11111211112111111 *159159* 1 Pol ysacchari des conpri sing carboxyl functional
gr oups gubsti t ut ed by a hydrophobi c al cohol derivative-5 [0001}Fhe-present

invention relates to novel bioconpatible polynmers based | ari des
conpri si hg carboxyl functional groups which can be of usmmmmwm@wmgl ar
for the adm nistration of active principle(s) (AP(s)) to S

with a therapeutic and/ or prophylactic qur pose. [0002] Hydr oph@kPt_al cohol s

are of advantage in the formnul ation of

10phar maceuti cal actlv r|nc | es,, i nparticul ar . SXo IJ‘

bi oconpatibility and ™ ¥§?C‘F§EF'§§ BRI ECa ‘a Mé? itgl AP BIe to
adj ust the hydr ophokubstitutédtbe apeyd replsobic a)mod'foltdmyvahyebe grafted.
[0003] Their bioconpatibility is excellent insofar as they play a role in
many bi ocheni cal processes and are present in the esterified formin the
15majority of tissues. [0004] However, it is known to a person skilled in

the art 4 hahg b%g)xylﬂ*?f EFéEé'nE Qer@ﬁtré‘é‘te%' E@Wvd(bl@ccﬂﬂbﬁﬁﬁl‘écbarylnﬁ@s
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of the T ad I
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of pol ysaccgb%gtd% hydr%phobluty of the polymers to which they may be grafted.
[0003] Their biocompatibility is excellent insofar as they play a role in
many biochemical processes and are present in the esterified form in the
15 majority of tissues. -
[0004] However, it is known to a person skilled in the art that it is
difficult to graft an alcohol to a polysaccharide comprising carboxyl
functional groups since it is difficult to be selective between the hydroxyl
functions of the polysaccharide and the ‘hydroxyl function of the
20 hydrophobic alcohol. During grafting, the alcohols of the polymer may
compete with the alcoho! of the graft, if it is not desired to have recourse to
techniques for the protection/deprotection of the alcohols of the polymer,
and this side reaction results in the crosslinking of the polymer chains.
Thus, advantageous hydrophobic alcohols, such as cholesterol, could not to
25 date be grafted to polysaccharides comprising carboxyl functional groups.
[0005] Dellacherie et al. have developed esters of polysaccharides, i.e.
of alginates, of hyaluronates (Pelletier, S. et al., Carbohydr. Polym., 2000,
43, 343-349) or of galacturonans (Dellacherie, Edith et al., Langmuir,
2001, 17, 1384-1391), by a synthetic method empioying aikyl a-halides,
30 bromododecane and bromooctadecane. The synthesis of the esfers consists
in substituting the halides by tetrabutylammonium carboxylates. This
method makes it possible to access esters of hydrophobic alcohols but it is
limited to halogenated alkyl derivatives which can undergo nucleophilic
_ substitution. It thus cannot be employed to graft hydrophobic alcohols such
'35 as cholesterol. Furthermore, these halogenated derivatives exhibit risks of
toxicity and are thus not safe to use in the development of a
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of .al'gi nates, of hyaluronates (Pelletier, S. .et al., Carbohydr. Polym,
2000, 43, 343-349) or of gal acturonans (Dellacherie, Edith et al.,

Langmuir, 2001, 17, 1384-1391), by a synthetic nethod enploying al kyl

a- hal i des, 30 bronndodecane and bronpoct adecane. The synthesis of the
esters consists in substituting the halides by tetrabutylammmoni um

carboxyl ates. This nethod nakes it possible to access esters of hydrophobic
al cohols but it...is linmted to hal ogendted al kyl derivatives which can
under go nucleophlllc substitution. It thus cannot be enployed to graft

hydr ophobi ®PhareeeerEcal edgst.as chol esterol . Furthernore, these hal ogenat ed
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?Xa”p' €5 fcﬁreecﬁlgp%)g}ﬁggtrgﬂ I'c8h5]|$ (%(?\Irﬂf %erl def lyatd ye Po'I\n'norJdei% graft

it dlrec ran al coho i'for, rleée ym

J., 1999 355,, 2125-21259) . Thisi methach @@tgetosndotirl RBE! G@Po‘?ﬁ éh?'@ﬁtq{ﬁblbé(st er ol

by enpl oyi rwn oQﬁrg sadérmtw@ém.blt a dé&b@@%d a@da@apabwpabé@ctmg wect i ng
with the aI o sacc ar.i

d
by the FDA?L Sra F‘ﬁj %létc? g POY§aE ﬁf‘pﬁsﬁq\%evc%olcggf%ra&fdc 578 t%%‘qg%‘? g{oeggve
cannot 10 ttﬁeerAGMednJ\ettubnp,OIryeambar tslehottprdl sand thi boaydgy vactonal

or der " B p e ed FRRTEAS G sHBNE: SRS RO A M ficRapetpe ! des 1
exanpl e, ha[@@oaamv@theu rehear@@eeer dlaveweinplovies RoBaRiepiG PPlysacehagifdes in
el ectrophi 'draep' \éaémeco(@a@gﬁgﬂa{mo%% ho%f)%y@sm%%fea ara?%)xamee

electrophlllcl erlvatlv stero coul ratedtfqthe [ cohol

functions dfaveulqomvantesr GRaReRATownVBifharie ﬁé’ﬁieto@h‘ 5ol §2 aBRh&IREEPNgai n,
this strat ecﬂéh\ﬁéQWéOt(Bhﬁn@&ﬂanM@@lul‘étt hp oty Bacebes i ER3 o opisi &largropaioxy |

e L08R b G Mo 5B S Bl Sl v e c8B3Lpes e BRn5thny
r eport sdmﬁiwhﬁggwmeT twehyeirtoqdkmﬂysamhadlsielsl Agein, dihis strlategyl casnebot
et oot P Lo GYOFY ARALPAGS P G apbota 1 LANOR) Dreupcesen
conpri si ng [ER0BAxyIA fraaent oawewgeddgachanali dﬁ*lgfaﬁthﬁsﬂeidt 99&6"%’5 gieinggst one
hydr ophobi cri@d fabel MerdMationgm. Breseoney elosdargovabiy egpérts modifications
20 by hydrophobic acids, inter alia, but does not report dextran functionalized
by hydrophobic alcohols.
[0009] The present invention relates to novel derivatives of amphiphilic
poWsacchaHdes comprising carboxyl functional groups barﬁaHy substituted
by at least one hydrophobic alcohol derivative. These novel derivatives of
25 polysaccharides comprising carboxyl functional groups have a good
biocompatibility and their hydrophobicity can be easily adjusted without
detrimentally affecting the biocompatibility.
[00010] It also relates to a synthetic method which makes it possible to
solve the abovementioned synthesis problems. This method has made it
30 possible to obtain polysaccharides comprising carboxy! functional groups
partially substituted by hydrophobic alcohols, including, for example,
cholesterol. _
[00011] The mventlon thus relates to polysaccharides comprising carboxyl
functional groups, one at least of which is substituted by a derivative of a
35 hydrophobic alcohol, denoted HA:
¢ said hydrophobic aicohol (HA) belng grafted or bonded to the



25 .pol ysacchari des conprising carboxyl functional groups have a good

bi oconpdiibility and their hydrophobicity can be easily adjusted w thout
detrinmentally affecting the bioconpatibility. [00010] It also relates to a
synt heti c nmet hod which nmakes it possible to solve the abovenenti oned
synthesis problens. This nethod has nade it 30 possible to obtain

pol ysacchari des conprising carboxyl functiohal groups partially substituted
by hydrophobi ¢ al cohol s, including, for 3exanple, cholesterol. [ 00011]
The invention thus relates to polysaccharides conprising carboxyl

functional groupsaniopis aplvseseharisie wie ch GouPdigBsBIMuRedSBY EPURINGYAfTVe of

a 35 hydrophobi ¢ BdigghedndedeBOitRE dMonicS BbH sBYEHARIONIL aaf o £HAxidoei ng
grafted or bonded to”the. 3 anionic pal ysaccharide via COUP|I rmR,
sai d coupling ar mYperAg %6%%1@6”9 Qur?Weg’é%FBHP%n%(?leg‘é’Sﬁ'aﬁgﬁi?{@.”e\/ﬂg‘@'on

]functi on F]: Sﬁi d cSﬂJlﬂlﬁ?éi@mnchiﬂgléértm gy ém@mtdae?mo,dpfdmgiobebﬁﬂba ahienami ng
unction_of the connecting armR and. I n [ c
pol yéaccfhari de, @ ‘Qﬁ%‘f%‘a '(Sjﬁpl Fﬂa gs&%abéﬁf@%neﬂjeng t%tgir}car:eg({z&%bgpﬁd]ob??

al cohol via a funtydroephGbicesldohphyid rofuntiéont dupkebrigingefrdserthe eaumitngy| |

i socyanate, thioagig & 8 &RBEky!l WU aRBLf tHihcig AHPhIcaSoRFURCEBA & frencti on
of the hydrophobic al cohol, t

e unsubstituted carpoxyl functions of the
ani oni ¢ pol ysacche@YRIB'I1R5EY n@Nd nat DI o Eh%aglﬂa@hé’géc JFAOl & at i on
pr _eger?bl y being ghaibspftuasd addgabkylﬁﬁpﬁttioﬁslcéf aseNahiaric KpolysaEctmgideg an
am de ction, o - G.being either anester, t.hio ate
or car bg(?mte f uncPfige, inyEre E?qb%ri”ﬁgé%éggﬁ‘éiaﬁle ?%r leg? ﬁaE'gétﬁzﬁaPIgﬁg%
carbons which is tpitiafred &ikabmaetaheslcnds dea*wrsiét,ur at ed, which optionally
conprises one or nore heteroatons, such as 0, N and/or S, and which has at
| east one acid function, - Fhebw ag amnidesfuggonf a hydr ophobi ¢ al cohol, the

product of the 20coupling between the hydroxyl function of thg h¥droghobic
al cohol and at |east one eFedddPhiEtNert @hct TR cafYoetehy Ta1ROGF Gup°R

sai d pol ysacchar i dgnseaee ifshdttbrear boxyl functi-onal groups bei ng anphiphilic
at neutral pH. '

15 ' -R being a chain comprising between 1 and 18 carbons
which is optionally branched and/or unsaturated, which optionally
comprises one or more heteroatoms, such as O, N and/or S, and
which has at least one acid function,

o HA being a residue of a hydrophobic alcohol, the product of the
20 coupling between the hydroxyl function of the hydrophobic alcohol
and at least one electrophilic function carried by the group R,

e said polysaccharide comprising carboxyl functional groups being
amphiphilic at neutral pH. '

[00012] In one embodiment, Gis an ester function.

