Pol ysacchari des conprising carboxyl functional groups substituted by a
hydr.ophobi ¢ al cohol derivative 5 [0001] The present invention relates to
novel bi oconpati bl e pol yners based on pol ysacchari des conpri si ng car boxyl
functional groups which can be of use, in particular for the admnistration
of active principle(s) (AP(s)) to man or aninmals with a therapeutic and/or
prophyl acti ¢ purpose. [0002] Hydr ophobi ¢ al cohols are of advantage in the
fornul ati on of 10 pharmaceuti cal acti veprli nci pl es, i nparti cul ar becauseof
their bioconpatibility and their hydrophohi c nature, ich makes it

possi bl e to adj ust tt%‘”WéFGBﬁ(‘SM%y‘F? rging B%TWYEWW%VEEQF%%QS may be
grafted. [0003] Thei rsuydtenitedt bpia hjdrophebsiehltol dediativas they play a
role in many biochem cal 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
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bromdodecmﬁq@%@fmapga&%@@e@.ath@rcsmmﬁi 8 ofe bergridef@conshsts in
substi tuSti ng the halides by tetrabutyl amoni um carboxyl ates. This nethod

makes it pdIPHIE Ot §akeess esters of hydrophobic al cohols but it is
limted tof[babopenaedvalrkyl isldmovat itves pdrsoh sldtednidetiyp avtidihebdphiiki c
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of toxicityureitbrad eyrobps shote safsedificulséoilit shiecduppaam thg hydroxy!
functions of the polysaccharide and the hydroxyl function of the
20 hydrophobic alcohol, During grafting, the alcohols of the polymer may
compete with the alcohol of the graft, if it is not desired to have recourse to
techniques for the protection/deprotection of the alicohols 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.
r0005] Dellacherie et al. have developed esters of polysaccharides, i.e.
of alginates, of hyaiuronates (Peifetier, 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 employing alky! a-halides,
30 bromododecane and bromooctadecane, The synthesis of the esters consists
in substituting the halides by tetrabutylammonium carboxylates. This
methed 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 deveiopment of a



2 pharmaceutical product. [0006] O her researchers have got round this

difficulty by grafting hydrophobic acids instead of hydrophobic al cohols.

Ni chifor et al., for exanple, have enployed cholic acid, a steroid

derivative, in order to graft it 5 directly to dextran al cohols (N chifor,

Marieta et al., Eur. Polym J., 1999, 35, 2125-2129). This nmethod gets

round the probl em of chol esterol by enploying a derivative exhibiting a

car boxyl i c aC| d capabl e of reacting wt ¥ the al cohols of a pol ysacchari de.

However, lic amg ? Oéjiulcgppr oved by the FDA for injections, in contrast
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HA: Thomas et al., Adv. Polym. Sci., 2006, 205, 199-291) reports 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
polysaccharides comprising carboxy! functional groups partially 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 biocompatibiiity.
1000107 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 carboxyl functional groups
partially substituted by hydrophobic alcohols, including, for example,
cholesterol.
f00011] The invention thus relates to polysaccharides comprising carboxyl
functional groups, one at least of which is substituted by a derivative of a

35 hydrophebic alcohol, denoted HA:
e said hydrophobic alcohol (HA) being grafted or bonded to the



sai d hydrophobi ¢ al cohol (HA) being grafted or bonded to the 3 anionic

pol ysaccharide via a coupling armR, said coupling arm being bonded to the
ani oni ¢ pol ysaccharide via a function F, said function F resulting fromthe
coupling between the am ne function of the connecting armR and a car boxyl
function of the anionic 5 polysaccharide, and said coupling arm being
bonded to the hydrophobic alcohol via a function Gresulting fromthe
coupling between a carboxyl, isocyanate,3thioacid or alcohol function of

t he coupling armand a function of the hydr ophobi ¢ al cohol, the
unsubstitut ed car boylic faphetdcensride Yineaagswring @®Uy§hc§h@rﬁﬂemﬂubéﬁﬁg in
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from t he pol ysacchaii gfem gl@prrsiangseer boxd™ dwrtti onal groups of general
formula I: 4

- F being an amide function,

-G being either an ester, thioester, carbonate or

carbamate function,

15 | - R being a chain comprising between 1 and 18 carbons
which is optionaily branched and/or unsaturated, which optionally
comprises one aor 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
20 coupling between the hydroxyl function of the hydrophobic alcohol
and at least one electrophilic function carried by the group R,

» said polysaccharide comprising carboxy! functional groups being
amphiphilic at neutral pH.

[00012] In one embodiment, G is an ester function.

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

general formuia I.



Pol ysaccharide + carboxyl if HA formula | in which n represents the
nol ar. 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 pol ysaccharide are cation
carboxyl ates, the cation preferably bei that of an alkali nmetal, such as
Na+ or K1 . [00014] |In one embodinent;—thepolysacchari des conpri sing
carboxyl functional groups ar @olysioesadidshacdrbkes] nat urial |y carryi ng car boxyl
functional 15 groups and are{chosen fromthe group consisting of alginate,
hyal uronan and gal act ur onan. [0001F]1In one enbodi ment, the pol ysacchari des
conpri si ng car boxyl functionalgroupsﬁre ynt heti cpol ysacchari desobt ai nedf r om

ng

at

pol ysaccharides naturally conpri si car boxyl functional groups or from 20
neutral polysaccharides, to which i:?le st 15 carboxyl functional groups
per 100 saccharide units have been ggafted, of general formula II:

Pol ysaccharide - L |
HA
— n

formula I

-in which n represents the moiar fraction of the carboxy!
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 carboxy! 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 carboxy!
functional groups are polysaccharides naturally carrying carboxyl functional
15 groups and are chosen from the group consisting of alginate, hyaluronan
and galacturonan.
[00015] In one embodiment, the polysaccharides comprising carboxyi
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&

II
- the natural polysaccharides being chosen from the group of



5 polysaccharides predom nantly conposed of gl ycosi de nononers bonded via
gl ycesi de bonds of (1,6) and/or (1,4) and/or (1,3) and/or (1,2) type, L
bei hg a bond resulting fromthe coupling between the connecting arm Q and
an -COH function of the polysaccharide and being 5 either an ester,

t hi oester, carbonate, carbamate or ether function, i
representlng the nolar fraction of the L-Q substltuents per saccharide uni t
of the polysacchari de, ing a chain conprising between 1
and 18 carbons which is o tionall branched an d/ or sat urated, which
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gl ycosi de bo fype is dextran. 019] I n one enbodi nent, the
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cel | ul O H?e?e:[o ng%%] gd&hogf EMROALIEH té}? ROA¥RAG cgﬁgﬁké@ aitsl[egag‘dnlnlem an.

[00022] one e he' pol %sacchérl i's an I nat e. 23] In
one errbodl rf@ﬁb@xwlﬁéﬂmwcﬁf@har"ﬁ@b s a hyal uronan. [00024] In one
enbodi ment, the polysaccharide is a xylan. [00025] In one enbodi nent, the

polysaccharlde is a galacturonan. 30 [,00026 one odi nent, the
pol ysacchartPEE1PS AN WAxee? TOBALIBERL, deid Qﬁt&e@] %8)(?0 rﬂi%nﬁ one enbodi nent, the

pf)l ysaccharide is predom nantly corrposed of gl ycosi de nononmers bonded vi a
1,3

ol ysactnan PIIAS edbm Hnt FEosBo0td. 55 of Chico He monoRer BRI vi a
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via gl ycosi I n one di nment

pol ysaccharof ¢/ gostfoai@itey kuifsssea By cige sonde %ﬁo@ewebié raf}-a
gl ycosi de bapdsopf 16 1.otle t ¥R®JdSmaR:, the polysaccharide is predominantly

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 puliulan,

[00022] In one embodiment, the polysaccharide is an alginate.
[00023] in one embodiment, the polysaccharide is a hyaiuronan.
[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

ceitulose,
[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 polysaccharide predominantly composed

35 of glycoside monomers bonded via glycoside bonds of (1,3) type is a

curdian.



