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| POLYGLUTAMIC ACIDS FUNCTIONALIZED BY CATIONIC GROUPS
AND HYDROPHOBIC GROUPS AND APPLICATIONS THEREOF, IN
PARTICULAR THERAPEUTIC APPLICATIONS THEREOF 5 The present
invention relates to novel biodegradable materials containing copolyarnino
acids useful in particular in the vectorization of active principle(s) (APs).

TP%LWE ti?ﬂ%\ﬁ?ﬂffﬁ?%%%ﬂ%ﬂ%ﬁ“%ﬁ%ﬁﬁ?ﬁgz P§8Ps AND
fOO or plant- protection CompOS|t|0nS containing these modiftie ‘
R AR FHROD ES B L6 A S ST E: aRARTICULAR
possible the vectofiitivn PEEPS@AR Rid Qrefciably fiawedOR the form

of emulsions, micelles, nanoparticles, microparticles, gels, implants or

films. Suitable APs are advantageously biologjcally active compounds .
SR D8 VSRl AT SHATEY o B B RS S GEAS Ty R eeopolyamino
ondk paifehtensdrmadat, ivalgnal 1086 et sultogtaneops;(nttaVshous,
intramuscular, intradermal, intraperitoneal, intracerebral or buccal route

- ?ed igli]\%llll‘lgil '?E %1{5% WQE%Q&??OQ%%FP% arprgg% u%rgégu.lcgloré}{ngtlilctzﬂvﬂtegﬂw food or plant-
imitation relatés’to are proteins, glycoproteins, peptides, .

pelpster v lipppefysacene ferss, Bhgoiest polyruslectidds, Thesamgmpositions
@nganisimoalecuies. INgwe yerstosmetic:pratiueis:of P -proteetigBierably provided

Aradugts, syd ﬁilssr;igtﬁg%?e{%?g;\'/ %%%SESM‘EPes%HQ:i%%%c%&‘? 408 G or films.

f
also envisione ctorization of active princigles; in
particular medicinal active principles, there is a need: 25 to protect them
fambde cahpositioredlvydralysis] enbyrhaticadige stiang andmthestike), which can  be

9&9(9{3{&&?%r%t'a&iﬁ{eﬁtépﬁﬁﬁl%%@g&&ﬁ?%Iﬁg‘?ﬂén@lm %&l@_ft@?ﬁyﬂﬁsal, vaginal,

level over a defined period of time, and/or to convey them (whil N
Proteting fG'thre SHEBYRAUMGN. 3B"SBUEA Wpesbf; irs Ha\sgperitonzal,
besnestbdiedrfonthasepagosés Bkel some are even commercially

available. Examples of such polymers include polylactic,

R%P/{%C&%QQL %“ﬁi\/p g{ (%)1( X%i;[%y I%?E%?}f%ﬂ%%l%?t%bgg l r?ig‘p I 10}.181‘% (zjxtgr- 1o alrc—: proteins,
polysaccharide polymers. € polymers are usea as starting materials,
shycovEppIns, fornhdcmamifsetcharides, lipopolysaccharides, oligo- or polynucleotides,
and organic molecules. However, cosmetic products or plant-protection products, such as

herbicides, insecticides, fungicides, and the like, are also envisioned.

In the field of vectorization of active principles, in particular medicinal active principles,
there 1s a need:
e to protect them from decomposition (hydrolysis, enzymatic digestion, and
the like),
e and/or to control their rate of release, in order to maintain a therapeutic
level over a defined period of ime,

e and/or fo convey them {while protecting them) to the site of action.

Several types of polymers have been studied for these purposes and some are even
commercially  available. Examples of such polymers include polylactic,
polviactic/glveolic, polyoxyethylene/oxypropylene, polyamino acid or polysaccharide
polymers. These polvmers are used as starting materials, for example, for the manufacture
of bulk implants, microparticles, nanoparticles, vesicles, micelles or gels. Apart from the
fact that these polymers have to be suitable for the manufacture of such systems, they alse
have to be biocompatible, nontoxic, nonimmunogenic and economic, and they have to be

able to be easily eliminated from the body and/or 1o be biodegradabie. With regard to the
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35 of bulk implants, microparticles, nanoparticles, vesicles, micelles or
gels. Apart from the fact that these polymers have to be suitable for the
manufacture of such systems, they also have to be biocompatible,
nontoxic, nonimmunogenic and economjc, and they have to be able to be
easily eliminated from the body and/or t6 be biodegradable. With regard to

1 tﬁt% a Oﬁét&r FSREGhH ISR VR LSeeiRl AnHae RIgHBAradationiiiing, senerate

ody t generate nontoxic products. Various patents, patent applications,
R ¥R apers are mentioned below by way of 5 illustration of the
prior art relatlng to polymers employed as starting materials for the

PiERaLRRmAf AR veditizationSyale R Dae BEH?% Bréd Geitdthidd below by way of

gescrlbes gg é%actlde mlcrora&f’c ules e cap sulatlng0 a horngone LH tem}g for the
P! BUISL AFe S dlced BY pras AP Waterin oilti e WAt

reepatsiorn ¢DAD MsTisiivgam agtienss internal layer comprising the

hormone, a substance (gelatin) which fixes the latter, an oily polylactide

ILE%NEL@ AT AGUEPS gexstggggql lagleé Q%OC{XVIH}/ glc h Igs Thceagg ?ﬁ?c tfhe hormone
%\P can ta place over a é)rld more than WO Wee fl1
Isﬂb%h&aﬁ%mmé&@ﬁu@e eatewee@qsb@ Elsewf‘%&e‘é@*ﬁaée -oil-in-water emulsion

conmpesitions:hasec onamphipbiliomicalieg tf hormone, a substance (gelatin) which
A R S A L M@&&gr&%mmwt@amm alcohol).

agents, such as daxorubicin, Akiyoshi et al. (T Controlled Release,

e ﬁl@ewld&&n%% AT af?ﬁehoaﬁé 30PREHSerdd At ﬁ%bﬁ‘ef% récks afer
gaftngchslestetairand which form nanopatrticles in water. These

nanoparticles which are capable of reversibly forming a complex with

sulln for oII idal.suspensions.. Patent US-B-4 351 337... .
R B Do OB AR BCE bbe B oudin I B i miceles of
oitemeeevihich- eahf&sememmnbmmwwmamcm of aniceapertiekegts. such as
fox thensantrolled release of active principles. Release of the active
principles can take place over a very long period of time depending on
the rate of decomposition of the polymer. Patent US-B-4 888 398
AksaBES pYlyefBESEaOR By IR aRs of potyalparitabsriigans which are
eptienallypolyheueinebwitbralitytoxyiobrbeny medhyigebufismplaeedparticles in water.

ﬁ@@ﬂ%@( 59&&%@%@9'&1@ é‘ﬁjjgb(fg'@ﬂ &%ﬁ&}pﬁ%mm @(ﬁ{ﬂﬁeg @Hﬁ%suhn, form
with side groups, &
stable colloidal suspensions.

Patent US-B-4 351 337 describes amphiphilic copolvamino acids based on leucine and on
glutamate which can be used in the form of implants or of microparticles for the controlled
release of active principles. Release of the active principles can take place over a very long

period of time depending on the rate of decomposition of the polymer.

Patent US-B-4 888 398 describes polymers based on polyglutamate or polyaspartate and
optionally polyieucine with alkvloxycarbonylmethyl groups placed randomly on the
polyamino acid chain, These polyvamino acids, grafted with side groups. e.g.
methoxycarbonylmethyl groups, can be used in the form of biodegradable implants
comprising an AP for sustained release.

Patent US-B-5 904 36 describes nanoparticles obtained from a
polyleucine/polygiutamate block polymer which are able to form stable colioidal

suspensions and which are capable of joining together spontaneously with biologically
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methoxycarbonylmethyl groups, can be used in the form of biodegradable
implants comprising an AP for sustained release. 35 Patent US-B-S 904
936 describes nanoparticles obtained from a polyleueine/polyglutamate
block polymer which are able to form stahje colloidal suspensions and
which are capable of joining together spoﬁtaneously with biologically 3

aglivg Bf@&ﬁwmtdgﬁm‘@&éﬂ?nﬁhg Q&R&“ﬁ!ﬁﬂ%ﬁﬁ&%ﬁﬁ §@bequently be released

subsequently be released in vivo in a controlled manner over a long
perod. 15&8%‘?%%—@%@‘?5@&&%@@"&%phiphilic block copolymers

comprising a 5 polyoxyethylene block and a polyamino acid block, for
examplelply(a-penzykL- aspadate)ahPRSfilic block copolvmers comprising a

polyoxyethylene/polybenzylaspartate polymers for icelles whjch are
O R OISO kel AR BOI(p-benzyl-L-

deReTaBibin g drmEtsaRIE R PaRsIE slss hesash PMlDusre gpesTacelies which are
desetibes potylysioeiiand pelyemlithinesdinctignabizedwithudh as doxorubicin or

hyd i, group (palmitic acid connected to the polylysine or
-orn‘%ﬁ%ﬁ 1allfid a hydrophilic group (polyoxyethylene). These polymers, for

example polylysine grafted with polyoxyethylene and palmitoyl chains,
fBamnin theppresence BICchedosteial vedistesheapaplteydf eneapsulatingolyornithines

%K&EHHA‘HEE%Q%%9&%98%“@%9%%%%%&9%}{%&%3{@ the polylysine or
catignic in physiological medium. Patent application EP-A-963 758 ]

GOTRHBES) i P SR SR ARPAL by A AP RGP RESES: for example
polytvers: s Gapabid gfolommijrethebmp lexe patithtavhydlsics adidranth ¢ha presence of

keoksreon ganedhesame bre falionisSoUpSAie 2MINesiRivatives Whishers based
are n?t derived 20 from amino acpgls a upolyamlno acids do not

_ ) :
6 B é@%fé%ﬁﬁ%f&nﬁ?%&? %nﬁlg Tﬁ?e |01Péchnology Letters, 2005,
27, 977-982) describe polyaspartates functionalized by linear alkyl groups
ameoligegigitines: PThese3priyraess: fasmpaiganpastictes: fram Gt amyin cationic
s yater gtﬂ ALE SRR %q%eaﬁg%?l?%tnec{ r:g%lgefje)p 'S 2W51t%ez!1.|.sﬁu.&$c acid and can be
Suggested that these gartlc s can be used for t]_ﬁ)e vectorization 0 '
RyEFoBneHie tHisfeeuldse | RN A8 RS drEne HrssERT KsPirsandisare not derived
describedo i sBverdtipaiely applicatidngo polymersibakedrophobic groups.
polyglutamate (anionic polymers) with related concepts.
Yang et al. (Biotechnology Letters, 2005, 27, 977-982) describe polyaspartates
functionalized by linear alkyl groups and oligoarginines. These polymers form
nanoparticies from 8 to 40 nm in size in water and are capable of being internalized by
cells. It is suggested that these particles can be used for the vectorization of hydrophobic

moiecules.

In the same field, the present Applicant has described, in several patent applications,

polymers based on polyglutamate {anionic polymers) with related concepts.

Apphication WO-A-03/104303 describes anionic polyamino acids functionalized by

a-tocopherol.

Application WO-A-2004/013206 describes anionic polyamino acids comprising
hydrophobic groups. wherein these groups are connected to the polvmer via a joint
comprising two amide functional groups and more specifically via a spacer of lysine or

ornithine.
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30 Application WO-A-03/104303 describes anionic polyamino acids
functionalized by a-tocopherol. Application WO-A-2004/013206 describes
anionic polyamino acids comprising 35 hydrophobic groups, wherein
these groups are connected to the polymer via a joint comprising two
amide functional groups and more specifically via a spacer of lysine or
WO-A- 2004/060968 descrlbes olyamino acids

ornjthine. 4 A pI| (b n

ATRCBHSH ALY By 20 1AL SHE SHGBARIAG ST BR G b AEBH BRABCRE, = least one
dSgleucine pvial @@mdbﬁc{bhe rhgnlalammeolaﬂmwm(abmyavw € pBtrenalanine.
"Acid-sensitive dissociation between pon(Iysine) and 5

istamine-modified uta | for. drug-releasing from
cAFriéra endo@orﬁ é)ﬁ%ioc rcﬁ éeg ésasof@ﬁ?al)gef‘fﬁef popgygine) and
Yde@@ﬂbe@@%%m@ﬂaiétwt@oﬁal|2em99do%roﬂm§taﬂﬁﬁenaoﬁmé\7eﬁanIers in
dhi ety %&b%@@& W?@ﬁﬂﬁcm@zamm@ydjommd} polygleianmate poivglutamate
Ru rget e t ee
o S BAES] AL ) Topla Ao oe ans

at phy
k&@?@%’ﬁ@&‘@ dRbEEHAe %F?etﬁﬁlﬁ%aﬂ%n w%ﬁ%%e@@vﬁﬁ Wi dnEiiRse precipitates
polydysing] Fhesé Tamplexesiavé:farmadsibiopghl epéltrobtataly application that is

ﬁ@%ﬁ Q@%&I?&ﬁgﬂf'ﬁ?{% %W@Ql%é%@&eg%lth a pH- senmtwe, polvlysine. These

on utamat h|s e/p lylysine comp

ex Is form aS|
ERBISOS BXBH A ke ?E%@%%Wﬂlmg%‘??&g et RHplogical pE
tévemﬁ@atwrmgﬁnmammmm@havecwmedemIﬁpe@@ndfhies@fribtacdid:nomposes at

}5@?@5'%}%@}1fx@&ﬁ'@%}ﬁeﬁ%ﬁ%%n@ﬂ&%ﬁ@m active principles, the answer
to all the requirements is difficult to obtain and remains to be improved.

More specifically, the invention relates to biodegradable polyamino acids

whishetreh ibeneshvestaddntsobelionddiavariscorderipoparnisiedefsribed in the prior art
ﬂ@QKHivé@f&fkﬁﬂ@hQ@ﬂﬁ%&ﬁ’ﬁﬂ')&&ﬁ%@i@@@%@ iﬁiéoﬁhmfﬁ astine thidOrequirements is

RUBGRISS L ANIS, 88(;}%"%?‘511 0§ B! }]Hae F%S%mi@f u;%a GUeS AT NERISSENGN relates to

Invention IS to provide nove ampnipnuic COpO mates comprisin

Poticpadiiie crribgeyat natitikl wﬁleﬁ pHtId¥e %eqf\f@aﬁ%nty%doﬂmgal nano-  or
mydrgphobic gifaupsasdependant{otdangirg)ichaimm@seo association with active

principles.

In this context, one of the essential objectives of the present invention 1s to provide novel
amphiphilic copoiyglutamates comprising both positive charges at neutral pH or pH close
to neutrality and hvdrophobic groups as a pendant (or hanging) chain.

These polymers represent an improvement, with respect to those described in the patents
or patent applications mentioned above, in terms of vectorization of an active principle,

such as a therapeutic peptide or protein, a DNA, an RNA or a small molecule.