25 [00013] According to the invention, the polysaccharide comprising
carboxyl functional groups partially substituted by hydrophobic alcohols is
chosen from the polysaccharides comprising carboxy! functional groups of

general formula I:



[00022]. I n one enbodinent, Gis an ester function. 25 [00013] According to
t he i nvéntion, the polysaccharide conprising carboxyl functional groups
partially substituted by hydrophobic al cohols is chosen fromthe

pol ysacchari des conprising carboxyl functional groups of general fornula I:
4 Pol ysaccharide + carboxyl - I - FHAn formula | in which n represents
the nolar fraction of the carboxyl 5 functions of the pol ysaccharide
substituted by F-R-GHA and is between 0t 01 and 0.7, F, R G and HA

corresponding to the definit i ; ; en t he carboxyl
function of the pol ysacchari fdeolysacefhrigdbsirbéryt ed by F-R-G HA, then the
carboxyl functional group or|groups of the 10 polysaccharide are cation

carboxyl ates, the cation preferablyy heimg that of an alkali netal, such as
Na+ or Kt [00014] In one enbodi nent, Ft he pol ysacchari des conpri sing

carboxyl functional groups are polysdccrarides naturally carrying carboxyl
functional 15 groups and are chosen f¥omthe group consisting of alginate,
hyal uronan and gal act ur onan. [00015]| n lone enbodi ment, the pol ysacchari des
conpri si ng car boxyl functionalgroupsqresyntheticpolysaccharidesobtainedfrom

HA
I

formula I

- in which n represents the molar fraction of the carboxyl
5 functions of the polysaccharide substituted by F-R-G-HA and is between
0.01 and 0.7,

- F, R, G and HA corresponding to the definitions given above,
and, when the carboxyl function of the polysaccharide is not substituted by
F-R-G-HA, then the carboxyl functional group or groups of the

10 polysaccharide are cation carboxylates, the cation preferably being that of
an alkali metal, such as Na* or K*. '

[00014] In one embodiment, the polysaccharides comprising carboxyl
functional groups are polysaccharides naturally carrying carboxy! functional
15 groups and are chosen from the group consisting of alginate, hyaluronan
and galacturonan.
[00015] In one embodiment, the polysaccharides comprising carboxyl
functional groups are synthetic polysaccharides obtained from
polysaccharides naturally comprising carboxyl functional groups or from
- 20 neutral polysaccharides, to which at least 15 carboxyl functional groups per
100 saccharide units have been grafted, of general formula II:

Polysaccharide

|
l

11 .
- the natural polysaccharides being chosen from the group of



pol-ysacchari des naturally conprising carboxyl functional groups or from 20
neutral -‘pol ysacchari des, to which at |east 15 carboxyl functional groups
per 100 saccharide units have been grafted, of general fornula II

Pol ysaccharide 5 polysaccharides predom nantly conposed of glycoside
nononer s bonded via gl ycoside bonds of (1,6) and/or (1,4) and/or (1,3)
and/or (1,2) type, L being a bond resultlng fromthe coupling between the
connecting arm Q and an -OH function of X he pol ysacchari de and being 5
either an ester, thioester, carbonate, car(g?gate or..ether funct,ion

i repr esentAANFACRRANBERPrERGRY NI b CARROIEG0E H¥ETT e HTONBRIE S UGS de
unit of the/ipelparthisndeof (1,6) and/or (1,4Q dred/og (8, hanidy oc PR ) Sipeg bet ween

1 d 18 b whi ch

Conpr i ses one or mof & FSTHGL 5 RORL Yo LR rg E CBR LoehRgen Mt
conpri ses aionlneaismgmdard{rw(wn Ot FusoetEon g}fomﬁ: DMHCCmm@]ndI nebe
embodi ar | %e'rsanb@ét\é@efhlge&é[a%bgnéte é'.% FQR}%@OH hePe.RiERed ment , the

pol ysacc i's predom nant!l’y conpose cosi de_npnomer ¢ bonded vi a
gl ycosi de bonds of ¢1,/gpresgding @@@1@P|arnfréﬁ%°%rﬁfom%h@ suybgéituents per

glo;é/zg::ggaggggg&gﬁggmtmkyp@ g&g@gg,d@f o] %08? de nononers bonded vi ah
s_dextran

pol ysaccharide is pri%g r}%ﬁtqr@rﬁﬁom&%h g\?’eﬂl }c%%‘?gg %8%%%%5%%

vi a gl ycosidggidmeitigds bodnahkdd andype. urjsa@02ed) rwitick eompdiseenone t ore more

pol ysaced bﬂoeggroﬂgtgﬁgmsgfcﬁ o¥ 60TPORRAoPTs IaXEARNAA EORAARES RONARE e

gl ycosi ron1t e group consi sting of

pul I ul an, aaagbmtle‘unﬁly@mairgman -G@drhn, gal acturonan and a wat er-sol ubl e

Fgggggfse 25 [00021] In one enbodi ment, the polysaccharide is a pullul an.
I n one enbodi ment, the polysaccharlde i S an inate. [00023] In

one enbodi &0 16d he ”dﬁﬁy§ﬁﬁﬁﬁﬁﬁﬁaé n§SQeH@%ﬁdeﬁ%ﬁ”d%£goz4] I n one

-enbodi nent, the polysaccharlde is a xylan. [00025] In one enbodi nent, the

pol ysacchar i i galactur 2

pol ysacgg Og)g)ﬂj Zn\A/a?Qﬁ &_r)n gwegng{ I[SR% 3’]0"(%’6855 ,8?298“ g‘?@ﬁ%m'ybﬁ t he
pol ysaccharccﬂaposaeqoo‘égkynnsndatm;»nomqnsén@d\deﬁ \jh yodyesisitde hondmféllﬁdrwéﬂ vi a
gl ycosi de b[‘UUéﬁS?f I('\lor% eT'rYbQ?dlment the polysaccharide predominantly composed

of glycoside monomers bonded via glycoside bonds of (1,6) type is dextran.
- [00019] In one embodiment, the polysaccharide Iis predomlnantly
20 composed of glycoside monomers bonded via glycoside bonds of (1,4) type.
[00020] In one embodiment, the polysaccharide predominantly composed
of glycoside monomers bonded via glycoside bonds of (1,4) type is chosen
from the group consisting of pullulan, alginate, hyaluronan, xylan,
galacturonan and a water-soluble cellulose.
25 [00021] In one embodiment, the polysaccharide is a pullulan.
[00022] In one embodiment, the polysaccharide is an alginate.
[00023] Inone embodiment, the polysaccharide is a hyaluronan.
[00024] In one embodiment, the polysaccharide is a xylan.
[00025] In one embodiment, the polysaccharide is a galacturonan.
30 [00026] In one embodiment, the polysaccharide is a water-soluble
cellulose. '
[00027] In one embodiment, the polysaccharide is predominantly
composed of glycoside monomers bonded via glycoside bonds of (1,3) type.
[00028] In one embodiment, the polysactharide predominantly composed
35 of glycoside monomers bonded via glycoside bonds of (1,3) type is a
curdlan.



[ 00028] - I n one enbodi ment, the pol ysaccharide predom nantly conposed 35 of
gl ycosi de nononers bonded via gl ycosi de bonds of (1,3) type is a curd |an.
6 [00029] In one enbodi ment, the pol ysaccharide is predom nantly conposed
of gl ycoside nononers bonded via glycoside bonds of (1,2) type. [00030] In
one enbodi nent, the polysaccharide predom nantly conposed of gl ycoside
nononmer s bonded via gl ycosi de bonds of Qé,Z)-type is an 5inulin. [00031] In
one enbodi nent, the polysaccharide i s predom nantly conposed of glycoside

e
[rggggg]r sI bcnm;ﬁbsddaofgglycosmidenbn@d&r@boﬁﬁeé)vxa@d}yc(ok;dia) boygeof §1,2)dlypean.

n
o ycost de HoRDAbl s g ROL RO saEE b rE RIS @g%y%%‘?%@%%e‘i A
type. 15 [aifoemcosweorrwrmmem %@ﬁﬂedthl@ 9b4C§D§tﬁﬁchQﬂﬂleOfp|(é kYRt yan

“conposeds of; glycosi de mononers bonded via gl ycosi de bonds of (1 4) and

ndly
(1,3) and (1 i) type is mannan. [00035] In one enbodinent, g f
the pol ysad®998ilde 1accon@i g ReA e L] n%@%t iRShY§asCRAGden i3 rcE’i’i? Wg‘ O%Ftlly(?wong

groups: 20 comﬁ@sﬁ&ﬁ@i glytosnr erohedherenbonded sidbghysesideObdndmdf 21,4)00GB7] | n
one enbodi % s between 0.2 and 1.5. 25 [00038] In one embodi ment, the
group R acc ”lgoeto the invention is noteworthy in that it is chosen from
am no aci ds[00032] In one embodiment, the polysaccharide predomlnantly composed

10 of glycoside monomers bonded via glycoside bonds of (1,4) and (1,3) type
. is a glucan.
[00033] In one embodiment, the polysaccharide is predominantly
composed of glycoside monomers bonded via glycoside bonds of (1,4) and
(1,3) and (1,2) type.

15 [0003'4] In one embodiment, the polysaccharide predominantly composed
of glycoside monomers bonded via glycoside bonds of (1,4) and (1,3) and
(1,2) type is mannan.

[00035] In one embodiment, the group Q of the polysaccharide according
to the invention is chosen from the following groups:

20

L L

0 0

OH OH OH
" OH

[00036] In one embodiment, iis between 0.1 and 2.
[00037] In one embodiment, i is between 0.2 and 1.5.
25 [00038] In one embodiment, the group R according to the invention is
noteworthy in that it is chosen from amino acids.
[00039] In one embodiment, the amino acids are chosén from a-amino
acids. ' ' _
[00040] In one embodiment, the a-amino acids are chosen from natural
30 a-amino acids.
[00041] In one embodiment, the natural o-amino acids are chosen from
leucine, alanine, isoleucine, glycine, phenylalanine, tryptophan or valine.
[00042] In-one embodiment, the hydrophobic alcohol is chosen from fatty



[ 00039]. In one enbodi ment, the am no acids are chosen from a-anm no acids.
[00040] I n one enbodi ment, the a-am no acids are chosen fromnatural 30
a-am no acids. [00041] In one enbodi nent, the natural a-am no acids are
chosen from | eucine, alanine, isoleucine, glycine, phenylalanine,
tryptophan or valine. [00042] In one enbodi nent, the hydrophobic al cohol is
chosen fromfatty 7 alcohols. [00043] In one enbodi nent, the hydrophobic
al cohol is chosen fromthe al cohols conﬁbsed of a saturated or unsaturated
and branch%®H§1 unbranched al kyl chain conprising from4 to 18 carbons. 5
[00044] In q#hbodlnent t he hydrophobi c al cohol is chosen fromthe

al cohol s ccmposeyi ah @wesatrmcaﬁmdno,rthmmdmmmc ahcbHol dachedenrframbihenched

kol chal GO ShABALLOMED L0 AR LALIOLS. ek 9045] aha gPEnaROYeNt,

t he hydrop 'S chosen hé" al"Chal S conpose a saturated
or unsat ur axnebdaadmbd)ﬁﬁwfchbdlnmormprlﬁmgrfaﬂﬁhédoall&wrb@lﬁ‘ér n conprising from 8

to 16 cay bggggﬁ POGAGInd @ﬁﬁlﬁ\@ﬂ?dtﬁ@%dréﬂ%&ﬂmm%Q:h@lséﬁrf%ml the

oct anol . I n one enb hydr ophobi ¢

2- et hyl but @&ehols 00PAWPsed &h eaerﬁﬁgﬂ"%ﬁt ory H@S?E{{rta)tze‘gl EBaolbr?'%dber?‘os% from
nyristyl al@garehche®bidyl ahephedmpsasieg frgm altoat®tartoetsear yl  al cohol , butyl

| cohol I
' 'ﬁyg(r)oghobl (,[%ébééiSq Cé)rpe(cjlﬁ&o%# ano#ﬂ Qh%l[hé/gjt'qél[?ll'?g gea??@wa Hggcg{ gFBJB%%lﬂ] n one
ermbodi ment ,altdtelshabesosed| oferi \satinageds orheinestwnadséd pOGOBIENEHRDNR

embodi g (?t RGOy & %%}?l&hg rﬂé&rﬂeggm fr HP@GCB fé QQP'b%Q\s”ent hol derivatives.

