmdt@ @bmu&ﬂemnahrchamamm\gﬁg) \gPoup, avith a tertiary or
renovi ng any prot ec‘il roups. According to an
e ATSRRLIGEATRING SETFARERS™, giptsegary SN BpETasP defiich sgmoving any

aBRYE (R BEG Rg]l ng a quaternary amoni um group and X2
and X3 are hydrogen can be prepared by reacting a

chrtrn or chitosan polyner in which the hydroxyl

97,0 opchlttagadl (%%R/g{npe ac@ot@ﬁ%I b 't]?enﬁlva{t%nogfh&gﬂ%l ¥ {#&Loup as defined

pf o ect
mabmmaronMga qﬁatérhayrmimamum <garupr m Wprqiakgd fof) example by reacting a

E‘)ﬁlaoxy roup orrespoglﬁbrhg E Qﬁ%ﬁéﬁy.tﬁg%ﬂﬁ?ﬂ? bnpositions o

W'of)rbrﬁlly %fdtéc@é(ﬂ afd hﬁﬁr@@frb@ ardfio g@mﬁ)qﬁ lofie BPHI@i‘erlﬁ‘ th®@mbhGner units of
quaternary anmoni um group renovi ng

pm sanpodymerpwith A@@mpmfttbe formpledHoprafiss definadabove, and then
t&%orﬂf g@é\"‘r ﬁtﬂeggssgrgru g&&{g&%rﬁfl&a& %nﬁaﬁc azmnﬂg cgfrgéf)Bndmg to the

UStItUte th a I Nl ng quat ernary

aatoinaty agmmorpungrmip Y amd @mosingtang protmlng rgmuphravr n g a
free am no group and in which the hydroxyl groups in
the 3 and/or 6- positions are optionally protected, is

r %Gérﬁﬁlg\/’t’b tah embe@inaRat) @Glyﬂ@‘#ﬂ RAGvRibEeXE & ﬁ%k'oﬁ? hd &efﬁfed‘db@r?e containing
def i ned above, and when'Y' in the for or Vis

a 2|qaTay YREepiuny graup pRdy Xohandg¥s 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 X;, wherein the group
Y is replaced by a suitable leaving group, with a tertiary or aromatic amine corresponding to

the quatemary 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 compound having the formula III or V’
as defined above, and when Y’ in the formula IIT 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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obt ai ned internmedi ate conpound with a tertiary or
aromati ¢ am ne corresponding to the group Y, and
WO 2000034062 any protecting groups. Exanpl es of SuBtI/FI12006/050373

nmet hods are illustrated by the nethod A or the nethod
B, which are depicted in Schenes | and ||
respectively. Schene | illustrates the reaction for a

MPReHPles UDft subh t Reetsdddr tdro g iMGMIE by ghoVAREIRIANAL BE the method B,
am no group has been substituted with an al kyl or .
al"‘ﬁ‘gﬁho%l’? d@ﬂ%‘ﬁ% “b%‘?heweﬁé agd [Ig ‘éF\?P‘f?@‘V@Vo@F&eme I 1%@9’%’8 the reaction for a
ot g i S KT AP R PRkt biRuted with
ofan ahy] gralllpyiery dgrauvéartying 4 leavtingignpup Y’ ar omat i ¢ ami ne
corresponding to the group Y. In the fornula, Pis

i ndependently H or a protecting group. The protecting
gMxfibdy be e.g. a triphenylnmethyl group (Tr),

benzyl, p-nitrobenzyl, p-nethoxybenzyl, t-butyl, allyl

or acetyl group. A particularly preferred protecting

group forpuse in this inventhpn is the triphenyl mgj hyl

() grogp; Y —is a suyitabl e/l eaving group,—e.g.,q

chloringé, tosyllate iaqdinefetc., prefgrably bro e or
chl orire QR and—R3--a e;gﬁgé@%Mg\q finedrs an -
o 1o-Tngjcating the ab cgn(d = D) or preséncepyq =
1) op a Kgto grloup in|tike am\no substitueny. Hn a
filest ste )t he pratected w¥Ounprot ect e o
interncdm elais reacte? W any tertiary OT q ;

ar omat | R-@¥R)e correspondi rg-Cer} he quat ernary | R;—C-R
anmoni n1gko p contai ni ng nni¢ty"V, preferably 'wit

1, 4- di net hyl pi perazi ne, pyridivne or 1-nethylinrpdazdl e,
to yieldathe quaternary ﬁ%lyner VI. In a second step

( t he possible protecting groups are renoved by
rgg%?%%hs such as reduction with hydrogenol ysis (for

i nstance, in the presence of a palladi um bl ack

catalyst),treatnment with a_hydrohal i de acjid _such as a
hydrbdee gpptemary, amaionii Pobalets | tierformele Wildras 8girrepared by a

agiiktition tdaBBSEMNhe Yol et Tal WilHPlRBEEE! rom&ticamine corresponding to the
Preferably I M hydrochloric acid is
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 acetyl 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 R3 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),
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used. Method B Schenme Il1. The schene Il shows the
reaction of a nononer unit in the polynmer Ib

wa@onvas4Bsng a free am no group. The quat er nar yPEITRRO6I050373

pol ynmers of formula VIF, wherein X2 and X3 are
hydrogen or a quaternary grpup, and the other synbols
have the neani ngs as defined, can be prepared by

C @riaglefeai Wigh b hgdRRIMR a@fdodtigh Ofas tah By drbé26ric; diyatcmréxhlcy\mymoﬂuonc or
a_compound having the fornmula V or 1]l _as def

aBypdreiodigasidas tFPatm%lt ¥iGusilleprraceyic arido Rralkmily d% hsrdrochlorlc acid is
preferably with a nmono- or di-quaternary piperazium

acld of the following fornula, Villa vnb wherein R2,

R3, R4, R5, mand Z are as herei nabove defined. In the

f %ﬁl Ib, Pis independently H or a protecting group

as fieter nabove defined. In the step ¢, the conpound VT

is formed where P' has the neaning of a protecting

group, hydrogen or X2 or X3. The reaction with the

conpoundFy is favorably effecPed in the presence & an
0

agtivatimng agent, such—as 0
N|N -difC cIohexyI@arb dpfggégggnd d _7§£%§ffo
1 hy egzot +azel €. O+ gn—isscafrh M

gol vent such asiinbdl i phatlic or a OgPtl
p eﬁerabe hal ogenat e Hidr pons|, al cohpl

glycol s, am de€s such for de,—di met hyl™ f or de
or acet ani de, N- et hyl pyrrfq} fdone) or phosphorl@R 'Jh)
tris- (ginmethylanide), \ac ténltr )@, di met yt \ ? *Im
sul phoxi de and tetranethyl enesul phone. Water can al so
be used as a solvent. In a second step (d) the
Peskdnkd B. protecti ng groups are renoved as herei nabove
defined. Wien the protecting groups (P) are not used,

it is possible that one or nore of the inctiona

t
gﬁ@la’ RShetite g%ﬁoxzﬁ tHereSdtoh | JF a3HGhdrttir L ARAR tﬁ'é' ﬁ(tﬂgléép 1b containing a free

stitut a quaternary group, i.e
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 IIl as defined above, wherein Y’ is a quaternary ammonium group Y,

preferably with a mono- or di-quaternary piperazium acid of the following formula,

R R/5 Rf} ZO
4™, t +
N C 4\ +
R/\—/z_i| " OH RS\ /+ St "OH
3
Villa VI

wherein R, R3, R4, Rs, m and 7" are as hereinabove defined.