5inulin. [00031] In one enbodi nent, the polysaccharide is predom nantly
conposed of glycosi de nononers bonded via gl ycoside bonds of (1,4) and
(1,3) type. [ 00032] I n one enbodi nent, the pol ysacchari de predom nantly
conposed 10 of gl ycosi de nononers bonded via gl ycoside bonds of (1,4) and
(1,3) type is a glucan. [00033] In one enbodi ment, the polysaccharide is
predom nantly conposed of gl ycoside nnnggers bonded vi a gl ycosi de bonds of
(1,4) and (1,3) and (1, 2) type 15 [000 I n one enbodi nent, the

pol ysacchar redom nant 0S COSI d noner s b nded

gl ycosi de bcg)%g)g%éf (M, gf’)‘ea ‘578) ”Endgrﬂel ?%”f%éﬁ?gg%ﬁ%arﬁ’.re? !yl n one
enbodi nment cdmpomcbungcoézdteheopoﬂmzsa@ohdeddea atmsdiengonds Dﬁe1,|2|)\mm| on is
chosen fro ol I (o) &g&cy ment ,
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i's notewortRy;hn that it is chosen fromam no acids. [00039] I n one
enbodi nment , Le am no aci ds are chosen from am no 00040] In

one enbodi rﬁ@t@p31ﬂ hdNa- &8 N6 MRIUTCRE e E'?F’os@ﬁ ¥SESRI: g%réﬁ B6C3RRMAEYaci ds.

[00041] In d@i‘rﬁep&iéasogf bsideh@oRabiiral bordea vie @chd@dartﬁar@sosfem,ﬁn @md

| euci ne, g i sol euci ne, glycine, phenylal ani ne, tryptophan or valine.

[ 00042] In( n Eyrﬂ?odl ment, the hydrophobic alcohol is chosen fromfatty 7
00032] In one embodiment, the polysaccharide predominantly composed

10 of glycoside monomers bonded via giycoside 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 [000341 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

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 chosen from a-amino
acids.
[00040] In one embeodiment, the a-amino acids are chosen from natural
30 w-amino acids.
[000417 In one embodiment, the natural a-amino acids are chosen from
leucine, alanine, iscleucine, giycine, phenylalanine, tryptophan or valine,
[00042] In one embodiment, the hydrophobic alcohol is chosen from fatty



al cohols. [00043] In one enbodi nent, the hydrophobic al cohol is chosen
fromthe al cohols conposed of a saturated or unsaturated and branched or
unbranched al kyl chain conprising from4 to 18 carbons. [00044] |In one
enbodi ment, the hydrophobic al cohol is chosen fromthe al cohols conposed of
a saturated or unsaturated and branched or unbranched al kyl chain
conprising from6 to 18 carbons. [ 00045] I n one enbodi nent, the

hydr ophobi ¢ al cohol is chosen fromthe dl cohols conposed of a saturated or
unsat ur at ed %gﬁébranched or JO unbranched al kyl chain conprising from8 to
16 carbons.® I n one enbodi nent, the hydrophobic al cohol is octanol

[ 00047] In [@@@46[7rbddi oren e hdeemizpdr timmly'dcc;mmh(ﬁ!cd?ml% ehbygéhdtanoihe

[ 00048] In e_f ohol yl

al cohol cquﬁﬂﬁgggﬁhﬂﬁgiFeEE f %%@%ﬁg+& ggtgggaﬁngﬁgghéﬁﬁng (#%g égﬁol

ol eyl 15a|GﬁﬁmbnohedaH@MﬁhaW{@HOﬂ9§ﬂgﬁ?@ﬁb4éﬁﬁﬁ%iwﬁﬁms t he hydrophoblc

al cohol 4s f I 05Qhokén oA th
enbodi meint ‘éh@ﬁ,@? Irﬁiggﬁ%ﬁ%ﬁtﬁgtg’\%hyggiﬁ*%égtaéﬁ%mn;ggga I n otnee

embodi ment . @fﬁlﬂ? %ya?@[ﬁ’ﬁéﬁﬁcoél éoﬁ@Fur%G%hSEeH”??W% ety &t ves.
[00052] In @ﬂ#aﬁ@ﬁmﬂbmmthah%dwﬁlsla Fredrincs ab dehedrbiogsmenthol in its

| omer ot 1ORPHST . 13E0T060BRL TR gn@E hygtl e SRR & BbRet floebo: i o
the L i sorrmnccch‘o srenetpbsed 00055] skiurabed enbodn&@trwatﬂmeark@/dbfﬂm@l@dc il cohol

is chos Nk L{%%ﬁaf%%%%fkﬁa n[&;QQE,%ﬂgrﬁmes ?Hﬁ%d&:é?%%s the tocopherol is

a-tocop i ment he tocopherol is the
racenat e of(080¢#6topharsl emMpoduse)t, |the6wér@mtawé@ﬂ ol ihackhebpherol is the

D i somer OfG@DE?%OQH%#%Hnnbodwn&QQQﬁghwbmo@W@b@Q@@ﬂkﬂE@Qrahbﬁnkaﬁopher0| is
the L |son?r Qh o308 £ 080 hgr ime toqge hﬁ{ eﬁuﬁuﬁ waA&§Q$TNﬁQenp g{qphoblc
al cohol is[BRBSBh fRopRe €MDO Y yristy
alcohol, cetyi alcohol, stearyl alcohol, ceteary! aicohol, butyl aicohol, oleyl
15 alcohol or tanolin.
[00049] In one embodiment, the hydrophobic elcohol is chosen from
cholesterol derivatives.
r00050] In one embodiment, the cholestero! derivetive Is cholesterol.
r00051] 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 aicohol 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 aicohol is chosen from
tocopherols.
[00056] In one embodiment, the tocophercl is a-tocopherol.
30 [00057] In one embodiment, the o-tocopherol is the racemate of
a-tocopherol.
(000581 In one embodiment, the tocopherol is the D isomer of

a-tocopherol.
f00059] In one embodiment, the tocopherol is the L isomer of

35  w-tocopherol.
[00060] In one embodiment, the hydrophobic alcohol is chosen from



8 al cohol s carrying an aryl group. [00061] In one enbodi nent, the al cohol
carrying an aryl group is chosen from benzyl alcohol or phenethyl alcohol.
[ 00062] The pol ysacchari de can have a degree of polynerization mof 5

bet ween 10 and 10 000. [00063] In one enbodinment, it has a degree of

pol yneri zati on m of between 10 and 1000. [00064] In another enbodi nment, it
has a degree of polynerization mof between 10 and 500. 10 [00065] The
invention also relates to the synthesis %f the pol ysacchari des conpri si ng
partially substituted car box%L functional groups according to the

i nvention. 36YUBBICAEAINE 8)RTHe8i%¥ conprises a step of obtaining an amino

l Pt\%ﬁeﬂl at@os1G F."Rﬂl‘iHQe e AlimenoNine e gahd! trGrig- Nidlry! gheipls coasener i on
o) ich is_an anion sul fates, sultanates or

car boxyl at d50 A&’ fcé)g’ EPWP%B}FW& ?%%3 ‘ami no internediate to a carboxyl
function of] O@O}ﬁ@ﬂysﬁ@clﬂamsdecha? deGcandh e cordegspeneli pglroetizasiarefm roft i ons

gi ven ab L\%%Bl?d hg 1qp?{}§nbod| nment, a step of functionalizing the
pol ysacc arlé east 15 carboxyl functional groups per
F%E' @-Lﬂf L'

sacchari de [GROES]i §ﬂcaf‘?| @@Pb@@tmﬁwrgf‘:af‘ﬁ? ng @%Qﬁ?@ur?tﬁsp%fﬁm"f%
bei ng an antytdickde;o Bakid@o.carboxylic acid, thioacid or isocyanate

f ti | cohol 10 h
ol ysaccharl0AB5%: S TOtRF FERRRIBIANG: (ohehe dEPTah o oty Grogn Dol 25
[ 00068] | n mnecentgdengm00.t he anino internediate of fornula HA-G R- NH2 or

bei ng a arlBBR9Pr o 8 HvON BT et  BRTRAIRSR of BB RRet R 1 e

al cohol f unemmwisiod {Iahealﬂl}ydwb@m&b@@ care@hbIfu RO GreURA assPFERBSAdNRg t o
the defini t;ionsigi ven above. 30 [00069] If necessary, inthis step for
obt ai ni ng the amno internediate, use i s nade

e . . .
prot ect i on/[@8PBPBI e SEIDN SYBEIRFIGUESTREES krﬁ‘omfﬁtetpo QPpQP%W”gki M ed™'A°t he
art of peptjhderdrtaesis-GIFOO0T0] or e erabinonidie silep HA-GgRafiting thhe

i diate t d f f d
o no 4 ot 8 10,305 1G] AR 9L e BRLYEIcERRLLIE i o red o
t he functi enabdxaestcpolaysas chep iodesadiup thisngmire itternedétiei iona icarpewey!
preparati on, ofi, 9 PRALIBEEHHLRle, FOMBOSID HANRoARSHEIGNY P&t ALY Enitions

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

20  with at least 15 carboxyl functional groups per 100 saccharide units is
carried out by grafting compounds of formula Q-L’, L being an anhydride,
halide, carboxylic acid, thicacid or isocyanate function, to at feast 15
alcohol 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-NH;* 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
corresponding to the definitions given above.