Another objective of the present wmvention is for these polymers to be useful in the
vectorization of active principles (APs) and fo optimally satisfy all the specifications of
the requirements, namely, in particular: '
o ability:
* to easily and economically form stable aqueous colloidal suspensions,
® {0 easily associate with numerous active principles, and
* 1o release these active principles in vive,
o bilocompatibility,
o biodegradability,
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These polymers represent an improvement, with respect to those

“described in the patents or patent applications mentioned above, in terms

of vectorization of an active principle, such as a therapeutic peptide or

protein, a DNA, an RNA or a small molecule. 30 Another objective of the

present |nvent|on is for these polymers t6 be useful in the vectorization of

active r|n S (APs) and to optimally satisfy all the specifications of the

requir mé 1ﬁa ﬁﬂ%é?tlcular o0 ability: to easily and economically

form stable aqueous coIIO|daI suspensions, 35 " to easily associate with
THIMNGEQLS AT ien PRIR CHpREs, anda@mfeaeasjettﬁegeeagﬁb@pMewmch relates to
Y Ongloé:c?ggpatlbl“%rmett)clgde dabc'c':'%msn 12 Stzﬁ%‘“%é?eh?, dr %?ﬁmﬂ" clutamic
oqbfec ive, among ot tHers, is achieve dg resent invention, w

TRSISHSS 1S SERATTNG Adidse d%lﬁwaﬂﬁare@éﬁw%%c%fab?e&%}%%ér%&mc group
whiviprising ghutandig b iesidde sxwbesaimkameef theaylytaane tesidiiesid cationic

§%ﬁ C%&M%ﬂ%ﬂﬂ@ﬁt ﬁ?thkﬁ}‘%PéHP WhiENo] e't zﬁ?d@ﬂ%? deRraleRAlRd other glutamic

exhibits a pK.a equal to or grea an 7, said cati n|c rou

TR oF HFOTREA G GRETERs RSy & EANci &&#@1@%&0 groups (GH)
besiguds eaxiccarnji Feparidant yydrepiiblic group (GH) said hydrophobic

groups (GH) being identical to or different from one another. 10 In the

de C” é[lson tth gt f?él unIeSS ftfge& %Sr\evggesc@gﬁleg’l% terinr%l & Ii%mc group” will
p Wil Fyeheratly' Behote BAfShic §roups Earhor Ba P

mm@tbhé@@@m@n@aﬁom@mu&%ﬁm%m Berariproten asticaianihgsAups which

exhikitappikaraqualio angieatesthan Ll dhedemrgatanmaceutically
acceptable salts" of a polyamino acid according to the invention is

understood to encompass all polyamino acids with counterions associated
Whth terizealiameishs etliNeastiyraBls. 7ithe deschpHo AL SIS Raing to the
ieventismall mndleswed isundersiesd tdl meammaik0 anidlecuill withnaerions associated

Melssultvsignt ot lssmhanhika.

In the description that follows, the term “small molecule™ is understood to mean a
molecule with a molecular weight of less than 1 kDa.

Uniess otherwise specified, alkyl groups contain 1 te 10 carbon atoms.

Each polyglutamate according to the invention is thus functionalized by a multiplicity of
pendant cationic groups that are identical to or different from one another and pendant

hvdrophobic groups (GH) that are identical to or different from one another.

Within the meaning of the invention, the term "multiplicity” means that the polyglutamate
is functionalized by:

* at teast | % of cationic groups (molar %, with respect to glatamic acid residues)
and up to 99 %,

* on average. at least two pendant hvdrophobic groups (GH) per molecuie. It is
possible, in accordance with the invention, for a polyglutamic acid to contain, in addition
to pendant hydrophobic groups (GH), hydrophobic groups (GH) that are attached to at

least one end of the copolymer chains.

Within the meaning of the invention, the expression "to carry” means that the group being

carried is pendant, that is to say that said group is a side group with respect to glutamic
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Unless otherwise specified, alkyl groups contain | to 10 carbon atoms.
Each polyglutamate according to the invention is thus functionalized by a
multiplicity of 25 pendant cationic groups that are identical to or different
from one another and pendant hydrophobic groups (GH) that are identical
to or different from one another. Within tifte meaning of the invention, the
term "multiplicity” means that the polyglutamate is functionalized by: 30
EAARTE RN 960 F MBI GRIUPSE (MR, WAHRTBELEENS dluthinic BRiliion of the
psigluas)esunhet wphtch9@%ecs-it.on average, at least two pendant
hydrophobic groups (GH.) per molecule. It is possible, in accordance with
% invention, fo Iutarn acid to contain, in additign to pendant
RIS A (RGO BB it LPEP B ACHRPES Preferably
atta8belbtstiorgusndiof thislespoly mermehizing cvlétHinthe meaning of the
invention, the expression "to carry" means that the group being carried is
engi%rllitl tt{]oaetuli %f th%&n a(%g heslldvem?[roup mth rg% ect re<;1dues can each
g Ufamics residues and 15 & Su uen of unctionat &a ﬁ
Fﬁuﬂﬁe%/W@Fﬁn@ﬂtﬁ@%ﬁiﬁaﬁﬂ&*é%@%ﬁ|&?%Ph%§"‘ﬂdfpﬁhf§1mm% (GH), said
abtheninveitionalsohearsiagsatianicogseupsicihesegioups aretpeefesallya pendant
1 icre SV r r . According
B A T IO, tes can
each carry a pendant nonionizable group, different from the hydrophobic
groupsi (S m)awm:mmaﬁm@@mimmejﬁ@memm othdiffgremtiframsidues can

QQ&;EL% %s@%rﬂ% nltg ﬂ&n&%ﬂk}he 9@89&%‘31@311@%&%8{}%@@@ neuiral
gr yeth ami PTQ cordlngt ther %Iternatlve embodiment

?g Sﬂh o) 83& ﬁ%a e SHAUES éasc?ﬁ a??i}%l&8”ﬁ?%€1m neutral pH

p@mgoden@mé carbdnjrangiovp whicinighsonioni zadrapineutrala gebup may have the

differentofiaphthe hydrophobic groups (Gil), said groups nonionized at
neutral pH 15 being identical to or different from one another. For example

such a group may have the following formula; N-~~\NN H H
NT N
H Hﬁ
L

in which —R'® is -H, -CO,H, alky!l ester (preferably -COOMe or —COOEL}), -CH,OH,
-C(=0)-NH,, -C(=0)-NH-CH; or -C(=0)-N(CH31}.

Polyglutamates simuitaneously carrying cationic groups and hydrophobic groups and,
optionally, nonionic groups (nonionizable or nonionized at neutral pH), can alse comprise
negative charges (at neutral pH) resulting from ionization of pendant groups of the
polvglutamic acid which have not been functionalized.

The Applicant has developed a novel family of polymers based on polyglutamate carrying
cationic groups and functionalized by a multiplicity of hydrophobic groups, which can
form stable colloidal systems. The possibility to adjust the lcading of the polymer as a
function of the degree of functionalization can prove to be very effective in:
- lowering the viscosity of the polymer for easier injection or easier use during the
formulation stage,

- providing good association with neutral, anionic or cationic active principles.
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-N-C R'o 20 in which -R10 is 13, -CO2H, alkyl ester (preferably -COOMe
or -COOEt), -CH20H, C(=0)-NH2, -C(=0)-NH-CH3 or -C(=0)-N(CL-13)2.
Polyglutamates simultaneously carrying cationic groups and hydrophobic
groups and, optionally, nonionic groups (nonionizable or nonionized at
neutral pH), can also comprise 25 negative charges (at neutral pH)
resulting from-ionization of pendant groups of the polyglutamic acid which
have not been functionalized. The Applicant has developed a novel family
Bipokmersybasedidhgolgliitarwatebearrying cationic groups and

fungtiopalized byisdnuitinlicit:ohhydrgpbebic greunsMhiccaRa38ddMincharged
stable cqlloidal sc\{gstltems. The possibility to adjust the loading of the
[

polymgf%‘éeé)%n ion of the degree of functionalization can prove to be

very effedvis int Modesaisl tiseidiscolityrdf thé-polyrderssirahsierigfédtiorharged at
or easighiuse slaringithe closmuistinnsiage.c praviding gaadagsaciatienassociation
with ”%tﬁ?"tﬁ‘é”%”ﬂ&é’raﬁﬁﬂ&@i% aglive, pringiples, f; Thus, EEG MeriQosit in a
the invention canqbe: (nionic. cationic or neutraPand capable o

associBfg UieHehaREHBr uncharged active principles, 5 cationic at

moderately acidic pH (pH = 4-5) and neutral or weakly charged at neutral

Phdahiscage fuisdenepdencepnlhe HH&HR)WSJH@%@@%@%%%%QQBH in the
with the active prin |p|§1 in solution at pH=4-5. t9 for?rsg@ eposit in a_d ,
Wﬁ%ﬁ’&%ﬁ%&%ﬁ?jﬁ% T LB NG e SR B Of e Brage A ds)

invention undergo easy degradation in the presence of enzymes leading

ingntexic galaholitesmetaRoligm(@mingAnidsia iR e meaning &f, the term

the inventign and thro g,hout the pre ent ocum%nt t e terﬂ]
..&SSOC]&HPH P ASS0C1a as used 1o characterize the %eta 1011?. %P hetween one or more
association™ or “associate™, as usedto characterize the relationship

patiedrioneler moraha srmciled nabiplesaathaneiadifigat the active principle or
pohghamaieshamaansithaiidhetaativerprintipienatepyineiplasiisiare, kongedrophobic

or linked to the pelvalutamate(s)ip parioular, Aﬁ‘aﬁt %’fmph‘)bic
1 . ' g .
}ﬁtera{;ciu%in gng)}gr are e capsuﬁcratgﬁb fﬁéipo¥yg ut{tl ate(s).

Advantageously, polyamino acids according to the invention are L-glutamate or L-
glutamic homopolymers; preferably, within the polyamine acid, these residues are linked

by their carboxyl group in alpha position.

The cationic groups which can be used to functionalize the glutamate units are identical to

or different from one another and have to the following peneral formula:

L
e
—X A NY;'Z

in which:
X =0, NH,
Y = independently H or CHjy,
7" = a chloride, a sulfate, a phosphate or an acetate,
L = alinear (C; to Cg) alkylene optionally substituted by a functional carboxyl

group or derivative thereof.
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Advantageously, polyamino acids according to the invention are

L-glutamate or I,- 20 glutamic homopolym.ers; preferably, within the

polyamino acid, these residues are linked by their carboxyl group in alpha
position. The cationic groups which can be used to functionalize the

glutamate units are identical to or differént from one another and have to

the following general formula: 25 L x W3+ Z7 in which: N=0, NH, Y =
IMESHERASAtR bl SERedmeny. dhfo FRIGOHCSEIRIRS arprbspRateitasompounds
atetetd, ftom allingan(C2desiShhalkylelsiaptiondthisubstituted bydatheir derivatives,

dupgtionalsarbexv. @ﬁﬂg@d%gﬁ{y@%\/&mﬁr&%&f ﬁu&%ﬂ{gg}%@o&m@fmd

embodiment, the cationic groups are obtaine m compounds selected
from the group consisting of: lysine, ornithine, arginine and their
‘Herilative syretiolinene tirgnotendime flinke daia firepxygén Btarth)y] and methyl esters,

PUIresGIne akg aginalings2 The lysine, ornithine and arginine derivatives
amides.and meth

n, for exam ebeethéadmthleter, nides lated
LRt TR o P SB SuR lh od TSBH Y AR e sclected from
i énlioningagrPeselected from the following group: HH -N-C-CORa (~
H2)4 N H 3+ Z" 10 HH -N-C-CORa (CH,) 3 NH
—N—8—cora

(C|:H2)4

NHs* 2"

H H
—N—C—CORa

{CHy),

NH

A

HN NH,* Z-

§ H
—N—C—CORa

{CH,)

i 3

N

wherein Ra 1s a hydroxy, alkoxy or alkylamino group, preferably ~-OMe, -OFEt, -
NH;, -NHCH; or =N(CHaz),. and 77 is a chloride, a sulfate, a phosphate or an
acetate, preferably a chloride,

or

-NH-(CH;);-NH;", 7",

NH-(CH,).-NH-C(=NH)-NH;", 7",

-0-(CHz):-N(CH3).7,

~O-(CH3)-NH;", 7,
wherein 7 1s a chloride, a sulfate, a phosphate or an acetate, preferably a

chioride.
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HNANH3+,Z- H H -N-C-CORa i H2)3 NH3+.Z 1.5 wherein Rais a

hydroxy, alkoxy or allcylamino group, preferably -OMe, -OEt, - NH2.

-NHCH3 or N(CH3)2, and Z- is a chloride, a sulfate, a phosphate or an
acetate, preferably a chloride, or 20 -NH-(CH2)4-NH3+,Z ,
-NH-(CHz)4-NH-C(=NH)-NH, -,Z-, -0-(CH,)z-N'(CH3)3,Z

-0-(CH2)2-NTH3 , Z , wherein Z- is a chloride, a sulfate, a phosphate or

e seepnle. ﬁéf@ﬁ%@wﬁé@gﬁ?hmﬁ@é @Hlﬂ:@ﬂéﬁémﬂé@ fieseatiBhiengiesusan have the
fohishicafobewsedvwhdhenatesenh invemioie cardidvendieadallbwing each group):
formulae (wherein the name of the precursor is indicated below each

group): HI H' HN HN H! C 0 CORa CORa CORa Ethano rnne Chome.
NHs'*,CP INH NH3,Cf H Cknlfhine HN CfH1N, HN PvFr scine erherq

NHv5Cl- Lysine ester NK,' CI' Or onjide Agmafineg Arginine S|her or cots
ondd
NHLTCF Nivie ;" ¢

Ehanokiming Chotine NH.CH MM NH3" CF
HN CF HN Ornithine
Putrescine :i:fe o
MNHe* O Lysine ester NHg cr
or arnide
Agmadfine Arginineg asther

o armide

in which Ra represents a hydroxy, alkoxy or alkylamino group, preferably an -OMe, -OFEt,
-NH;, -NHCH; or -N(CHj): group.

According to a preferred embodiment, the polyamino acids of the invention comprise, on

average, at least 3 hydrophobic groups (GH) per polymer chain.

Advantageously, at least one of the hydrophobic groups GH is mcluded in a hydrophobic
graft comprising at least one spacing joint (or unit) (spacer) which makes it possible to
link a hvdrophobic group GH to a polvglutamate chain (for example, a polyglutamate
backbone main chain). This joint can comprise, e.g., at least one direct covalent bond
and/or at least one amide bond and/or at least one ester bond. For example, the joint can
belong to the group consisting in particular of: "amino acid” residues other than the
constituent monomeric unit of the polyglutamate, aminoalcohol derivatives, polvamine
(for example diamine) derivatives, polyol (for example diol) derivatives and hvdroxy acid

derivatives,

The grafting of GHs to a polyglutamate chain can involve the use of GH precursors that

can be attached to the polyglutamate chain.

Precursors of GHs can be, in practice and without limitation, selected from the group
consisting of alcohols and amines, these compounds being easily functionalized by a
person skilled in the art. The grafting of GHs 1s disclosed in more detail below in the
description of the proéess for obtaining modified polyamino acids according to the

mvention.
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5 in which Ra represents a hydroxy, alkoxy or alkylamino group,
preferably an -OMe, -OBI, -NH?, -NHCH3 or -N(CH3)2 group. According
to a preferred embodiment, the polyamino acids of the invention comprise,
on 10 average, at least 3 hydrophobic groups (GH) per polymer chain.
Advantageously, at least one of the hydridphobic groups GH is included in
a hydrophobic graft comprising at least one spacing joint (or unlt) ( acer
Afsri ARk ¢ iPpdesslectBb aRIusHy ArbpReHIROGie s R e iaof a hy Opho ic graft
palyghetamatescladin (febexample, a polyglutamate 15 backbone main
chain). This joint can comprise, e.g., at least one direct covalent bond
and/or at least one amide bond and/or at least one ester bond. For
e PIETIRE9biRt LaHPH EIbNY t RS ER BN &IStiF] T pa iRl dfom the group
damisingeid” residues other than the constituent monomeric unit of the

polyglytamate, %W%HQ@@ qgr@'ﬂ%@?lso@lﬂﬁﬂﬂ't% & foﬁéﬂy‘&ﬁqprzse at least one
diamine) derivatives, "I% éiy (?r% examEIe diol derlvatlves and hydroxy

acid 20 dBPRAHTEE! §°¢ Siyglutamate chain can

involve th&use Gﬁmw@&iﬁr@@r@qﬁdﬁ\}dam@echtt@@h@@tw% comprise at least one
polyglutamate:chais: ggdmegq@@f%@g Ridssasnbe, in practice and without
limitation, s%eéted f{o conS|st|n of ﬁ!; hols an |nes rise at least
these compoun%js bain rg unc%lon%(ﬂ by a perso sl??lae A ihe

art. The gpaﬁuﬁgsaﬂ@qgnsﬂmé@r@éé%aﬁﬁ @ﬁ%#@@é@émﬁuow in the

description of the process for obtaining modn‘led polyamino acids

?ﬁ&%‘?xﬁ‘@ Sn10e Apyentan. ﬁ@ %r% ﬁg*b 02 g,n}i]’éﬁfse%{j t?e”lﬁ"d(@e&%@tmvalem

obic group GH o raft comprises from 8 to 3
ORGP S PATBI A b B A1 S\ AL, ffghy drophobic
wafefultyselectediftdm e gropp vBreensistinydénlinesr ombeenctreddCsiture (o the

EQ%@#W'%MH' Chhgaf aptionally.comp %WEJ&%E@@\% URBAIYEANON Examples of

gnalor at east ong heteropton. 8 10 G alfatyls o BRI MR, cxampl

"glutamic acid”, or polyol residues, for example glycerol. Thus, two advantageous but

nonlimiting examples of hvdrophobic grafts comprising bifid GHs are dialkylglycerols
and dialkvl glutamates.

vadrophobic groups GH can, for example, be derived from groups chosen from the group

consisting of: octanol, dodecanol, tetradecanol, hexadecanol, octadecanol, oleyl alcohol,

tocopherol and cholesterol.