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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degree of substitution for the groups X2, and X3 is
i ndependently 0-1 , as discussed earlier. Protection

w@emap34032 € needed, when the quaternary substiPCERLR806/050373

are to be attached regioselectively to primary or

secondary hydroxyls, i.e., p and X3, respectively.

The ami no group of chitosan can be protected for
ehﬁd@kﬁae&dd‘la@leﬂ hltﬂédehdﬁoﬂQs Mehu@iell ,out HearPinkfBbWent such as in aliphatic
hydroxyl with a_triphenyl nethyl noiety and t

he
S@E: 6@55‘?19 leﬁgya@;@ylpalggepﬁeghycge@afr‘pq)nsngp@@,s ethers glycols, amides such as
( WalaRh®, ke fgénanill&ﬁélr acBthfinde, NAllnlath %P'ﬁgﬁ&(ﬁle or 8h(t>sRIéor1c acid tris-

protecti on groups can be convenient| aved an
e(rameﬁlyldlmder)egueusmh&c dimeshytsdiphoxdde amhtetramclhyleg@ sulphone. Water can
(I\/ﬁc?)o eacu es 2t4 1991, 4745). Starch, cellul ose and

of 8 E%Qrdbgﬁfavgrtle pol yners cont ai ni ng hydroxyl gr oups

can be converted to the quater nary pol yner derivatives

of the general formula (11), by esterlflcatlon Th

o &t BFORHOBED )haReatibly pﬁsie?t@&ﬁr?lmﬁ aggrremoyed 35dw V&ng"ée defined.
polymer with a reactive carboxyl derivative of the

formula (V') wherein Ais any activating group and Y

i Vhendh¢ pratsictng glaulpsn@) greawpysed, ifjis posible that ene erongtcaf the functional
i odi ' 0 Al ori or | .

q %g(iugrg %(gtraﬁd Xﬁgt{)cﬁutgrgn ﬁ% dutggﬁfyr{'é’so %gtﬁ%%ﬁ 8&’[]% aaéueakezréa%y group, i.c., the
h degbmafmbﬂltdtﬁfn foethe gﬁm]bs Wh e daX i fippdepardiendy 04t ad disodissed earlier.
as an internediate containing a |eaving group Y', the
internediate is further reacted with a tertiary or

aPRITBdtioR BIBuPE arOHcB&IA0 Whéﬁg tﬁeo LABmAROYRbsKtuch® ¥ieeld be attached
the desired quaternary poly the reactive carboxyl

d eqgiesglertiely tof privhasy oo smn@rz hfyqroxsﬂ%u@d 2404 Kscteppectividg The amino

( ?{ I(ag ?f %%ggnangg%yﬁé %gg&te(ipfor e)(aéfne@‘ét }:ﬂ-ﬁh j)e t@)f}i%rrlg%ots Fllo(l:ety, the primary

anhydr

a hh(j«dxyldelsh a mphefnydméthyt md»lemy] hrydithic de&nddkyﬂliydE)(yBWﬂ]n an acetyl moiety
ude

EfPHB? I ek %ﬁr ﬁ-?%t ‘F7S 4%); AH\C Sft @'ﬁieeﬂroéqﬁla%ﬁr?‘}?él q@gebe conveniently

a @leﬁ@ed/\éﬂdhthbfﬂeﬂﬁi@ R redidgel6ctive Qﬁ(ydlﬁ&@ibh \6&ichi6safi IMabdmolecules 24,
activated using carbodiimdes as activating agents,

sU@%1,4449). et hyl - 3- (3- di net hyl ami nopropyl ) carbodiim de
(EDC) or N5N -

Starch, cellulose and other carbohydrate polymers containing hydroxyl groups can be
converted to the quatemary 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")

R2
0
A—g+c:)%Y’ V)
R

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, R, R3, m
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di cycl ohexyl carbodiimde (DCC). In this nethod, the
car bohydrate pol yner and the carboxyl derivative are

Wworooed34062 an aqueous or non- aqueous sol vent W¢TFRMES/050373

carbodi i m de reagent. The carboxyl derivative is

converted to the correspondj;,ng urea, which reacts with

t he basi c hydroxyl groups of the carbohydrate pol yner

t @nd T 4Fc @5 h&bmlabdﬂé&@ﬁﬁed 288 P &teh \eedompolii€ if6btdined as an intermediate
chl orj des can be ared with. thj onyl chlori de,

ogefginingf leil\f%grorsm a’i s inermediaigs dithes reseted g dimisringy or aromatic

PefRCREing o IR REePAnSRIPhe ABiRUGRASTAL Rfler.

accept or s tri ne i n a non-po
such as hexane dlchloronethane t ol uene or benzene.

h
o e i’ BT SR BF b R, B RY e B P ghigrges (A-D, acia
can be activated Bzh et hyl chl oroforrrate in the

|
presence of trigt %@?nyne Itg {)rhggu;:gagt g1dx\emd

anhydri.de,  and the t
c&% & e pol ymer to f)o ARG eSUT s %‘g’t"é‘i"dﬂnﬂa‘?fg ieid anhydrides

Wiludd §ﬁﬁh@@mdaﬁyanml YAE Mmixsd r&@@taeﬂ¥mdeb ARBve esters include p-
reactive carboxyl derivative shown in formula (V

t meraphenyil ieslar, saster st NitwdrRxysuseiniraide) ofg fetdatedyamides include amide

f C
A SRCRE bl SN oA TR Apics s i
d lagtmtsh y Ispnlp easazi-ethyl- ?p—f{?{ dnhentiejlazmindpmpylh y Icarhodiamdé e(ED6) or N,N'-

T b SRS BEER FPELVEE i el e’ S g o

mag®okyd d@ﬁ@eﬂ}ve Red Miked $€ hn dgueodéHlnonl 8@Rousslvdno hyth tHe carbodiimide
Pol ysaccharides I1. Chem cal nodifications and

t Fesgeniphhe earboryh derivadive iy ?fawemd ‘othe epryespaRding urea, which reacts with

SRS Ry o LRI R PR respectivey

without Iimting the same. EXAMPLES Characteri zati on.

ectra, were recor . 0 Br.uker A
o8 D6t CHIaRPE: bt o e fras $Tifion et Sl dMdride, phosphorus
I @5dh@siide\oe pHosphoip peristhlomkicen tHepeesei@hlian ek¥bed 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 14-

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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and 3-(Trinethylsilyl)propionate-J 4 was used as an
i nternal standard. Measurenents were carried out at

w@od7M3482 343 K. 1H and 1H decoupl ed 13C spect PEI/MER0E/050373

recorder in a routine way. For 1H spectra, the
recycling time was 4.6 s angg 128 transients were
collected. For 1H)- 13C spectra, the recycling tine

wapplﬁaﬁor& and 81@gschfidlnsi &Mt Tahgd@AGE UNChortiggly. 1Pages 228-244.
gr adi_ent - enhanced heter onucl ear single quantum

cépmeat\feéhg@@&ﬁs@l perinents were carried out in
t he phase sensitive node, using the Echo/ Anti echo- TPPI
gradi ent selection. FT-IR spectra were recorded on a
NiTbo fdtowadgeamphesdlustratstthe inferdionkBithqu limating th&yamdiet i ¢
procedures: A previously reported nethod

(Macronol ecul es 37, 2004, 2784) was used to convert
cBXAMBDESNt 0 6- O-tri phenyl et hyl chi tosan, via

i V- pht hal oyl chi t osan and

- pht hal oyl - 6- Gt ri phenyl net hyl chi t osan.

