COMPOSITIONS IN THE FORM OF AN INJECTABLE AQUEOUS SOLUTION, COMPRISING HUMAN
GLUCAGON AND AN END-GRAFTED COPOLYAMINO ACID
[0001] Human glucagon is a short-acting hyperglycemic lwenthat allows the increase of
glycemia, thus correcting a hypoglycemic level tte result from an insulin excess. It enables
the release of glucose by stimulation of hepaticggenolysis and it has insulin antagonistic
properties (hypoglycemic). Human glucagon is nolynsécreted by the alpha cells of the islets
of Langerhans in the pancreas when hypoglycendatected.
[0002] Human glucagon is used for therapeutic purposed) as the emergency treatment of
severe hypoglycemia, also referred to as "reschet"also in a diagnostic context in the
performance of medical examinations, for exampieprider to inhibit gastrointestinal motility.
Other applications are also considered for humaoagjon, in particular its use in a bi-hormonal
glycemia regulation system, also referred to adfiaal pancreas, and in congenital
hyperinsulinism, which is a rare disease charamtdrby very high insulin levels.
[0003] The clinical use of human glucagon has been limibmtause of some of its
disadvantageous properties in terms of developroémt stable pharmaceutical product with
therapeutic intent. Indeed, human glucagon hasyalee solubility at physiological pH and a
high physical instability, due to its propensity flom fibrils in a large pH range. This is the
reason why the only commercial products based omahuglucagon (Glucag&n NOVO
NORDISK and Glucagon for injection, ELI LILLY) argophilized forms to be reconstituted
extemporaneously.
[0004] The studies of Onoue et al. (Pharm. Res. 2004,)21(Z74-83) have shown the
potentially dangerous characters of these fibfitgillated human glucagon being cytotoxic in

mammalian cells in culture.



[0005] In addition to its physical instability, human gagon undergoes various types of
chemical degradation. In an aqueous solution, graties rapidly to form several degradation
products. At least 16 degradation products of hugianagon have been identified by Kirsh et
al. (International Journal of Pharmaceutics, 2B, 115-125). The chemical degradation of
this human glucagon is thus rapid and complex.

[0006] The poor chemical and physical stability of humdacggon in solution has led
pharmaceutical companies such as NOVO NORDISK, ELLLY and more recently
FRESENIUS KABI to market this human glucagon in tfeem of a lyophilizate to be
reconstituted at acidic pH (pH < 3) immediately dvef injection. Human glucagon in
lyophilizate form is more stable, and the preparaof the formulation at acidic pH immediately
before use makes it possible to obtain a cleartisolu However, once the product is
reconstituted, it has to be used rapidly, becausedergoes an extremely rapid chemical and
physical degradation in the acidic reconstitutiarffér, with appearance of human glucagon
fibrils within 24 hours after the reconstitutionddor gelling of the composition. However, this
presentation of the product is unsatisfactory bgeait requires a very rapid use of the
formulation. This instability not only makes it iogsible to use it in a pump, but it also presents
the disadvantage of leading to large product lossdggnostic use. In fact, since a composition
of this type is no longer usable a few hours aftepreparation, this leads to wastage.

[0007] Finally, even in the application of an emergenaatment for severe hypoglycemic
reactions that can occur during insulin therapydiabetic patients, the formulation to be
reconstituted is also not ideal because it involaetong and complicated preparation, for
example, the package insert of Gluca&aescribes a 5-step procedure for injecting the

recommended dose. Moreover, a study of the comp&GEMIA demonstrates that very few



persons (approximately 10% of the participants) wivere supposed to perform the
reconstitution in emergency were capable of daliethe appropriate dose. Finally, the acidic
pH of the solutions of human glucagon can gengait@ upon injection in the patient.

[0008] Thus, there is a need for a ready-to-use humaragbrc solution. Today, the solutions
that are most advanced clinically speaking in otdeenable the delivery of human glucagon
circumvent the problem of stability of human glusagn aqueous solution in different ways.
[0009] The company LOCEMIA has developed a lyophilized aanglucagon spray which is
currently being tested in phase 3 clinical studyd which is intended to be administered by the
intranasal route. This spray is suitable for a alted "rescue" use, that is to say in the case of a
severe hypoglycemia, since it is ready to use hus ¢asy to use, in contrast to the solutions that
need to be reconstituted. However, this produnbtssuitable for use in a pump or for a use that
requires a precise control of the delivered quatfithuman glucagon.