[ 00052] one enbod t hol
racenic for[mooﬁémoéa]onmemb@ é’ﬁﬁBHltl‘?@nhydrtol%‘o(ﬁ&dﬁ(‘)%'h%ﬂg?&é?'%Hhi)ln : Lst he D

;ﬁg”ﬁflggm@@bmh 135 A0 BRBAdIrBnE B e @ipFBBIC altbeoly d-efhdbiaral cohol s
[00048] In one embodiment, the fatty alcohol is chosen from myristyl
alcohol, cety! alcohol, stearyl alcohol, ceteary! alcohol, butyl alcohol, oley!

15 alcohol or lanolin.
[00049] In one embodiment, the hydrophobic alcohol is chosen from
cholesterol derivatives.
[00050] In one embodiment, the choleéterol derivative is cholesterol.
[00051] In one embodiment, the hydrophobic alcohol is chosen from
20 menthol derivatives. '
[00052] In one embodiment, the hydrophobic alcohol is menthol in its
racemic form.
[00053] In one embodiment, the hydrophobic alcohol is the D isomer of
menthol. :
25 [00054] In one embodiment, the hydrophobic alcohol is the L isomer of
menthol.
[00055] In one embodiment, the hydrophobic alcohol is chosen from
tocopherols. _
[00056] In one embodiment, the tocopherol is a- tocopherol
30 [00057] In one embodiment, the atocopherol is the racemate of
a-tocopherol.
[00058] In one embodiment, the tocopherol is the D isomer of
a-tocdpherol.
[00059] In one embodiment, the tocopherol is the L isomer of
35 a-tocopherol.
[00060] In one embodiment, the hydrophobic alcohol is chosen from



ment hol . [ 00055] In one enbodi nent, the hydrophobic al cohol is chosen from
t ocopher'ol s. [00056] In one enbodi nent, the tocopherol is a-tocopherol. 30
[ 00057] I n one enbodi nent, the a-tocopherol is the racenate of
a-tocopherol. [00058] In one enbodinent, the tocopherol is the D isoner of
a-tocopherol. [00059] In one enbodi ment, the tocopherol is the L isonmer of
35 a-tocopherol. [00060] In one enbodi nent, the hydrophobic al cohol is
chosen from 8 alcohols carrying an aryl® group. [00061] In one enbodi nent,

t he al cohol carrying an aryl group is chosen from benzyl al cohol or
phenet hyl &leid$ carrying ap@E6e| 9r4®: pol ysacchari de can have a degree of

Pas’a degr o or Dol i s ot seteacn 10 and L000! [o0064] I anot he
_ rizatiopn m ween an 000. [00064] In anoth
enbodi nent ?fr?m qé’gvig%@bpgg BPeﬁﬁﬁV@?ﬁi on m of bet vveeL 10 a]nd 500. oloer
[ 00065] Theooogent iTtre abbsaceiatas dao hbee sqrddmsésofobotm’eerrizﬂtm@h@‘ri des
conpri S|§1g.boe%vte|[3gl)]lo%8fag§1tbéb{t ed carboxyl functional groups according to

t he i nvention. I d Synthesis conprises a step of obtainin
an no [00063] In one embodiment, it hagpa degree of golymerization ng gfn

between 10 and 1000.
[00064] In another embodiment, it has a degree of polymerization m of
between 10 and 500. | '

10 [00065] The invention also relates to the synthesis of the polysaccharides
comprising partially substituted carboxy! functional groups according to the
invention.

[00066] Said synthesis comprises a step of obtaining an amino
intermediate  HA-G-R-NH, or an ammonium salt HAQG—R-NH3+, the

15 counterion of which is an anion chosen from halides, sulfates, sulfonates or
carboxylates, and a step of grafting this amino intermediate to a carboxyl
function of a polysaccharide, R, G and HA corresponding to the definitions
given above.

[00067] In one embodiment, a step of functionalizing the polysaccharide

20 with at least 15 carboxy! functional groups per 100 saccharide units is
carried out by grafting compounds of formula Q-L', L being an anhydride,
halide, carboxylic acid, thioacid or isocyanate function, to at least 15
alcoho! functions per 100 saccharide units of the polysaccharide, Q and L
corresponding to the definitions given.above. ' :

25 [00068] In one embodiment, the amino intermediate of formula
HA-G-R-NH; or HA-G-R—NHQ*is obtained by reaction of a compound of

| formula G'-R-NH,, G’ being a carboxylic acid, isocyanate, thioacid or alcohol
function, with the alcohol function of the hydrophobic alcohol, R, G and HA
correspondirig to the definitions given above. .

30 [00069] If necessary, in this step for obtaining the amino intermediate,
use is made of the protection/deprotection techniques well known to a
person skilled in the art of peptide synthesis.

[00070] Preferably, the step of grafting the amino intermediate to an acid
function of the polysaccharide is carried out in an organic medium.

35 [00071] The invention also relates to the use of the functionalized
polysaccharides according to the invention in  the preparation of



intermediate HA-G R-NH2 or an ammonium salt HA-G R-NH3+, the 15 counterion
of which is an anion chosen from halides, sulfates, sulfonates or
carboxyl ates, and a step of grafting this amino internediate to a carboxyl
function of a polysaccharide, R G and HA corresponding to the definitions
gi ven above. [00067] In one enbodinent, a step of functionalizing the

pol ysaccharide 20 with at |east 15 carboxyl functional groups per 100
saccharide units is carried out by graftdng conpounds of formula QL', L'
bei ng an anhydride, halide, carboxylic acid, thioacid or isocyanate
function, tphaamacedteali®rapestons paascoRed F0Ve00 saccharide units of the

pol ysaCChaf béengbaﬁﬂ% lrn@éHtf p91§9' PgIates the éiebhaﬁrhaéamu V@@m@b@‘ﬂ@n 25
[ 00068] | n one enbodi ment am no nternedl ate of for G R NH2 or

HA- G- R- NH3-COTPIénpg; ABE BY %&Q‘WC&P%{ genpeiding wort HEI H‘V@”tﬁnm—?ﬁ G
bei ng a cardegxsibes adovd, andsambeauabae atdtliveaarnml:lple al cohol function, with the

| cohol th hoh t
B K B e e
obt ai ni ng tdmoedmgctomtnteemwedtlanas dgse:rltmdrrabI@ve)fWhaeem the active prmCIple

protection/; I S kiedsigmdt he
art of pept?g%%rﬁﬁggﬁhé%{%ng%ﬁgﬁ e?fg&%\;@nth(ga%sc?gg&gghsglﬁg tll ngsg t he

am no i nt erasd 'éettbeéﬁp%icd”ﬂﬁﬁi{?%n of the polysaccharide is carried out

in an organigpoyadi WBtuvaSpr{uQ@Q%lils Uit rstotNtd emeal aproaliat pstiefdrine ofigse of

br epar at orFiedle” STSRAFH R cdl! OBiG8! (PERs S DeseMel ApbErrioder2)

The invent lmsailsglcalebem\esy t@and gltavenpdeciplecadn bengraxgjeanions, thatpisitei say one

of the pol har i Y i a V, nd at
D e i mcl?édt?q%%%g tﬁgo{)@gwﬁﬁbﬂ §&for8l & @'ﬁé%&%}%rﬁbﬂ &R

| east one a ve princrp nvent i n also relates to a

phar maceut iaad beommdrgancsss, e EXaMME the arewtmjaeorom e wdl b srdetisbve,

wherein the ae?wd(ﬁmdoahﬂﬁb%% T'n%t(HP%%@rbff h&&Nrid8n8"OHRNC&INS b& tretd@ined on
pr ot ei ns, P coprotelns, “peptides and nOBP |de therapeutlc nol ecul es.

[00074] 15\ct5ai@ V‘fﬂqr}%bblt'ée COMARSEI AT 8P HENCE: in the formof a

10 single CM?‘E@' @é’ﬁér{cyn@rori thd fpetl'ﬁcﬂbgie@ftaagemmlmm irmenHatifng aalocal
phy5|olog|cal % hy Sal active pr|n0|ple can be exogenous, ‘that is to
say that it°%9 ﬁW% GEEECBY the conposition according to the invention. It
can al so be[CE)m’@gerItmus;hef oasaaxzfrrtdoal tdved geysemid aelerseswHineh methpdpeof '

secreted in, sal gtl H“Qv%%gﬁ%é' e PR3se el hﬂ@lja'v@goﬂﬁd %b@@taﬁ%@u?e

ret ai ned on 05|t|on accord g o the |nvent|g
[ 00075] 2DJepI@hrchd|¢gn’@h ttra@scﬂﬁtnh@ﬂ H@ir@@Utsswkjét !, ?S?' VEAINGhaRH PlorPU b al

or system c, ﬁ?@@ﬁm roli@908d tha likee case of |ocal and systenic rel eases,
the nmet hods_ o

subcut aneoul?0 W%dwnfﬁgbégﬁé%geﬁﬁgéﬁﬁﬁa Elopﬁtarc%%@hafté?yheno@entlr(])gsg"e
vagi nal , ocgik@ér irbthee 8huier farm npnaqyeswuselutiand orlie thekgowder, lmplant or
| film form. They additionally comprise the conventional pharmaceutical

25 excipients well known to a person skilled in the art. '
[00078] Depending on the pathologies and methods of administration, the
pharmaceutical compositions can advantageously comprise, in addition,
excipients which make it possible to formulate them in the form of a gel,
sponge, injectable solution, solution to be taken orally, lyophilized tablet,

30 and the like. _

[00079] The invention also relates to a pharmaceutical composition
according to the invention as described above, which can be administered
in the form of a stent, of a film or coating of implantable biomaterials, or of

an implant.