According to another alternative embodiment, polyglutamates according to the invention
can also carry at least one graft of polyalkylene (preferably polyethylene) glycol tvpe
linked to a glutamate residue.

Preferably, the backbone of a polyglutamate according to the present invention comprises
o-L-glutamate and/or o-L-glutamic acid units.

More preferably still, polyglutamates according to the invention have to the following
formuia (E):



e

unsaturation and/or at least one heteroatom, 10 and C8 to C30
(poly)cyclic compounds which can optionally comprise at least one
unsaturation and/or at least one heteroatom. The joints which form, with
the GHs, hydrophobic grafts can be di-, tri- or tetravalent joints (indeed
even pentavalent and more). In the casel 6f a divalent joint, the
hydrophobic 15 graft comprises a single GH group, whereas a trivalent
joint confers a bifid nature to the hy Obic graft, that is to thetthe

nonlimiting examplgs of hydtophobjc graftgicomprisin
dialk-ylglycerol d_chsftkyl aths™ !

least one graft of alkylene (preferably palyethylene) glycol type linked
to a glutamate ®&sidue 30 Preferably, thé backkone of a polyglutamate
according to the preseﬂt invention comprises a-L-glutamate and/or
a-L-glutamic acid units“More preferably still, polyglutamates according to
the invention have to the following formul? (E):3511R'pOH OOHHD

NN AHHOO
in which:

* A independently represents:
- an RNH- group in which R i1s H, a linear C, to Cyp or branched Cs to
Cyo alkyl or a benzy! group,

- aterminal amino acid residue of formula:
I 7
—NH—C —COR
RS
in which
-R7is ~OH, -OR’ or -NHR'", and

R* R and R" independently are H, a linear C; to Cyg or branched Cj and

Cyp alkyl group or a benzyl group;

® B is a direct bond or a divalent, trivalent or tetravalent bonding group
preferably chosen from the following groups:
-0O-, -NH-, -N(C; to Cs alkyl)-, a residue of amino acid (preferably of a
natural amino acid), of diol. of triol, of diamine, of ftriamine, of
aminoalcohol or of hydroxy acid comprising from 1 to 6 carbon atoms;
e D s H a linear C; to Cyp or branched Cs; to C;o acyl group or a
pyroglutamate;
* the hydrophobic groups (GH) each are, independently of one another, a
group selected from:
e linear or branched Csg 10 Cyp alkyls which can optionally comprise at
least one unsaturation and/or at least one heteroatom (preferably O
and/or N and/or S), or
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as POBOR3 GHI inwhich: 5 A independently represents: - an RNH-

group in which R is H, a linear C2 to C or branched C3 to CIO alkyl or a

benzyl group, - a terminal amino acid residue of formula: 10 H -N H-C

-COR7 I R8 in which -R 7 is -OH, -OR9 or NHR1, and Rs, R9 and R10
independently are H, a linear C2 to C10 Bt branched C3 and CIO alkyl

group or a benzyl group; 20 B is a direct bond or a divalent, trivalent or _
tetravalent bontling gi6upsoprbfeiably enaseldtipin tHadoIrewiARtgrstscomprise at
-0-, -NH-, -N(C1 ta&as atky)mavesitue pidaoniao aaid (pretenahlyiofhapreferably O
natural amino acid), of digl, of triok, of diamine, of triamine, of 25

aminoalcohol or of hydroxy acid cc}anrising from_ 1 tg 6 carbon atoms; *D |

is H, a linear C2 to"CI© bPbBRABHRY C3RRyuly Fo¥slF & grtionaliy comprise at
pyroglutamate; " theiydrophoebicrgionpm (G )at detsarecindepemdentlyroferably ©
one another, a group;seleciedfram: 30 linear or branched C8 to C30

alkyls which can oQtionaI’g@%%]prise at least one urhs turation and/or at
|

least one heteroatom FF yﬂéls group 18 selected from the group consisting of

octanol, dodecanol, tetradecanol, hexadecanol, octadecanol, oleyl
alcohol, tocopherol and cholesterol, B being a direct linked;
= R is aradical chosen from the following group of formulae:
- "NH‘(CHZ)W"NH:;:', 7, in which w is between 2 and 6, preferably wis 4,
- NH~-(CHy)y-NH-C(=NH)}-NH;", 7",
- ~O-(CHyp-NH;", 7,
- =O-(CH)-N(CHy)s, Z,

- an amine acid residue or an amino acid derivative of formula:

—N R13
ot

i which:

X 18 an oxygen atom or—-NH-,

R*?is H. linear C; to Cyp or branched C; to Cig alkyl or benzyl,

R is ~«(CHy)s-NH:", 77, (CHa-NH-C(=NH)-NH;", 7", (CHa):-NH;5", 7

m which the counteranion 7 1s a chloride, a sulphate, a phosphate or an

acetate, preferably a chioride;

= Rj is hydroxyethylamino-, alkylene glycol, polyalkylene glycol or a group
of formula:

NEN
NH
A)"‘\‘-'—/
H H
R

10
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and/or N and/or S), or 12 C8 to C30 alkylaryls or arylalkyls which can
optionally comprise at least one unsaturation and/or at least one
heteroatom (preferably 0 and/or N and/or S), or Cg to C30 (poly)cyclic
compounds which can optionally comprise at 5 least one unsaturation
and/or at least one heteroatom (preferaldly O and/or N and/or S);
preferably, this group is selected from the group consisting of: octanol,

igoHkicandl, tétradechfbE haxatiedansr, Geed o efédeapeohdPOLL). -CHOH. -
tweopherp| ang-chalasterel, d3 beirg ardicaat Jinked; 10 R1 is a radical

chosen from the following group of formulae: -NH-(CH2),,-NH3, Z-, in

which w is between 2 and 6, preferably w is 4,

NH-(CH2)2- Iﬂl—fiC(mF@Iﬂ?)aF@HPOZmV%”(@%%z NH3_, T,

-0-(CH2)2=N{(0H3)3+A5)15 detiamine axcldmﬂardaimrearf aminogcidhe hydrophobic

derivative of farmlas %Bl%n%k Raint? 1 WHIGh; % 18 AR PXVEER AP tween 5 and
or-NH-, R12 i$ H. II% @r C2ta C10 or bﬁﬁag]ched C3to Clgzglkyl or benzyl,

20 R13 is (C ’i-| GﬂgPr‘TVl H 13e on average. at least 3
(CH2)3- NHs%zirqphmhlefgltﬁescounteranlon Zisa chlorlde a sulphate, a

phosphate of gnpagetate, Br%{@iﬁgﬂb’ A GRIORRS L2 ARRIS of grafiing of the cationic

hydroxyethylaml‘r}oS ! C!%Iglnees C { tgqjgall%ilqu glycol or a group of
formula: NH *
¥ (ptgtr+s) varies from 10 to 1000, preferably between 30 and 500;

& (r)/{ptgtr+s) varies from 0 to 98 molar %;

s (s)/(ptqgtrts) varies from 0 to 98 molar %
and pharmaceutically acceptable salts thereof.

Preferably, the hydrophobic groups GH and cationic groups are arranged randomly as
pendant groups.

Generally, the general formula (I) described above should not be interpreted as
representing solely block copolymers but also random copolymers or multiblock

copolymers.

Furthermore, it is preferable for the molar degree of grafting of hydrophobic units of the
polyglutamates according to the invention to be between 2 and 99 % and preferably
between 5 and 50 %, provided that each polymer chain has. on average, at least 3
hydrophobic grafts.

The ratio (q)/(p+q+r+s) of the polyglutamates according to the invention means that they

can comprise from 1 to approximately 97 molar % of groups comprising a cationic charge.

The ratio (s)/(p+q+r+s) of the polyglutamates according to the invention means that they
can be anionic, neutral or cationic at neutrai pH.

According to another embodiment of the invention, the polymers according to the
invention have a molar mass between 2 (000 and 200 000 g/mol and preferably between
5000 and 100 000 g/mol.
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H H~ R'0 13 in which -R10 is -H, -CO?H, an alkyl ester (preferably
-COOMe or -COOEt), -CH20H, - C(=0)-NI-h, -C(=0)-NH-CH3 or
-C(=0)-N(CH3)2; p, q, r and s are positive integers; 5 (p)/(p+g+r+s) is
defined as the molar degree of grafting of the hydrophobic groups GH
and varies from 2 to 99 molar % and pretdrably between. 5 and 50 molar
%, provided that each copolymer chain has, on average, at least 3 -
demﬁﬂ%bibegmﬂ@tw/ S PRCSTIE 6T S AL e @ﬁdmdd‘éﬁe@%yamlne acids as
@rafidgiedthe cationic 10 groups and varies from 1 to 99 molar %;
(p+g+r-t-s) varies from 10 to 1000, preferably between 30 and 500;
lg)/(p+q+r+s) varies from 0O to 98 molar % (p+g+r+s) varies from 0 to
& MBHAEPoR OB JharRMA%EA ééﬁ%%a}fgltﬁ%?e Rt Wrerdpatsyoral ways

dhpehydrophabicngtanpst Gid hyﬁ@ﬂlrﬂnmgmp&mt&fmrmﬂg&nt mndpmby asll as the
aER %@fmépéeg%‘ée C?B@V%e@?faﬁ&?giam@r fvﬁ!&ﬂﬁﬁ@”mﬁg@&g\/?@r forming a

ould rﬂ’ e inter é (r&%resentlng lock copolymers bu d by
fl Om'copy ?5 FEBF PditiBiote Lope E&’ﬁﬂ&% S gnicmplated by
ﬁiufefevam:tﬁcmﬁ@mmap depprserofigHating tbE layd ﬁ%p‘rﬁumhem Gitsaof thes. 250 example,

Q@Q@ﬂ@&ﬁ&ﬁﬁ%l@@?@é@ﬂ@n@é%é&y@tion to be between 2 and 99 % and
e,g%cm betwe 5and5 ,g)rcgg\‘/ided that eaigh pPI er ch in has

on average herﬁeas {3°RS/arosho S ratlo( V(PG “ 6 ﬁ?’d Chemical

po@@?ﬂ%ﬁ%s %&ﬁ@t&ﬂﬁéﬁ%ﬁ@ﬁ&ﬁ@éﬁs@% ﬂ%}\f 3@%&%@1 87-1-6.
conmmmemsapmw@m@&elwwdm&ar %dabgraups comprisiagda M. Radomsky.,

o t'é’[@ ERAI9esd E@g@tlfg%/(q@qp{ §f the polyglutamates according

vention means that they can e anionic, neutral or cationic at

neu@@{ HHa 3€w8c6’.fdiﬁmo%fﬁ6fﬁ BB et oF IS invarhrgkker. e, 1994,
polpBarslaktbrdingHts .the

"Handbook of Pharmaceutical Controlled Release Technology”, edited by D.L. Wise,
Marcel Dekker, Inc., 2000, ISBN: (-8247-0369-3.

Polyglutamates of the invention (in the form of particles or not) can easily associate with
or encapsulate active principles, such as proteins, peptides, DNA, RNA or small
molecules. The preferred mode of formation is that described in  patent
US-B-6 630 171delivered to the Applicant, which consists in dispersing the copolymer in
water and m incubating the solution in the presence of an active principle (AP). The
colloidal solution of vectorization particles composed of the polyglutamates according to
the invention can subsequently be filtered through a 0.2 um filter and then directly
injected nto a patient.

In cases where the polymer is catiomic and soluble in acidic pH due to an excess of
cationic charge and that this charge 1s partially or completely neutralized at neutral pH,
such a polymer is said to be dependent on the pH. This type of polvmer can thus be used

to form a deposit after administration, for example in the subcutaneous tissue.

It should be understood that the residual functional carboxyl groups of a modified
polyglutamate are either neutral (COOH form) or ionized (COO” anion), depending on the
pH and the composition, So, both ferms 1) glutamate residue or residue of glutamic acid,
i) polyglutamic acid or of polyglutamate can be used interchangeably. In agueous
solution, the countercation can be a metal cation, such as sodium. calcium or magnesium,

or an organic cation, such as triethanolamine, tris(hvdroxymethyl)aminomethane or a
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invention have a molar mass between 2 000 and 200 000 g/mol and
preferably between 5000 and 100 000 g/mol. 14 Obviously, the invention

also encompasses mixtures of modified polyamino acids as defined

above. It is worth noting that the polyglutamates of the invention can be

used in several ways 5 depending on th&Snature of the hydrophobic

groups and the cationic groups, as well as the charge and the degree of
SBKAmENZatish 6f tRel RN riteimte. MdtneddTsiadrmiing e ipsRinargep salify two
dhe«eneapsuiddianaban gesivesprinciple in the various forms contemplated

by the invention are known to a person skilled in the art. For further

details, see, for example, these few particularly relevant references: 10 .

TR GOSHRERIS MICFBEAPKURES ol BEETATEY, VIICHd Preipaldti§HPRFomPTising
Gheidical séipplicatibnsheditedibypRistkrsiadis GitulsiBooksuio8id8 BN salify two
Qe35323 8%k BenSusiained-Belggse injastable Rrodyatsinediedbtibn, the term
Senior and M. Radomsk In% rphar 8%ress 2000. ISBN: 1-5749 -10?.-5. h
BB Gl DARE S5 tahie: el Do) RFB Far RS DaRgp s ers it
¢nuniTden. WEASBNE O8R4 20 d Humdisosk Of PRapeissetichl fotal or partial
featiphashRelease - achnalagyisediad Oy Babd \Wisesriareelfigidkenihere positive
In8.112(9(%9‘fel§‘|%ll)l:eo-824zgto 69-3. Polyglutamates of tlpe gnve tion ?n th

?I] ] S CO OLYMCTITAVINEG ahl ?_'CILE dieni number o OSI%VG charges
orm particles-or not) can easily associate wit or encapsula

iVl pRATEIHYS s CUEsadipreteiige ppidesaDRNSRIIRGH shg presence either of
coolrcuiesnThe arefeuraihmode of formation is that described in patent

US-B-6 630 171 delivered to the Applicant, which consists in dispersing

the copolymer in_water and in incubating the solution in the presence of

HhcaRALiERRSipldiaBy SRHEn CBNd P SBIoR 16F FERTZatitRpRIERS known to a
composet «f thehpalyyltitemated! accdroing e 2Sittmhmeention tamost widely used

gubaepuently igafiligreddrangh ad:d&mfiterandthendiresilyninigateferization of

Hicaeienin copuile e ehvmer i one ond e o
Coimplétely nelitraliZed dbefdual pHIhaOveteha Pdlymechelsiad. todeia-Amino acid
geppndent.omtbe gH okhis typeofpolymercan thusheusegiag (1987). The NCA
derivative is preferably NCA-Glu-O-R; (R; = methyl, ethyl or benzyl). The polymers are
subsequently hydrolyzed under conditions appropriate for obtaining the polvmer in its acid
form. These methods are inspired by the description given in patent FR-A-2 801 226
delivered 10 the Applicant.

A certain number of polymers which can be used according to the invention, for example
poiv(a-L-glutamic}, poly(a-D-glutamic), poly(o-D.L-glutamate) and poly(y-L-glutamic)
with variable weights. are available commercially.