6&&5&&’?&%&”@1 hﬁﬁhcl% tsPécﬁlﬁ WERMMRAHAH fn la"BEREr AVANCE DRX 500,
exanpl es) or Nchl oroacy O tri phenyl nmet hyl chi t osans

( oneravieg at500.43 Mz andalasi &Mlimlreepqggwy dSonapaunds were dissolved in DO
& (‘i‘“hﬁle h s1lglﬁ 1584 7L Is d'ad & I{térgcrl]lsstandard Measurements were
LRGP bR LT

oroac osans
prapiad edt #3006 or BAIBEK 3 aﬁiil &Tﬂecamtddé&ﬂ bpmtrﬁ ,we2@ﬂ=’jorder in a routine

ey o ah Sescity Boomehng e yes LR ovinc” ERdpsens were collectod. For
ok} By RS i Gimchosh SIS ki Tkt uod. -

san chlorid

i \Hcgra@pmaﬂzlémqed Itgtetremph:eh ymﬁl@t ayantum cogelation Ygq-HEQLe eexperiments
Ofwi:l‘\é: '&lu%r ga(fu?tﬁ{l b ! %Qse 5¢ ;%Itlélg thg'dem ufﬁliSth@?‘%I)o{éntlecho-TPPI gradient

plpera ne a
S tselecrcmd. FT}IE @patira eferelideondtdgn pNnondﬂt i5d0 Bepentdercted figonK Br pellets.
at 600C for 72h. The reaction mxture was cooled in
ice-water and the product was precipitated with
dlszhih\éhc proRduARd washed vvlth nmet hanol and di et hyl
: ds 0.46: 1.4 of iV-chl oroacetyl -
-A pfqvmpé]yyrmm quo%apr()@ylepe}gsg Béde20@4, 2784) was used to convert

N%Q]‘t Rafip! oy 1hﬂo§ Ly @ﬁa) 18iRsdn and N-phthaloyl-6-O-

%Flmst p| pg Z?Irléé%%& rg i . éy sér and Arpitiatoy
trlphenylmethylchltosan 6- O-tnphenylmethylcmtosan (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-dimethylpiperazinium)]chitosan chloride



mmol) KI were stirred in 70 m of iV-nethyl pyrrolidone
under argon at 600C for 72h. The reaction m xture was
wa@omheshoBn i ce-water and the product was preci piT/BERew/050373

wi th diethylether and washed w th net hanol and di et hyl
ether. 2.c) ds 0.85: 2 g ofyg V-chl oroacetyl -
-O-triphenyl nethyl chitosan (1) (degree of
Nchl oroacetyl ation 0.85), 24.3 m (180 nmol)
1, 4-di et hyl pi perazine and 1.195 g (7.2 nmmol) Kl were
stirred in 100 m of iV-nethyl pyrrolidone under argon
at 600C for 72h. The reaction mxture was cooled in
ice-water and the product was precipitated with
di et hyl et her and washed wi th nethanol and di et hyl
ether. The 6-0-triphenyl methyl protection group was
renmoved during a 3-hour reaction by stirring conpounds
2a-c with IMHC at roomtenperature. The reaction
m xture was evaporated to dryness and the product was
washed wi th met hanol and di ethyl ether. Products

edi al ywed agai nst ter attrroonmtenperagure for 24
h [and t:n freeze-dri ed (ThaynoSavant Mdul yoD- 23®H
Savant | ol brook, NY).| 3.a) &30 ng of 2a yj el ded|3§0

of 99 .” D&gree o Ot ution determ O—
1HHOR was 0.40. 3.b) [98Y mgNof 2b lyi el ded| 38 ngHef
3b-(76 % —Degree of bstituEoOn determ ned by 1H
was 0.468 3.c) 1.35 g of 2c ¥ielded 720 ng of 3c (96,
% . Degr eeClof substitutiorp detMrmitned by 1H NVR 3vas N Ct
0.85. IR (KBr): v 3600-3100[;0;H), 3000- 2700 (C H)E:Qj
1682 (amide |I), 1565 (ami de TN), 1470 (CN), 1150-9
cml (GO pyranose). 1H NWVR &t 343K (D20): d 2.0 |
(CH3, JV-acetyl), 2.4 (H 11), 2.8-3.0 (H10), 3.0-3.1
(H 2, when am no group unsubstituted), 3.3-3.4 (H12),
324)34P d4t+ 9. oo, NQhﬁxodéé@-&'?b-?ﬁphWnéﬂl?ﬁdt&é&he@1))' (degree of N-
4.2°(H8), 4.6".8 ppm (H1). 13C NWR at 343K
chloroacetylation 0.4), 4.74 ml (35 mmol) 1,4-dimethylpiperazine and 232 mg (1.4 mmol)

KI were stirred in 50 m] of N-methylpyrrolidone 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-methylpyrrolidone 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 were stirred in 100 ml of N-methylpyrrolidone 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.

The 6-O-triphenylmethyl protection group was removed during a 3-hour reaction by stirring
compounds 2a-c 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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(D20): d 25.0 (CH3, JV-acetyl), 46.5 (C-11), 50.3
(C-10), 51.4 (C-12), 58.4 (C-2, substituted), 59.1

w@ ho2/03408substi tuted), 63.1 (C 6, substituted)pPCBBI2806/050373

(G 6, unsubstituted), 63.8 (C9), 63.9 (C9), 65.3

(G8), 74.7 (CG3), 77.7 (CGfg, 80.5 (G4

unsubstituted), 81.4 (C 4, substituted), 102.9 (CI

S dhigyzed Utapaihst 1@4teP @C- koorﬂnﬁﬂqlﬁdmttmét g0l , 24167 . §hd( Cth&]) freeze-dried
177. 1 gm (G0 -acetg 3@

i {Tharme V&B&MRQ‘EIWIP 230, Savantgh 9?}‘} N¥perazi niunm]chito

S3n) &b Yd g2l ie1des 88 %) f substitution det dby 'H
4- carE et ha? {1 d?m% hp'fhpl peroa2| relfrr? |Sgd? gu lcfns ctermined by
dé@de\@@@‘iOn exanpl e 9. Ceneral procedure 1 g of

8%9?3{) pheﬁgélbrrel pq)ésl %&Ztn?%?p %l; @\?e% gg«aa %Lsugglrtl?t'ijo% determined by 'H
i WMRtvh);loerrol i done.
hyl I hy|
H:3 E}?ﬁ% hgé@qlg%iz%i(ggtgn%/f fc 9e6r‘%)zi)lgzglgrlélzgzr1 of %gllos(tjltutlon determined by 'H
NWR%agy)c;jSohexyl carbodi i m de were dissolved in 20 nmL
of | V-nethyl pyrrolidone. The solutions were conbi ned

an® @&Bry:vettdl-3160 (OB P02 100 &Ceht)l 68 20Gagude B,0l569 Garhide IT), 1470 (C-

o0 EUEOD 5 GrBraes. of Vg o B 8 TR P, 2.4 -

ofi1y, Qaggﬁﬁt(ﬁ Nﬁ eﬂo 32141- Qfgwﬁé?l abdio b)unsubstltuted) 3(30-3 4 (H-12), 3.4-3.9