[ 00077] . The pharmaceutical conpositions according to the invention are
either i'n the liquid form in agueous solution, or in the powder, inplant
or filmform They additionally conprise the conventional pharnmaceutical 25
excipients well known to a person skilled in the art. [00078] Dependi ng on
t he pat hol ogi es and net hods of adm nistration, the pharmaceuti cal

conposi tions can advant ageously conprise, in addition, excipients which
make it possible to forrmulate themin the form of a gel sponge, injectable
solution, solution to be taken orally, |yophilized tablet 30 and the i ke.
[00079] ThéExample ilsSwnthesis afisadiuen dextxangeethyicarbexsate madifie

accor di ng t@&hgléwm y@@cﬁﬁ,tgescrl bed above, which can be adm ni stered in
t he formof st ent ilmor coatin i npl.ant abl. e bi omaterial s

of “an'i ol dABOBOT0 CiaelimsPeoI1ie Ve Rt oRP e 0p EBRR AT D i Al 1 CAPBSEY 1 ot o
nodi fi ed bw&bmlﬁgttsrmle beteknateecrindd008RE pEteheskeniol Ml eugl. ndbed 826

par a-t ol r@sgal fonic acid salt, is obtained according to the process
descri bed i he patent (Kenji, Met al., US 4 826 5818). [00081] 8 g (i.
148 mml of[06P8LdX B gf (inet |1d|85r)'mm| e xioy doxwl tfinatiors)gief- doxirage Wil @r rrass

f I t larel5 m
o IO ISR M tssibreniet oo (ol el

brought to @5‘@1%'@ W@’Feﬁ?tg“ 8/\ 18Rl ONNIBH
adgedh The éc@faaiet@ttwf@ égl)utﬁds‘t@ rrﬁggtﬁwmerem @f@ughtblt@uwﬂcmcﬁ&aeat 2@ gSC/ mdn
and then alne at m nut es t i ute
with 20&)O 03 ), OThaleHal Icpiq{o\zmc? Ll ng ﬁﬁdp%ngsgétﬂgé g

ul trafiltrathotion hnedugllm as HrkgiRED HOTEr ah®. 2&imist aed \thnnﬂglr@ﬁlr\ﬁdt@tr The
final sol Uit kot fon ANt 3t Vr‘?ﬁa}étngfjtrﬁé&? A S BUuWRKIIRS Il diwaeder Lo

det erm ne t e conc hen quantitatively deternined
by aci d/ baseeutralizedi withi acetig @@Ict @nd) puﬁfletﬂ/ba)té%ﬁ@ltrthrbﬂa@u Aget&t ni ne

Eﬂe gegreetpgs fH#é%bFaLHé Oﬁgawgtfl‘ GEtvla}t!rﬁééb@ﬁyl(\S\ge%tésAfr@OﬁRél Pmot’dm ng to

e dry extrac r]”= ccor

aci d/ b)a(é% tqlttarr&ttﬁgﬁelyt [%t% 3ty s‘ﬂ%ster"tt[ﬁ (%on ”]oforfjﬁE E@/d&% i ?%ng{ei ons
bydm?t h)é' caddmwtrﬁtuenf@mmny?m iandltH¥h peansiatively ddeeromined by afidipodsy The
sodi um dext t t

Cani oni ¢) 1oraer e abc o k7 biselakb bR JRRETE PP P WERRA L o
subsequent | sudsyioptioh mwdgd nfethy t8rimoratesf 00085] 8

gof dext ran\r/r@t | ﬁw%mé%l ?,@3&&%%!,.9& TebhedrbaxybirRgasi d functions)

are dissol
20 [00083] According to the acid/base titration: the degree of substitution of

the hydroxyl functions by methylcarboxylate functions is 1.04 per
saccharide unit,
[00084] The sodium dextranmethylcarboxylate solution is passed over a
Purolite resin (anionic) in order to obtain the dextranmethylcarboxylic acid,
25 which is subsequently lyophilized for 18 hours.
[00085] 84 of dextranmethylcarboxylic acid (37 mmol of
methylcarboxylic acid functions) are dissolved in DMF at 45 g/l and then
cooled to 0°C. 0.73 g of cholesterol leucinate, para-toluenesulfonic acid salt
(1 mmol) is suspended in DMF at 100 g/I. 0.11 g of triethylamine (1 mmol)
30 is subsequently added to this suspension. Once the polymer solution is at
0°C, 0.109 g (1 mmol) of NMM and 0.117 g (1 mmol) of EtOCOCI are
subsequently added. After reaction for 10 min, the cholesterol leucinate
-suspension is added. The medium is subsequently maintained at 4°C for 15
minutes. The medium is subsequently heated to 30°C. Once at 30°C, the
35 medium is subsequently run into a 5 g/l solution of 3.76 g of NMM
(37 mmol) with vigorous stirring. The solution is ultrafiltered through a-



cooled to OC.. 0.73 g of cholesterol |eucinate, para-toluenesulfonic acid
salt (1'mml) is suspended in DM at 100 g/l. 0.11 g of triethylamne (1
mol) 30 is subsequently added to this suspension. Once the polyner
solution is at 0C, 0.109 g (1 mol) of NMWM and 0.117 g (1 nmmol) of Et OCOC
are subsequently added. After reaction for 10 mn, the chol esterol

| euci nate suspension is added. The nediumis subsequently maintained at 4C
for 15 minutes. The nediumis subsequentlly heated to 30C. Once at 30C, the
35 nmediumis subsequently run into a 5 g/1 solution of 3.76 g of NW (37
mmol ) with 3 §Br s eenprangyagdinet 481 wlHees ef Q||9t°/pal‘qult@ﬂlétéprt RPEUHRN 2 11

e e o S e OO
ner sql ution ne

by dry ext rt_é)btd!'y gxf.rraégtfi\&ﬁaq;pns% %ﬁr?]PB'H” '§EiY§ F?‘i’ 284 2wly ‘?fiagyzgiﬁw 1-1-1

NVR in D20 |hnD90deH draedete et ereninke thevielvebfofaatid fummtonsnsonoewtedtezd to 5

chol est e ol te am 0086] According to the dry extract:
[ modi fie p%]@%%tFIO Jelﬁnsgenﬁmg ef00087] According to the '11 NVR the nol ar

fracti on of[00f863ciAtzondidigftogthebyryt drratiol [ezadfied pobuoenarel H8rmgé@chari de
unit s 0. 0[r AEX/?{HBIr@nE to%%@th#m'mofhé%|ymr%eﬁbﬁ WPEHEH Y mowkd i ed

by chol est erol uci nate Chol esterol | eucinate,
par a-t ol uen@éth‘ff shplestarel eéJ&Irtatelp@réﬁtCﬁhﬂ'é@eé‘@ttdﬁdq Hd- to the process
described in the patent (Kenji, M et al ., US 4 826 818). 15 [00089] Sodium

dext ransycc nate i S ed. fro ran t
describ @ ‘?Wé”ﬁa%’e‘g %ﬁ'ﬁch%;n e’a( ra:%gg%cnﬂgggmrggggﬁ L?/aﬂbda et
al ., Pol yma:rhol&@éroBRz((dBarte 2751- 2757) The | evel of acid functions per

g yeoside Uldoddy) Elobsdtfor RERAALNBAD: t%h%ng'é.@fbﬂuc[)ggé'\?%{) is28p {949 0]

The sodi um nsuccrnaté solu I'te resin

(ani oni ¢) iaccordieg tmthﬁbpmqfr‘-‘sﬂéiﬁsﬁah@dd@ltrﬁllecp%l@m (KgRiicM P& abubseduddf |y |

| yophi |'i zedgi@[ 18 hours. [00091] 7.1 g of dextransuccinic acid (23 mmmol )

are dissol ved éa,t . . . )
15 [0 0089 Sodium dextransuccinate is obtained from dextran 40 according

to the method described in the paper by Sanchez-Chaves et al. (Sanchez-
Chaves, Manuel et al., Polymer, 1998, 39 (13), 2751-2757). The level of
acid functions per glycoside unit (i) is 1.46, according to the 'H NMR in
D,0/NaOD.

20 [00090] The sodium dextransuccinate solution is passed over a Purolite
resin (anionic) in order to obtain dextransuccinic acid, which is
subsequently lyophilized for 18 hours.

[00091] 7.1 g of dextransuccinic acid (23 mmol) are dissolved in DMF at
44 g/|. The solution is cooled to 0°C. 0.77 g of cholesterol leucinate, para-

25 toluenesulfonic acid salt (1 mmol) is suspended in DMF at 100 g/l. 0.12 g of
triethylamine (TEA) (1 mmol) is subsequently added to this suspension.
Once the polymer solution is at 0°C, 0.116 g (1 mmol) of NMM and 0.124 g
(1 mmol) of EtOCOCI are subsequently added. After reacting for 10 min,
the cholesterol leucinate suspension is added. The medium is subsequently

30 maintained at 4°C for 15 minutes. The medium is subsequently heated to
30°C. Once at 30°C, the medium is subsequently run into a 5 g/! solution
of 3.39 g of NMM (33 mmol) with vigorous stirring. The solution is
ultrafiltered through a 10 kD PES membrane against 10 volumes of 0.9%
NaCl solution and then 5 volumes of water. The concentration of the

35 polymer solution is determined by dry extract. A fraction of solution is
lyophilized and analyzed by *H NMR in D,0 in order to determine the level



44 g/’1.. The solution is cooled to OC. 0.77 g of cholesterol |eucinate,

para- 25 toluenesulfonic acid salt (1 mml) is suspended in DMF at 100 g/I.
0.12 g of triethylamne (TEA) (1 mmol) is subsequently added to this
suspensi on. Once the polyner solution is at 0C, 0.116 g (1 mmol) of NWM and
0.124 g (1 nmmol) of EtOCOCI are subsequently added. After reacting for 10
mn, the chol esterol |eucinate suspension is added. The nediumis
subsequent!ly 30 maintained at 4C for 15! nut es The nediumis subsequently

“heated to 30C. Once at 30C, the nmediumis s ntIF\; run Ié]ﬁho ab5 gl
sol ution of0f32aQ funeHonalareyss FABYSTEF A qﬂo YRR MNI%he solution is

ul ]f rafiltergmdon OlMEoFdlﬂag tthBEﬁyl@tEbé@ne{rr&gﬂﬂ@@tpolyﬂnwl ?lrm‘,ﬁSOﬁg[Dg 9% NaCl
solution a vol unes o The co tratio t 35 mer
sol ution i 2[%@&@3 miAM& QQMh&mﬂ EMR &\Ef Fr};fﬂ ﬂ'ﬁc@mso I ﬁ?la&h @Odﬁ)ﬁéa/

| yophi | i zecbybite ahaleyzed| hajuNIVI%terpeIDz@ccharoddemlttie ®eébermi ne the level 12
of acid functional groups converted to chol esterol. | euci nate am de [00092]
According to the dry extract: [nodified polymer] = 17.5 ng/g [O