Preferably, the copolymers of the invention may be synthesized according to two routes.
In the first, the cationic group (for example argininamide) and the B-GH group (for
example dodecylamine) are first of all grafted, simultaneously or sequentially, to a poly(J.-
glutamic acid). This reaction can take place in a solvent, such as DMF, DMSO or NMP,

according to the following scheme.
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to form a deposit after administration, for example in the subcutaneous
tissue. It should be understood that the residual functional carboxyl groups
of a modified polyglutamate are either neutral (COOH form) or ionized
(COO- anion), depending on the 35 pH and the composition. So, both
terms i) glutamate residue or residue of dglitamic acid, ii) polyglutamic acid
or of polyglutamate can be used interchangeably. In aqueous solution,
the ¢ unIﬁLgaﬂon can be a metal cation, such as sodium, calcium or
fhagnesium, ‘IQIDan organic cation, such as triethanolamine,
tris(hydroxymethyl)aminomethane or a 15 polyamine, such as
polyethyleneimine. If it is divalent, a countercation can salify two closed
mdéhovalként anionic groups. The counteranion of cationic groups is
preferablé/ selected from the group comprising a 5 chloride, a sulfate, a
phosﬁ)ha)ie or an acetate. If it is divalent, a counteranion can salify two
close{jcr{noﬁa\?a/lent cationic groups. Thus, in the present description, the nH

term "pharmaceutically acceptable salts" of the polymer QQQQW/S@IU‘\

ponn‘Lers with counterions associated with the ionized functionNHof the
polymer. A total or partial neutralization of the charges car?;jéo be

NH3+‘CT

envisioned for certain structures where positive 10 and negative charges
coqxi t. A polymer having aifegtivalent num
qfA ivecharges (isoelectric-point) can exit ut . ‘
eithegg counteranion or citercation. The copolymershof tHe ivention
may ke obtained, for example; ugfﬁ‘ﬁ*?nethods known to a 15 persoﬁ
skilbecd\i% the art. First of all, it should be remgrbered that the mo;iwidely

used technique for obtaining fJonamino acids of g type is based on the
polymﬁ%@t' of N-carboxya%tm’no acid anhydrides (NCA), described, for
example, inﬁ%aﬁicle "Bimadlymers, 1976, 15, 1869" and in the work by

H.R. Kricheldof'f, "alpha-Amin8tacii N-carboxy Anhydride and related
Heterocycles", Springer Verlag (1987). The NCA 20 derivative is

preferably NCA-Glu-O-R3 (R3 = methyl, ethyl or benzyl). The polymers

are subsequently hydrolyzed under conditions appropriate for obtaining

{Re POl imRE BRI FoRHET o de MGtREEs St RISpHsErby e R1 group. such as
déseniptiomgilrekeih patdiat biRefeR, 80 In226uceliviered: ththe Applicanttti2bsame time
AGREtaiR mber,af polymers which can be used according to the

invention, for éxample

T of jpositive|chargés and
' gsence. N

gD

In cases where the cationic group comprises two amine functional groups that are not
chemically differentiated {e.g¢. linear diamine), it can be introduced in a form in which one
of the two functional groups is protected. A final stage of cleavage of the protective group
is then added to the above scheme.

The poly(L-glutamic acid) can be synthesized according to the route described in patent
application FR-A-2 801 226. In cases where the HB-GH group is linked via an ester
functional group, it is easier to first graft the B-GH group by a conventional coupling

reaction using a carbodiimide, before grafting the cationic group.
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poly(a-L-glutamic), poly(a-D-glutamic), poly(a-D,L-glutamate) and
poly(y-L-glutamic) with variable weights, are available commercially.
Preferably, the copolymers of the invention may be synthesized according
to two routes. 30 In the first, the cationic group (for example
argininamide) and the B-GH group (for éXample dodecylamine) are first of
all grafted, simultaneously or sequentially, to a poly(l,- glutamic acid). This
reﬁaﬂ%ﬂb@ can take place in a solvent, such as DMF, DMSO or NMP,
according tértAe following scheme. 16 011 H AXN P OOH O CHO NH
‘N H2NOC b ~~ HNHg',CI-ONHO HB-GHOP-OH AONPD.._. -H?2
N CQNN2 AHpLNOD MO-\OOOMBOR GH 01_0O_ \ NHHN-\
NH23',Cleth the above mechanism, when q is not zero, the precursor of the
Ri group, such as ethanolamine linked via the nitrogen, is introduced
during thsa_ngnthesis at the same time 5 as the cationic group. In cases
where fthesgaioRic group comprises two amine functional gggﬁgs}ng’[/a{?

not E}: JI%H ﬁ"" "N L
c;_%\:l‘f_,aﬁ e -D_ﬂ\!,- Qo o
- B T a
Q ] 3 J\ 0
[ Ea ,,,L . I /E)L Moy A ;’L}L Ha
A’H ’T’ imi T ﬁ‘t’nﬂ ' # T’ -}_n:T' T BTl " Tro
J al Fizh, - o ‘
’J-” ff“r——r:DMHE ‘ -
{ PN J
Q"- E; ;;; 2] E; 0 ____Rll
HG HG
p
Hb =
WHe o

In the above mechanism, when g is not zero, the precursor of the R; group, such as
ethanolamine linked via the nitrogen, is introduced during the synthesis at the same time
as the cationic group.

In cases where the cationic group comprises two amine functional groups which are not
chemically differentiated {e.g. hnear diamine). it can be introduced in a form in which one
of the two functional groups is protected. A final stage of cleavage of the protective group
1s then added to the above scheme.

The polymerization chemistry and the reactions for coupling the groups are conventional
methods that are well known to a person skilled in the art (see, for example, the patents or

patent applications of the Apphicant mentioned above).

These methods will be better understood through the description of the examples.

It should be observed that the degree of polymerization is defined by the molar ratio of the

initiator to that of the monomer.

The coupling of a hydrophobic graft GH with an acid group of the polymer is easily
carried out by reaction of the polvamino acid in the presence of a carbodiimide as

coupling agent and, optionally, a catalyst, such as 4-dimethylaminopyridine, and in an
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chemically differentiated (e.g. linear diamine), it can be introduced in a

form in which one of the two functional groups is protected. A final stage

of cleavage of the protective group 10 is then added to the above

scheme. The poly(L-glutamic acid) can be synthesized according to the

route described in patent application FR-A-2 801 226. In cases where the
HB-GH group is linked via an ester functional group, it is easier to first
WERRHRIB s Rrgroti by a Bttty b MeawibrngrRjidone (NMP) or
diarbheiimidexidefOpd/ [FaftiMhdharbatidnicigroy for2&dnpla, [0 dHBxddGarbodiimide

Jﬂ*&;&@ﬁ%@;ﬁﬁ@%hﬁ%@& doup'ﬁh!)a?egge&t’s %E&ﬁﬁ&lc‘i‘li%%%rﬁateﬁc%% B%o be used

el e mgeoe ‘i’iﬁéﬁﬁ%%‘?ﬂd%ﬁ% tpreeEo hﬁg‘b‘i}‘ééur@&i?ﬁ% {{cipies of
Ipouig; Swothess'ethpnoteminellinkébSdiafthecnitnog en ofscmtrdthgeagkoiapinbhe degree
dhesynthesis altbe-3aMelifA8y by the stoichiometry of the constituents and reactants

or the reaction time. The hvdrophobic grafts functionalized by an amino acid other than

that of the polymer are obtained bv conventional peptide coupling or by direct
condensation by acid catalysis. These technigues are well known to a person skilled in the
art.

According to another of its aspects, the invention is directed to a pharmaceutical,
cosmetic, health food or plant-protection composition, which comprises at least one
polygiutamate as defined above and optionally at least one active principle which can be a

therapeutic, cosmetic, health food or plant-protection active principle.

According to an advantageous embodiment of the invention, the active principle is
associated with the polyamino acid(s) modified by a cationic group by one or more bonds
other than (a) covalent chemical bond(s}.

The techniques for associating one or more APs with the modified polvamino acids
according to the invention are described in particular in patent US-B-6 630 171, They
consist in incorporating at least one active principle in the liguid medium comprising
Vectorization Particles (VP), so as to obtain a colloidal suspension of VPs charged with or
associated with one or more active principle(s) AP(s). This incorporation. which results in
trapping of AP by the VPs, can be carried out mn the following way:

e aqueous dissolution of AP and then addition of the VPs, either in the form
of a colloidal suspension or in the form of isolated VPs (lyophilizate or
precipitate);

e or addition of AP, either in solution or mn the pure or preformulated state, to
a colloidal suspension of VP particles optionally prepared at the time of use

by the dispersion of dry VPs i an appropriate solvent, such as water.

Preferably, the active principle is selected from the group consisting ofi proteins,
alycoproteins, proteins bonded to one or more polyalkylene glycol chains [preferably
polvethylene glycol (PEG): "PEGylated proteins”], peptides, polysaccharides,
linosaccharides, oligonucleotides, polynucleotides and mixtures thereof,
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20 as the cationic group. In cases where the cationic group comprises two
amine functional groups which are not chemically differentiated (e.g.
linear diamine), it can be introduced in a form in which one of the two
functional groups is protected. A final stage of cleavage of the protective
group 25 is then added to the above sch&me. The polymerization
chemistry and the reactions for coupling the groups are conventional

PGLHBRIS thst ard Wetikn diiidhs puRSBAKle FTntRePait8ee sYgh as epoetin alfa,
gxempléesthe patentseon, patanigpplhicatiGhe af, theeApphehntsmentibeed derivatives:

@R@(&}r 3\91 ‘?&%ﬁ{‘e&'a%h%&s&%@&%%&ethﬂ%%F%O‘éth%{ngg}B%h factor, platelet-

escription of the examples. It should be obseryed that the ree of
%5 YitesERNbh féﬁ@ﬁr@ tndHBIr PO OBV IRiR ol P HRES R mixtures

noadinétosd Theaeupling (aﬁadhw&@ﬁwomegtalﬁﬂﬁﬁ Watican \aldid )groupactor  VII;
148‘1%%%99’1'1){ ”Wtd)%k%ﬁﬁ'é/s %Hﬁ%@l&u";ﬂ}ﬂﬁ%ﬁﬁ“qmﬂf&“ﬁ QQ{MQH?:&%@ 3CiehiBne- releasing
the resiﬂ?g%%{ac rbod mldea couplin i%ient and, tlc%na ? b i
fi/s% %3“ i ﬁ%mu%opyrsduﬁ%p Y %"Si]§ b %8’5 fifig- buserelin or
lsﬁﬁréhtl shtiREs divaetiyiermaiiitie (OMEN NS dtpkByriptidare oN I\Mw@ﬁs growth
Jehimethyd S(l@fHK}degfaMﬁ%fﬁﬂﬁz@&éMMﬁ|dﬁ1¢$®1f0r1§§iﬂfﬁp|§omatostat1n glucagon,
éf{'[%}ffé'ﬁﬁﬁ y(!? H%(? %%%e?r( Isppﬁg)}ﬁlc b?gl Im (%erfergrl{? lig igeasg?rﬂc,rferon alfa,

h as chloroformates, can also be usé “for ormatlon o amld

@&ﬁae (288, RSika DRI e Ry B%tféﬁﬁ@?lk? PERAGTSIES - oR Y PspRge. sceretin,
GWrithesis” cBlprpigén Vetlapnk984idor examplesiof cabiptng pgenrdsksiiize hormone
ﬁg&[}?etﬂﬁ&r aftingsis 9&@5@&4ﬁqfﬁhﬁ@?@u){ow}lihﬁcﬁg?'m'@me%}’o%ﬁhfactors such as

ns |tuents and reactants or the reaction time. The hydrophobic graf}s
PRRGFA! &e&%%%%wﬁﬁsea% d%he?eﬁff‘é‘r‘i‘ﬁﬁ?é? ofth oI 8- a ftanulocyte-colony

ﬁb@h@d£¢mmdﬂr€rﬁ)pap‘adehwﬂpimgcwﬂﬁ;agiﬁﬂeotownsﬁ;—msiﬁﬁbrg biactor (GM-
@gid caialys) a&@%%ﬁ)ﬁcgﬂﬁlﬁﬁﬁﬁ GWRIH ROWIR Q. %E‘ﬁéﬁﬁﬂék'ﬂ&‘i’e'@n%hogenﬁm
10 art. M an ther of ILE ects, J]:}%]l)n\{ n{}% %dlrecte 08 | aiiic B
Oéerlrlﬁa{ceu cosn?e R #5684 oré nit p otection c%er%%%s] By, nepaths
thm@@ﬁgms@éiﬁ%&)sﬂ“@n@, w@}gfmammévémfmsamemmm colistins,
spbignally atrleakione. astiyierbencipigiwhiehcan BBecogin alfa, cyclosporins and

synthetic analogs, pharmaceutically active modifications and fragments of enzymes, of
cytokines, of antibodies. of antigens and of vaccines, and antibodies, such as rifuximab,
mfliximab, frastuzumab, adalimumab, omalizumab, tositumomab, efalizumab and
cetuximab.

Other suitable active principles are polysaccharides (for example, heparin) and oligo- or
polynucleotids, DNA, RNA, iRNA, antibiotics and living cells.

Another category of suitable active principles comprises pharmaceutical substances which
act on the central nervous system, for example risperidone, zuclopenthixol, fluphenazine,
perphenazine, flupentixol, haloperidol, fluspirilene, quetiapine, clozapine, amisulprid,

sulpiride, ziprasidone, and the like.

According to an alternative form, the active principle is a hydrophobic, hydrophilic or
amphiphilic small organic molecule. Within the meaning of the present account. a "small”

molecule 1s in particular a small nonprotein molecule.

Examples of APs that can associate with polyamino acids according to the invention,

whether or not in the form of (nano- or micro)particles, include, but are not limited to:
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15 therapeutic, cosmetic, health food or plant-protection active principle.
According to an advantageous embodiment of the invention, the active
principle is associated with the polyamino acid(s) modified by a cationic
group by one or more bonds other than (a) covalent chemical bond(s). 20
The techniques for associating one or mdte APs with the modified
polyamino acids according to the invention are described in particular jn

patent US'BBESH7 tusthely dBHIY inHEbristratife 2o dLBIE Setijcrieukins,
principle in theligmdarediomeeadiprasing Vectorization Particles (VP), so

as to obtain g,coHeidal3yspeRginn IR VR S Ghatgedwith or 25 associated
with one or more activ? principle(s) AP(s).. This iH%%'r%gration, whi

(S). ch, .
results in trappity SPREBIhe DS, Ban'BeEar i e Fgﬁov&ﬁ%ﬂy of the
way: aqueousdissoitiios.ofiidand dhantatdition: of the VPs, either in the
form of accollgidalisuspensiamor in the form of isolated VPs (lyophilizate
or precipitate); 30 or addition of AP, either in solution or in the pure or
preformulated state, to a colloidal suspension of VP particles optionally -
HiEpERsg astie i oF L BENBIP this dRlpaesidiret drjcesbens ahtapfrbpriite families
sodvant, sitchacwalginis Rietably: dine-activelpoinsl pleuis salestedordm thaiment of
ASiSt f: ins,..3 oproteins ' one e
P S e e B
A BERAREA D RSETHS ! PRp AR FBI9E AHEFEIftI e RIS G Ay @B limHammatories,
oligoapcleatidesygpolyntidientilescand mixtonesitaereof, db@eaiichmpre antidiabetics,
e[?ﬁ?efﬁtf&%l ftﬂlatféiéﬁé&%tzfs‘ﬂ ?}%@H@sﬁ)ﬁﬁ%@%&?%ﬁ%ﬁ&ﬁ&h %%B%ﬁ@,al@lﬁfungals,
epoetin beta, darbepoetin, hemoglobin.raffimer, their analogs or their . . .
R BT B e RO e nbiitrs,
@piierasaiigronaciistor bptatbhedenesive crgtouiiifatesr (PBGE)}afarstorgntianginals,
shishstimudlate hemairpeigsis aptbmixtuess thargehsblpeadacoresuchment of
as %I elplasfe,ﬂtenect(%lpllase,rfactor VI{
?OCFIS O e, Cenlrai ne \iOU ?}iS

a) or f_actPr VII; heﬂgnoglotgir},
217, .S’[lfn%l ants. o & tenlra:, NErvous SYSIGIIL_
cy romes, albumins, prolactin,-uliberin, luteinizing hormone-releasing

HOVFRORIETICH RETT HRt ARG SDERCAE [auprolide e séralimingipibpaliagents for the
tpeiserelin ar mafarelind bR dantagenisis fthiRid @dspedidenss Mumam, treatment of
M&@Sr%s%?\é@&@r%’y We treatment of erectile dysfunctions, agents for the treatment of
fertility, agents for the treatment of gastrointestinal disorders. immunomodulators and
immunosuppressants, agents for the treatment of memory disorders. antimigraines, muscle
relaxants, nucleoside analogs, agenis for the ({reatment of osteoporosis,
parasympathomimetics. prostaglandins, psvchotherapeutic agents, sedatives, hypnotics
and tranquilizers, neuroleptics, anxiolytics, psychostimulants, antidepressants, agents for
dermatological  treatments, steroids and hormones, amphetamines, anorectics,
nonanalgesic pamnkillers, barbiturates, benzodiazepines, laxatives, psychotropics and any
combination of these products,

According to one embodiment, a composition of the invention 18 n the form of a gel,

solution, emulsion, micelles, nanoparticles, microparticies, implant, powder, suspension or
film.