4- car boxynet h i di neth yl pi perazi nium i odi d

O 126,11, Hef, H05.912 bbb, 30 (HefDi 4548 ppm (H 1) "C NMR at 343K

gm?@yﬁ%@&{%{iéﬂoﬁe&ggcar%égglllﬁno §896%}H% 16‘{1) G512 584 (€2,

p%ﬂgﬁﬁidtre:{ﬁ assvvaqcoz;t@smdtut&l) b63 Ar(chts‘ab@ftutEdaage Bt @-6, unsubstituted),

use

4 6é'§r(§o(39y§|3en? H;(n9) |65+3uGCrr§)t A7 épp?éf%ﬂ (#é}nSPédﬁd‘éunSmltw@d) 814 (C-
h e [ X

{ %7%1?%8% ?}gg rm(gl ?%gﬂ_)s‘;&utéed)umif PR eREabdiaed! 6 EC-7), 177.1 ppm

hK@FOdNﬁyuwahexylcarbodi|n1de 897 ng (70 % of

product 5b was obtained. 5.c) Anobunts of reagents

used: 828 nmg (2.759 nmol, 1.33 equiV)

4 Pxafplocd. e hydrboxyflethigl-Dy4 pidia e hd ipipétarinoh Y ehitodda clilgride

(3.241 mol, 1.56 equiv) 1-hydroxybenzotriazole and

Tr ITr
0 0 OH
O O

NH, H HO™ pN

4 5 {1:o 6 {,:O
(] (]

;
N_F N_cr

N
/

The preparation of 4-carboxymethyl-1,1-dimethylpiperazinium iodide 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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677 ng (3.281 mml, 1.582 equiv)
N, N - di cycl ohexyl carbodiimde. 1.714 g (100 % of

w@e@dosto3bec was obt ai ned. The 6-0-tri phenyl met Pg1/F12006/050373

protection group was renoved during a 3-hour reaction
by stirring conpounds 5a-c #th IMHO at room
tenperature. Reaction m xture was evaporated to

day A&BS ﬁﬁ@dtﬁﬁier \wBon\\s Ned HVThD pecdubanadre phsdipitated with diethyl
d| et hyI et Products were dial yzed agai nst water at

%WFBWQ@“H%‘W eHeh freeze-dried

(’5'. r@no%ﬁl‘(san?f Med anO Qi%&ﬂ 21§3V§1 (0."7'% brn%ﬁ%ﬁ’) M9arboxymethyl-1,1-
6.a) 650 ng o 269 6a (82 % . Degree
ofdirsethygpiperarinpm dxeﬂeicn(ﬁw%l WU\B)H NIORmms(O(BliSmrﬁolb)O 39 equiv) 1-

T AR LY ST a—

g 604 nfgc(6]/FV@Io(fgd>d55tC5aﬂ@§®gtaﬁmd( 61 % . Degree of ( )
titution_determ ne 1H NMR was .0.87. IR (KBr):

v "B obmeuY Of TagRnts JERs0 439 o0 (5369 mmds 860 £qptye 4garboxymethyl-1,1-

1 a#fleth gﬁzﬁﬂu}n icHED2 1 {1 éjmn%?% ’Fﬁ'@qg_lg(l: ~Hydroxybenzotriazole and

pyr anose MR at 343 D20) :

JW3Ac0eg (I )633 zmgots Q)75{ e @iy) I\BNGdlsydol(emlzarbmh@nldanﬁ% mg (70 %) of

gr subs 3.1-3.2 (H1 1, H12), 3.25-3.5
ﬁ?@)&tusg"%%oyaéﬁj H- 10) 3.5-3.7 (H5), 3.6A0 (H6),

355:5 -KAndunfdof reagéigs usadt 843 ,m@B (H7D. Binfdl BB3 equir) 4katboxymethyl-1,1-

RN N A T

334771?&% Y3281 ﬁﬁ%cg ﬁ@sﬁ)egm’%fl N4N(-<ﬁc§'dloherl$2rbod1§§1d(Q (¢;4”- g (100 %) of

subs ut ed) unsubstituted), 61
6BTQ9111 técewassabqut uted) 63.3 C— , unsubstituted),

i o{Gar eg}ylmf@yipﬁo% écm YRAHRAL 3%%3,93; a 8-l feaction by stirring

( @elﬁpmnﬁlts Bb<t withitl &0 HC1 80 r&orh (fempm’alh&t Ricattod )mix8ike 8vas evaporated to
g s essi ¥ St | ll{lj:{t gvgl% :wa%% \%1(1% élet;k)ano a;n%bét tbt ut F%Eio]dggt’s %vere dialyzed
- @gAhst| 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 5c yiclded 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 II), 1475 (C-
N), 1150-950 cm™ (C-O, pyranose). '"H NMR at 343K (D,0): § 2.0 (CHs, N-acetyl), 2.9-3.0
(H-9), 3.0-3.1 (H-2, when amino group unsubstituted), 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), 3.64.0 (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): d 25.0 (CH3, 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), 74.3 (C-3, unsubstituted), 74.7 (C-3, substituted), 77.4 (C-5, substituted), 77.7 (C-5,
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Exanpl e 3.
i V-[I|-carboxynethyl-2-(1,4,4-trinmethyl pi perazi-I|,4-diu

waorpdochs4oesan di chl ori de The preparation of PCT/F12006/050373

| - car boxynet hyl -1, 4, 4-tri nmet hyl pi perazi -1, 4-di um
diiodide is described in exgnple 9. General procedure.
1 g of 6-C>tripheny|nethylchitosan (4) (free am no
g\ﬁ;ﬁMWOSﬁIQ.}M(ﬂﬁt 2. - 809 mml()cmsmﬁlibsemtewg@lig((ﬁ@ stibstiddited), 102.1 (C-1,
i V-net hy rro one.

4 PR s S Ertasibsitiniedy L APdlr Dl He pom (C=0, Neacety)
1- hydroxybenzotri azol e and N5N -
di cycl ohexyl car bodi i m de were dissolved in 20 nL of
i\hnethylpyrrolidone The sol uti ons were conbi ned and

rre erature. u r The
SESaEls e pr LT BRI U fRetbPlpinerarks A dRmichitosan

vvasdmxd«lduth nmet hanol and di et hyl et her 7.a) Amounts
of reagents used: 473 ng (1.07 mol)
| - car boxynet hyl -1, 4, 4- trinethyl pi perazi -1, 4-di um
dilodi de £0.525equi val ents cogpar to free _am no
[ -0- tiri pheny|l met hyhchitosan), 173 |ng (1. 8§
2 equi|v) 1-hyldrox enzotrlazole and 264
. 00Q. §2—egeH V) i gycliohexytcanb €o_
10807 ({4 %9 af producko7a s obtjai ned. 7.byo ts
of_reagent$ used: 941 (2.1 , 1.03 equiv) o
| - carboxynet hyl -1, 4, 4- trinmethyl pi perazi-1,4-dium 2::
di i odi de4,y 346 ny (2.56 mhol I 23 equiv) 1- 8 o
hydr oxybenzotri azol e and 528{ ng|(2.56 mmol, 1.23 1
equi v) N, N -di cycl ohexyl car hogj*i m de. 1.29 ¢ (93 NP
product 7b was obtained. 7.cYy Anounts of reagents 7N
used: 1.883 (4.26 mmol , 2,05 e V)
| T apmsﬂﬁe@@ﬂ zcarbpxymethyk ha4Hyimet h?*EPZilZl11;44dlﬁmﬁﬁ0dlde is described