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

[000707 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



[ 00072] The invention also relates to a pharnmaceutical conposition

conpri sing one of the pol ysaccharides according to the invention as

descri bed above and at | east one active principle. 5 [00073] The invention
also relates to a pharmaceutical conposition according to the invention as
descri bed above, wherein the active principle is chosen fromthe group
consi sting of proteins, glycoproteins, peptides and nonpeptide therapeutic
mol ecul es. [00074] Active principle is thderstood to mean a product in the
formof a 10 single chemcal entity or in the formof a conbination having
a physi ol ogPlaimansiitieet gomeakiticastasvecssriPAgig@ecan be exogenous, that is
to say thatygdp7zg iTHd GHUERHLRY alsbe r@%@@@std'@C\fﬂ@ﬁrﬂé@ézﬁlﬂcélopbhﬁ)dsmmﬂtl on.
It can al so be endogenous, for eﬁaqgl tEe growm h factors which will_ be
secreted i iCHNRBYAE QGEI Ry e RIVS chﬁ& gs oﬁcﬁ@éjl”i]%gtoar%‘emﬂ?\éqptboéh 45e
retai ned onddderigat hharerghdyt tdret corpmsivei min@pleor ding to the invention.

00071 PoRelza0, S FyBELY' -G IEESE s, bhalhakbendotyl Bl oca

or systemi Nt heé "case of iNd” system C rel eases,
t he met hodsaabrdidgitoi er mtvieoticarns gagethear ebdye t Weereio rtaeesdiye, principle

subcut aneous ’ch%géﬁﬁiﬂﬁﬁgﬁrgﬁﬁ ransaenmals, pﬂo@éi%@ﬂ?ﬁ@% %te%r%{, 33(%)&@1% alnd

vagi nal , ocular, | nonary froute, and i ke. 77] The
phar naceut i RHIPEESIIBISEL # A QEOR @IS to the invention are either in the

ITihqui ddL _0[ TOdO?ﬁ?QU@:@Mé_M{?%i@oi&urﬂierisﬂ_’bddhl@ pmeh a,prioapttalm tzfgﬁf férinh oF faor m
ey additionally conprise the conventional pharnaceutical.. ients
wel I kndtn %"6518 SOeSYR?'sKEMHd 9'n ’Phghﬁr F‘?”Podg?eﬁ E%rBéH}ﬂtl%‘ oﬁéﬁhg E

pat hol ogi espranrehiogithodstivoty . skt rd csivieatsiimaiplet ¢en phammaeeotsc fhatcertpogivt i ons
can advant ggepusly. ri.se,..i Ny I.pk-ent e i ssi bl e
to formnul atatgafﬁte ingp(?(ﬂ‘é:e?j oi"r)\fnt(‘:%ﬁ3 @q%éﬁ)s?ﬂ%%?r&é’?a'ﬁﬁj %c%ﬁ@,ﬁﬁfi%n@%

sol ution t albe beaketogeralisy forl gepmipld Heal stewirefactaos afich Wall Piekeecrei®go79]

The inventi;an, %%%_dr@u'd‘?ﬁg%hé%\%}]lé’%%m%aiuﬁ | a6@WRAEH tdePNo@Geanidédant o the
i nventi on as descri bed above, ich can be a m?zj stered in the formof a

stent, b7 &aid veusr BoEIS ARYTEPSITIAN aFcaBing 1 BIRWENEPE: or of an inpl ant.
10 Exanpl e (boo9ynt mesiendalyg sedinimpderd s gieget hydtedr okyiratededdof aedcay

chol esterol” | euci nate
or systemic treatment.

[00076] In the case of local and systemic releases, the methods of
administration envisaged are by the Intravenous, subcutaneous,
20 intradermal, transdermal, intramuscular, oral, nasal, vaginal, ocular, buccal
or pulmonary route, and the like.
[00077] The pharmaceutical compositions according to the invention are
either in the liquid form, in aqueous solution, or in the powder, implant or
film form. They additionally comprise the conventional pharmaceutical
25  excipients well known to a person skilled in the art.
100078] Depending on the pathologies and methods of administration, the
pharmaceutical compositions can advantagecusly 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.
35



[ 00080] Chol esterol |eucinate, para-toluenesulfonic acid salt, is obtained
according to the process described in the patent (Kenji, Met al., US 4 826
5 818). [00081] 8 g (i.e. 148 nmml of hydroxyl functions) of dextran with a
wei ght - average nol ar nmass of approxi mately 40 kg/ nol (Fluka) are dissol ved
in water at 42 g/1. 15 m of | ON NaOH (148 mml of NaOH) are added to this
solution. The m xture is brought to 35C and then 23 g 10 (198 mmol ) of

sodi um chl oroacetate are added. The tenp€rature of the reaction mediumis
brought to 60C at 0.5C/mn and then_rmaintai ned at 60C for 100 m nutes, The
reacti on nefxaminle ki Printesisiaf sediym dexifarupethulpardorydatamedifes i c
aci d and pupjfdmiebierdieatiddteati on through a 5 kD PES menbrane agai nst 6

vol unes of ter. The final solution is 15 quantij.tatively determned by dry
ext race, i I (e @i RS srta PR et SRR
quanti t at i vetprdiegeronitredrdyesaciedtbinse it ithe gidtent i He50/ BOel( al.v)}JS 4 826
vvater/acgtoég;fqg) in order to determ ne the degree of substitution with

y

met hyl car boxyl‘ates. [00082] According to the dry extract: [pol ymar_é = 31.5
my/ g 20 [ OOBBBIB1Accbediing tidd menelciod/ brgexyi tiactions) tde dagirge Vo a
iugzt tuti %e%fhtia;v%rg%@; aothr | HREL| wsﬁwrdﬁaWEgﬂf@w@?ﬁ {rI0RA) o8 't S

: per saccharide unit. e [ extranne arbaxyl ate
sol ution i S9ipeRl¥ed ivveRtes gt IQ?Lc elAE’]r Q‘gi‘ﬁc f@ﬁl@% )((]i‘{§3 B DRt X% &aé?gﬁa%lrr‘? t he
ﬂextranrregf(}wd:eagb@xw(;i G oRetich. ﬁﬁle\/\hiizﬁn.!rblsissbb&egm nd | y5¢ opid thzed28 ar I18
ours. tranmet car i caci 711%1%0 car ylic
acid fuk@ti@?g)mggcgs oqeré%c?l'\ygbci Orﬁl@ﬁgt%;%ﬁg%gf%fjgéﬁd t ek@rﬁa gFéécg)‘% 00%0%.%)(0. 73
g of chol estecobnireadivnatie brpaght toladéfesulfDii/cniacerd $hee rpaintave)l ats
suspended i ) ; b i ~ i
subsequent l@b%ﬁfq%%rﬁ?é&%ﬁgyﬁg?gﬁﬁ né%%%%#eag%%%n&e{&h?gﬁuh%g "%’f‘eé’t 0C,
0.109 g (1 f@wrylizes Wil asrii@ agit7 agd(Autikied oyot /gl ongflerogighsaqueht | y
added. Aft gigd eafdh9reoraddingd ne LBRIrEES! B5t Qiadbr.| UG NARE SIEIPEISI BN i S
added. The nedium.is subseguentl|y majntained at 4C for 15 m.nhutes. 'Rhe
medi um 13 SUEREEENRN y IRESRASE0 PYo SR Aty d0COTHRe 5 MG se
subsequent lgpneentietibe & olghlersahdttiben miar8#6tigehf déddvh(iB&d oyohdidibase

vi gorous SttiltFartiifglrg’m EB?SC?Q'VV\;)' %tér?agétto%f iiA to%grdtcg %ré?ém'in@ the degree of
substitution with methylcarboxylates.
[00082] According to the dry extract: [polymer] = 31.5 mg/g
20 [00083] According to the acid/base titration: the degree of substitution of
the hydroxyl functions by methylcarboxylate functions is 1.04 nper
saccharide unit.
r00084]1 The sodium dextranmethylcarboxylate solution is passed over a
Purolite resin (anionic) in order to obtain the dextranmethyicarboxytic acid,
25 which is subsequentiy lyophilized for 18 hours.
[00085] 8g 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/l. 0.11 g of triethylamine (1 mmol)
30 is subseqguently added to this suspension. Cnce the polymer solution is at
0°C, 0.109 g (1 mmol) of NMM and 0.117 g (1 mmot!) 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 subseguently run into a 5 g/i solution of 3.76 g of NMM
(37 mmol) with vigorous stirring. The sofution is ultrafiltered through a