[00010] As for XERIS, it has developed a liquid formulatiohhuman glucagon based on
a polar aprotic solvent, such as DMSO, which isrenity being tested in clinical studies.
However, ever though the injection of a solutionoofanic solvents for "rescue" use can be
considered, it is largely preferable to have areags human glucagon solution for chronic use.
Compositions comprising a combination with otheptmkes have been considered, notably
amylin or a GLP-1 RA (glucagon-like peptide-1 reime@gonist).

[00011] Finally, in the face of the difficulties of formulan of human glucagon, analogs
of human glucagon are in the process of being deeel by large pharmaceutical companies
such as NOVO NORDISK, SANOFI or ELI LILLY, in ordéo obtain formulations that have a

stability compatible with pharmaceutical use. Hoemrwvhese peptides of which the primary



sequence has been modified in comparison to thedeepf human origin can present a safety
risk for the patients.

[00012] Thus, there is a major advantage in a solution itieites it possible to improve
the solubilization and the stability, both chemiaat physical, of human glucagon in an aqueous
solution at a pH close to physiological pH, thatassay from 6.0 to 8.0. This may lead to a
pharmaceutical product that is easier to use by#tent in emergency, but it could also open
the field to new therapeutic applications of hungducagon, such as its use in a bi-hormonal
artificial pancreas, for example.

[00013] The prior art proposes solutions in order to attetmgolve this problem.

[00014] Some documents propose using an alkaline pH. Fampbe, US2015291680
teaches the solubilization of human glucagon atglnmh by using a pH from 8.8 to 9.4 and by
using ferulic acid or tetrahydrocurcumin. Howevapart from the fact that an alkaline pH is
used, this solution presents the disadvantageadirig to a rather limited stability of the human
glucagon over time. The article by Jackson et@lr(. Diab. Rep., 2012, 12, 705-710) proposes
formulating human glucagon at an alkaline pH (agpnately 10), in order to limit the
formation of fibrils. However, this solution doestrprevent a rapid chemical degradation of
human glucagon.

[00015] The application W02014096440 (NOVOZYME), on the estlinand, considers
using a slightly acidic pH (approximately 5.5) imetpresence of albumin and polysorbate, in
order to improve the stability by reducing the raftefibril formation. However, this solution
presents a limited improvement of the stability. ¥lof the solutions described in the prior art

making it possible to obtain a clear solution ofrfain glucagon and to prevent aggregation,



gelling or precipitation of the human glucagon ilweothe use of surfactants, detergents or other
known solubilizing agents.

[00016] For example, Matilainen et al. (J. Pharm. Sci., &0, 2720-2729 and Eur. J.
Pharm. Sci., 2009, 36, 412-420) described the @issyaodextrin in order to limit the rate of
formation of fibrils of human glucagon. Howeveretimprovement provided does not appear to
be sufficient for considering use in a pump.

[00017] The solutions proposed comprise hydrophilic sudiais:

- GB1202607 (NOVO NORDISK) describes the use obaiui or cationic detergents.

- US6384016 (NOVO NORDISK) and US2011097386 (BIODESe lysophospholipids
(or lysolecithins).

- W02015095389 (AEGIS) describes non-ionic surfaistauch as dodecyl maltoside for
improving the bioavailability of therapeutic agentsthe case of delivery by application on the
mucous membranes or the epidermis, and, in paaticut the case of ocular, nasal, oral or
nasolacrimal delivery. This document describes thatpresence of alkyl glycosides leads to an
improvement of the absorption of human glucagah@bcular site,

- the application W0O2012059764 (ARECOR) describa$onic surfactants and, more

precisely, aromatic ammonium chlorides.

[00018] The surfactants indicated in the above documemt$eaoo toxic or irritating for
chronic use by the subcutaneous route. For exanim@dysophospholipids (or lysolecithins) are
known to lyse the red blood cells due to their higtioproperties. In a subcutaneous injection,
this can cause local damage to the tissues and ghathe injection site. In the case of continuous

injection by means of a pump, this can lead to paimd/or irritation at the site of insertion of the