'uLm lnflf %Q%lnef@ £o%e%|é' amrgbf 6-D- ﬂ'ﬁ)h@léy‘ﬂn\ét)nylchlt?san 54) %‘ree amino group

enzotr azo 054 5. 11
e qontvf,lt 21@74\mol) was diskahakin sGnilodr Nmndhylpirrdlidoge ( 1:0@rboxymethyl-

oSk et VT PR oV BE0sr | ng OBV OPEATE imd NN
b)«llc%EIbhé)dyMIbodnmlde were dlssolved in 20 mL of N-methylpyrrolidone. The solutions
were combined and stirred at room temperature under argon for 96 h. The products were
precipitated with diethyl ether and washed with methanol and diethyl ether.
7.a) Amounts of reagents used: 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-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, 1.23 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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conpounds 7a-c with IMHCO at roomtenperature.
Reaction m xture was evaporated to dryness and product

wor®7aebBed with met hanol and di et hyl ether. PrOIEROG/050373

were di al yzed agai nst water at roomtenperature for 24
h and then freeze-dried (Thgy noSavant Mdul yoD- 230,
Savant, Hol brook, NY). 8.a) 1.08 g of 7a yielded 460

my@%xﬁ@né&ﬁa%e Bmgrsesmf gSlQ5)$l|tl1ﬁrhém deuer mdaaed) by mg NN
1H NMR was O. i_el ded 590 ny of
gdicygleh chaﬁé’é‘fl@édeoﬂ 7;1, @&é@‘? ‘?@pf Brﬁdavéﬂems AREIngd: 1H NVR

X‘%e 8. éﬁdph%n I)negh Y%ro@ecﬂgn %&gg s Q%o%ﬂ%uﬁﬂ'g_lg %I-vlﬁR)‘ﬁr Wgeggtion by stirring

Degreeo itutio term ne
0 cetﬁpoutﬂs (Tecier x)nth U MB&100 -a8 10N ((@apdyratuB0 B@a@man'@mrei)was evaporated to

%sarrrll&dp% é!%cg Hv(]'s'lg g\%‘Sﬂ%—WﬁR/ﬁl gtzahgll aay% ng ethea r061u s were dialyzed

( Gidnst JWaRe€ eftytgom Iefpatathrd Ho2 ,24nWhe ﬁndirthcﬁﬂ fepemairied (ThermoSavant
unsubtltuted HIl, H12), 3.5-3.6 (H 13),
ulyoR-73Q, S Sﬁanté{(%llteolfﬁ}l%)) 3.6-3.9 (H4), 3.65-3.8

1 in 1
( I8|'a§)1 08 %319‘5a (yhé‘l&d 4’6’0119& r?lf E@ﬁ_ (|8§ /@1%%W§gt%§§iﬁﬁti&i%}erm ed by 'H

mwa@(@?} 0 (CHS Nacetyl) 52 0 (G13), 53.7
(gbgl 28 g%f eil&ét%) %903%% %3@88? C,( )%deg{]egzjdg ) sttltl%tfog)cile@rmmed by 'H
GNMR(vﬁs(B)SA 65 6 (G8), 63.3, 74.4 (C3), 77.7 (C5),

S iy Al BE7C YRt inng o B 788 or bt i sab st determined by 'R

ExaiRlvaisd.65 V- (1 - car boxynet hyl - 2- pyrl di ni um chi t osan
chl ori de300 ng of i V-chl oroacetyl -6-0-

trWM@oa;m@a(@&gaapqogmp(g@@ﬁ)@és@(amldeI) 1563 (amide IT), 1481 (C-

o AR e SEAC @ B . 203

and d?g%ﬁ%ﬂﬂﬂ%ﬁﬁ%g&ﬁﬁ&d%ﬂ-%%ﬁQQ, W-12), 38130 aRN13), 3.55-3.8 (H-
5), 3.64.0 (H-6), 3.6-3.9 (H-4), 3.65-3.8 (H-3), 3.74.5 (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): § 25.0 (CH;, 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), 102.2 (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

’

0 OH
o) . o) ;
%o\ ‘g\\po\ ‘g&po\
HO™ hN HO™ N HO™ hN
- - -

’d ‘e

NS N
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relative yield of product 9 was 176 ng (51 % . The
6- O triphenyl nethyl protection group was renoved

wa@leoo708#082 3- hour reaction by stirring 170 ng OPCT/FI2006/050373

conmpound 9 with 20 M of IMHC at roomtenperature.

The reaction m xture was evgporated to dryness and the
product was washed wi th nethanol and diethyl ether.

TBeo deggeeopdf Mwlnsidaeeﬂymo- C atighehplinRehyfldhatasahH (\llyR (degree of N-
spectra was 0.85. The yield of the product (10) wa

63
Iﬂ@g@cejglathxRO@kBms stqp‘qgielgol Osmpef ()mqq)le ungley gregn o 60°C for 72h. The

E gonll'\?'enet R¥ds! e@)f]!i&rateg ?ﬁ@ the%?rgé)t.;cg &a)'s'bwail%tgiixz el( ﬂ%’tﬂglgllr %nél c?x?tjﬁ?l cther. The

11@&1\@5®eld@fpjodmtr9amsslé)3mg7(8$%)arom pyrldyl) 725

3%10 i %ﬂeg%]n%ﬂg? bt Porj %;(oié g % ?r}{o%e(a@uén% a (’iﬁogj' reactlon by stirring
3.176 ﬁlgozi( dunfpound I?I- Kmth32(8n{1 |d=f4M H&l gt footh (chipdaturd. Bie-rdadlion mixture
(8 “@g)evaa)oiﬁed(tg_dpgnﬁ gng thejprgdlg:t ﬂ\%ﬁmapheg)wmi@@hm ala$ diethyl ether. The

(3%? Saé Q%Afgbstlt%l?tg ;:egcﬁ?lgbg frgél%}?ww ectr'é%vd% dﬁ Tht (yle.@ci3 oPthe product
10H0) 3vesC3 ing @3 40 IR GKBa) v 1608-300 @091)1) 31a@390q (-3, pyridyl), 2950-

1 0 B e D587 Bemgh M 4994 Giopydl 32 (C-C. prio

chh so- 95*]3 (G, pEaisc), V188 Naﬁﬁﬁ)agﬁicbyﬂ) 725 (arom pyridyl), 677 ecm™ (arom,
-O—tl‘l enyl net hyl chi t osan
Doy G M3t 00 (DbOBE) 2 pdEHs IV Se e 1536 G-5bB.7-4.0 (H-6), 3.7

T
r eac(:}f])c%brg Q?LZYﬁl 5(/\%29%{/%?_ Pe’%atsgﬂo yéggsjgﬁ-éé), 2{:?_8 2 (H-10), 8.65-
PIBOSYEL1 1\0@&7.%9@@1 (H £9)) 13rceNhﬁn@d 30@1(0(1)309&81;& 0 ECHE N-acetyl), 58.8 (C-

The rel ative rou
TR B0, p(r%mWﬁet ((gnsbt7e7e§ (%ﬁ) g&leh bcx%gsloéé@réa 131.0 (C-10),
quSBQC®)3r4bC8U§ChI?g%b'4$§nP(%C gfirring 105 ny of

conpound 11 M'HCl at room tenperature.
The reaction m'xture was evaporated to dryness and the

PR N RSyt A AR it B Gk Afforiae

spectra was 0.85. The yield of the product (12) was 45
ng (77 %Tr IR (KBr): v 3600- 3T1r00 (O H, 3100-3000

(FH - 5 o} OH
0 . 0 , 0
‘g\\po\ ‘g\\po\ ‘g\\po\
HO™ hN HO™ pN HO™ N
L <
1 G 11\ o 12 $¢ o