11 10 kD PES nenbrane agai nst 10 vol unmes of 0,9% NaCl solution and then 5
vol unes of water. The concentration of the polymer solution is determ ned
by dry extract. A fraction of solution is |yophilized and anal yzed by 1H
NVMR in D20 in order to determne the |level of acid functions converted to 5
chol esterol |eucinate am de. [00086] According to the dry extract:

[modi fied polynmer] = 12.9 ng/g [00087] According to the 1H NVR the nolar
fraction of the acids nodified by the cAbl esterol |eucinate per saccharide
unit is 0.03. 10 Exanple 2: Synthesis of sodium dextransucci nate nodified

by chol est et®KD BEeimame 3 udegBNStAS wtEes| of @k (e, solution and then 5
par a- t ol uengsiyhf@nbevaedd 152 Eondemitliod BEEh@cHERGolRiIdNR BEReesSed

d ibed in th tent (K i, t al., US 4 826 818). 15 0 di
doxt 1 ansuccPhES SETbt A1 Hd1oFT BhPaukPr 5 HRP RLESH ARGV Pt St hoAT
described iip The papetebytcSanthezinGhaveslecet! af. atiSanchamrGhavesertbntel et

al ., Pol grrﬁ%qf%%%%o!i@&f%g%am%ggl- 2757). The level of acid functions per

gl ycosid according to the 11-1 NVR in D20/ NaOD. 20

[ 00090] Thel BBREIm Aever diagsadiendiyeessd it ilBrPdiEcpaosetcaverl A9Pued it e
resin (ani 0@0@87* n.@Ec@?@in%;oto%tea“mNW:tf@ﬁ%%ﬂ PHa6ti@s iod thhicidy irbdified
subsequent | Iyoahlllzed or 18 hours. [00091] 7.1 of dextransuccinic
aci d (23 nmidf JafRolgetessl lppginate HOE saechi P.mt'l*ﬁé)-géi ution is cooled to
0C. 0.77 g of cholesterol leucinate, para- 25 toluenesulfonic acid salt (1

1) i ded | t. 100, g/l..0. 12 f i et.h '
ol ) | 30 S URRRAR SHRHEF o T SodiBere el G S DB SEL e on
is at 0C, (cHdlesgefd! lewminatd NWM and 0.124 g (1 nmol) of EtOCOCI are
subsequent |y Rdded. AL SR CRELDTe ! Bhrd R0 lbRaslASHIENALESIAY O bt e
ed. e sequently

suspension fis a medi um I's 'subs mal nt ai ned at_ 4C for 15
mi nut es. TheccREdngnioi Bhesprsegasiesrbadar die trptsot(KeRteMagt 30cUsSt hé¥4fedi um
is subsequeghtg)y run into a5 g/l solution of 3.39 g of NW (33 mml) wth
vigorous_stirrin

menbr an& adé)io,(@p?i@%?ﬁqx%ﬁlgéi%grq%;c&'@ualtteri%fclytl)ttafergeecg ﬂzor?’l[a Ocye(%(rt]:ra?n ]4% lég‘:o?cli:’%g
to the method described in the paper by Sanchez-Chaves et al. (Sanchez-
Chaves, Manuel et al., Polymer, 1998, 39 (13), 2751-2757). The leve! of
acid functions per glycoside unit (i) is 1.46, according to the 'H NMR in
0,0/NaOD.

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

[00091] 7.1 g of dextransuccinic acid (23 mmol) are dissolved in DMF at
44 g/1. 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/I. 8.12 g of
triethylamine (TEA) (1 mmol} is subsequently added to this suspension.
Once the polymer solution is at 0°C, 0.116 g (1 mmal) of NMM and 0,124 g
(1 mmol} of ELOCOC! are subsequently added. After reacting for 10 min,
the cholesterol feucinate 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/l solution
of 3.39g of NMM (33 mmol) with vigorous stirring. The sclution s
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;O in order to determine the level



NaCl solution and then 5 volunes of water. The concentration of the 35

pol ynmer solution is determned by dry extract. A fraction of solution is

| yophi'li zed and anal yzed by 11-1 NMR in D20 in order to determ ne the |evel
12 of acid functional groups converted to chol esterol |eucinate am de.

[ 00092] According to the dry extract: [nodified polynmer] = 17.5 ny/g

[ 00093] According to the 1FI NVR the nolar fraction of the acids nodified
by the chol esterol |eucinate per sacchaffde unit is 0.05. 5 Exanpl e 3:

Synt hesi s of saodi um pul | ul ansuccinate nodified b cholesterq{ | euci nat e
[00094] ChoPledtidrBNCHINR iGhareS caawf%tt?%taéﬁghﬁt? iIRUGRRE 324 is obt ai ned

accordi) ng[t[QJad@eszrm@s?inQ&l@fthiehﬂq éxtradie [ paidined plsemes] :w:mjahg/g US 4 826
10 818). [0 10, g. of. an, wi.th i ght - .

appr oxt i alPURGE KATHEr BRI T el QbR BN AUC £ R i on
of 400 ny/ ghyath&oiwieThirs! Rolkinsitemer saequidddbuaitedd (RO540C and t hen two DWVF
solution§ conprising 9.27 g of succinic anhydride (371 gip and 9.37 g 15 of

'NW (375 g/1) are added to the pullulan solution. The reaction_ tine is 240
min, startifEmEmIneyatitresorpfof sadia v ansiceinate ssnadified « s

obt ai ned i Sepbhidsiefbl feukihagd water and ultrafiltered through a 10 kD PES

menbr ane agai nst .a 0. 9% sodi um chl oride sol uti on_and then ai_nst, _doupl y
ot 1 ed- w08 T lemetil PHET B oP S5t RN AT Gtar s THroT RS 20
final sol utdoedrdiagdet gremnedshyledeybexin aot padnt hicedi yMprtoaluctSi 4 8aital yzed

by 11-1 ds\w%ofrﬁ) D20/ NaOD in order to determ ne the |evel of hydroxyl
functio% C érted to succinic ester per saccharide unit. [ 00096]

Accor di ng t[@00RE] driy) extafacpulllpul Iwitansuceiaiahepverags. smajly [BoE97f
According t o e, @k T2 G d i fhyi Nng a
sodi um succalcbr?g?g‘ n%éclatre st g%/ge hkgr/ Pﬁjeﬂﬁlr??(ta ) iasré,l(lejF%%?ﬁ;{)b%?%é@r&g%g%@éﬁ@l%

pul | ul ansud¥i e F@ at it G sTHe i WYHXY 9P Biesed & 1@ @T}aﬁ?%itﬁ’f and

i sI It hlen -subpseauenitond N@ﬁbg_biinge?iszgg _oi&uh@'ur?aghﬁm@@“ K;rﬁl @/0fand 9.37 g

pul I ul ansucci n e dis i, n a : e ution i

ool od 1o GE NEF085 65 67 N Anied 0a s Or e boy Hap 58 kbl hel §
added. Aft @40 gdrct stregtihgrfrd tienadditisnsyferis BIVIN ewprtici. nighe sslutignofhus

chol est er ol uci-nat e, r a- t.ol f.oni 3 T | t,, 8 of
TEA i n &, 1 opreFUnRE ey RE AL 0 HERRSUL B Eudstiteidd GboR b 1 G1D PE3S O

i ntroduct i onebrane epwinesteerbP “%erddiafl vdlorhe saldiiam #Rd stvse AaaHtgty

heated to %gbﬁngisttim%a WA r ThE BRcasveays I BOhUbL ANk iR Beah BB 5
ng/ mM). The so

G af | 18 cdrehpBUI IR PERS Aerbyant aap ot 8 DIOUECLAF denazed o
by *H NMR in D,0/NaOD in order to determine the level of hydroxyl
functions converted to succinic ester per saccharide unit.