According to one of its particularly preferred forms, a composition, loaded or not with
active principle(s), is a stable colloidal suspension of polyamino acid nanoparticles and/or

microparticles and/or micelles in an agueous or oily phase.
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hormones (GHSs), growth hormone-releasing factor, insulin, somatostatin,
glucagon, 10 interleukins or their mixtures (IL-2, IL-1l, IL-12), interferons,

such as interferon alfa, alfa-2b, beta, beta-la or gamma, gastrin,

tetragastrin, pentagastrin, urogastrone, secretin, calcitonin, enkephaiin,
endomorphins, angiotensins. thyrotropin?teleasing hormone (TRH), tumor
necrosis factor (TNF), nerve growth factor INGF), growth factors, such as
NMeerRiErnafs, GG RRTCe S B kS e%{ng\ﬁﬁqcfE&fHP{amn i (S presence
granudpgytertojonyets slinnkating face(GH@SF), polyelectrolytes). precipitation by
grapelacytespactaphinge-grlpny stiimulating-lacian (oM GRRization.
macrophage-colony stimulating factor (M-CSF), heparinase, bone

morphogenetic protein (BMP), hANP, glucagon-like peptide (GLP-I).

Iy perwasoibiprnphspatitRe ®rdingace thatigeaniPBsAY haenfielioidal solution of
KafekinesbiadykiqinoRagiaeciasagely HDiscElstnsaiyacidingological pH.
gramicidins, etanercept, imiglucerase, drotrecogin alfa, cyclosporins and

20 synthetic analogs, pharmaceutically active modifications and fragments =
DR BHEDRSEESISE By RSKHFEEIGT %ﬁb@&ig@, TN § AR BLiRELS ANy cationic
dntipadies csudbras sifuximaib adrflixpriabipleastudumeaiy adalDNunébgment, an RNA

&”%'%@&W@E“Wﬁ@%nﬁ@?ﬂ%@b @P%&%ﬁ?é&‘%?@i@s ¥ %gges%iéﬂl?é?es can be

active principles are polysaccharides (for example, heparin) and oligo- or
inRlERDHHE CBINA. RNA, iRNA, antibiotics and living cells. Another
category of suitable active principles comprises pharmaceutical

Subsianees Whithe ek dNsseninal ReryeusiSY e MhefARXARIPIR in the form of a

risperidone, zuclo entgixol,flu henazine, perphenazine, flupentixol i )
e TSN AR S8 R IRARE ) B Spgamescular
Yiprasidbeotand the like. According to an alternative form, the active

principle is a hydrophobic, hydrophilic or amphiphilic small organic

alecule. Within the meaning of the present.account, a s X
B I A A e ORI on, con e
yhssMeEeith Ry ampri s Mecottintto thesivehtionocWikther BibABRNSOUSIY.
inttive:fornmi ufiftano:sonricra)paitictesl lindhudediitard Inotdimited il ROor buccally
Qr%‘koiﬁérﬁi}ﬁ':’cﬁﬁﬂﬁr&ﬁ&{"n’ interferons, growth hormones, interleukins,

erythropoietin or cytokines;

It can also be contemplated for the composition to be in the form of a solution 1n a
biocompatible solvent or a mixture of biocompatible solvents capable of being injected

subcutaneously or intramuscularly or into a tumor,

According to another embodiment, the composition can optionally comprise an excipient
for the adjustment of the pH and/or of the osmolarity and/or for improving the stability
(antioxidants) and/or as antimicrobial agent, These excipients are well known to a person
skilled in the art (reference is made to the work: Injectable Drug Development, P K. Gupta

et al.. Interpharm Press, Denver, Coiorado, 1999},

The invention is also directed to a process for the preparation
¢ of medicaments, in particular for oral, nasal, vaginal, ocular, subcutaneous,
intravenous, intramuscular, intradermal, infraperitoneal or intracercbral
administration, wherein the active principles of these medicaments can be
in particular proteins, glycoproteins, proteins linked to one or more
polvalkviene glycol chains {for example, PolyEthylene Glycol (PEG); the

term then used is "PEGylated" proteins}, peptides, polysaccharides,
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0 peptides, such as leuprolide or cyclosporin; o small molecules, such as

those belonging to the family of the 5 anthracyclines, taxoids or

camptothecins; o and mixtures thereof. Advantageously, the active

principle is selected from at least one of the following families of active
substances: agents for the treatment of aléohol abuse, agents for the

treatment of 10 Alzheimer's disease, anesthetics, agents for the treatment

of acromegalfPAFAIELIESS anfHEtATRYISHerks IoIHHEN 5t m Rt of hY drophobic.
allergies, anticapirophagentspamtipflamsmatonesnantiockagldants and
antithromRotigs, anticeRvidsants, antiepileptics, antidiabetics,

antiemeti. cs, a laucomas, antihistaminics, ant| fectives, antibiotics,
antifungals, ﬁﬂf{@%gj‘ﬁﬁ%ﬁgm;@&ﬁ‘%? ohigkes 1T}ﬁﬁglcs antitussives,
vaxsemichantyerssecihibitors i bardiovateviag agents Ohypxﬁltbmhi@mmo acids as
antigeryAbpricsnyasARlatarpoantianginais. aatiypertensives,

vasoprotectants, cholinesterase inhibitors, agents for the treatment of

disorders of the central nervous system, stimulants of the central nervous
SPSERCTEGRRELTIvES forihy ArerisEIE PRI G S BReninhibRBreogsists essentially
iteringlaboinagents fopdbei cireatmsnt pidrivucoviscidesisycdopamingly, parenterally,

B%EQWOQ&QHQE%MSJ\%&?t%ﬁégééme%%f\%g OROMEIINSS,

the treatment of erectile_ dysfunctions, agents for the treatment 0%9 §rt Lﬁﬁermau}
KB HOP A AP 51 Sl AL RGBS FRAE RO bdLIatore

and immunosuppressants, agents for the treatment of memory disorders,

ARUMIGFRINGS . NPSGIE: rEkRXANIS: el aside analaas AgeRtS R Rutic method of

e s en e R 3o it soove i e

ﬁéﬂtdé@ti@@}laﬁmmwésomﬁﬁmﬂsﬁbzﬁm @ﬁud@@re@samlr@émgﬁmtaneousw or
dermaieiagigal dreatmenisospie R mBRAPSIMANRSnAMPRBERMEIES: injection site.
anorectics, nonanalgesic painkillers, barbiturates, benzodiazepines,

laxatives, psychotropics and any combination of these products. 30

ABE GRS OTE o Bt BAECE 9k SRS iHE BT IHiE 839 eor R Matike embodiments
fetmcddal genesplufion emulsionicdiies, ihdnopadticldscmikrepakdiaieSsynthesis of

W@@cﬂhﬂ&‘é@?%@“ﬁ%ﬂﬁ&{‘ B{elfz"%ﬁ%&%ﬁ'”1915%9”&19%&8%%8HL?QQfswm (stable

preferred forms, a composition, loaded or not with 35 active principle(s),
REGg U HBl U PR RRS A W%Wﬁ%e}aqféh% PAEEIEY shdygrsystem to join

together with a protein to form pharmaceutical compostiions.
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microparticles and/or micelles in an aqueous or oily phase. 21
Microparticles can be obtained by various methods, such as coacervation
in the presence of an aggregating agent (divalent or trivalent ions or
polyelectrolytes), precipitation by change in pH or in the ionic strength,
extraction/evaporation or atomization. 5 i¥ particular, the composition
according to the invention can be a colloidal solution of nanoparticles in

) Bg§'phase at acidic pH which precipitates at physiological pH.
Advantageously, a polyamino acid of the invention exhibiting an excess of
FtANig ehargas.cANE S Enap @_ISIiOI’]iC active principle, such as DNA,
a DNA fragment, an RNA 10 or an oligo-RNA, in the form of nano- or
microparticles and these particles can be ipfgrnalized in a cell. According
to another embodiment, the composition of the invention is in the form of a
;olution ina biocompqtible solvent and gaim "e?\ijr.quecggd subqutaneously or
intramuscularly 15 or into a tumor. The Fomposmon according to the
invention, as it is a pharmaceutical compwesijtion, can be administered
orally, parenterally, nasally, vaginally, ocu%ly, subcutaneously,
intravenously, intramuscularly, intradermally;-intrap€fitoneally,
intracerebrally or buccally 20 or by the pulmonéry route. It can also be
contemplated for the composition to be in.the farm of a solution in a
biocompatible solvent or a mixture of biocompatible solvents capable of
being injected subcutaneously or intramuscularly or into a tumor, 25
According to another enibodiment, the compositi ianally
comprise an excipient for the @u%tmerﬁ
osmolarity and/oy, for.+ pr“oyirfg t
antimicrobial aget’“’f{. These excipienat are we 5 ownjo a person skilled
in the art (reference is :Ed‘é to the work: Injectable(Drug Development,

P.K. Gupta 30 et al., Interpharm Press, Denver, Cplorado, 1999). The
@nventi.on is also direct to.a process for the prefaratian of_ medicaments,
in particular for oral. nasal, vaginal, ocular, subcutaneous, intravenous,

intramusculafniheadedrabinsraberitoheatordnbecbrebral 11, g = 198

Ten grams of a poly(glutamic acid} with a DP of 220 randomly grafted with 5 % of
racemic a-tocopherol are dissolved in 125 ml of NMP at 80°C. This solution is cooled to
0°C, and 8.7 ml of isobutyl chioroformate and then 7.35 mi of N-methvimorpholine are
added. This reaction mixture is stirred at 0°C for 15 minutes. At the same tme. 24.67 g of
argininamide dihydrochioride are suspended mn 308 ml of NMP and 14.7ml of
triethylamine are added. The suspension obtained is stirred at 20°C for a few minutes and
then cooled to 0°C. The milky suspension of activated polymer is then added to this
suspension and the reaction mixture is stirred at 0°C for 2 h and then at 20°C overnight.
After additton of 2.1 mi of a 35 % HCI solution and then 100 mi of water, the reaction
mixture is run dropwise into 1.6 1 of water. The solution obtained 1s diafiltered agatnst 8
volumes of aqueous saline solution (0.9 %) and then 4 volumes of water, and concentrated
to a volume of approximately 250 mi. The percentage of grafted argininamide. determined
by proton NMR in D0, 15 90 %.
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35 administration, wherein the active principles of these medicaments can
be in particular proteins, glycoproteins, proteins linked to one or more
polyalkylene glycol chains {for example, PolyEthylene Glycol (PEG); the
term then used. is "PEGylated" proteins}, peptides, polysaccharides, 22
liposaccharides, oligonucleotides, polynucleotides and hydrophobic,
hydrophilic or amphiphilic small organic molecules; (r) and/or nutriments;
Erapepleds gt eiptdihprabensh Groducts; 5 wherein the process
consists essentially in employing at least one of the polyamino acids as
defined above and/or the composition d Seribedd above. The invention
also relates to a therapeutic method of tigatment which consists
essentially in administering the compositioh as described in the present
account orally, parenterally, 10 nasally, vaglnally ocularly,
subcutaneously, intravenously, intramuscularly; intradermally,
intraperitoneally, intracerebrally or bucc%IIy or By the pulmonary route.
According to a specific alternative form of invention, this therapeutic
method. of treatment consists essentlally%ﬁmploying the composition as
described above in the 15 form of a sol I+on ina blocompat|ble solvent

and then in injecting it sybcutaneo st intra ularly.or mto a tumor,
preferably so that it fo wa delp i Qf/W vgntion
will be better undeistdod and its valntageslg di_ alternative embodlments

will clearly emerge from thca»i exaniples which foflow aﬁd which describe the
synthesis of 20 the polyrers of the invention, their,conversion into an AP
vectorization system (stable aqueous coIIO|daI |on) and the
demonstration of thefabllltybe such a system to" Jom t§gether with a

protein to form,pRAMACEHIIGH: COMPOSIHoRRPRerf), = 23 £XAMBLES:
Example 1: synthesis of the polymer (1)

Three and a half grams of a poly(glutamic acid) with a DP of 120 randomly grafted with 5
% of racemic a-tocopherol are dissolved in 70 ml of NMP at 80°C. This solution 1s cooled
to 0°C, and 3.2 g of 1sobuty! chloroformate and then 2.37 g of N-methylmorpholine are
added. This reaction mixture is stirred at 0°C for 10 minutes. At the same time, 4.62 g of
N-tert-butyloxycarbonyl-1.4-butanediamine (BOC-putrescine) are dissoived in 9mi of
NMP and then cooled to 0°C. The milky suspension of activated polymer is then added to
this solution and the reaction mixture is stirred at 0°C for 2 h and then at 20°C overnight.
After adding 0.7 ml of a 35 % HCI solution, the reaction nuxture is run dropwise into
317 ml of water. The solution obtained is adjusted to pH = 7.4 with IN sodium hydroxide
solution and then dialyzed against aqueous saline solution (0.9 %) and then water. The
suspension obtained is lyophilized to give 4.1 g of a white powder. This powder is
redissolved in TFA and the solution 1s stirred at 20°C for 2 h and then run dropwise inio a
heel of water whiie adjusting the pH te approximately 7 with a IN sodium hydroxide
solution. The solution obtained 1s diafiliered against 8 volumes of aqueous saline solution
(0.9 %) and then 4 volumes of water, and concentrated to a volume of approximately
30 ml. The percentage of grafted BOC-putrescine, determined by proton NMR in ID;0, 15
90 %
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INIIH f1 HN NH3'C! CONH2 ONH JHN-~fuH HNH1LPC, Jr~
..-ONa O T 5 Indices and groups: T = D,L-a-tocopherol, p=s=11,q =
198 Ten grams of a poly(glutamic acid) with a DP of 220 randomly grafted
with 5 % of racemic a-tocopherol are dissolved in 125 ml of NMP at 80C.
This solution is cooled to 10 0C, and 8.72il of isobutyl chloroformate and
then 7.35 ml of N-methylmorpholine are added. This reaction mixture is
Expuglsroevmthesisehitie pokitmss 63me time, 24.67 g of argininarnide
dihydrochloride are suspended. in 308 ml of NMP and 14.7 ml of
triethylamine are added. The suspen 6h obtained is stirred at 20C for a
few minutes and then cooled to 0C. The milky suspension of activated
polymer is then added to this 15 Hiispendibir ahd the reaction mixture is
stirred at OC for 2 h and then at 20C overnight. After addition of 2.1 ml of
a 35 % HC1 solution and then 100 miof water, the reaction mixture is run
dropwise into 1.61 of water. The solutﬂgp obtaied is diafiltered against 8
volumes of aqueous saline solution (0.9%) and then 4 volumes of water,
and concentrated to a volume of %pproxis tely 250 ml. The percentage
of grafted argininamide. determined~20by proton NMR in DEQQ@JQID&%.
24 Example 2: synthesis of the polmeer (2) NIH;"CI-O IH *i

o

0 - i)
Lol L Ry [ g

) N q j g 1
..4!»»&\ j e _OH

0 T OF T T
H

Indices and groups: T = D.L-¢-tocopherol, p=11, g = 88, r =99, =122

Ten grams of a poly{glutamic acid) with a DP of 220 randomly grafted with 5 % of
racemic a-tocopherol are dissolved in 125 mi of NMP at 80°C. This solution is cooled to
0°C and 9.1 ml of tsobutyl chioroformate and then 7.71 ml of N-methyvimorpholine are
added. This reaction mixture is stirred at 0°C for 15 minutes. At the same time, 8.2 g of
argiminamide dihydrochloride are suspended in 103 ml of NMP and 931 ml of
triethylamine are added. 1.6 mi of ethanolamine are aisc added and the suspension
obtained is stirred at 20°C for a few minutes and then cooled to 0°C. The milky
suspension of activated polymer is then added to this suspension and the reaction mixture
ts stirred at 0°C for 2 h. 1.2 ml of ethanolamine are added and then stirring is carried out at
20°C overnight. After addition of 2.1 ml of a 35 % HCI solution and then 200 ml of water,
the reaction mixture is run dropwise inte 700 m! of water while adjusting the pH to
approximately 7.4. The solution obtained is diafiltered against § volumes of agueous
salime solution (0.9 %) and then 4 volumes of water, and concenirated o a volume of

approximately 250 mi. The percentages of grafted argininamide and of grafted

ethanolamine, determined by proton NMR in D»QO, are respectively 40 and 45 %.
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15