£ o

295 mg of N-chloroacetyl-6-O-triphenylmethylchitosan (1) (degree of N-chloroacetylation
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 1M 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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i m dazol e), 2950-2700 (C-H), 1685 (amde 1), 1560
(amide I1), 1375 (C=C, imdazole), 1150-950. 1H NWR at

WROdK0§0D20) : d 2.1 (CH3, JV-acetyl), 3.5-3.6 (PEBFR006/050373

3.6-3.9 (H6), 3.6- 3.8 (H4), 3.7-3.0 (H3), 3.8-3.9

(H2), 3.9.0 (H12), 4.6-48 (H1), 5.1-5.3 (H8),

7.50 (H 11), 7.52 (H10), 8. 75-8.85 ppm (H9). 13C

N&r@é oB@ﬁiﬁtl(uBB@)calcdla%a feborh CHA, NMIR edpgbtta waB. 8.86 CTha) yield of the

C—llg 58.6 (G2 63.0 (G 6), 74 75 2), 77.6
it G awpAd) g1 6, o R I5BOL 26 36043100 YO HREI190-3000 (CH

1 7 7 R

i‘wﬁ%@@f 8502147 1018 0o, PR . D0 A 9,575 (55, ol

md 180-95 0/ HINMR i GOYK YD, ®): ®2t]r((IH§eNych@1)h3l 5<3é (ms;m; 6 3 9 (H-6), 3.6-

(17 degree of Nchl orobutyryl ation 4 was St i

i ,4.8)8(14%4 f7 b (idi-ed-dAdEr2)as ézﬁ‘n‘) ét- 1%196@ 8.1 ?ﬁe(H 8), 7.50 (H-

th

ot g, HET0F 4IRS} BHpR) T RIAFHCIREMmHEEP-ONgH, Nacou,

Wa8.81 e 2P A BIC-$), 58 BHE-B; 6B.0 (C-phé’ﬁy?l (ﬁ?ei)hyv 6 €M) ARt ({r4), 103.4 (C-
[ -h by st

715 3930 DE D IR e o Toom

tenperature. The reaction m xture was evapor at ed to

dryness and the product was washed wi th nethanol and
di ethyl ether. The degree of substitution of 19

é&gJ g%éag\tlf{. )gsbl,g% _ ﬁgﬁ{‘@?%ﬁ“ﬁﬁw 1;?& yield of

3600 3100 (O H), 3000 2700 (C-H), 1655 (amde 1), 1554

(am de II)T 1489 (C=0, 1150 950 cm 1l (C O pyranose).
1 vaRabe (D20 d 2.0 CHB] JV- cetym2324
(#9), Z.4-2.5|(H8)|, 3.1%.2 (H2, en 0 group
u sub‘ﬁé&qg& 3. 4-3- H p 4 , 2
sUibsioi qﬁi@) 57 6 8§t t ut gh~4 N6 U7

(i 10), 29 ((H T, unsu ut ed), (8. 1-4d1 1),
8.5-8.6 (& 13)T 8.8-8. ). 13 NW\R 4
(D20)175 25.1 (CH3, JV—scet 29. 1 (C— 9), \34. 8
(C-8), 58(2 (c- . subsfiftuted). 58.8 (C19,
unsubstitutied), 63.2 (C6 tbistituted), 63\ €C 6
unsubstituted), 63.7 (C—I , 73.5 (C 3, &9]
unsubstituted), 74.9 (C 3,\substituted), (G5

substituted), 78.1
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 of 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 T), 1554 (amide IT), 1489 (C=C), 1150-950 cm™ (C-O, pyranose). 'H NMR at 343K
(D,0): 6 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), 4.54.6 (H-1, substituted), 4.6-
4.7 (H-10), 4.84.9 (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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(G5, unstubstituted), 80.2 (C4 unsubstituted), 82.2
(C, substituted), 100.5 (G I, unsubstituted), 103,8

w@ ar/o3eebst i tuted), 131.3 (CG12), 147.0 (C 13pCT/ERB06B50373

(CG1l), 177.3 (G 7). Example 7: Quaternary

pi peraziniumacids 2 2 2 4 »q

| - (2- et hoxy- 2- oxoet hyl ) - 4- met hyl pi perazi ne (20) was
prepRvaRdatf 34910 (D,OR IV, P{CI, aN-Atyd)) d221 hyt-by, 08 gC @@@5 e58.2 (C-=2,

as described in Journal of Medicinal Chem str

2 SO aOSE (G e smsingd 2 ACrin bR G1it -Rewmsubstitucd),
[ r A e -2- I
| %3@} (-7 fﬂgﬁﬁ L2} h&mbéut&%@)ﬁ%?ﬁ%%is?%ésgtﬁgg&s( ?1‘ (C-5, substituted), 78.1

erazi
pES, ptinsalbemiumd) aSQ)BIrec-éonqmuhstﬁutaah)d 8.7 2CH4, substituted), 100.5 (C-1,

((EEZ%C‘)l M@ﬁﬁﬁﬁ C)sb: %tt%ht@%qékgg%?@zw m}lgg'&?& 8 (C-11), 177.3

I((jz)et hoxy- 2- oxoet hyl ) - 4- met hyl pi perazi ne (20) and
m (149 mol, 4 equiv) of Mel were reacted in 270
m of ACN for 48h. The preC|p|tate was filtered and

x ecipitate yielded
W@%@Eﬂ,k}/\% 1@“%%%?“&& oxy ¥ oxoet hyl ) -
44tr|nethylp|pera2|-l 4-dium diiodide (21). The
flltrate was evapor at ed toldryness and the yield of

4- (2- et hoxy- 2- oxoet hyl ) - | fel-h[r'ej/h Qi per azi ni um
i odi de (22) was 9.998 g (@ﬁ*% N@j/sﬂ\oeaqtu on_yas v ‘\)L

repegted wth?7.8 g (#1.9

I-(—Z\lethmgy/2u\o thyl)2- nmeth r az ne (20) and 23
26. 1\H=I:/(420 m%e&lo equi v) %el%gg? s%ﬁe reacti on was
proceeded 200 300 m ACN for|-24Ch. The precipitate was

filtered and washed with a\cerl-onltrll . The preci pl\ta{—e\
yielded 11.124 g (57 % 01—, N o~ —= —N \)LH

| - (2-ethoxy-2-oxoethyl)-I,
trimet hyl pi perazi -1, 4-di umdllodld@z(21). The fiItrate 24
was evaporated to dryness and the yield of

'1( 3- eﬁ{digl%x%e%gem)éh&r 4pe|ra:zﬂie'TFZd7Y\Lv5§ ?ﬁabﬁ%ﬂ Nt 1-methylpiperazine

2) was l-(2-e hoxi; oxoet hy
c_l. cthylbromegdetpta s/ kipqc g i1 J¢uma1d¢fu%edp@ma Ehemisiry 48512000, 1489.