needle. The international application W0201113888dn Pharma) describes a ready-to-use
solution of human glucagon in a micellar aqueodstsm at a pH from 5 to 7.5 in the presence
of a pegylated lipid (pegylated distearoylphosphaéithanolamine). However, Garay et al.
(Expert Opin Drug Deliv (2012) 9, 1319-1323) teattitat polyethylene glycol is both
immunogenic and antigenic. This may be prejudit@lpatients with anti-PEG antibodies.
Moreover, Ganson et al. (J. Allergy Clin. Immun¢{2015) doi: 10.1016/j.jaci.2015.10.034)
describe that a clinical study pertaining to pegonogin coupled to 40 kDa methoxypolyethylene
glycol (MPEG) led to inflammatory responses startiith the first dose of pegnivacogin in 3 of
the 640 patients. Among these three patients, twbthe anaphylaxis criteria, and one had an
isolated dermal reaction; each event was consideeedus, and one was even considered life
threatening to the patient. These adverse eveststed in the stopping of the clinical trial and
raise the problem of the adverse effects of pegglabmpounds.

[00019] The document W0O2013101749 (LATITUDE) describes reamalsions of human
glucagon. However, relatively moderate performararesclaimed in terms of chemical stability,
that is to say that the composition comprises atl@5% of the initial concentration after 3-7
days at 37 °C.

[00020] In addition, it should be noted that, to this dabvethe knowledge of the applicant,
no pharmaceutical formulation comprising human ggian in the form of an agueous solution is
being tested in a clinical study.

[00021] Thus, a need remains for a liquid aqueous formanatat a pH close to
physiological pH, from 6.0 to 8.0, which enable® tbolubilization and the obtention of a

satisfactory stability of human glucagon, both ernts of physical stability and chemical



stability. More patrticularly, there is a need farck a formulation that can be used in a bi-
hormonal pump (insulin/human glucagon).
[00022] This need is particularly clear with Tan et al. dbetes, 2013, 62, 1131-138) that
shows that combining human glucagon with a GLP-1i®kan attractive proposition for treating
obesity and diabetes. Yet, being able to formulatman glucagon in a stable manner in an
aqueous solution at a pH close to physiologicalffith 6.0 to 8.0 allow for more favorable
conditions to be able to improve the stability loé tGLP-1 RA which are sensitive to acidic or
alkaline conditions.
[00023] The co-polyamino acids bearing carboxylate chaageshydrophobic radicals Hy
according to the invention present an excellenstasce to hydrolysis. This can be observed
particularly under accelerated conditions, for egkanin hydrolysis tests at alkaline pH (pH 12).
[00024] In addition, forced oxidation tests, for examplé,tlee Fenton oxidation type,
show that the co-polyamino acids bearing carbogyldtarges and hydrophobic radicals Hy
present a good resistance to oxidation.
[00025] The invention thus relates to physically stable positions in the form of an
injectable agueous solution, the pH of which igrfr8.0 to 8.0, comprising at least:

a) human glucagon, and

b) aco-polyamino acid bearing carboxylatergaa and hydrophobic radicals Hy, said
co-polyamino acid consisting of glutamic or asmathits, and said hydrophobic radicals Hy

being radicals of the following formula I:
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— the * indicate the sites of attachment of the défé groups;

V:

— ais awhole number equal to O or 1,
— b is a whole number equal to O or 1,

— pis awhole number equal to 1 or 2, and



o if p is equal to 1, then a is equal to O or 1 @pd\ is a radical of formula IlI', and

o if p is equal to 2, then a is equal to d @pA is a radical of formula IlI;

c is a whole number equal to 0 or 1, and, if ajisat to O, then d is equal to 1 or 2;

d is a whole number equal to 0, to 1 or 2;

ris a whole number equal to 0 or 1, and

]

if r is equal to 0, then the hydrophobic radicafaimula | is bound to the co-
polyamino acid via a covalent bond between a caibohthe hydrophobic
radical and a nitrogen atom in N-terminal positmmnthe co-polyamino acid
therefore forming an amide function originatingrfréhe reaction of an amine
function in N-terminal position of the precursortbe co-polyamino acid and
an acid function borne by the precursor of the bgtiobic radical, and

if r is equal to 1, then the hydrophobic radicafaimula | is bound to the co-

polyamino acid:

* via a covalent bond between a nitrogen atom ofhiydrophobic radical
and a carbonyl of the co-polyamino acid therefoseming an amide
function originating from the reaction between amiree function of the
precursor of the hydrophobic radical and an acmkttion borne by the
precursor of the co-polyamino acid, or