20

[
wh

n="1 HINL~HL!Hi~l (i~r n-"T O y ONa Indices and groups: T =
D,L-a-tocopherol, p=s=6.q =108 5 Three and a halt( grams of a
poly(glutamic acid) with a DP of 120 randomly grafted with 5 % of
racemic a-tocopherol are dissolved in 70 nil of NMP at 80C. This solution
is cooled to OC, and 1.2 g of isobutyl chi$roformate and then 2.37 g of
N-methylmorpholine are added. This reaction mixture is stirred at OC for

Bxpmpisidsstesis ob iy R en@)of 10 N-tert-bu

tyloxycarbonyl-1,4-butaiiediamine (BOC-putrescine) are dissolved in 9 ml
of NMP and then cooled to OC. Tie,milky suspension of activated
polymer is then added to this solution and the reaction mixture is stirred
at OC for 2 h and then at 20C overhight. After adding 0.7 ml of a 35 %
HCI solution, the reaction mixture is% dropwise into 317 ml of water.
The solution obtained is adjusted to pH.= 7.4 with IN sodium hydroxide 15
solution and then dialyzed against aqueci)us saline solution (0.9 %) and
then water. The suspension obtained is*jophilized to give 4.1 g ofyg white
powder. This powder is redlssolved\fh TFA and the solution i§firred at
20C for 2 h and then run dropwise into a heel of water while adjusting the
pH to approximately 7 WI'[ IN sddiu qydromde lution. Fhe solution
obtained is diafjltered a i t 8 vglume fquueo saline i)luti in. 20
(0.9 %) ang f 4 Volimes ater’ corigentrated-tg-a Voly e of
approxmately 0 ml; The 6[yl}gntage § graftgd BOC- rescine, ¢
determined by pr on NMR in D20, is 90%..25 25 Example 3: synthesis
of the polymer (3))NH HN NH-"I'CI- L ~.., CONH2

s RS
oY 07 T
H

Indices and groups: T = D, L-c-tocophercl, p=6, = 59, r =52, s = 3

Five grams of a poly(giutamic acid} with a DP of 120 randomly grafted with 5% of
racemic a-tocopherol are dissolved in 63 ml of NMP at 80°C. This solution is cooled to
0°C and 4.3 g of isobutyl chloroformate and then 3.7 g of N-methvimorpholine are added.
This reaction mixture is stirred at 0°C for 10 minutes. At the same time. 3.15 g of N-ters-
butyloxycarbonyl-1.4-butanediamine (BOC-putrescine) are dissolved in 39 ml of NMP
and then cooled to 0°C. This solution is added to the milky suspension of activated
polymer and the reaction mixture 1s stirred at 0°C for 2 h. 2 ml of ethanolamine are added
and then stirring 1s carried out at ambient temperature overnight. After addition of 1.04 mi
of a 35 % HCI solution, the reaction mixture 1s run dropwise into 407 ml of water. The
suspension obtained is adjusted 1o pH = 7.4 with IN sodium hydroxide solution and then
dialyzed (cut-off threshoid of 1 kD)) against aqueous saline solution (0.9 %) and then
water. The suspension obtained is Iyophilized to give a white powder. This powder is
redissolved in 100 mi of TFA and the solution is stirred at 20°C for 1 h 15 and then run
dropwise into a heel of water (500 ml) while adjusting the pH to approximately 7 with a
IN sodium hydroxide solution. After addition of 600 ml of ethanol. the solution obtained
is diafiltered against 8 volumes of aqueous saline solution (0.9 %) and then 4 volumes of
water, and concentrated to a volume of approximately 100 ml. The percentages of grafted
BOC-putrescine and of grafted ethanolamine. determined by proton NMR in DO, are

respectively 49 and 43 %.
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0.-NHO0,..0OPJa CIH(H1~IH NLH2N'Ikr}H~~FqrOH CTCOH
H Indices and groups: T = D.L-a-tocopherol, p=11,q=88,r=99, s =22
5 Ten grams of a poly(glutamic acid) with a DP of 220 randomly grafted
with 5 % of racemic a-tocopherol are dissolved in 125 ml of NMP at 80C.
This solution is cooled to 0C and 9.1 mEdf isobutyl chloroformate and
ERamhAIES: r%[,g{ﬂgsmgm MYRAlPgsre added. This reaction mixture is
stirred at OC for 15 minutes. At the same time, 8.2 g of 10 argininamide
dihydrochloride are suspended in 103 ml of NMP and 9.31 ml of
triethylamine are added. 1.6 ml of ethanolﬁtvne are also added and the
suspension obtained is stirred at 20C for alfew minutes and then cooled
to 0C. The milky suspension of activaitéd polyi‘ﬁér i§then added to this
suspension and the reaction mixture is stirred at OC for 2 h. 1.2 ml of
ethanolamine are added and then stlrrlng Tg carried out at 15 20C
overnight. After addition of 2.1 ml of a 35 %; HCI s&lﬂgwn and then 200 ml
of water, the reaction mixture is run dropwse*mfo 700 'l of water while
adjusting the pH to approximately 7.4. Ihe solution obtained is diafiltered
against 8 volumes of aqueous saline solitior (0:9 %) and then 4 volumes
of water, and concentrated to a volume of pproximately 250 ml. The
percentages of grafted arglnlnamlde and,efgrafted 20 ethanolamine,

determined by proton N R in , are tes pectiv Iy 40 2515 %. 26
Example 4: syntheS|s e pﬁﬂ er _,N H
F‘

,,, - J,A\

o7 T o Dra

Indices and groups: T = D.L-a-tocopherol, p=5, g=83,s=12

Approximately 300 ml of a 48 mg/g concentrated solution are obtained, according to a
procedure similar to that used for the synthesis of the polymer (1), starting from 10 g of a
poly{glutamic acid) with a DP of 100 randomly grafted with 5 % of racemic a-tocopherol,
from 9.6 g of isobuty! chloroformate, from 7.7 ml of N-methvimorpholine, from 24.7 g of

argininamide dihydrochioride and from 14.7 ml of triethylamine. The percentage of

argininamide. determined by proton NMR in D»O, 1s &3 %.
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00 'NHCO _70Na JJI~,. 10~OH IHIH1IHNNiN--firHfs PnrO
OH O<.: T O'PJ H indices and groups: T = D,L-a-tocopherol, p=6, q =
59, r =52, s = 3 Five grams of a poly(glutamic acid) with a DP of 120
randomly grafted with 5% of racemic a-tocopherol are dissolved in 63 ml
of NMP at 80C. This solution is cooled t@80C and 4.3 g of isobutyl
éﬁgﬁgﬁgr@%mglgmﬁeig thylmorpholine are added. This
reaction mixture is stirred at for minutes. At the same time. 3.15 g
of N-tert 10 butyloxycarbonyi-1,4-butanediamine (BOC-putrescine) are
dissolved in 39 ml of NMP and then cooledito OC. This solution is added
to the milky suspension of activated polymﬁr and the reaction mixture is
stirred at OC for 2 h. 2 ml of ethanolamipe are- adgded;and then stirring is
carried out at ambient temperature overhlght After addition of 1.04 ml of
a 35 % HCI solution, the reaction mixturé-is run dropwise into 407 ml of
water. The 15 suspension obtained is adjusted to pH = 7.4 with IN sodium
hydroxide solution and then dialyzed (cut-off-thresRéldzof | kD) against
agueous saline solution (0.9 %) and then watér The suspension obtained
is lyophilized to give a white powder. THis.powder is redissolved in 1.00
ml of TFA and the solution is stirred at 20Cffor 1 h 15 and then run
dropwise into a heel of water (500 ml) whiles adjusting the pH to
approximately 7 with IN so ium hydgroxi @lution. After addition of
600 ml of ethanol, the; utlon tained s didfilteyed against 8 volumes of

agueous saline ep}.y,t in (O" %) hen il
concentrated to a'vol me of apprexi atelyq l. T e perc ntages of
grafted [

o T a7 D=

Indices and groups: T = D.L-o~tocopherol, p= 11, q= 62, 5 = 147

Approximately 250 m!i of a 43 mg/g concentrated solution are obtained, according to a
procedure similar to that used for the synthesis of the polymer (1), starting from 10 g of a
poly{glutamic acid) with a DP of 220 randomly grafted with 5 % of racemic a-tocopherol,
from 2.9 g of isobuty!l chloroformate, from 2.2 ml of N-methvimorpholine, from 4.93 g of

argininamide dihydrochloride and from 3.3 ml of triethylamine. The percentage of

argininamide, determined by proton NMR in DO, is 28 %,
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BOC-putrescine and of grafted ethanolamine, determined by proton NMR
in D20, are respectively 49 and 43 %. 25 27 Example 5: synthesis of the
polymer (5) NH HN NHa* Ct CONH,ONHHNjH1LH GGs CiT1
DNa Indices and groups: T = D,L-a-tocopherol, p=5,90=83,s=12 5
Approximately 300 ml of a 48 mg/g conc&htrated solution are obtained,
BEAAING. (Q RGeS ewie flml{%gtq-ﬁpat used for the synthesis of the
polymer (1) starting from 10 g of a poly(glutamic acid) with a DP of 100
randomly grafted with 5 % of racemic a-tocopherol, from 9.6 g of isobutyl
chloroformate, from 7.7 ml of N-methyimorpholine, from 24.7 g of 10
argininamide dihydrochloride and frofn 14.7 ml of triethylamine. The
percentage of argininamide, detgymineepy proton NMR in D,0, is 83 %.
28 Example 6: synthesis of the pplymer (6) NH HNNN'. 'NH3' Ct
~CONH,, 1"0----NH C1 Hz'iH I'.H 0-"._r o ONE

L*\. CON H:

Indices and groups: T = D, L-c-tocopherol, p= 5, q=40, 1 =48, s =7

Approximately 200 ml of a 41 mg/g concentrated solution are obtained, according to a
procedure similar to that used for the synthesis of the polymer (3), starting from 10 g of a
polv{glutamic acid) with a DP of 100 randomly grafted with 5 % of racemic a-tocopherol,
from 9.58 ¢ of isobutyl chloroformate, from 7.7 ml of N-methylmorpholine, from 8.2
of argininamide dihydrochloride, from 2.86 g of ethanolamine and from 5.1 ml of

triethylamine. The percentages of argininamide and of ethanolamine, determined by

proton NMR in D»O, are respectivelv 40 and 48 %.
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Indices and groups: T = D.L a-tocopherol, p = 11, q = 62, s = 147
Approximately 250 ml of a 43 mg/g concentrated solution are obtained,
according to a procedure similar to that used for the synthesis of the
polymer (1), starting from 10 g of a poly(glutamic acid) with a DP of 220
randomly grafted with 5 % of racemic a-tdtopherol. from 2.9 g of isobutyl

hloroformate, from 2,2 ml of N-methylmorpholine, from 4.93 g of 10

AmRle riGeahe i SLARSRRMRETHEM 3.3 ml of triethylamine. The
percentage of argininamide, determined by proton NMR in D70, is 28 %.
29 Example 7: synthesis of the polymer (7}NH it'.. HN" NH3 Cl CONH2
10,NHONa CHII(~:_IfH ~H2N % OlliNH pOqOOH OTON'H
Indices and groups: T = D,l,a-tocophettd; p = B{ig'=40, r=48,s=7 5
Approximately 200 ml of a 41 mg/g congentrated solution are obtained,
according to a procedure similar to that Uised for the synthesis of the
polymer (3), starting from 10 g of a poly(glutamic ﬁéﬁ%‘m with a DP of 100
randomly grafted with 5 % of racemic a-tocopherol.” from 9.58 g of
isobutyl chloroformate, from 7.7 ml of N-methyl|morpho|ine, from 8.22 g 10
of argi ninamide dihydrochloride, from ya -Of ‘ethanolamine and from

5.1 ml of
0 . o
AP
HM L 1 i ‘[ A
PO v }

a? T 0% oM

Indices and groups: T = D.L-a~tocopherol, p =11, q=139,s=70

Approximately 200 ml of a 51 mg/g concentrated solution are obtained, according to a
procedure similar to that used for the synthests of the polymer (1), starting from 10 g of a
poly(glutamic acid) with a DP of 220 randomly grafted with 5 % of racemic a-tocopherol,
from 6.39 ¢ of isobutyl chloroformate, from 5.1 ml of N-methylmorpholine, from 13.16 g

of argininamide dihydrochioride and from 7.5 ml of triethylamine. The percentage of

argininamide, determined by proton NMR in DO, is 63 %.
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triethylamine. The percentages of argininamide and of ethanolamine,
determined by proton NMR in D,O; are respectively 40 and 48 %. 30
Example 8: synthesis of the polymer (8) NH HN NH.* CI- _CONH Y CL
NHC1jNHH2N' N -raH I'""--T O ONa Indices and groups: "F=
D.L-a-tocopherol, p = 11, q =139, s = 7035 Approximately 200 ml of a 51
mg/g concentrated solution are obtained, according to a procedure similar
Ko de i Site 8 vpstd Dolymer (1), starting from 10 g of a
poly(glutamic acid) with a DP of 220 randomly grafted with 5 % of racemic
a-tocopherol, from 6.39 g of isobutyl chlordtGrmate, from 5.1 ml of
N-methylmorpholine, from 13.16 g 10 of argininamide dihydrochloride and
from 7.5 ml of triethylamine. The percétfitage ofltafgininamide, determined
by proton NMR in D20, is 63 %. 31 Exah‘uple 9: synthesis of the polymer
(9) NH t1. HN"-r NH;" CI' CONH, 0J rNF|'“"I-!1,N' T]IH