Accor di ng tExamwplern\srthesisrpfar sedEon muHulqwe@na§errdapﬁf@adb3P}f he
chol ester olchg;égtgp&pleqﬁrmggécharl de unit is 0.05. 5 Exanple 3: Synthesis

of sodi um puIIuI i nat e dified b este ol. leugin 00094]
Chol est er ol [{4%In Lﬂ%&efﬁ%@ FC‘(;‘ICMESQ%B ﬁj%sa Y:‘3'<:;\'Ict‘-"c'fcis %&Jt R ﬂl%t%meog
according t&ddﬂemgrmcmpm@mdmnbedtlhethpammht (Kenjij M bt at., &IS 4 825 4 826
10 818 Z?gggS] 10 g of pullulan with a weight-average nolar mass of

appr oxi 00 kg/ mol (Fluka) are dissolved in DMSO at a concentration
of 400 rrg/ o[G0 C. 10rigi sofsobquulan i witbqué | ivikeighe@verag Cragldr t eass wef DMVF

sol uti ons 9 SWJ ol %ané? 18 ngonswep &rea@.egawbeen@ﬂéogéﬂoa 2BAcéhtddtigh 15 of

NWM (375 g/ are an sol utjion. action tine is 240
mn, start|<hg4f)pdﬁ9f91@ta@%|@| EH'SOFOPHQ”I\H@\/F%WI“BF‘?’:SH aEI'ﬁ1 oFﬂﬁl%ﬁ”tWﬂ%

Obtm;;u ned i spiiH sdietohs (}d\n'ipcli'iﬁn L :lze7 ga@fdsu&cﬁmtafariﬂyenrgiét (3wi0ggh aad19. 3Ry FES
menbr ane_aga % sodi u 1 on, an en
distill ia " é‘rﬂ""%ﬁgS IS raﬁq% P f%{h |r§§$t ﬁnﬁ’%@?zg

final sol utmm mis, dearemu fredh biye dardxdltmn roactheal‘ﬁi‘th balutiop. ghedmution thusl yzéd

by 11-1 N érp%é)gytaogllaté@ iRr fgro¢t gg@rt SbH‘ @@gh&%&%#ﬁéh@ OS%[WPES

functions succinirc es
Accor di ng tmetrhbramey agrinsice: OfPwl |slg>riaﬁ§uébi0ﬁ@@e]sowtn® aawb/tgepoaegrf‘ﬁt

Accordi ng tBOEthS'Ig éﬁll%watt@re T(TGE %n@érﬁ%ﬁ&rﬂ onsoBﬁ'ﬁn Lﬁl@l"ﬁﬂs%cgﬁha@@rrﬁ yhég a

sodi um succl hate per sacchari The sod

uni t ]
pul I ul aﬁQuc@Fﬁ'a%QalUQB'P Ug idehermeingd) by fqr¥oe’6FPCé ﬁf?&h‘?t Y rRISAHCY b?n?'a?lllyé?d and
is then subssaqmanmm liyopyo/Naed frorordi8r hourdete frA®@9%he Sleyedfof hydroxyl

ool ad 1o ORN058 &5 Y BHRRNC o 08 P or o SR B M50 st bsequent |
added. Afte[O@(m:]tlhgcdrdmglﬂ) thendryaestrapengiutiolaswecingtely=01 58 wade
chol est erol m(%’%") Dlvégcoreﬁ{@a'tgoklﬁn@ﬁ%&lﬁmﬁea%aaé FFF%& o@aéft th@@c&acﬂg g of

TEA in 5.1 raftin after the
i ntrodu@bi opamsyinghe S@ﬁ@lr@ﬁlé@laﬁ“ﬁéﬁr \?é@qhﬁé'deTWé'trh%érﬁn i's subsequent |y

heated to 3pgpEywl tPEE JodumnbaI@BnadeEnste BMRRl I aerlified @ @ Rurolite
resin (anionic) and is then subsequently lyophilized for 18 hours.

[00099] 5 g of pullulansuccinic acid are dissolved in DMF at 51 g/l. The

solution is cooled to 0°C. 0.08 g of NMM and 0.08 g of EtOCOCI are

.30 subsequently added. After reacting for 10 min, a suspension comprising

0.51 g of cholesterol leucinate, para-toluenesulfonic acid (PTSA) salt, and

0.08 g of TEA in 5.1 ml of DMF is added. The grafting time is 20 min, after

the introduction of the cholesterol derivative. The medium is subsequently

heated to 30°C and then run into an aqueous NMM solution (2.09 g at

35 5 mg/ml). The solution obtained is diluted by adding 100 ml of water and

then diafiltered through a 10 kD PES membrane against a 0.9% sodium



35 5 ng/m). The solution obtained is diluted by adding 100 m of water and
then diafiltered through a 10 kD PES nenbrane agai nst a 0.9% sodi um 13

chl oride solution and then against doubly distilled water. The
concentration of sodium pul | ul ansucci nate nodi fi ed by the chol esterol

| eucinate in the final solution is determned by dry extract and the dry
product is analyzed by IN NVR in D20/NaOD in order to determ ne the |evel

of acid functions 5 converted to chol estérol Ieu0| nate am de. [000100]
According to the dry extract; [nodified l /g [000101

Accor di ng t@lemée solytiqurand ﬁ@eﬁtﬂ%ﬂ“ﬁ‘tr%‘é@mbrﬁ‘ﬁtﬁ' Qq*n‘é’a&‘é’i drf” MESTRERYRD t he

cpol egteroloﬁ ?@@lbﬁ@t;ﬁlll@%n%ﬁﬁ%d flrﬂ@dmd b‘ySt}Qe %oléi.@e@alrénhmaﬂe iBytHdhesi s

of sodi um u succi nat e nodi.fie nate o

[000502] THEN SaIR & BRtEalre e Hnd et HEGhe dsp Ry s ines

process . desty i'HeNMiRnirt BeOphit OBt in( Kedgr to Metérraine, théSleved 26 E&:’l@)functl@rms)0103]

A sodi u pu%}nq)e C!:Hﬁ §te$8|| lléhk@%té)%trﬁ'd@ed as described in 15 exanple 3
a

is aC|d on a e resi nronic) and is then subseguently

| yophi | i zed[G0§r1008 Acr@@r@mg[t@dzbwmr]v extgaet [purdiflicdmolornl © &8 MIsg e

di ssol ved I[rbo@l\iﬁlgtA&%r@i/nE toliHe BPNMR Othd fndtaeFedtibe d?Che bickss ehaafifiddvM
(3.2 mol) and quently added. After

ocoCl (3. | .
reacting fdpy &8 ﬁhgleg?(;;rgb eéi?é'}?éﬁsq(%ﬁ%(?%'?'%%%rrﬁ‘gt '%@gﬁg of al ani nate of
cetyl al cohol par at ol uenesul fonic acid salt (3.2 mol) and 0.32 g of TEA
3.2 20. f T
(3.2, k), 0o bt | 5o By M SR R B b et

subsequentIqlahﬂaaéd#(rectvt:aéxnhohen run into an aqueous NMM sol ution (8. 36
g at "L 1?13 ﬂ% SR ﬁﬁét@rbf%ttﬁl' Q@ghtlsls%ﬂtb‘ﬁr%@ DeoREAGND, t%%opr%‘ce@sf

wat er and tere hr qu nbrane agai nst a O.
sodi um chl O‘quﬂé'b§gl'ﬂttf‘8rpaéﬁatﬂ‘ﬁ%’i‘ﬂ'fa’lﬂa‘itn%ltr léi%tfb§§6(§158t)r || ed wat er. The

concent rat i gmoafo33oni sumiom Ipm@wmﬁtt@ ssidtibhedbyinédieasl @aychidied o
cetyl alcohol in t

dry” proddct SX¥MBia ?ﬁ@ﬁ'd?yeqsl%nla 8P$k/%rg§FnE§fg17ﬁr{i§5ba%ﬂ '8¥B§$tsr %tﬁgﬁgﬁ] i e
the | evel oWoabllldeﬁmucﬂBdrersonverted to am de of al aninate of cetyl
mu/ g [ 000108 AL AP PrirshiinG e e Hicegh R de PR ST Ther 2
nodi f i ed byscduarm matceol@ﬂ ©e@C. Qi32onef M ShednardldendM-82igs 0HEIQCOCi4
Exanpl e 5: @’Qtrﬁﬁﬁilf afe sedbyaydendy anaakhy| aardpoxykatisg Mgk f itedmby, a
dodecanol ani nat e
suspension comprising 1.55g of alaninate of cetyl alcohol, para-
toluenesulfonic acid salt (3.2 mmol) and 0.32 g of TEA (3.2 mmol) in
20.4 ml of DMF is added. The graftihg time is 20 min, after the introduction
of the cetyl alcohol derivative. The medium is subsequently heated to 30°C
and then run into an aqueous NMM solution (8.36 g at 5 mg/ml). The
25 solution obtained is diluted by adding 100 m! of water and then diafiltered
through a 10 kD PES membrane against a 0.9% sodium chloride solution
and then against doubly distilied water. The concentration of sodium
pullulansuccihate modified by the alaninate of cetyl aicohol in the final
solution is determined by dry extract and the dry product is ahalyzed by H
30 NMR in D,0/NaOD in order to determine the level of acid functions
converted to amide of alaninate of cetyl aicohol.
[000105] According to the dry extract: [modified polymer] = 5.2 mg/g
[000106] According to the 'H NMR: the molar fraction of the acids modified
by alaninate of cetyl alcohol per saccharide unit is 0.18.



[000107] Dodecanol al ani nate, para-toluenesulfonic acid salt, is obtained
accordiAig to the process described in the patent (Kenji, Met al., US 4 826
5 818). [000108] A sodi um dextrannethyl carboxyl ate sol uti on obtai ned as
described in exanple 1 is passed over a Purolite resin (anionic) in order
to obtain dextrannethyl carboxylic acid, which is subsequently |yophilized
for 18 hours. 10 [000109] 5 gofdextrannethylcarboxyl|caC|d(23 2 mol of

met hyl car boxylic acid functions) are di $4olved-in DVF at 45 g/| and then
cooled to OC. 1.99 of dodecanol al ani nate, para-tol uenesul fonic acid salt
(4.6 mmol ) Example Ssreathesiogt sadiven @xtraonmtfg'lsark?m atg maditieds. 6
mol) is suspewbino/addnidte this suspension. Once the pol yner 15

solution i 2.52. 3.

Et OCOC!  ar Oﬂhﬁggﬁé‘?ﬁqﬁg%%@f'n%&eﬁe?grraeg%y?'ﬁ%s W'Cl(?cfﬂgr?(a?tl H% (gg%‘er?ceéj(r)lol
al ani nat e sutspetisgao the pdibeds deberibed iinthepatabs éiferjit Myetmal. nU& #é@6at 4C
for 15 mn . The mediumis subsequently heated to 30C. Once at 30C, an
i m dazol® so]I tion (3.2 gin 9.3 n of water) is added to the 20 reaction
medi um Thd OPONPARA sciodiuron fextuprmethyicarkaxviateougplubiono RPFEERA nedfor ane

agai nst 10 yal-Hpes |ﬁfe>gbr19§4>e'\ﬁg s6dad boBr anplytonen réslMO(Ialml'B?ﬁcan Wﬁde’ﬁto The
concentration of the R e%/ ion |saﬂgterm n@ #M'em
fraction ofoRddinuepsHany tgekﬁft}’(?’?/ i§ 2¢id FyJefupyed Y?P qlflo rder
to determ nes hbgrd.evel of aC| d functions nodified by dodecanol 25al ani nate.