(N ,e%;?‘? g%é}ﬁgl%’ wésjs)l%agg’dségt,gl%él in Sbfy gcgegqm'#ﬁe, 1g(2iﬁ10xy—2—oxoethyl)—
1,4,4-trimethylpiperazi-1,4-dium diiodide (21) precipitated 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-methylpiperazine (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
acctonitrile. 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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4.3 (8H, bm), 4.37 (2H, q, J = 14 Hz), 4.67 (2H, d)
13C NVR at 343K (D20): d 16.03, 51.89, 53.60, 57.01,

wW®200763402C) , 58.27 (2C), 58.49, 67.08, 167. 03 PCT/FI12006/050373

4- (2- et hoxy- 2-oxoet hyl)-1,1-di met hyl pi perazi ni um
iodide (22): 1H NWMR at 300K« D20 : d 1.28 (2H, t, J =
14 Hz), 3.01 (4H, s), 3.21 (6H, s), 3.49 (4H s), 3.51
( 2H2-ethoxyL2-8¥oetidi-1,44-J = 14 tHimethiyd BM&-@,M-«ﬁﬂ&K diiodide (21): 'H
(20 d1618 48.58 5450& 60. 04 C?
at 300K E:0)73143 ( et, éﬁﬂyh Hys3 a4 é&»p’s%@ s), 3.59 3H, ), 3.9-

\‘;\gt%g(‘réﬁ?bm A8F QRN YR f APQeRdE) 2 1 and 22 in
| FeaNDOR oSy BK| (Dzo;t 3-1610861 89, §3.66r 57201, 1574250{20)) 58.27 (2C), 58.49,

dodide (23). 8.5 g of |-(2-ethoxy-2-
02688 )03I 4, 4-trimethyl pi perazi-I, 4-di umdiiodi de

( 41-e¥fcky [ﬁf)idél‘l?ﬁ) 1,7-af et 1 aﬁ@'ﬂﬁﬁmﬁﬁ odife (22) T‘}FNMR at 300K (D,0):

reaction mxture was evap to dryness and

podcBd@Het, W&sl‘?Hp)eéiOéMHTdﬁé PY (idy 6}, 3\f498(4HaS)h&dlf\2H ts), 4.24 (2H, q, J
(of t48(£7§ and crystallized with ethanol fromwater.

Yi white powder 4.98 g (62 % . 1H NVMR at 300K

Dzs 3
g 9@11 leﬁ} %h 41%1(3(@0?‘7) ) 1(6 21Ié-f 4§ )38* ,(26), 543504522 )360. 0&)(20)C 64.25, 64.98,

NVFE 44 343K (020) d 51.79, 53.45, 56.85 (30), 58 44

( %‘Q& e pesﬁ:% tgﬁollﬁg w%?e c eavec% RXI feﬂuxin the compounds 21 aaend(2% 451 yvater.

4car xyms pIperazi ni um 1 odi
11-cﬁf‘b@zy@ietlﬂyl(124 G-Itﬁﬁi?ejmylplperam-l 4-dium diiodide (23). 8.5 g of 1-(2-ethoxy-2-

Rl gD By B ioioer ) s eTipd T 700 ml water for

MY thufTRe Y@@tl(ﬁlvlﬁﬁ@ﬁ@tvﬁag VS ALY RS EryRRE ahd ﬂwﬂfr@&ﬁﬁ&a \Mﬁsrepeated The
crystallized with diethyl” ether fiom ethanol. Yiel

wirfadactpwesowashsd 28 ageioBa ang crystalligrkwath loael fr @yaterd Y1e1ded white

A s 3 T o g G e S 9450 ot
68.944.1 (612, b, 43S 2H,%Y,34. 42 GLAH M)
3C NMR at 343K (D,0): § 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-cthoxy-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 at 300K (D,0): § 3.30
(6H, s), 3.51 (4H, s), 3.69 (2H, s), 3.73 (4H, bm)
3C NMR at 343K (D,0): 5 48.86 (2C), 54.84 (2C), 60.47, 62.74 (2C), 173.72
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1. Quaternary polyners having the general fornmnula:
wherein Tis NHor O X1, X2 and X3 are independently:

wo eoovhoztosase of T being NH (i.e. chitin and chP€DERMG/050373

X1, X2 and X3 can also be and, in addition, X1 can
also be: O -G CH3 wherein Rg and R3 are independently
H or a linear or branched, substituted or
unsubstituted al kyl chain with 1 to 6 carbon atons and
mis an integer from1l to 12, Y is a quaternary
afFMMn noi ety, sel ected from pi perazi ne noieties
having the formula (A) (B) (Cor selected fromthe
groups (D) (E) wherein R4 and R5 are independently a

| ilnQuatemaryipodymedreblavisg ihe igenanaldoknoda:unsubst i t ut ed al kyl
chain with 1 to 6 carbon atons, Z is a negatively
charged counter ion, preferably selected fromthe
group consisting of d , Br x,I , OH, RICOO, RLSO ,
wherein R1 is Hor_an alkyl group with 1 to 6 carbon
atons or an aromat|i c noi etyyY wherebly the degree of
substitution (ds) |of t & ernary substitu?lgt for
the total of the dgroyps ; Oand X3 is at [éast
0.01, nis the dedree’o poﬁyneriza ion, and can be an
i nteger from 2-100000, withxthe proViso that when T is
O, Y can only have the neaning of a group of the

f evhetéira
Tis NHor O,
X1, Xz and X3 are independently:

0 RT
I
H o _—
CJﬁCﬁHY
R;
in the case of T being NH (i.e. chitin and chitosan), X, X, and X3 can also be
R,
|
{—CﬁHY
R;
and, in addition, X; can also be:

I
—C—CH,

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,

Y is a quaternary ammonium moiety, selected from piperazine moieties having the formula

z Z z 4
+7 4 + \ +/R4 AN \
—N N\ or N N._ or ) N—R,
Rs Rs/ p— Rs Rg e

A) ®) ©
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(A, (B, (© or (E) as defined. 2. The pol yners
according to claiml1, wherein T is NH X1, X2 and X3

wae@7astosef i ned in claiml, and Y is one of thECFRONBHS0373

having the fornulas (A), (B) or (C, wherein the
degree of substitution of tfe quaternary group is from
0.01 to 1, preferably 0.05 to 1. 3. The polyners
AGF Sylebididrdre thel g@bupsl, wherein T is NH X2 and X3 are
hydrogen and X1 is hydrogen, acetyl or a group
containing a qL?a ary anmmoni ufn ety as defined in
claiml1, espemﬁi*ly ne of the F%s havi ng t he
formulas (A) to {E),/and 9n part\icular the fornul as
(A, (B) or (O, the degree o ubstltutlon of the
quaternary group is in the range fromO 01 to 1,
preferably O. 05n(b$ 1. 4. The pol Ylgers according to
claim1, wherei is O X1, X2,Yand X3 are hydrogen
Ofwherefiif RYindCRNAr8lindepéhdentlipalif¢an dF PrafchedNsubitiTRd @ Mndbstituted alkyl
defined in claim1l, and wherein Y is one of the groups
h&b@lﬂg“%lﬂet(’ﬁdaafh&’naép%%) (B), (C or (E), and wherein
t t et &
(om0 D SRR cpUHE B, BTl SRR B cdrSising of CI,
t B, pr@Ha Ra€O6Y, thOnhwhq@at Rrindl 9r anaillpigraiparitol th threarbon atoms or
tontahe aftl(caangiléta (I') inclaiml, according to which |)
f &1 TN prepa¥at| on of a conpound wherein T is NH, a)
I evhetebp gha degrbé o sebsticitioh (@9 rofahe iquatidsy hibgtitagntalot Kieetotal of the
am no hydr rou and wherein the remaining
r&HE‘PF %91%\'? e??b Emally in protected form with
nQQfﬁEQlHQ:@e BAYdIRgerdiZation, Ahi¥hPboan/ Fe?@ﬂ Por 21190800, _
activating group, Y is a suitable [eaving group or is
a quaternary anmoniumgroup Y, R2, R3, mand Y are as

el
SR Bl o ' R gL A, B g of the formula
ei(A))€B), #CporaEg andafinedmmoni um group Y or a suitable

2. The polymers according to claim 1, wherein T is NH, X;, X, and X3 are as defined in
claim 1, and Y is one of the groups having the formulas (A), (B) or (C), wherein the degree
of substitution of the quaternary group is from 0.01 to 1, preferably 0.05 to 1.