... _CONH,
O NH

r o ‘[f -0

i H

.--‘J A""-\.\_ _,--/ F‘J H_ o ;‘\j l “"“—u""‘m_ ?_,..FF'E #\ !_{
HNTL ] H 1 | -

Ao B ¢
J e
0 = T a7 Dz

Indices and groups: T = D,L-a-tocopherol, p= 11, g =121, 5= 88

Five grams of a poly(giutamic acid) with a DP of 220 randomly grafted with 5 % of
racemic o-tocopherol are dissoived in 63 mi of NMP at 80°C. This solution is cooled to
0°C and 2.38 ml of tsobutyl chloroformate and then 2.02 mi of N-methylmorpholine are
added. This reaction mixture is stirred at 0°C for 15 minutes. At the same time, 4.93 g of
argininamide dihydrochloride are suspended in 62 ml of NMP and 2.8 ml of triethylamine
are added. The suspension obtained is stirred at 20°C for a few minutes and then cooled to
0°C. The milky suspension of activated polvmer 1s then added to this suspension and the
reaction mixture is stired at 0°C for 2 h and then at 20°C for 4 h. After addition of
1.04 m! of a 35 % HCI solution and then 50 mi of water, the reaction maxture is run
dropwise into 500 mi of an aqueous acidic solution (pH = 3) while maintaining the pH at
approximately 3-4 with a 1N HCI solution. The solution obtained is diafiltered against
8 volumes of agueous saline solution (0.9 %) and then 4 volumes of water., and
concentrated to a volume of approximately 250ml. The percentage of grafted
argininamide, determined by proton NMR in D20, 18 55 %.
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L P CJqJ 0 ONa Indices and groups: T = D,l,-a-tocopherol, p = 11, q =
121, s = 88 5 Five grains of a poly(glutamic acid) with a DP of 220
randomly grafted with 5 % of racemic a-tocopherol are dissolved in 63 ml
of NMP at 80C. This solution is cooled to 0OC and 2.38 ml of isobutyl
chlorofonnate and then 2.02 ml of N- metﬁylmorpholme are added. This
reaction mixture is stirr c%at 0C for 1§edmnutes At the same time, 4.93 g
%ﬁ'@@ﬁgﬁm%’r’h‘fh%s&ﬁ APSIMOHBE ' Suspended in 62 ml of NMP and
2.8 ml of triethylamine are added. The suspension obtained is stirred at
20C for a few minutes and then cooldffto OC. The milky suspension of
activated polymer is then added to this suspension and the reaction
mixture is stirred at 0C for 2 h arighthien atr20Cfor 4 h. After addition of
1.04 ml of a 35 % HCI solution ano[then 50 ml of water, the reaction
mixture is run 15 dropwise into 500 mj of an aqueous acidic solution (pH =
3) while maintaining the pll at apprOX|1mater\3 4 with a IN HCI solution.
The solution obtained is diafiltered against- -8 UBllimes of agueous saline
solution (0.9 %) and then 4 volumes of water, and concentrated to a
volume of approximately 250 ml. T f@éntage of grafted @rglnlmlde
determined by proton NMR in D20, EISES %. 20 32 Example 107'synthesis
of the polymer (10) NH Il HN' NH3 1€l CON H- 0,. NH -~-- C iONa N

140 .. N H H’> ' H1 ﬁ] ji .
E\E i
HDN - }{ﬂ ﬁj[ j\{\ﬁ xf_“f%

B r s

,L e _OH

P

'\-\_T O = -~ !"‘f - Ry

[
'

Indices and groups: T = D,L-a-tocopherol. p=11,g =88, r =48, s =73

Ten grams of a poly(glutamic acid) with & DP of 220 randomly grafted with 5 % of
racemic a~tocopherol are dissolved in 125 ml of NMP at 80°C. This solution is cooled to
0°C, and 5.6 ml of isobutyl chioroformate and then 4.8 mi of N-methyimorpholine are
added. This reaction mixture is stirred at 0°C for 15 minutes. At the same time, 7.4 g of
argininamide dihydrochioride are suspended in 93 m! of NMP and then 4.7ml of
triethylamine and 1.2 ml of ethanolamine are added. The suspension obtained is stirred at
20°C for a few minutes and then cooled to 0°C. The milky suspension of activated
polymer is then added to this suspension and the reaction mixture is stirred at 0°C for 2 h
and then at 20°C overnight. After addition of 2.7 ml of a 35 % HCI solution and then
200 ml of water, the reaction mixture is run dropwise inte 670 ml of water acidified to
pH =3 with HCl while maintaining the pH at approximately 3 with a IN HCI solution.
The solution obtained is diafiliered against 8 volumes of aqueous saline solution (0.9 %}
and then 4 volumes of water, and concentrated to a volume of approximately 250 ml. The
percentages of grafted argininamide and of grafted ethanolamine, determined by proton
NMR in D,Q, are respectively 40 and 22 %.
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25

H1pO0qgrrCOTOh H Indices and groups: T = D,L-a-tocopherol, p =

11,9 =88,r =48, s =735 Ten grams of a poly(glutamic acid) with a DP

of 220 randomly grafted with 5 % of racemic a-tocopherol are dissolved in

125 ml of N'MP at 80C. This solution is cooled to 0C, and 5.6 ml of

isobutyl chloroformate and then 4.8 ml of N-methylmorpholine are added.
E&%ﬁ@@eﬁm i@ 15: SIHE%E;‘? (@' AP HBIIER RRR IHVG Em%n?c“gmup

g of 10 arglnlnam de dihydrochloride are suspended in 93 ml 6f NMP and

then 4.7 ml of triethylamine and 1.2 ml of ethanolamine are added. The

%88&158&%@5}990%@% 3heZRC 108 A fnviminHiss.and.ther ﬁ%%fygmamate

to 0C. The milky suspension of activated polymer is then added to this
modpestsion apdithecraston -mikkaredly stikedast 0GHor Ph odrnid theamdamly grafted

296 overnight, After additio gy 0 af {4 émn%oﬁrgﬁsls/ %H&?&eﬁ%ﬂtﬂ@ %ﬁlgae&scmbed in
15 200 ml of water, the réaction mixture Is run dropwise into 670 ml of
apateratioidifiée to 0 pHIE Bwith HCI while maintaining the pH at

approximately 3 with a IN HCI solution. The solution obtained is diafiltered
against 8 volumes of aqueous saline solution (0.9 %) and then 4 volumes
Eramude, Badshiceimeansiptis 0biaAMIBT approximately 250 ml. The
percentages of grafted argininamide and. of grafted ethanolamine,

ﬁﬁt%%w&@s%a@;%n HMRW&? sPe&tivgly hQ.an ??7042 3 200 1U of

ra ive example m ound ot func onalized
H

oK A REEEEipet o6 URBGUAE e fis HA BrE breaP fgeratuee for two
bmmmﬁ@rthgt dktheipoliiglutansateawbdified Bycassativaiedgrosgii. entheltrafiltration

@@M%&E@@F@%\gﬁa@ B%ﬁ%@@ saadonly@raited:s qrff;}hﬁlgfoffeferag@mQ ecovered in
ero IS CO poun od

DO WA SO0 s bz A o ooy
a Al SeeBhistivior b mpHEIAg f@lwﬁ@loffbéwféﬁﬁé? iR B beloxf\

7.4 and 200 IU of insulin (7.4 mq) is prepared. The solutions are left to
incubate at room temperature for WO A 137 12 1

Polvmer % association
3 100 %
& 96 %
| 8 100 %
| Cl 99 %

The results demonstrate that the polymers of the invention can strongly associate with
insulin to give colloidal suspensions with a size of greater than 100 kDa and the degrees of
association with the insulin are very high. In comparison to polymers C1, it is found that

the presence of catalytic charges does not reduce the associated level of insulin.

Example 13: measurement of the viscosity (mPa-s) under shearing of a 29 mg/g

agueous solution with a rate gradient of 10 ¢

Example Ci 3 ‘! 6 ‘ 8 10
|

Viscosity 4720 6.6 4.5 5.8 4.7
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hours and the free insulin is separated from the associated insulin by
ultrafiltration (threshold at 100 kDa, 15 minutes under 10 000 G at 18C).
The free insulin recovered in the filtrate is subsequently assayed by
HPLC (High Performance Liquid Chromatography) 15 and the amount of
associated insulin is deduced. The resuli&are given in table 1 below.
TABLE 1 Polymer % association 3 100%_ 6j.96% .8 100% 9% 20,
ThieTFaulid TBATSHER & At H?@”Bbﬁiw&@‘6f’H%’SWH%&?%H“&B%@%ﬁ&‘iy“SmS than
ihsgetiatecwith . mbulindeegive coltgidat suspanisiongnwitiraugize of greater
than 100 kDa and the degrees of association with the insulin are very
high. In comparison to polymers Cl, it is found that the presence of
Eatahtie chasgesddesindikeduca thaassoanthd jayel of insulin. 25
Example 13: measurement of the viscosity (mPas) under shearing of a 29

I h
TEE IO O PR PRTREI S BT B0 o

%WéVs%?H‘?@*ﬁ%‘?%ﬂ%%é?ﬁé&@ﬁ@gglhé{%cﬁj’%‘%h“’[ﬁéeréfé‘r’é’ﬁ&&%c1 allow
thewhiclve desinbttedmphise pendanticatjpnistgroups:rxbmpleit 4Htipdy oft) and to

nlubilifasiadunstion Qi thedeH o1 Thentesidisishowr that some polymers

of the invention (examples 9 and 10) exhibit solubility properties

3

dependnnf on-tha.nH - which...in.contracst-to-the-comnolnd-Cl-allow—t

to be formulatedtahjthean active pr.'rkléiﬁé‘;t”ai?né”ag?aue@a;;ﬁ&opﬁa(io'”"='
4) and to—formra depositatphysiotogicat-pH-(pH-mthe vicimity of 7)710
Polymer pH = 4 PHysiological pH ~ soiubie soluble

2 solubie soluble

3 soiubte soluble

4 soluble soluble

5 soluble soluble

& insoluble soluble

7 soluble soluble

8 soluble soluble

9 sofuble | insoiuble

10 soilubie insolubie

Ci insoluble solubie

Example 15: study of association of a therapeutic RNA

Associations polymer/RNA in aqueous solution are carried out adding increasing
quantities of polymers (1), (3) (two examples of polymers according to the invention
which are globally cationic at pH = 7.4) or Cl at fixed quantities of a 1433-nucleotides
therapeutic RNA. These mixtures are incubated for 2 hours at 37°C, and then analyzed by
1 % agarose gel electrophoresis under denaturing conditions (revelation of RNA with
ethidium bromide). RNA alone is used as integrity positive control. Incubated RNA with

commercial RNAses is used a degraded RNA control.
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1 soluble soluble I~ it lli, i 2 soluble soluble 3 soluble soluble 4 soluble
soluble 5 soluble soluble 6 insoluble soluble 7 soluble soluble 8 soluble
soluble 9 soluble insoluble 10 soluble insoluble Cl insoluble soluble
Example 15: study of association of a therapeutic RNA Associations
polymer/RNA in aqueous solution are catfied out adding increasing 15

uantities qf polymers (1), (3 oge ples of pglymers.according to the
R SR e oD, S ST 2 e S T B ke (. the
w33 Ride stities neppetitid RN IPhEsEFHHtPeg e itc ghated fodecreases

Witous @ladnG, @ngbiheranalyzed My skHéeagriosaueleipeiephaiesisertain value
under. denaturing, conditions (revelation of RNA with ethidium bromide).

\Eﬁ ug c%ﬁg%ﬁgén&sge}geégo?ﬁtgesgrity positive control. Incubated RNA with 20
commercial RNAses is used a degraded RNA control. 35 The results

Ishawithat inheea ifietstadiediibAgwamincidated, withgpehyiness KN orBi)ch migrates
it AUARLEY QLR WA, Which migrates-aL b glectrophoresis expected size,

gradually decreases with the quantity of polymer used for the association

and disappears over a certain value without revealing other bands. 5 In

Sontrdit, imthetinnaed e bompfising CompolleditCR e, aliantngz obRINAe association

YrhRichRy X lﬁ@@@m@@@@?@ﬂﬁ&ga@?ﬂ%ﬁ@ %&%Q:eaﬁdgiﬁ{%% &f@?llgm%kpected size) and
econdly, a quantit olymer.(1) or (3) IS edt RN allowing.,., - . .

tg(c)%ﬁplliélt}gigsegoeg% t%rg{r:ﬁba!%ec! ?Sr 2V Hours z?t 3’?‘% ATter HAﬁours gy C, increasing

quantities of compound C1 are added to these mixtures and a new incubation of 16 hours

at 37°C is carried out.

The mixtures obtamned are analyzed by 1 % agarose gel electrophoresis under denaturing

conditions (revelations of RNA with ethidium bromide).

The results show, at the expected size, increasing quantities of RNA in correlation with the

guantity of polymer C1 added to the mixture RNA/polymer (1) or (3).

These results show that certain polymers according to the mvention, globally cationic at
pH = 7.4, allow to associate a model RNA with 1433 nucleotides and that this association

is reversible with a giobally anionic polymer. Moreover, the formulated RNA 1s not
degraded.

Example 16: study of the crossing of a model oligonuciectide cellular membrane

Tn a Opti-MEM"Y medium without fetal calf serum, a RNA oligonucleotide of 30 bases
marked with Cy3 1s mixed with a quantity of polymer (3) or (7) closed to the minimum
quantity necessary to totally associate the oligonucleotide. This mixture is contacted on
human hepatocarcinom cells Huh-7 grown on 24-well plates with 25 000 cell/well. After
4 hours of cell incubation at 37°C , 53 % CO,, medium D-MEM at 20 % of fetal calf serum
(FCS) is added so as to the final conceniration of FCS be 10 %. After a 24 hours
incubation with oligonucleotide/polymer mixtures, celis are washed, their membranes are
marked with biotinvled concanavalin and then cells are fixed for 3 minutes with
paraformaldehyde at 3,7 %.

After 2 washings with PBS buffer, cells are mcubated with DAPI (nuclear DNA) for 10
minutes, washed 3 times with PBS, and then incubated with AlexaFluor®488 — marked

streptavidine which reveals the biotinyled concanavaline.
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10 of the RNA (conditions in which RNA is not visible anymore at the gel
expected size) and these mixtures are incubated for 2 hours at 37C. After

2 hours at 37C, increasing quantities of compound Cl are added to these
mixtures and a new incubation of 16 hours at 37C is carried out. The

mixtures obtained are analyzed by 1 % aarose gel electrophoresis under
e aturing 15 conditions (revelations of RNA with ethidium bromide). The

& ?{%‘}\)’Zg %r\e Lﬁ“g&’écﬂ}i’éreasmg quantities of RNA in
bmﬁélmtmnvmfhoﬂié cwamm,bbf bolpirerGhadibd abltee Hikturestained streptavidine

- RNApelymetHd bRk d ResearesHltasshow that certain polymers

according to the invention, globally cationic at 20 pH = 7.4, allow to

associate a model RNA with 1433 nucleotides and that this association is
Fellsrapraplitred Blotely whivifeopeither. Moreover, the formulated RNA
E‘obﬁiﬁzﬁi@@’[&d’%ﬂﬁX@@%ﬂﬁiﬂi@ istutgeb the trossingaf aeadbe — stained membrane

QF?%T:Q%L%'%@ (mprane 25 In a Opti-MEMO™ medium without
?{&ie#gerum a RNA o%onucleotlde of 30 bases marked with Céls IS

With & GuanttSerb eIy S 7y cbesato tésabRtLRY Gurifigrescence

MCﬂssmyat(ﬁﬁmlalrhy assegiaterth&(otigonucleotide. This mixture is
eRotACiad amhuman @\%0?498%50@?&8&?&@0'{189 i€ GEAWD N YD Huh-7

with 25 000 ceII/ ell. After s of cell incu t|o .at3
&WQBW 2V ¥ 8’&8 d:% ﬁé{?ﬁ?“ﬁ?ég ‘é%oé@ ’Pr‘i?é")iymer ()
ﬂhéTboﬁoemmp@nSQhFﬁ&béMOme}egtm hwrsmnb&ﬁbétrdﬂnmthl with polymer
oligapusieatiselrolyraskmixsuesiscallsate washeds their membranes are
marked with biotinyled concanavalin and then cells are fixed for 3 minutes
with paraformaldehyde at 3,7 %. 35 After 2 washings with PBS buffer,
cells are incubated with DAPI (nuclear DNA) for 10 minutes, washed 3
times with PBS, and then incubated with AlexaFluor(r)488 - marked
streptavidine which reveals the biotinyled concanavaline. 36 Cells are
analyzed by confocal microscopy. Localization of cells is possible by
observing AlexaFluor(r)488 - stained streptavidine
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which reveals the biotinyled concanavaline. 5 Cells are analyzed by
confocal microscopy. Localization of cells is possible by observing their
AlexaFluor(r)488 - stained membrane and their DAPI-stained nucleons.
The uptake of Cy3-labeled oligonucleotide by the cell is visualized by Cy3
fluorescence (excitation at 550 nm, emisgion at 570 am). 10 The results
show that Cy3-labeled oligonucleotide is found in the cytoplasm of Huh-7
cells, when the cells were incubated in the presence of the oligonucleotide
and polymer (3) or (7). By caduipadstnCliadiMth@ diigonucleotide was
incubated alone, or with polymer Cl. no Cy3-labeled oligonucleotide is

observed i tb@i?@ﬂﬁn@%cwk%g @M%@a % ded2 9!%@1@1@9{ agide QT @omprising

pharmacetitlgall acceptable salt thereof cgm HSII’]% %Iutangllc residues,
1‘681 6'% wherein someé Ues carry q pendam
wherein s8mMé o heg UtAmiIC residués carr a eﬁ ationic group”

which, if itCeHATHe SEpitHRERd! eXhiBRsba @Kﬁr@@aat% &K@Mﬁtér@ﬁ@neﬂpa to or
said catiom@@e@unsnbeir@ﬂ&&jﬁﬂ@@ld@ﬁf@ﬂ&f@ﬂgfm@ﬁm tangthieficand from one

wherein o % }%ut%%c 5 %t%%[r ]%tggln?tolggr'azl OBQQP'% rﬁé%%%ﬁ%%rophobic

the hydropho |c oups 0 erent

ein entlca (
another, s&iBalitit rolpd: ﬁ%hmg@ct&@wo&ﬁﬁ@ ?8%%13‘?‘"*5{%@#2? fftferent from
which: 15 ot=@iNtiely = independently H or CH3, Z- = a chloride, a sulfate,

a phosphalg oL A AEIRle L AliNGR {Haith d%@rﬁ“ﬁyée“e optionally

substituted by a functional carboxyl group or derivative thereof, 20 said

hydrophobic groups (GH) being sele ted fr f\on#%\b%roup consisting of:
linear or branched C8 to C30 alkyls Which ca nally comprise at least

m which:

X=0,NH,

Y = mdependently H or CH;,

7" = a chloride, a sulfate, a phosphate or an acetate,

L = a linear {(C; to Cy) alkylene optionally substituted by a functional carboxyl

group or derivative thereof,
said hvdrophobic groups (GH) being selected from the group consisting of:

e lnear or branched Cg 1o Cyp alkyls which can optionally comprise at least
one unsaturation and/or at least one heteroatom,

e (g to Cy alkylaryls or arvlalkyls which can optionally comprise at least one
umnsaturation and/or at least one heteroatom, and

o g to Csp (poly)eyelic compounds which can optionally comprise at least
one unsaturation and/or at least one heteroatom.