[000961 Accerding to the dry extract: [pullulansuccinate] = 15.8 mg/g
[00097] According to the 'H NMR: the molar fraction of the alcohols
25  carrying a sedium succinate per saccharide unit is 1.35.
[00098] The sodium pullulansuccinate solution is acidified on & Purolite
resin (anionic} and is then subsequently lyophilized for 18 hours.
[00099] 5 g of puliulansuccinic acid are dissolved in DMF at 51 g/i. The
solution is cooled to 0°C. 0.08 g of NMM and 0.08 g of EtQCOC! 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 agueous NMM solution (2.09 g at
35 5 mg/ml). The solution obtained is diluted by adding 100 m! of water and
then diafiftered through a 10 kD PES membrane against a 0.9% sodium



13 chloride solution and then agai nst doubly distilled water. The
concentration of sodi um pubul ansucci nate nodified by the chol esterol

| eucinate in the final solution is determ ned by dry extract and the dry
product is analyzed by NVR in D20/ NaOD in order to determ ne the |evel of
acid functions 5 converted to chol esterol |eucinate am de. [000100]
According to the dry extract: [nodified polynmer] = 19 ng/g [000101]
According to the 'f-1 NVR the nolar fréétlon of the acids nodified by the
chol esterol | euci nate er saccharide unit nt hesi s
of sodi um pEl'PUFE "hafe tﬁﬁaﬁq%ﬁ b@otﬂ% ddFtég?%ﬁ‘tage E?ﬁgfync%tg%t
[000102] Ther @bdg@nﬂ%ﬁnﬁl@énﬂ&tﬂat@l eobiled yobtaiaetdaecdridungate inhee
process des ribed in th ( i 0103]
A sodi um puI Tﬂl%ﬂ%%%% '%?FE%HEF %ﬁgg%tegl%ﬂr?gg ag‘)lg Epest?ni( E%&&%&analgﬁ&f

is acidifiedy di BEMPUiDIDLOENE@S in Erddroft dﬁt@“rﬁd!ﬁesth%ééweé@lﬁsﬁq@léhﬂﬂwns

| yophi | i gedcgrgsﬁt’le% @*ﬂ*affdegﬁm%}‘ag’e dnffepul lulansuccinic acid are

di ssol ved e solution I's cooled to OC, of NWM
(3.2 mol) fé}@@ldoézﬁ\@oesgmatt@@b@ldr&@@féﬁ@Uﬂ%ﬁ*@@%@B&/éﬁ%@nr|2y9a{aaé€a After
re?C}' nlg f o oo@emjr)%ccﬁr@ﬁg&@?@@n% Nmmgamrwsmrréc@@w l@{@lﬁe?lcémsg n;@ume;mf ea
ce y al co ol uengsul fonic acid s an go

nmol ) t%aﬁgﬁf; tegp ﬁwﬁlqage Qddéaccﬁﬁ{ééegfjg?{ P ﬁmi ne is 20 nin, after
the i ntroduction of the cetyl alcohol derivative. The mediumi s
subsequ tl d, .t d 8. 36
oot o B iy TG G SRS Lo BORLHE AP ARHEINE AUMALY By the
wat er and teﬂenndam oif et pliatdastigh a 10 kD PES merrbrane agai nst a 0.9%
sodi um chl qp b@@?%i'ﬂ'\té &@n%@e theBtAGAEAIR] i6louba; Meé'a%t:brldlﬁgi tN@H 8 roddes

concentration o odi um pul | ul ansucci naﬁ}eﬁg) i y al ani nate of
cetyl al cofiSCrined g t'f‘?rﬁ’élte%to Ko €8 3 E) dry extract and the

dry product/ppsiapaly zedily bulobnd0cdivird rsom%rh\la@ﬂam"emraﬂ;erdetsorm@d einni ne

he | f d
2l conol 12 [ GUATORT AEcerHlRg c%%%“h%toﬁfﬁ%%ﬁ?éﬁfon‘f%>@*ﬁf Psfiertvg
ng/ g [0001@6@9%&32@1}‘ Gms houtdhe |1-1 t he nol ar fractl on of the acids

modi fied by gghgl%tsgocgf p&@}fé{%s@cﬁ%%@ rese&g@%ac#ﬁ B at%log 8The14

Exanpl e 5 extranmet hyl car

t
dodecanol &Phfiamisecoolpd 15T DddecantiMMi(drm HHP@PS 5 eargto?oﬁﬁr%&ﬁ/%m c

?&i d salt, (BtSZ ﬁl%el)ﬂgd}agg%s@ REntQ tagtﬁjd@! gw@ér d@éé-‘dtin@edfdrn tdhenipat ent
enji, N ‘et al., s
dext r antfet WP@%’?%BQyIW@%F%t |lo§%c9o QPnégarLQ%esg i B%td'll ARl B s

passed overoeRasglfbtie aesi Baltaid.aninchol)nandder3z g obtEiA (3.2 mmol) in
dextr anmet byl §PE*BMF°isWildla. WHeCdralrtng YRTE WSB!, | HERNHY FEbd RE0RS
of the cetyl alcohot derivative. The medium is subseguently heated to 30°C
and then run into an agueous NMM solution (8.36 g at 5 mg/ml}. The
25 solution obtained is diluted by adding 100 mi of water and then diafiltered
through a 10 kD PES membrane against a 0.9% sodium chioride solution
and then against doubly distilled water. The concentration of sodium
pullulansuccinate modified by the alaninate of cetyl aicoho! in the final
solution is determined by dry extract and the dry product is analyzed by *H
30 NMR in D,0O/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.
35



10 [000109] 5 gofdextrannet hyl carboxylicaci d(23.2 mol of net hyl carboxylic
aci d-functions) are dissolved in DV at 45 g/1 and then cooled to OC. 1.99
g of dodecanol al aninate, para-toluenesulfonic acid salt (4.6 mvl) are
suspended in DMF at 100 g/l. 0.47 g of triethylamne (4.6 mmol) is
subsequent|ly added to this suspension. Once the polyner 15 solution is at
0C, 2.35 g (23.2 nmmol ) of NMM and 2. 52 g (23.2 mmol ) of EtOCOCI are
subsequent|y added. After reacting for m n, the dodecanol al aninate
suspension is added, The nediu |s subs uent | i ntaj ned, gt 4C f.or 15
minutes. THEX#B@laM' SYRHRYY e@ff*‘?ﬁﬂ%@@’éﬁéﬂﬁi”ﬁ%@cf"%p ed

i m dazol e s&buﬁdmmlza[gnvmﬁg3 n1 of water) is added to the 20 reaction
medi um Th " Iut| r I kD. P rane
agai nst 10%9@83@ 09 “e 5 %ﬁ ﬁggnﬁozlﬁ%(ﬂ?%ﬂoggg Esrgg 5 d%%? m%@b
concent r at imwooding e thel pmessoﬂeacmlaﬁd |=F$tfd@t§3@rtﬁmﬁ1élélefb}y Mr@t &ixt Yact 82!3(
fractlon ofg saal ution is |lyophilized and analyzed by 11-1 NVMR in D20 in

or der to determ ne the | evel of acid functions nodified by dodeca

25al ani nat d00PA0OB1P0] SAEEGN di gt N MRENFS DOXY I8t : SPHBANT i @%F aﬁaﬁc{}

nmg/ g [ 00013scABE@r: ﬁ“é?&rﬁ&etlh% éé—ssjed%r é%rﬁﬁﬂeal;esfnﬁ dehiopie Jorh cbﬂ’c%ratol dS