000110 th d /g
%000111} @@Pﬂbﬁg #g th %ﬁ?ﬁ%ﬁh&th%& t%’Hr'gct P%Mmrk%nz'%”ga ol i ed
by the dodeuat'm,{lcmbawvhataslq)éun@an’(ﬂiaar&j@l&ﬂ@i\ted & MO at3d5 [gibend2thexanpl e
6: th o t

Synt hesi Sg%dlgg%‘ %mlx}e r% ?PHF&Q@G#@%@Q%MB% tepzfpédﬁd(lu@rﬁjeswfolmd‘rgah@lt

glycinate Cl nate, para- enesul fonic acid salt, is

obt ai ned ad@ef (ﬂﬂfﬁ?@ X @rﬁhéuﬁ?%ﬁgﬂg ige DM rid 109 ate Ghar entof( KEaTNY!aMiNG al |

US 4 826| ?1{81)6 ﬁ%t&PPQ%%ﬁkeééeﬁﬁse an'dEdOEB fthrse s lcb|’$e®fr1cﬁptdﬂd prﬁﬁgelt heOI

am ne sa neutral i i.chi onptr @;;l 0 um r oxi de

and ext Fact Ut"i’?s %a[tﬁf‘%f %5%2?? ZfHap! h& j’é‘ﬁl gnjpzh fs %% Q}r/? o

aci di fi ed WHOTGCIsatausubseqient@ addedc:t After eedatingafat 10 enidCitheadedegdanthe _
thol d t o f th

Gy o WAL 3PP Skl BB R g 9

dext r annet rmcz:mrbbﬁymmteteSOWbeurnﬁdum as segsasuertbe Nepkrf to 3B&mptrce1at s

passed overs nﬁ%a"zSFé' @o(u%ﬁb'no'@B(?) | h O SIeR| ‘bﬁ \NQE@D ris added to the
dext r annet h car ic acid I's subse

hour s. ?@omsponzngéwraem é’ﬁ:‘w\ﬁf’ﬁw%%@(ﬁkw 3' t&{%@)ﬂz ' Zﬁf% 'i@rf’é?

met lhy:jC?r bgﬁh)élm&ggél @bé.uélcuomoérlr@seofg?gzal Ned sarsnu% atd GBeg/d varlmlnemgnzg
cooled to

ml ) are s& W@ﬁ%redjgn% Cﬁﬁﬁenet{ari% / g/ﬁﬁ IU?'PPe@hg%eﬁlﬂ ﬁle(?§)}28r

is subsequeebtti’a'ctaeﬁd’érdctlontdﬁl@ltﬂ[ﬂpmkywcpmllz@dcwd mealyzegryy 'HAMRiiDPIG at
0C a sol “t|'n°E c%{ C%étgrrﬁ%eg’thgsle@elnwlQca%egl:?ﬁ@?r@?rgomﬂjeh Eg ?%ﬁ’eciag@? g9

(65.1 mol ) o re subsequently a ter reactin
m nut es25t h&labhinagat hol gl yci nate suspension is added. The mediumis

subsequent | 110f) 3 A tJeO&A f oy &% aw;{he&dfab oNpdEHM=i 32 sadygequent |y
heated to 5 gmAn@)tl mda ﬁge S eu;#%l ||r: 2% ?'FE

65 ni
of water ar%tddd /I\%COt" @gr@h gr H@Fyﬂﬁr fa\élasaiﬁ'%% anf ds

ul trafilterggdthbdodgbamolldlakiRaRESeresterarticagaitns 0. B vol unes of 0. 9% NaCl
solution, 4 volunes of 0.01N sodi um hydroxi de solution, 7 volumes of 0.9%
NaCl solution and then 3 volunes of water. The concentration of the pol yner
sol uti 0n0i s[GEIIE2T BeamipledsySpnthesis. oAsbdacm dexbfarmypethybrarboxylate

| yophi |'i zed, angdrnpby4e9n Bk thoHy i fe D20 in order to
[000113] L-Mentho! glycinate, para-toluenesulfonic acid salt, is obtained
according to the process described in the patent (Kenji, M et al., US 4 826
818).
35 [000114] As the oil obtained comprises impurities, the amine salt is
neutralized by a stoichiometric addition of sodium hydroxide and extracted



25-determne the level of acid functions converted to L-nenthol glycinate
am-de. [000117] According to the dry extract: [nodified polyner] = 25.7
ng/ g [000118] According to the '"I-1 NVMR the nolar fraction of the acids
nodi fied by the L-nenthol glycinate per saccharide unit is 0.09. 30 Exanple
7: Synthesis of sodi um dextrannet hyl carboxyl ate nodified by ()-a-tocopherol
alaninate [000119] ()-a-Tocopherol al aninate, hydrochloric acid salt, is
obt ai ned according to the process descrilbed in J. Pharm Sc., 1995, 84(1),
96- 100. 35 [000120] A sodi um dextrannet hyl car boxyl at e rmdlfled by ()-

a- t ocopher ovithldiisopeamy! ieshembtTdienerganc hpsedesken igpidifigd mith ageluliatef bed
in exarrpl ? ﬁ | lﬁ@%ﬂi\?o&%@] (51‘?50?!% q’-!(ﬂgséIP otf"t?\edﬁ'bén%ﬁélr ?@Flvatﬂ\?@% lei@@ Ry ymer]
= 28.1 0001 Accor g MR: the molar fraction of e acids
rmdlfled byW tRevabtera AfleE dporti ¥até9rhnlrﬁﬁ?@tr]@ér9l\é%%‘}‘f’farhy@éoﬁmpf'c|35C' salk, 5
Erarrpl e 8: ,§mgm|ds of slodl um dextranmnet hyl car boxyl ate nodi fi ed by oct anol
gl yci nat Cct ano cihate ara-tol enesul n| C | t

obt ai nedgacl(, m?l% Ro Sﬂ‘i’éurB Ségaagk%tﬁ k@&b?)ﬁ}f?tﬁe 68 Ir%)t (%@hﬁnaa est aI
US 4 826 81(895cr1b@d[|®0®d&2npleA1 so piaased ever anfetdiye casipoterienie) o dird ¢reth by

oct anol g}t@gﬁj ?,l?ﬁ& [?yxﬁﬁpégﬁe%héh ! ﬁfb[steaaéhﬁz JQSSHIT&@@%

([@=

exanpl e 6 ccor extract :
mg/ g [ 0001283 hagedr di ng to theNlVR t he m)l ar fraction of the acids m)dl f i ed

by the oct a{TfMoﬂJ C121 te grer cﬁz@&ﬁéﬁhé IéHbexyﬁco 3did 1Y 58x2nph@o?: of
Synt he5| S

phenyl al 1Gni "r‘i‘&f'éy car ﬂ%ﬁ%%%‘n P tlrﬁ‘%?sr)g%)é( ;ﬂa Yr;’rp(ﬁ ﬁﬂsg%/tdgﬁgqa Se)alr?éjsﬁhq"bnl c
af(I d salt, cooledt acbzn@‘ﬁl::sazlcggeS gtg‘ tlontdrehpk cgéyzqsathasmrydbmhlonct hedpablnt
<(1Ie>e<tnjr g’nrret h{lﬁ 2?&]5383 aﬁrs ﬁlﬁ%ﬁefqdée? E)n %@&Oég 1%@«92 lan(r;nOf gr'thycl)%rtnénened by
a process s{hPanma) nmaubmﬁntbe@ddndeboaﬁpseﬁL@pensnon Once the polymer
solution is at 0°C, a solution of NMM (6.59 g, 65.1 mmol) in DMF (530 g/I)
15 and 7.07 g (65.1 mmol) of EtOCOCI are subsequently added. After reacting
for 10 minutes, the L-menthol giycinate suspension is added. The medium
. is subsequently maintained at 10°C for 45 minutes. The medium is
subsequently heated to 50°C. An imidazole solution (14.7 g in 22 ml of
~ water) and 65 ml of water are added to the reaction medium. The polymer
20 solution is ultrafiltered through a 10 kD PES membrane against 6 volumes
of 0.9% NaCl so|uti'on, 4 volumes of 0.01N sodium hydroxide solution, 7
volumes of 0.9% NaC! solution and then 3 volumes of water. The
concentration of the polymer solution is determined by dry extract. A
fraction of solution is lyophilized and analyzed by 'H NMR in D,0 in order to
25 -determine the level of acid functions converted to L-menthol glycinate
amide.
[000117] According to the dry extract: [modified polymer] = 25.7 mg/g
[000118] According to the 'H NMR: the molar fraction of the acids
modified by the L-menthol glycinate per saccharide unit is 0.09.

30
Example 7: Synthesis of sodium dextranmethylcarbox'ylate modified
by (x)-a-tocopherol alaninate

[000119] (*)-a-Tocopherol alaninate, hydrochloric acid salt, is obtained
according to the process described in J. Pharm. Sci., 1995, 84(1), 96-100.

35 [000120] A sodium dextranmethylicarboxylate modified by (%)-
a-tocopherol alaninate is obtained by a process similar to that described in
'example 6.



[ 000129] According to the dry extract: [nodified polyner] = 30.2 ng/g 25

[ 000130]° According to the 1hl1 NVR the nolar fraction of the acids nodified
by the octanol phenyl al ani nate per saccharide unit is 0.09. Exanple 10:

Synt hesi s of sodi um dextrannet hyl carboxyl ate nodified by the
phenyl al ani nat e of benzyl al cohol 30 [000131]

Asodi undext r annmet hyl car boxyl at enodi fi edbyt he phenyl al ani nate of benzyl

al cohol is obtained, by a process sinildf to that descri bed in exanple 6,
using the phen | al ani nate of benzyl al cohal , drochlorlc aC|d sal t