2. Polyamino acid according to claim 1, wherein the pendant cationic groups are
grafied to the glutamic residues via an amide or ester bond.

3 Polyamino acid according to claim 1 or claim 2, wherein the polyamino acid is
composed of L-glutamate or L-glutamic homopolymers linked to the
polyamino acid by their carboxy group in alpha position.
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one unsaturation and/or at least one heteroatom. 25 C8 to CO 3alkylaryls
or arylalkyls which can optionally comprise at least one unsaturation
and/or at least one heteroatom, and Cg to C30 (poly)cyclic compounds
which can optionally comprise at least one unsaturation and/or at least
one heteroatom. 30 2. Polyamino acid aggording to claim 1, wherein the

pendant cationic groups are grafted to the glutamic residues via an amide
or dster b&@ntadiPolyaminocacithactoraiingdoeckainth grotans 2;lwherewherein the

the polyarpéa%@i@a{?oﬁerg@q edrOldrepitiampa drdly@RiGsting of:
e

homopolymers linked to t

5 polyamino acid by their carboxy group in

alpha positic?_p. 38 4. Polyamino acid according to any one of the previous
claims, wheset- nt cationic groups are selected from the group
consisting of, H H -N-C-CORa H2)4 NH3+,Z 5HH -N-C-CORe H2)3
NH HN N H3',Z2@Hd;H H -N-C-CORe O H2)3 NH3+ Z_ wherein Ra is a
hydroxy, alkoxy gr allylamino group, preferably -OMe, -OEt, 10 -NH2,

2

-NHCH3 or -N(CH%)

SJI

group, and T is a chloride, a sulfate, a phosphate

H H
mchl“,mcoaa

CH

(63,

)Ni
HN NH,* 2

. and

H H
~N=—C-~CORa

(CHy),

NH4*Z"

wherein Ra is a hydroxy., alkoxy or alkylamino group, preferably —OMe, -OFt,
-NH,, -NHCH;3 or —N(CHzs), group, and Z’ is a chloride, a sulfate, a phosphate
or an acetate, preferably a chloride,

or

-NH-(CHj)4-NH; ™, 2",

NH-(CH,)4-NH-C(=NH}-NH;",7",

~O-(CH)p-N"(CHy 1.7,

-0-(CHz)-NH3", 77,

wherein Z° is a chloride, a sulfate, a phosphate or an acetate, preferably a

chloride.

Polyamino acid according to anv one of the previous claims, wherein said
polyvamino acid comprises, on average, at least 3 hydrophobic groups (GH) per

polymer chain.

Polyamino acid according to any one of the previous claims, wherein still other

glutamic residues carry a pendant nonionizable group other than the
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or an acetate, preferably a chloride, or -NH-(CH2)4-NH3 ",L ,
-NH-(CH'2)4-NH-C(=NH)-NH3 ,L-, 15 -0-(CH2)2-N-(CH3)3,L',

-O-(CH2)2-NH3 , Z-, wherein Z- is a chloride, a sulfate, a phosphate or an
acetate, preferably a chloride. 20 5. Polyamino acid according to any one

of the previous claims, wherein said polgaznino acid comprises, on

average, at least 3 hydrophobic groups (GH) per polymer chain. 6.
Polyaminaadidpaobor dinguless affylbnesafithe previcideclaioups Wiengindtiltical to or

other 25 glytamic fesidues.carhsa pendant nonionizable group other than
the 39 hydrophobic groups (GH), said nonionizable groups being identical

to or different from one another. 7. Polyamino acid according to claim 6,
whéfrein sdiol yrenidgaricnbaienizaliegebup & ighyrdnoxystipgldaimao8ionizable group

Polyaminqsqggrggggﬂg}@gﬁg@ny one of the previous claims, wherein yet
other glutamic residues carry a group which is nonionized at neutral pH

different from the hydrophobic groups (GH), said groups which are _

norffonized &t 210 e atta|asFPEE Ry TdaRtiear tef shelipsianefraairanevherein yet other
another. 9eiRelyamisaacid aceprdip®te claimhSiwvhereit aalchgreupravhieh different
IS nomom@cﬁna{h%eﬂyﬂ?ﬂo%ﬁo@ﬁs EESJ]S’J'%&@S? f%’éiﬁuéarm'}'p!;\' Rl aR Godionized at

15 R1o o _
neutral pH being identical to or different from one another.

9. Polyamine acid according to claim 8, wherein said group which is nonionized

at neutral pH has the following formula:

N

NH
ﬁ
H H

in which —R'% is ~H, -CG.H, alkyl ester (preferably-COOMe or —COOEL), -
CH,0H, -C(=0)-NH,, -C(=0}-NH-CH; or =C(=0)-N(CHs),.

16.  Polyamino acid according io any one of the previous claims, wherem said
polyamino acid carries at least one graft of polyalkylene (preferably

polvethviene) glvcol type linked to a glutamate residue,

1. Polyamino acid according to any one of the previous claims, wherein said

polyamino acid has the following formula (I):



]
N

in which R is -H. -CO2H, alkyl ester (preferably-COOMe or -COOEd), -
CHzOH, -C(=0)-NH2, -C(=0)-NH-CH3 or -C(=0)-N(Cli3)2. 20 10.
Polyamino acid according to any one of the previous claims, wherein said
polyamino acid carries at least one graft of polyalkylene (preferably
polyethylene) glycol type linked to a glutapmate residue. 11. Polyamino
acid according to any one of the previous claims, wherein said 25

polyamino acid has the following fo 5? 40 ORIOOH D
NN HHOrOas P OBOR3 GH injwhich: 5 A independently]is: -
RNH- in which R.is H, a lin lkyl or a
benzyl group, - i -C,
-COR7 151s in R n
independently ay CIQJatkyl

group or a bep?z)

GH

in which:
¥ A independently is:
- RNH- in which R is H, a linear C; to Cyy or branched C; to Cyy alkyl
or a benzyl group.

- aterminal amino acid residue of formula:

H 7
—NH—C -—COR

RS
in which

-R’ is ~OH. -OR” or -NHR'’, and
R* R” and R independently are H, a linear C; to Cyp or branched C; and
Cio alkyl group or a benzy! group;
® B is a direct bond or a divalent. trivalent or ietravalent bonding group
preferably selected from the following groups:
-0-, -NH-, -N(C, to Cs alkyl)-, a residue of amino acid (preferably of a
natural amino acid), of diol, of triol, of diamine, of f{riamine, of
aminoalcohol or of hvdroxy acid comprising from 1 o 6 carbon atoms;
*= D is H, a linear C; to Cyy or branched C; to Cyy acyl group or a
pyroglutamate;
* the hydrophobic groups (GH) each are, independently of one another, a
group selected from:
e linear or branched Cg to Csg alkyvls which can optionally comprise at
least one unsaturation and/or at least one heteroatom (preferably O
and/or N and/or S), or
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e B is a direct bond or a divalent, trivalent or tetravalent bonding group

preferably selected from the following groups: -0-, -NH-, -N(Cl to CS

alkyl)-, a residue of amino acid (preferably of a natural amino acid), of

diol, of triol, of diamine, of triarnine, of 25 aminoalcohol or of hydroxy acid
comprising from 1 to 6 carbon atoms; D i${H. a linear C3 to CIO or

branched C3 to CIO acyl group or a pyroglutamate; the hydrophobic

groups (Gil) eaeh dre tinflepehdémntiysofomey wligthewtaciyroupsgelestdly comprise at
from: 30 linear or hrarched GR4afaa0Rhndsowhich canAptiRaliMiom (preferably O
comprise at least on‘%u%atu&?ﬁ and/or at least one heteroatom

(preferably O and/8P N ana 7t §)r 41 C8to C30 alkylaryls or arylalkyls

which can optighalfysdéniprisecdy lexdtopenipratit aibisanarorritdealdy comprise at
?nel f)leteqoatom (prederably OnamnelaidN @ﬁﬁ/@f &),l@{stQ&é%%‘t%ﬂ)atom (preferably O
poly)cyclic compounds which, can.optionally comprise at 5 least one
unsaturation and/o%!nac%l/ ?é\g@tag@l%h% eroatom (preferably O and/or N and/or

S); Rl is a group having one of the following formulae: 10 -
-NH-(CH2k,-RHB' a ZrommwihichhwdsdetnedbDant:toptaizeably w is 4.
-NH-(CH2)4-NH-C(=NH)-NH3', Z-, -O-(CH2)2-NH3", Z,

b e R e e Lo AR 8T reeraby w i

derivative of form
4,

- NH-(CH2):-NH-C(=NH)-NH;", 7,

- -O-(CHap-NH5", 77,

- -O~(CHap-N"(CHa). Z..

- an amino acid residue or an amino acid derivative of formula:

J— R13

in which:

X 1s an oxygen atom or -NH-,

R"is H, linear C» to Cyg or branched Cs to Cq alkyl or benzyl,

R™ is «(CHo)s-NH;", Z. «( CH3):-NH-C(=NH)-NH;", 7", -(CH,);-NH;", 7;

in which the counteranion Z- is a chloride, a sulphate, a phosphate or an
acetate, preferably a chloride;

= R;is a hydroxyethylamino, an alkylene glycol, a polvalkylene glveol or a
radical of formula:
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Xis an oxygen atom or -NH-, 20 R" is H. linear C2 to Cio or branched C3

to CO alkyl or benzyl, R13 is -(CH2)4-NH3, T, -(CH3)3-Nil-C(=NH) _NH3/,

T, -(CH2)3-NH3-, Z ; in which the counteranion Z- is a chloride, a

sulphate, a phosphate or an acetate, preferably a chloride; 25 R3is a
hydroxyethylamino, an alkylene glycol, a4ggolyalkyl.ene glycol or a radical

of formula: NH H H -N-C Rio 3042 in which -R10 is -H, -CO7H. an alkyl

ester (preferalithc®OMe Br -COSED abrPOHT (DEfaMlH 00Me or ~COOE),
-C(=0)-NHe@HB19r - GEOINHCHI)20 pvei-Cands-are-positivedntegers; 5
(p)/(p+g+r-s) is defined as the molar degree of grafting of the hydrophobic

groups GH and varies from 2 to 99 molar % and preferably between 5 and

50 molar %, provitlaethateRttsp8IgassT: chain has, on average, at least

3 hydrophebie aiaftsi{e) Aptehited skishdefioke as:tbe selardegugeefhydrophobic
grafting of the,¢UQnIG, 10,0°0RS RVAIES TAMILIO I3 MOIfctbry between $ and
(p+qg+r+s) varFes om 10 to 1000, preferably between 30 and 500; .
(N/(p+a+r+s) vArBSHorh BrRY S8 HIBIACaED (NG e85 aiis tof e, at least 3
98 molar % onal phéernaceatically acceptable salt thereof. 15 12. A

pharmaceutical, Gosmetis, fealitiord OuRIaARPEOIRCIAN SOMRBSHIOBT the cationic

comprising at [¢a51 o Bol/aing 34 gpgguping o any one of laims 1
® (ptrqgtrts) varies from 10 to 1000, preferably between 30 and 500;
s (r)/(ptg+r+s) varies from 0 to 98 molar %;
= (s)(ptrgtr+s) varies from O to 98 molar %

or a pharmaceutically acceptable salt thereof.

12. A pharmaceutical, cosmetic, health food or plant-protection composition

comprising at least one polyamine acid according to any one of claims ! to 11.

13.  Composition according to claim 12, further comprises at least one active
principle.
14.  Composition according to claim 13, wherein the active principle is associated

with the polyamino acid by one or more bonds other than (a) covalent chemical

bond(s).

15, Composition according to claim 13 or claim 14, wherein the active principle is
selected from the group consisting of DNA, a DNA fragment, an RNA and an
oligo-RINA.

16.  Composition according to any one of claims 12 to 15, whereln said

composition comprises a colloidal suspension of nanoparticles and/or

microparticles and/or micelles of polyamino acid in an aqueous or oily phase.

17, Composition according te claim 16, wherein the suspension is a colloidal
solution of nanoparticles in an aqueous phase at acidic pH which precipitates at
physiological pH.
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13. Composition according to claim 12, further comprises at least one

active 20 principle. 14. Composition according to claim 13, wherein the

active principle is associated with the polyamino acid by one or more

bonds other than (a) covalent chemical bond(s). 25 15. Composition

according to claim 13 or claim 14, whereif3 the active principle is selected

from the group consisting of DNA, a DNA fragment, an RNA and an

oligd- RN AL 3D XKG ST im possitit aieBordingatanedicanenss lansiagao fps oral. nasal,
wherein S%Mnﬁﬁidﬁ@()/ ( Si@ﬁlﬁmm%%ﬁﬁﬁra ;ﬂ@@@hﬁ@ﬁ@ﬁfnﬁ?ﬁ&f}ous, _ (ijnf;ramuscular,
nanoparticles and/or micropastieles and/or. micelles aming acid_in

2 aqUEOUE G By Bhabl 7 Crbosition SLcarding (0. Gn T wneram Proeess
the suspefeSH G exfoitrlly 35 soItANS AbfeparEe® ey aeduccording to
phase at agidisrehfinvhighsprecipitatelata pbysiotogiead qebkddd: H8:1Ams 12 to0 17,
process fay {of. praparalien. o 2 gedIAMAD B RBHIENAI L RALNASE the eroup

pulmonary, vaginal, ocular, subcutaneous, intravenous, intramuscular,
intraderma&C U it n I8 fitr ot SFOBFAI AR i MEH SO PSBitFprogesss o more
consistingresgaitiithe in gpwployigiat legstpoidespolyaininccbaidizccdidimgecharides,
to 5 any OBﬁan‘ﬁ'é}%deE? | }3&%@'{@%@5@90%&9“ ﬁ?&%ﬂi@gi@ claimidilic and
to 17, Whereln.té}je active, principle of the medicament is selected fr mie oo
group corttidtiH 6%“6%8?&?8&%@%&8‘&18%?8&3 DYOEIRE Boaad o SHeho protection
more polyRitk§iekie glycol chains, peptides, polysaccharides,

liposaccharides, oligonucleotides, polynucleotides and hydrophobic,

hydrophilic and 10 amphiphilic small organic molecules, nutriments,

cosmetic and plant-protection products.