00011 2] BEARE E6 ST RERRGA S C gt et FHBE N CAPDARANIAEhisS: 1 ec

by L-nent halg8 gbyl. nate [ 000113] L-Menthol glycinate, para-tol uenesul fonic

Ckeni 1 i 4pOQROST Sy 856 9@t BeRERE (hESY) PO 2R PO ses
i mpuri ti es,methylcarbosylsakcid funmionsalarzedissylvadsiroPeHi eietT B4 avdithesn of

sodi um hydr. d-ext t pr. I oMk |fa',lqge sAHidani:c
phase is thgﬁ!egﬁ(gp ¥ E%a? Wd%%&&%éﬁlaﬂrﬁa%‘ér PRrd to@g R; er nd t he HC
t

salt of thd4fentmsl) éé@lﬁ/%‘ftﬁe\/”é’eﬂs”éx@wgclaéd G tH ylam ine
| yophi | i zat utmmrho ft b@tbsegjuecutuvata@dewdrmhlmsp@namnd Gatd thes;;@iptraarned 5

[ exantl %&‘@Lo%sgéb Boara o e dber e pdh 25t Cer aPf87al ai
dext ranrret YO caxch axyl dubsaqudntiweddedi skﬁsazrb’mqtjegtﬂoy 10y ophi t%nezdddeoanqis

hours. | 00QkAahadZs Gal eIt %’%?Q&( | gAE RN AC 630 2T Dt ar

met hyl car boxyl' 1 ¢ acCi i'ons) are dissol °ng and t hen
cool ed to GEC for3d griottas mere ABIdigNnyisi sltseauRptly tdnterite 27 Qare at(5. 29

mol ) are %'asée'm?dnﬂ@a% s%t;utl@r@) 2.9 O 54 39m0foft Waeéﬁ)ylsaraua@d(ﬁ) 28emol )
i s subsequent!|y added hi s suspe on. ﬁb’[\ﬁip % nerhsog#:%bﬂg S at
0C, "a <01 UEFeRIST M T @evaserls%% 5 RIS 8GO & §
(65.1 mrml h@ﬁbﬁ@@@bmtqmubmmnf loyoaddied:] safutérm aeddihlengSf\@rfurm@s

m nut es,

. ) d
subsequent PE VYPatl Fl“t F Chr@%tOSo(?Pi@ee%%We"%oﬁﬁ%% 5 EQ?E%H%%BBS\}eq%%n |y
heated to Eﬁttdcmnfx|fmcd@modafes®0tlunu&)m\/C(prlZECganﬁ ar@lyAedoby ikt YR iand:®5 nd
of water ape g%ggﬁqotﬁeée%éﬁg%gE@em' ﬂﬁﬁw@ﬁky%ﬁif?&j $9! BbH&kkicH

ultrafiltere rou nmenbr ane agai nst 6 vol unes of 0.9% NaCl
sol uti @4, AiWQﬁﬁfes of 0, 01N sodi um hydroxi de solution, 7 volunmes of 0.9%

NaCl sol ut iegn pns hb@}dﬁwg}/@d us@arpfexu@t@r{ma'@mecqmmteﬂau B ned/dg he pol yner
solutlonlzﬂdetermnedb utlonls

| yophi | i zetPENH! HnAfy7EH D8P ¥f1€ 1*‘%@%: ﬁﬁﬁf’@g]f’jﬁf@n&’gp Yoh5ssa et B9 ITE% t he

| evel of agiydhtunctcicans! slaniratt eertsacthanidd bolt igloytdnat e anmi de. [000117]
According to the dry extract: [nodified polynmer] = 25.7 ng/g [000118]
According to the 11-1 NVMR the nolar fraction of the acids nodified by the
L- ment BOl  §08QI 15t ExperpleaGeBunihesisnef spdiwmpodextranmethylcarboxylate

modified by L-menthol glycinale
[000113] L-Menthol glycinate, para-toluenesulifonic acid sait, is obtained
according to the process described in the patent (Kenji, M et al., US 4 826
818).

35 {0001141 As the oil obtained comprises impurities, the amine salt is
neutralized by a stoichiometric addition of sodium hydroxide and extracted



30 Exanple 7: Synthesis of sodi um dextrannet hyl carboxyl ate nodified by
()-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 dextrannethyl carboxylate
nodi fied by ()- a-tocopherol alaninate is obtained by a process simlar to
that described in exanple 6. 16 [000121 According to the dry extract:
[rodi fied polymer] = 28.1 ng/g [000122] ccording to the 11-1 NMR the

mol ar fraction of the acids th t I
sacchari de Wi tdiisgPaya et@erEX pré;a@.sc épm%gé%%@rbpg@gfﬁcﬁwth gso u't%%tgf per

dext r anmet hyticar bengy| @ther v theddysatchbanod glkyitholadei{00e1 23pxGetztol

| vei nat Col L ani. . . ; e
TR FTE s e S N b D T
[000124] A isaotainedext ranmet hyl car boxyl ate nodi fied by octanol glycinate is
obtal neds bY BoR1BEess <Bhllhal abrhhfbrdfsatohethin syarphe SordtRbizs

Accor di ng t'o dry extract nodi fi r

Accor di ng tdﬁ%ﬁbﬁlﬂ/ﬂ” R8I his Presad 6ﬁero¢ F’[*-He"%?cr%%” rﬁéaiqnq@dirbg%r‘feﬁeto

oct anol gl yaitBRt BeREENSREEVREHSBMUBI dcid SWRIEY is $hbExquattey SyopByiidaesdrs of
sodi um dextrannet hy/ car boxyl ate nodi fi ed by octanol phenylal ani nate

[000127] Cx:]tsaHB‘I"Sphenyl al ani nate, para-toluenesulfonic acid salt, is
obt ai ned aq@ooejuey 12og t hefpr dee‘sfsandestwicbémbimict heacpater{nEQ(Memmql Mat a 20

US 4 826 i(ﬁ%qhajcgggég?l c acﬁ}oﬂﬂr‘f’mo%g)ftgr%nggww LGaTPRARYE %tteG(F’B?l' fah@‘%hté}‘z

oct anol € 1s ob sim | descri bed
in exarrpl e c@OiE{COOIDlZI?F Adcdt gi 9§ tdﬂﬁh@%r9'Y§m&t§cthyfﬁrr%mqrice(ﬁ%l $ater] =

30.2 ng/ g %@ %‘Qﬁ%éﬁ] aP@CéUs%'eﬂaeﬁomt r[T}‘:MF]—la‘cl 1'& MRy 1t esan]) arF friaeliemnef the
acids nodifie e oct anol n nin er saccharide unit is 0 09.
Exanmpl e 10:{ %m@@l)sisowté‘%?&i%lﬁ‘\téiegq&éﬁﬁ%ttﬁ g?W‘P%‘t ”ﬁ%gﬁhﬁ _YYBI"t he
phenyl al anispafigyrofs Heozy) aaloohed of NMM (6.59 g, 65.1 mmol) in DMF (530 g/t)
15 and 7.07 g (65.1 mmol} of EtOCOC! are subsequently added. After reacting
for 10 minutes, the L-menthol glycinate suspension is added. The medium
is subsequently maintained at 10°C for 45 minutes. The medium s
subseguently 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 solution, 4 volumes of 0.01N sodium hydroxide solution, 7
volumes of 0.9% NaCl 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,O in order to
25  determine the leve! of acid functions converted to L-menthoi 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.C9.

30
Example 7: Synthesis of sodium dextranmethylcarboxylate modified

by (t)-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]7 A sodium  dextranmethylcarboxylate — modified by (k)-

a-tocopherol alaninate is obtained by a process similar to that described in

example 6.