(Bachen) . 2] Agsopdianrg the deextirycloximeditied PebeMerkd $bLyRE = 47.7
nmy/ g 35 [Oomoﬁlzzlﬁ\%&ro%mg ttoothtehEH NMRNNEé mdigr malcabnfdfaeﬁtelaums)ﬁwdd“feecam ds
nodi fied by the phenylalanln te of benz al coh §9 gharlde unit is -
0.41. 17 ERaKPF EF1T tEARNREQ) 3laginale A rﬁ%é&??‘iﬁﬁﬂ@ﬁh‘% o boxyl ate modified
by i sohexanol phenyl al ani nate 000134]. | sohexan nlnat

pgr a-t ol ﬁen@%ﬁ%ﬂﬁly% axnthesgis;of FLQdﬂb’E"a ﬁé&r%&?ﬁgwf% ?ngt[yﬂg epf’b%%’?éed
descri bed ibywastapel glycinadgji, Met al., 5 US 4 826 818). [000135] A

sodi um dexty mj]Yd)@c%hBPX?'ﬂy@h%t@DCbér'a%llh%/nésﬁﬂﬂ@ﬂkamﬂld pksinyliel abiaieéd is

obt ai ned .by rocess simlar t descri bed |

Accor di ng t%cctq?ig'n@rgf’ tha Pé%ccess[q?‘?f&f%iegd' %]ey%tre] tQKggJ'%y gl 1%%%7]
According t®ighe 1hl NMR the nolar fraction of the acids nodified by the

i sohexangl - I er 0. anmpl.e

Di ssol ugﬁonmﬂﬁ &fotﬁrrﬁl lqeggrfa@hﬁ%%wgﬁ%dggb&yla& r%gdg:é}gsglgtlﬁltl éﬁtangI a
Bone Mbr phoglyaistite ISPrDbtaeW\d DY(EBWPDCESSls\’omI”?b thetzdescripes Be@BPEL i n or der

to denonst rg?(ﬁ) oL ﬁ@éo‘r‘@fng‘ @ e, B%ktr@& d['rﬁ@‘)@ih@ﬂtpdm”@ﬂn)éﬁFE%@i ®g/g
phyS|oIog|c

MP-2 i s dissol ved C risi u
(Si gma), gl be§ E(si\@q?éﬁimgg‘i%%*}ﬁnfé '\ﬁéﬁdtfc%ﬁaﬂﬁf ¥ra§§'8ﬁ93%ﬁ|%9‘?%8“ difi e
(Ri edel - de- paeng catkhd @ ysnateaper 88caaridea)nit 6.2 of this solution is
adj usteﬁlsto pH 4.5 by addition of sodi um hydroxide and then 20 the sol ution

IB:/PI_yop . lzz'?(caimpze 9: Sm)]ltBeSIl 8P2"ol 15% %ec r;:!nse ‘Wgar% xr;?lg?e ¥n&3:f'®d°f

by octanol phenylalaninate
[000127] Octanol phenylalaninate, para-toluenesulfonic acid salt, is
obtained according to the process described in the patent (Kenji, M et al.,

20 US 4 826 818). '
[000128] A sodium dextranmethylcarboxylate modified by octanol
phenylalaninate is obtained by a process similar to that described in
example 6. _
[000129] According to the dry extract: [modified polymer] = 30.2 mg/g

25 t000130] According to the 'H NMR: the molar fraction of the acids modified
by the octanol phenylalaninate per saccharide unit is 0.09.

Exampie 10: Synthesis © of sodium dextranmethylcarboxylate
modified by the phenylalaninate of benzyl alcohol

30 [000131] A sodium  dextranmethylcarboxylate  modified by the
phenylalaninate of benzyl alcohol is obtained, by a process similar to that
described in example 6, using the phenylalaninate of benzyl alcohol,
hydrochloric acid salt (Bachem).

[000132] According to the dry extract: [modified polymer] = 47.7 mg/g

35 * [000133] According to the 'H NMR: the molar fraction of the acids modified

by the phenylalaninate of benzyl alcohol per saccharide unit is 0.41.



[000139] The pol yners according to the invention are enployed in this test.
Sodi um dext rannet hyl car boxyl ate nodified by ethyl phenylal aninate, a

pol ymer described in patent application FR0702316, is also enployed in 25
this test by way of conparison. [000140] The test consists in introducing
approximately exactly 4 ng of |yophilizate conprising 0.168 ng of BMP-2.
The | yophilizate is subsequently taken up in 210 pl of an aqueous sol ution
in order to achieve a final concentratibﬁ of BMP-2 to 0.8 ng/m as a

hysi ol ogi g3 t '
ok e ﬂﬁ*ejg,n;ﬁ%ﬁggg%ﬁf%%ﬁ?a Ribosylate,
for 5 mnutGs at a ows ee 42] The results for different
sol utions dP80&38#] és@uexarmﬂ heheoy BaRimete; appEa-tolugnesylfanienadids galt, is
appear ance gyrhWatesccoh 8y b BhERIBR Besdrfid ih fhe patent (Kenji, M et al.,,
5 US4 826 818).
[000135] A sodium dextranmethylcarboxylate modified by isohexanol
phenylalaninate is obtained by a process similar to that described in
example 6.
[000136] According to the dry extract: [modified polymer] = 29.8 mg/g
10 [000137] According to the 'H NMR: the molar fraction of the acids modified
by the isohexanol phenylalaninate per saccharide unit is 0.18.

Example 12: Dissolution of a BMP-2 lyophilizate
- [000138] A test of dissolution of a Bone Morphogenetic Protein 2 (BMP-2)
15 lyophilizate was developed in order to demonstrate the solubilizing power of
different polymers as a physiological pH. The BMP-2 is dissolved in a buffer
comprising sucrose (Sigma), glycine (Sigma), glutamic acid (Sigma),
sodium chloride (Riedel-de-Haén) and 'polysorbate 80 (Fluka). The pH of
this solution is adjusted to pH 4.5 by addition of sodium hydroxide and then
20 the solution is lyophilized. 283.2 mg of lyophilizate comprise approximately
12 mg of BMP-2.
[000139] The polymers according to the invention are employed in this
test. Sodium dextranmethylcarboxylate modified by ethyl phenylalaninate,
a polymer described in patent application FR0702316, is also employed in
25 this test by way of comparison.
[000140] The test consists in ‘introducing approximately exactly 4 mg of
lyophilizate comprising 0.168 mg of BMP-2. The lyophilizate is subsequently
taken up in 210 pl of an aqueous solution in order to achieve a final
~ concentration of BMP-2 to 0.8 mg/ml as a physiological pH, the final
30 concentration of polymer being 5 mg/ml. '
[000141] The visual appearance of the solution is recorded after stirring for
5 minutes at a low speed on a roll. _
[000142] The results for different solutions are collated in the following
table.

|UB]
(4]



Exanpl e- 8 clear 7.5 Exanple 5 clear 7.4 Counterexanple FR0702316 cloudy 7.5
[ 000143} The addition of water results in a clear BMP-2 solution but at an -
acidic pH [000144] This test makes it possible to denonstrate the
improvenent in 5 the dissolution of BMP-2 at a physiol ogi cal pH by the

pol ymers according to the invention. On the other hand, sodium

dext rannet hyl car boxyl ate nodi fi ed by ethyl phenyl al ani nate does not make it
possible to obtain a clear BWP-2 solutidg 19 WHAT IS CLAIMED IS: 51. A

pol ysacchari de CUHprIbTﬂg carboxyt—functifonal _groups, oneg at | gast jof which
i s substituted by>@U§eRi vative of a hydrcbﬁ@HPEa%ﬁgﬁﬁBFe denoPed HA:  said
al cohol (HA) beip g cafted or bonded to the ani gaihe pol ysacchami de via a

coupling armR, coupling—arm-being
Example 9 _ clear 7.4
Example 8 clear 7.5
Example 5 clear 7.4
Counterexample FR0702316 cloudy 7.5

[000143] The addition of water results in a clear BMP-2 solution but at an

acidic pH.

[000144] This test makes it possible to demonstrate the improvement in
5 the dissolution of BMP-2 at a phy5|olog|cal pH by the polymers according to

the invention. On the other hand sodium dextranmethyicarboxylate

modified by ethyl phenylalaninate does not make it possible to obtain a

clear BMP-2 solution.
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connecti ng
sai d coupli
resulting f

al cohol function of the coupling armand a function of the hydrophobic

( to the anionic polysaccharide via a functi onal group F, said
functioh F resulting fromthe coupling between the am ne function of the

arm R and a carboxyl function of the anionic polysaccharide, and
ng arm bei ng bonded to the hydrophobic alcohol via a function G
romthe coupling 15 between a carboxyl, isocyanate, thioacid or

al cohol, the unsubstituted carboxyl f und®i ons. of the anionic pol ysacchari de
being in the cationic carboxyla

i in r on preferably being that of
an alkali netal, such as Na+ orM%an am de function, G
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of the connecting arm R and a carboxyl function of the anionic
polysaccharide, and said coupling arm being bonded to the
hydrophobic alcohol via a function G resulting from the coupling
between a carboxyl, isocyanate, thioacid or alcohol function of the
coupling arm and a function of the hydrophobic alcohol, the
unsubstituted carboxyl functions of the anionic polysaccharide
being in the cationic carboxylate form, the cation preferably being
that of an alkali metal, such as Na* or K,

- F being an amide function,

- G being either an ester, thioester, carbonate or carbamate
B function, ' ' -

_ - R being a chain comprising between 1 and 18 carbons Wh!Ch
is optionally branched and/or unsaturated, which optionally
comprises one or more heteroatoms, such as O, N and/or S, and
which has at least one acid function,

¢ HA being a residue of a hydrophobic alcohol, the product of the
coupling between the hydroxyl function of the hydrophobic alcohol
and at least one electrophilic function carried by the group R,

said polysaccharide comprising carboxyl functional groups being
amphiphilic at neutral pH.

' 2. The polysaccharide as claimed in claim 1, which is
chosen from polysaccharides comprising carboxy! functional groups, at

R



and, 'when one or nore carboxyl functions of the polysaccharide are not
substitauted by F-R-G HA, then the carboxyl function or functions of the

pol ysacchari de are cation carboxylates, the cation preferably being that of
an alkali netal, such as Na+ or K 15 3. The pol ysacchari de as
clainmed in either one of the preceding clains, the anionic polysaccharide
naturally carrying acid functions and bei ng chosen fromthe group

consi sting of alginate, hyaluronan and g8l acturonan. 20 . 4. The
pol ysaccharide as clainmed in any one of the preceding clajns, th ni oni c
pol ysaccharleael e 9§ Whidhy i HeRStEUER BYicdpuveiiwe e érWPéOBbPQ'iCrPéﬁoer?ﬁo an
ani oni ¢ or dqureal fyrheulgrmeutral ) natural pol ysaccharide to which at | east
one acid function has been grafted, of 25 general formula Il: 21

Pol ysacchari de Il the nat ids ing chosen fromthe group
of the polysaccharides predom ] f glycosi de nononmers bonded
5 via glycoside bonds of (1, TGQE%#%?Q?%?B%%gﬂ§/or (12,3) and/or (1,2) type,
L being a bond resulting fro } he connecting arm Q and
an -OH function of the neutral or fanionijc pol ysaccharide, being either an
ester, thioester, carbonate, carbamatle dr ether function, '10- Q being a
chain conprisin between 1 and 18 carlpong which is optionally branched
and/ or unsaturated, which conprises dne |or nore heteroatons, such as 0, N
and/or S, and which conprises at |east gne acid function CO2H. 155. The

pol ysaccharide as clainmed in clai 4| t e pol ysacchari de being

predom nantly conposed of glycosid h%honers bonded vi a gl ycosi de bonds of
(1,6) type. 6. The | ysdcaharide as clainmed in claimb5, the
20 polysgccharide predom nantly conpﬁsed ifIegcoside nmononers bonded via .
gl ycosi de@ bonds of (1,6) type being d&Xt1ah: ' .