3. The polymers according to claim 1, wherein T is NH, X, and X3 are hydrogen and X is
hydrogen, acetyl or a group containing a quaternary ammonium moiety as defined in claim
1, especially one of the groups having the formulas (A) to (E), and in particular the formulas
(A), (B) or (C), and the degree of substitution of the quaternary group is in the range from
0.01 to 1, preferably 0.05 to 1.

4. The polymers according to claim 1, wherein T is O, X, X, and X3 are hydrogen or a
group containing a quaternary ammonium moiety as defined in claim 1, and wherein Y is
one of the groups having the formulas (A), (B), (C) or (E), and wherein the degree of
substitution of the quatemary group is from 0.01 to 1, preferably 0.05 to 1.
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| eaving group, and R2, R3 mand Y are as above
defined, whereby L is as good a or a better or nore
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group Y', and when an internedi ate conpound cont ai ni ng

a leaving group Y' is obtaifged, the internediate is

farther reacted with a tertiary or aronmatic am ne

C 3l Pasiesy tir e tpﬁ?a?&ioﬁttfﬂtﬁé NRntcRAFDPOIALGIRurdg thQhe formula (T)
yi.el d the desjred quaternary polyner, and then

r &heloinh b aseRrdisede wlichng groups, or b) for the

preparation of a chitin or chitosan derivative having

an am no group substituted with a group X1 containing

alguat @&rrize yreparatbom afimcgmpamd winatein T iaddd, X3 ar e

hydrogen, a chitin.or chitosan pol.ymer.in which .t he

ngbr S0 ol or erpatisheraf RRMTE pocbiiared iafoust group, and

O pthiefeira tHe e fhiingCleadive @hsph Ak Gptionallyginoptptetidd ddren, Otvith a compound
re of the npoponmer units of the polynmer carries an

algyne Bie fTomula ¥xy group corresponding to the group Xi,

wherein the groupY is replaced by a suitable |eaving

group, is reacted with a tertiary or aronmatic am ne

correspdigdi ng to the quaternary ammoni um group Y, and

renn?ﬁng pn protecting groups, or c) for the

prepa-ati y-a fytin or chitosan derivative having

an amn roflp substituted with a group X1 containing

a quat erlRary armmoni um group, a chitin or chitosan

pol ymer having a free am no group and in which the

hydetsiy |A d§ @opactivaingherogparYd/ i6ra uiahde deaying gfoup or is a quaternary

opL. ted, .. i e j L0 .
e AT et S E5 m o8 VPRGN B AR Vil p comppund havig
Y'thel forvdd@e Ilormul a 111 or Vis a | eaving group,

reacting the so obtained internediate conpound with a
tertiary or aromatic am ne corresponding to the group

Y, an@zrennving any protecting groups, whereby a

conpound, obt ai ned wherein X1, X2 and/or X3 have the

nﬂa%rﬂﬁ—%ﬁ\hydrogig")can be converted to a conpound
whereb,n said X1, and/or X3 are different from
hydrggén, by

wherein L is a leaving group, and Y is either a quaternary ammonium group Y or a suitable
leaving group, and Ry, R3 m and Y are as above defined, whereby L is as good a or a

better or 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 is further reacted with a tertiary or aromatic amine corresponding to the
quaternary ammonium group Y, to yield the desired quaternary polymer, and then removing

any protecting groups, or

b) for the preparation of a chitin or chitosan derivative having an amino group substituted
with a group X; containing a quaternary ammonium group, and X, and X3 are hydrogen, 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 X;, wherein the group
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reacting the same with a conpound of the fornula 111
or V as defined above, and reacting an internedi ate so
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tertiary or aromatic am ne corresponding to the

quat ernary anmoni um group Y3; and renoving any

protecting groups optionally used in the reaction, or
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c@f boxyl derivative having the fornmula wherein Ais an

activating group, Y is a suitable |leaving group or Y,

R2, R3, wrand Y are as defined in claim1, and when a

| gg? Bregﬁrs h1%‘S M ﬁgsglg élterrggal}t%te g?l?lgtéq? ai,mné(g group substituted
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group yi el d the desired ernary pol nd
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%)t%rﬁﬁg pr&Bded, il rGeRUNith a COMYEIId REirfy GETHUMI I or V’ as defined

bt ai ned mhereln X1, X2 and/or X3 is hydrogen, to a
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with a tertiary or aromati c am ne corresponding to the
quat ernary anmoni um group Y, and renoving any

PRRERSY 2 REmBbEIdThtARId Widéih K, UtLshd/dr X Rve ﬁﬁ%éa‘ﬂﬁtg dThydrogen, can
Mono- and di-quaternary pi per azi nium aci ds of

f &e gomverted [ @ cempound erherain RRd XR3X: mul/orpXs armirffwjenz frgmehydrogen, by
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formul a
correspondmg to the quaternary ammonium group Y, and removing any protecting groups

optionally used in the reaction, or
II. 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
2|
—CC5Y’
R
3

wherein A is an activating group, Y’ is a suitable leaving group or Y, R», R3, m and Y are as
defined in claim 1, and when a compound is obtained as an intermediate containing a
leaving group Y’, the intermediate is further reacted with a tertiary or aromatic amine

corresponding to the group Y, to yield the desired quaternary polymer,
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is reacted with an quaternizing conmpound correspondi ng
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ous abint@emediaR] teattingghOmeerdtdibleavithiefafpordiomalixyaine corresponding
sui t abl e choi ce of solvent, whereby the other conpound

Wi FheQUAETTITY FMEBNIYM FRUP &> andESmVEIEAY PERIERH ) Frgrns @ptonally used
Clih@yaclén 8, Wherein the di-quaterni zed conpound

Villa" 1s precipitated and the nono-quat erni zed

compound VII1Ib" remains in solution. 10. The process

G J.)-na%dtd?-q{lﬂgmgfy p"f@e%z%jﬂmta'&?ds%?hl\é%ﬁndlé

acetonrtrile.

=

R

7 /5 R, o - R, o
Ry N—Ecl:%—( R4\N+/_\N—F(|H—4
yd m
Ry z R| OH R5/ \_/ | m "OH
3 R3
Vlila s

wherein R,, R3, Ry, Rs, m and Z" are as defined in claim 1.

7. Process for preparing the mono- and di-quaternary piperazinium acids as defined in claim

6, according to which a compound having the formula

R, o
/TN ]

R—N ,N_FR('HF(O_E
3

X
wherein Rj, R3, R4 and m have the meaning given above and E is hydrogen or any
commonly used group for protecting of the carboxyl moiety, preferably ethyl, is reacted
with an 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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R

R 7 /5 R? o

4, + +

N N—EC%—( R\ —F M
R/\_/ZR|'“0—E R/\/ O—E
3

VITTa’ VIIb’

wherein Ry, R3, R4, Rs, m, Z™ and E have the meanings given above, thereafier separating the
compounds, and, if necessary, converting the so separated compounds into the

corresponding acid, and optionally converting the acid to a salt.
8. The process according to claim 7, wherein the separation of the two compounds is carried
out by precipitating one of the two compounds by a suitable choice of solvent, whereby the

other compound will remain in solution.

9. The process according to claim 7 or 8, wherein the di-quatemized compound VIIIa’ is

precipitated and the mono-quaternized compound VIIIb’ remains in solution.

10. The process according to the 9, wherein the solvent is acetonitrile.