30 [000131] Asodi undextrannet hyl car boxyl at enodi fi edbyt he phenyl al ani nat e of
benzyl al cohol is obtained, by a process simlar to that described in
exanple 6, using the phenylalan nate of benzyl al cohol, hydrochloric acid
salt (Bachem. [000132] According to the dry extract: [nodified polyner] =
47.7 nmg/ g 35 [000133] According to the 11-1 NVR the nolar fraction of the
acids nodified by the phenylal aninate of benzyl alcohol per saccharide unit
is 0.41. 17 Exanple 11: Synthesis of sé@iun1dextrannethy|carboxylate

nodi fied by |sohexanol nyl al t 00134 h
phenyl al ani it 21 aﬂrféof‘% é%e@‘ﬁ?‘?%ﬂ?’@?%r (&I”@ﬂl% APQ??{Bg ?n?ue 4d08%i ng to
Eggogggfei\s (:cd)@sQQq btmiorcﬂin'gh.e tpat enNMRcermiel molMrefraetion of thiS aticd2@o8IR)
SO h I
bhenyl al ani TACE T4 abrathE By & ToRos set sEriRldd Bt o Sdecer  bed in

exanpl e 000136] cording t dr tract e 29.8
7010, 10  00ASTPIA FETHiETS SPasdR S BT BE
modi fi ed byPX K& ’§6 Q%ﬁfﬂ '®henyl al ani nat e per saccharide unit is 0.18.
Exanpl e 12:[dDiogsal WdtenoofglaciBivee, 2play@@biulenre&bbéor[uﬁO@tBB]sa¢t t éstolghined

d | ut f Bane  Mor
dziéfo‘seh°{‘anc%8rc§ag%eth&e%@cé?%ékﬁ%% BB TR bl oY Prof e "
pol ymer s as3idB)physi ol ogi cal pH. The BWMP-2 is d| ssolved in a buffer

ggrg;: gg@g&%‘ég ?age(sls%ﬁ)m gbmiraﬁ ba?@@i)bo@/llérﬂeam%cﬁﬁég (@gr@acan@odl um

Haen) and sor

e 80 (%F%dfr H of tgi
sol ution i YW@pEs BPRE ’lﬁq by 5 wcsa%ﬁm&m QFhTIRG ﬁ%ﬁxaa“% t hen 20
the sol uti Q'@OUQZB}’@Q%M do tR83ry aWraak: [m@pjfﬂéd patyeneqnpr3dse mg/y

aporoc o 12 of EAE.E LOGPASRL The et cpuction. kb
modi fi ed bybyetHeybctphehylyalranie metresaccharide unit is O 27

15
Example 9: Synthesis of sodium dextranmethylcarboxylate modified

by octanol phenylalaninate
[000127] Octano!l phenylalaninate, para-toluenesulfonic acid salt, s
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.
1000129] According to the dry extract: [modified polymer] = 30.2 mg/g
25 [000130] According to the 'H NMR: the molar fraction of the acids modified
by the octanol phenylalaninate per saccharide unit is 0.09.

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

30 [000131] A sodium  dextranmethylcarboxylate  modified Dby the
phenylalaninate of benzyl alcohol is obtained, by a process similar to that
described in example 6, using the phenylalaninate of benzyl aicohol,
hydrochloric acid salt (Bachem).
f000132] According to the dry extract: [modified polymer] = 47.7 mg/g

35 [000133] According to the *H NMR: the molar fraction of the acids medified
by the phenylalaninate of benzyl aicohol per saccharide unit is 0.41.



a polynmer described in patent application FR0O702316, 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 lyophilizate is subsequently taken up in 210 pl of an aqueous sol ution
in order to achieve a final concentration of BMP-2 to 0.8 ng/m as a
physi ol ogi cal pH, the final 30 concentr %ion of polynmer being 5 ng/m.
[000141] The visual appearance of the sg ution is recorded after stirring

for 5 mnutggaaipd 1 PVSpREMESRN aokol lsodlA®1420etherimethy fearbbxiid fecr ent
sol uti ons a@gleuas %&ﬂewﬁoiEQhw;mmams 35 18 Sol utlon Vi sual
appear ance ter clear 4. n'? clear 7.4 Exan? _ . .
000134] Isohexanol phenylalaninate, para-toluenesuifonic acad salt, is
obtained according to the process described in the patent (Kenji, M et al.,
5 US4 826 818).
[000135] A sodium dextranmethyicarboxylate 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 isohexano! 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 ethyi phenylalaninate,

a polymer described in patent application FR0702316, is also employed in
25 this test by way of comparison,

(0001407 The test consists in introducing approximately exactly 4 mg of

lyophilizate comprising 0.168 mg of BMP-2. The fyophilizate is subsequently

taken up in 210 ul of an agueous solution in order to achieve a final

concentration of BMP-2 to 0.8 mg/m! as a physiological pH, the final
30 concentration of polymer being 5 mg/ml.

(0001417} 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 coliated in the foilowing

table.
35



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 inprovenent in
5 the dissolution of BMP-2 at a physiol ogical pH by the polyners according
to the invention. On the other hand, sodium dextrannethyl carboxyl ate
nodi fi ed by ethyl phenyl al ani nate does not nmake it possible to obtain a
clear BMP-2 solution. MCSLLP 19 CLAI Ms:!851. A pol ysacchari de conpri si ng

car boxyl functi onal LLg,roups, onhe at Teast [of,, Whi ch i's Substitu ﬁd by: a
derivative of a hy@M{Hobi c al cohol . denat B§UAAPPERHCH| cohoP'(HA)| bei ng
grafted or bondedyf.g.the anionic polysaccharidecpza a couplingzarmR, said
coupl i ng arm bei hg

Example 9 clear 7.4

Example 8 ctear 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
the dissolution of BMP-2 at a physiological pH by the polymers according to
the invention. On the other hand, sodium dextranmethyicarboxylate
modified by ethyl phenylalaninate does not make it possibie to obtain a

(5]

clear BMP-2 solution.



10 bonded to the anionic polysaccharide via a functional group F, said
function F resulting fromthe coupling between the am ne function of the
connecting armR and a carboxyl function of the anionic pol ysaccharide, and
sai d coupling arm bei ng bonded to the hydrophobic al cohol via a function G
resulting fromthe coupling 15 between a carboxyl, isocyanaté@0§%W%acid or
al cohol function of the coupling armand a function of the hydrophobic

al cohol, the unsubstituted carboxyl functions of the anionic polysaccharide
being in the cationic carboxylate fokhflMRe cation preferably being that of
an alkali netal, such as Na+ or le, 20- F being an am de function, G
being either an ester, thioester, carbonate or carbamate function, R
being a chain conprising between 1 and 18 carbons which is optionally

branched and/ or unsaturated, which optionally 25conpri ses one_or m)rc?
het er oabons, such abk 0, N AndPoysacchan@ennicem NGt FARSKYlonéuneiqa

function, Widﬁ% & least degnah 8 dumitienhebby abeehalve bhe Hydepiedbiof t he
coupl i ng bgt en the hydroxyl function of the hydrophobic al cohol and at

| east one élCQBP‘a(ﬂcﬂ'ﬂC’F?%%ncti on carried by the group R 30 said
pol ysacchari de. ceaRy i sicogocaftmxybeihagncgiadireal gr obpsdbei ng dnphigpidtitc at
neutral pH  MCSLLP 20

a hydr ophobi ¢ al &8 oslaf:dla?er? eten\% SFO;:%a‘rﬂ\in{ijrfﬁ %&Eg?;%é&%g%a“l% %rggiﬁbééx :V? Ef
HA n 10 bonded to the anionic polysaccharide via a functional group F, sai
function F resulting from the coupling between the amine function
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
15 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*,
20 - F being an amide function,

- G being either an ester, thioester, carbonate or carbamate

function,

- R being a chain comprising between 1 and 18 carbons which

is optionally branched and/or unsaturated, which optionally

25 comprises one or more heteroatoms, such as O, N and/or S, and
which has at least one acid function,

s 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,

30 _
said polysaccharide comprising carboxyl functional groups being

amphiphilic at neutral pH.