-in which n represents the molar fraction of the carboxyl
functions of the polysaccharide substituted by F-R-G-HA and is between
0.01 and 0.7,

10 - F, R, G and HA corresponding to the definitions given above,
and, when one or more carboxyl functions of the polysaccharide are not
substituted by F-R-G-HA, then the carboxyl function or functions of the
polysaccharide are cation carboxylates, the cation preferably being that of
an alkali metal, such as Na* or K*. '

15
3. -The polysaccharide as claimed in either one of *he
preceding claims, the anionic polyéaccharide naturally carrying acid
functions and being chosen from the group consisting of alginate,
hyaluronan and galacturonan.
20

_ 4, The polysaccharide as claimed in any one of the
preceding claims, the anionic polysaccharide being a synthetic anionic
polysaccharide obtained from an anionic or nonanionic (neutral) natural
polysaccharide to which at least one acid function has been grafted, of

25 general formula II: '



7. The pol ysaccharide as clained in claim4, the polysaccharide being
predoni nant |y conposed of gl ycosi de nononers 25 bonded via gl ycosi de bonds
of (1,4) type. 8. The polysaccharide as - clainmed in claim?7, the
pol ysacchari de predom nantly conposed of glycosi de nononmers bonded vi a

gl ycosi de bonds of (1,4) type being chosen fromthe group consisting of 30
‘pul lul an, al gi nate, hyal uronan, xylan, gal acturonan or a water-sol uble

cel lulose. 22 9.The pol ysaccharide as élaimed in claim4, the _

pol ysacchari de bei ng predom nantly eenposed—of—ghycosi de nononers bonded
via glycoside bonds of (1,3) type. blpoll8gcdpati¥sdccharide as clainmed in
claim9, the pol ysaccharide predom pantly conposed of gl ycoside nononers
bonded vi a gl ycosi de bonds of (1,3) type beijng a curdl an.

11. The polysaccharide as clainmed in cla#gl , the 10 pol ysacchari de being
predom nantly conposed of gl ycoside nononerg bonded via gl ycosi de bonds of

(1,2) type. 12. The pollys@cdharide as claimed in claim 11,
t he pol ysacchari de predom nantly conposed o 'glycosiﬁg nononer s bonded vi a
15 gl ycosi de bonds of (1,2) type being an inulin. ' : 13. The

pol ysaccharide as clainmed in claim4, the polysacchari de being

predom nantl|y conpos O GRS : dedn \fram ahecoi fogyeds of
(1,4) and (1,3) t g Jlattral G SR ABRGERICING AASEN frdindhecgaigeobands O

pe , 14. 'I('Jge pol ysa |
claim13, tn@éyq@@pggraé@m}rﬁa@nw%\m%mﬁ @rﬁrﬂ%é‘%ﬁ‘g? BPPeBEaP mer s
bolnded véha \@% )gqmis%{% 9@@g§pﬂt1,6;;a4w£aﬁgliﬂ),a’ﬁ?d/bymehm@myoa (g} 2)cype, 2515. The
ol ysacchari dé as cl ai in_claim e sagchar e
br ed 3y B g chhde emtibar TobnfiE wikTiaBy pBlraen viitus of

predom nantly conpos bor
(1,4) and (cbndkcang @Em2)Qtygre. an -OH function 6. tidenpotrpbaechaniodiE as

0l yos de HIGIRFL3HgRags T BRGFS LRI SHALRY (aRbhyid oBaitalion | )
t ype bei ng athanéumction,
10 ' - Q being a chain comprising between 1 and 18 carbons which is
optionally branched and/or unsaturated, which comprises one or more
heteroatoms, such as O, N and/or S, and which comprises at least one acid

function CO,H.

15 5. The polysaccharide as claimed in claim 4, the
polysaccharide being predominantly composed of glycoside monomers
bonded via glycoside bonds of (1,6) type.

_ 6. The polysaccharide as claimed in clairh 5, the
20 polysaccharide predominantly composed of glycoside monomers bonded via
glycoside bonds of (1,6) type being dextran.

7. The polysaccharide as claimed in claim 4, the
polysaccharide being predominantly composed of glycoside monomers
25 bonded via glycoside bonds of (1,4) type.

8. The polysaccharide as claimed in claim7, the
polysaccharide predominantly composed of glycoside monomers bonded via -
glycoside bonds of (1,4) type being chosen from the group consisting of

.30 pullulan, alginate, hyaluronan, "xylan, galacturonan .or a water-soluble

cellulose.



17. The;polysaccharide as claimed in any one of clains 4 to 16, wherein the
group Q'is chosen fromthe following groups: 23 00 OH OH OH OH
18. The pol ysaccharide as clainmed in any one of clains 1 to 17, wherein the

group R is chosen fromam no acids. 19. The pol ysacchari de as
claimed in any one of claims 1 to 17, wherein the group Ris chosen from
a-am no aci ds. : 20. The pol ysaccharide as clainmed in claim

I19, the a- iam' no 10 aci ds being chosen fEdm natural a-amino acids, including
euci ne, al anine, isoleucine, glycine, phenylalanine, tryptophan or_valine.
21. The pol ysacchar i%de as Té1ai PO&Y S3RCBAYIBneAf o LIz (EeS ixt oagﬁr,‘ 4 nethe

hydr ophobi @ sekrigei %ﬁjr@ﬁ&@doﬁﬁiﬂﬁhflg cymploeelolos. Fg][l/éoside monomers22.

The pol ysacchari de as cl ai I.n clai 1, the hydrophobi c al cohol bein
chosen fron@qq{gdaY'@(ﬂiﬁ?%s'ﬂgﬁﬁagéd’?ﬁ'gg ¥Hr at ed” or unsaturated and °

branched or unbranched al kyl chain conprising from4 to 18 carbons. 20

23. The gol ysacchari,de as g|ai ??&QBEFHQ%?”G“OI yclqéiﬁ'\éashﬁlpt Oc|3im ¢ hefatty

al cohol being chosen from nyri cohol', ce alco , Stearyl al cohol,
cetearyl al p@ietcchinidg| pradeotioantivicegpagesoticd!y psifiamopnerners bonded via ,

glycoside bonds of (1,3) type being a curdlan.

11. The polysaccharide as claimed in claim4, the
10 - polysaccharide being predominantly composed of glycoside monomers
bonded via glycoside bonds of (1,2) type.

12, The polysaccharide as claimed in claim 11, the
- polysaccharide predominantly composed of glycoside monomers bonded via
15 glycoside bonds of (1,2) type being an inulin. '

13. The polysaccharide as claimed in claim 4, the
polysaccharide being predominantly composed of glycoside monomers
bonded via glycoside bonds of (1,4) and (1,3) type.

20
14. The polysaccharide as claimed in claim 13, the
polysaccharide predominantly composed of glycoside monomers bonded via
glycoside bonds of (1,4) and (1,3) type being a glucan.
25 15. “The polysaccharide as claimed in claim 4, the

polysaccharide being predominantly composed of glycoside monomers
bonded via glycoside bonds of (1,4) and (1,3) and (1,2) type.

16. The polysaccharide as claimed in claim 15, the
30 polysaccharide predominantly composed of glycoside monomers bonded via
glycoside bonds of (1,4) and (1,3) and (1,2) type being mannan.

17. The polysaccharide as claimed in any one of claims 4 to
16, wherein the group Q is chosen from the following groups:



2524.The pol ysaccharide as clainmed in claim21, the hydrophobic al cohol

bei ng chol esterol. 25. The pol ysaccharide as clainmed in claim
21, the hydrophobi c al cohol being nmenthol. 30 26. The

. pol ysaccharide as clainmed in claim21, the hydrophobic . al cohol bei ng chosen
from tocopherol s, preferably a-tocopherol. 24 27.The pol ysaccharide as

claimed in claim 21, the hydrophobic al cohol being chosen from al cohol s
carrying an aryl group. 528. The pol ysac@?’lari de as clained in claim?27, the
al cohol carrying anjaryl group bel ng ,chosen from benzyl al cohol or

phenet hyl al cohol . L The use of unctional i zed

pol ysacchari de as cl in 10 @y fothe preceding clains in the
preparation of pharmace¢dtical -co itigns as descrihed @bove.

30. Apharmaceutical co iti oncorrpbi pol ysaccharife as clainmed in any
one of clains 1 to 29 &hd at | east 5?1 ggctlve princigle. 31.
The pharnmaceutical conposition as clained in claim30, which can be

adm ni stered by the oral, nasal, vagl nal or buccal route. 2032. The
pharmaceuti cal conmpqgiti O[fhgspeé;lk/ rfd;%r & tc[Eﬁrrne(aflncéﬁy The3F aBﬁ’ns’*} to

wherein the active I'nci pl group consisting o
proteins, dl%oopereiretnggrpeph l@eﬁ\oaﬁd fnmp@fmejéClﬂﬁerapeutl ¢ nol ecul es.

S5

19. The polysaccharide as claimed in any one of claims 1 to
17, wherein the group R is chosen from a-amino acids.

20. The polysaccharide as claimed in claim 19, the a-amino
10 acids being chosen from natural a-amino acids, including leucine, alanine,_
isoleucine, glycine, phenylalanine, tryptophan or valine.

21, The polysaécharide as claimed in any one of claims 1 to
20, the hydrophaobic alcohol being chosen from fatty alcohols.
15 _ _
22. The polysaccharide as claimed ‘in claim 21, the
hydrophobic alcohol being chosen from the alcohols composed of a
saturated or unsaturated and branched or unbranched alkyl chain
comprising from 4 to 18 carbons. ' '
20 o | |
_23.' The polysaccharide as claimed in -any one of claims 1 to
21, the fatty alcohol being chosen from myristyl alcohol, cetyl alcohol,
steary! alcohol, cetearyl alcohol, buty! alcohol, oleyl alcohol or lanolin.
25 24, The polysaccharide as claimed in claim 21, the
‘hydrophobic alcohol being cholesterol.
25. The polysaccharide as claimed in claim 21, the
hydrophobic alcohol being menthol.
30

_ 26. The polysaccharide as claimed in claim 21, the
hydrophobic  alcohol being chosen from tocopherols, preferably
a-tocopherol.
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20
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27. The polysaccharide as claimed in claim 21, the
hydrophobic alcohol being chosen from alcohols carrying an ary! group.

28. The polysaccharide as claimed in claim 27, the alcohol
carrying an aryl group being chosen from benzyl alcohol or phenethyl
alcohol. '

29. The use of a functionalized polysaccharide as claimed in
any one of the preceding claims in the preparation of pharmaceutical
compositions as described above.

30. A pharmaceutical composition comprising a
polysaccharide as claimed in any one of claims 1 to 29 and at least one
active principle.

31. .The pharmaceutical composition as claimed in claim 30,
which can be administered by the oral, nasal, vaginal or buccal route.

32. The pharmaceutical composition as claimed in either-of
claims 30 and 31, wherein the active principle is chosen from the group
consisting of proteins, glycoproteins, peptides and nonpeptide therapeutic
molecules. '