2. The polysaccharide as claimed in claim 1, which is
35 chosen from polysaccharides comprising carboxyl functional groups, at



formula | _ - in which n represents the nolar fraction of the
carboxyl functions of the polysaccharide substituted by F-R-GHA and is
 between 0.01 and 0.7, 10- F, R G and HA corresponding to the t_iLeritions
gi ven above, and, when one or nore carboxyl functions of the g@ﬁisaccharide
are not substituted by F-R-GHA then the carboxyl function or functions of
t he pol ysaccharide are cation carboxylégbs, the cation preferably being

that of an alkali-metal, such as or K+. 15 3. Th ol ysacchar.i S

cl ai med i nlagist p&e @‘n\éh@h i ﬁébﬁﬁ?ﬂéeigai g2 geéivﬁg*,"et‘?fea EHQ&#“@%‘&P@SQ?@H’% i de
natural |y @@hémﬂqgﬁagkﬂpfunctions and being chosen fromthe group

consi sting~of alginate, hyaluronan and gal acturonan. 20 4. The

pol ysaccharide as clainmed in.any one of the preceding clains, the anionic

pol ysaccharide being a synt heﬁ‘%&sa%&i;é?ﬂieq- cgmog@acchari de obtained from an
ani oni ¢ or nonanionic (neutrjal)” natural polysacchar|jde to which at | east

one acid function has been grafted- pf—Z5 general formula I'l: 21
Pol ysacchari de F
?
T
HA
— " n
5 formula I

-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 the
preceding claims, the anionic polysaccharide 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:



I t he natural polysaccharide being chosen fromthe group of the

pol ysacchari des predom nantly conposed of gl ycosi de nononers bonded 5 via
gl ycosi de bonds of (1,6) and/or (1,4) and/or (1,3) and/or (1,2) type, L
being a bond resulting fromthe coupling between the connectin EHFQ and
an -COH function of the neutral or anionic polysaccharide, beingméépler an
ester, thioester, carbonate, carbanateZdr ether function, 10- Q being a
chain conprising between 1 and 18 garbens—which—is optionally branched
and/ or unsaturated, which conprises osy<QccH®be heteroatons, such as 0, N
and/or S, and which conprises at |gast one acid function CO2H 155. The

pol ysaccharide as claimed in claim4, the pol ysacchari de bei ng

predom nantly conposed of gl ycoside nogers bonded vi a gl ycosi de bonds of
(1,6) type. 6. The pol yisaccharide as clainmed in claim4, the
20 pol ysaccharide being chosen in the |gr@up consisting of predoninantly
conposed of glycosi de nononers bonded i a chosidezponds of (1,6) type
bei ng dextran. 7. The polysaccharide as clained in claim4,

t he 25 pol ysacchari de being predom nantly conposed of gl ycosi de nononers

bonded vi a gl ycosi de_, hon f - bei h froft tHd@er ypagehari de
as clainmed in clai mt;],e ?%ZJ"%*OP‘?}%’%%%@‘. e %spgdc qnant o o%

omnantly conposed of
gl ycosi de polysasrt@risesdedonainaothyl geesreRd kingy s Fl,?l‘l?)”qr"@?fé 8 chosen
fromthe OLOURAEQUISE BhBE P 1R 4 ash. (134 DERAISH (1NFRbHTLSTALL, 2X 3y @e),
gal act ur onan a V\_/aﬁeééi%gl %b b%nci resulting from the coupling between the
connecting arm Q and an -OH function of the neutral or anionic

polysaccharide, being either an ester, thioester, carbonate, carbamate or

ether function,
10 - Q being a chain comprising between 1 and 18 carbons which is

optionally branched and/or unsaturated, which comprises one of 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 claim 4, the
20 polysaccharide being chosen in the group consisting of predominantly
composed of glycoside monomers bonded via glycoside bonds of (1,6) type

being dextran.

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

8. The polysaccharide as claimed in claim 7, the

polysaccharide predominantly composed of glycoside monomers bonded via

30 glycoside bonds of (1,4) type being chosen from the group consisting of
pullulan, alginate, hyaluronan, xylan, galacturonan or a water-soluble

cellulose,



cel lulose. MCSLLP 22 9. The polysaccharide as claimed in claim4, the

pol ysacchari de being predom nantly conposed of glycoside nononers bonded
via glycoside bonds of (1,3) type. 510.The polysaccharide as citébbhe®l in
claim4, the polysaccharide being predom nantly conposed of gl ycoside
nmononers bonded via gl ycoside bonds of (1,2) type. 11. The
pol ésapchar: de as cl aidrred inclaim4, tHe 10 pol ysacchari de being

predom nantly conposed of gl ycosi de nononers bonded vi a. gl ycasi de nds of
(1,4) and (1,3) typ8: The polysaechatige pn&fy s SEEREFi dgg Zc(f: i %len any
one of cl a'd@s@c&i@aﬂé@ H@ﬂEEime@@ﬁErﬁmUp Qrposémsen dlyomitdenfariodnoevisng

hor o1 n t nEogRBE Y RANESRIHBa B 65 B b 1Baci do. 20 L4 The

pol ysaccharide as clainmed in any one of clains 1 to 12, wherein the group R

is chos from a-anj Qo acigds. : 15 polys i d S
cl fai med%lnn cl fai m 1216|‘t he ‘gﬁ%m %%EVE%C%?&"H’? bglsngdgﬁﬂggn Woﬁgﬁﬁf aﬁ:hg- am no
aci ds, i nclpotisagchanids neeingl anedeminand|yeameosef yefi iy Coiday MM,

trypt ophan ar Mahigycoside bonds of £6,2) Thge pol ysaccharide as clainmed in an
one of clains %[ to %g t he hydrophgb'i(): gfﬁcohol bei ng chosen fromfatty Y

al cohol s.
11. The polysaccharide as claimed in claim4, the

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

12. The polysaccharide as claimed in any one of claims 4 to
11, wherein the group Q is chosen from the following groups:
15

O

OH OH OH
OH

13. The polysaccharide as claimed in any one of claims 1 to
12, wherein the group R is chosen from amino acids.

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

15. The polysaccharide as claimed in claim 14, the a-amino
25 acids being chosen from natural «-amino acids, including leucine, alanine,
isoleucine, glycine, phenylalanine, tryptophan or valine.

16. The polysaccharide as claimed in any one of claims 1 to
15, the hydrophobic alcohol being chosen from fatty alcohols.

30
17. The polysaccharide as claimed in claim 16, the

hydrophobic alcohol being chosen from the alcohols composed of a
saturated or unsaturated and branched or unbranched alkyl chain



30 17. The polysaccharide as clainmed in claim16, the

hydr ophobi ¢ al cohol being chosen fromthe al cohols conposed of a saturated
or unsaturated and branched or unbranched al kyl chain MCSLLP @ﬁ ﬁ rising
from4 to 18 carbons. 18. The pol ysacchari de as aFhled in
any one of clains 1 to 16, the fatty al cohol being chosen frommyristyl

al cohol, cetyl alcohol, 5stearyl al cohob3 cetearyl alcohol, butyl alcohol,

ol eyl al cohol or Ianolin. 19. The polysaccharlde as clainmed in

claim 16, tdwenhysingFhabi£taligadwbobei ng chol esterol . 1020. The

pol ysaccharide as clained in claim16, the hydrophobic al cohol being

ment hol . 21. The pol ysaccharide as clained in claim116, the
hydr ophobi ¢ al cohol 1Bei ngT@hqstémsaQCbﬁriﬂ@camhi@ﬁl@Ieg inparef enatdfyclaims 1 to

15u. -t ocophy %% fattﬁ ]aicohof b%?%go-@?l%s R! N’% ﬁFz g@ Aokbial fRY; i dHpl m 16,

t he hydrophobi c al co bei'n sen roma carryi hg an aryl droup.
2023. The® usseaty! alqolett fpam! 2&phebl W&éﬁ@hp&e@'&g' %'lcah@ﬂe@' 1BoHRy one of

the preceding clainms in the preparation of phar rraceutl cal conpositions.

24. Apharmaceuti cal npos i onconprisin 25 po hari d -1 Ialned in
any one of clains l(igo ﬁd %‘Pig?%%f-i\ar%ra?e 88ti 9 é 7§ ndi'pl €@ 15,
25. The phatfwmcp}nkbhnc&ifcm’frmmg tloslesierol.ai ned in cI aim 24, wherein the

active principle is chosen fromthe group consisting of proteins, 30

gl ycoprotei ns, peptides and nonpeptide therapeutic nol ecul es.
10 20. The polysaccharide as claimed in claim 16, the

hydrophobic alcoho! being menthol.

21. The polysaccharide as claimed in claim 16, the
hydrophobic  afcohol being chosen from tocopherols, preferably
15 «a-tocopherol.

22. The polysaccharide as claimed in claim 16, the
hydrophobic alcohol being chosen from alcohols carrying an aryl group.

20 23. The use of a functionalized polysaccharide as claimed in
any one of the preceding claims in the preparation of pharmaceutical

compositions.

24. A pharmaceutical composition comprising a
25 polysaccharide as claimed in any one of claims 1 to 23 and at least one
active principle.

25. The pharmaceutical composition as claimed in claim 24,
wherein the active principle is chosen from the group consisting of proteins,
30 glycoproteins, peptides and nonpeptide therapeutic molecules.