» via a covalent bond between a carbonyl of the hylaobic radical and a
nitrogen atom in N-terminal position of the co-patyino acid therefore

forming an amide function originating from the réa of an acid function



of the precursor of the hydrophobic radical andaamne function in N
terminal position borne by the precursor of thgpobramino acid;
— Ris aradical selected from the group consisting o
o0 a linear or branched divalent alkyl radical compgs if GpR is a radical of
formula Il, from 2 to 12 carbon atoms, or, if GpRa radical of formula II',
from 1 to 11 carbon atoms;
o0 a linear or branched divalent alkyl radical compgs if GpR is a radical of
formula Il, from 2 to 11 carbon atoms, or, if GpRa radical of formula II',
from 1 to 11 carbon atoms, said alkyl radical beprone or more -CONH
functions, and
0 an unsubstituted ether or polyether radical commgigrom 4 to 14 carbon
atoms and from 1 to 5 oxygen atoms;
— A'is a linear or branched alkyl radical comprgsfrom 1 to 6 carbon atoms;
— B is a linear or branched alkyl radical, optitpatomprising an aromatic ring,
comprising from 1 to 9 carbon atoms;
— C« is a linear or branched monovalent alkyl radisakvhich x indicates the number of
carbon atoms, and:
o ifpisequalto 1, xis from 11 to 25 (¥Ix < 25);

o ifpisequalto 2, xis from 9 to 15 Ox < 15),

— the ratio i between the number of hydrophobidcad and the number of glutamic or
aspartic units being between 0<0.5;
— when several hydrophobic radicals are borne lop-polyamino acid, then they are

identical or different,
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— the degree of polymerization DP in glutamic graasic units is from 5 to 250;
— the free acid functions being in the form of & ghan alkaline cation selected from the

group consisting of Naand K.

[00026] In an embodiment, GpR is a radical of formula Il
*—H—R—H—* II.

[00027] In an embodiment, the composition is characterineithat the pH is from 6.6 to
7.8.

[00028] In an embodiment, the composition is characterineithat the pH is from 7.0 to
7.8.

[00029] In an embodiment, the composition is characterineithat the pH is from 6.8 to
7.4,

[00030] In an embodiment, the composition is characterizedhat said hydrophobic

radicals are selected from the hydrophobic radicifermula | in which p is equal to 1, and, if x

is less than or equal to 14{&4),thenr=0orr=1.

[00031] In an embodiment, the composition is characterizedhat said hydrophobic
radicals are selected from the hydrophobic radicifsrmula I in which p is equal to 1, and, if x

is from 15 to 16 (15 x < 16), thenr =1.

[00032] In an embodiment, the composition is characterizedhat said hydrophobic
radicals are selected from the hydrophobic radicifermula | in which p is equal to 1, and, if x

is greater than 17 (1¥x), then r = 1 and R is an ether or polyetheraaldi
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[00033] In an embodiment, the composition is characterizedhat said hydrophobic
radicals are selected from the hydrophobic radichfermula | in which, if p is equal to 1, then

X is from 17 to 25 (1% x < 25).

[00034] In an embodiment, the composition is characterizedhat said hydrophobic
radicals are selected from the hydrophobic radicafermula | in which p = 1, represented by

the following formula V:

*—{GpR ﬁGpA}a— GpC

forfaw/
GpR, GpA, GpC, r and a have the definitions giveove.

[00035] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V, in which risted to 1 (r = 1), and a is equal to 0 (a = 0).
[00036] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in whichrisedwo 1 (r=1) and ais equalto 1 (a=1).
[00037] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isalical of formula II.

[00038] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isaical of formula II, in which R is a divalent
linear alkyl radical comprising from 2 to 12 carbatoms.

[00039] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula Vin which GpR igadical of formula Il in which R is a divalent

alkyl radical comprising from 2 to 6 carbon atoms.
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[00040] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isaical of formula Il in which R is a divalent
linear alkyl radical comprising from 2 to 6 carbatoms.

[00041] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isaical of formula Il in which R is a divalent
alkyl radical comprising from 2 to 4 carbon atoms.

[00042] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isaical of formula Il in which R is a divalent
linear alkyl radical comprising from 2 to 4 carbatoms.

[00043] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isadical of formula Il in which R is a divalent
alkyl radical comprising 2 carbon atoms.

[00044] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isaalical of formula II'.

[00045] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isaalical of formula II' in which R is a divalent
linear alkyl radical comprising from 1 to 11 carbatoms.

[00046] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR isaalical of formula II' in which R is a divalent
alkyl radical comprising from 1 to 6 carbon atoms.

[00047] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which GpR igadical of formula Il or II', in which R is a
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divalent alkyl radical comprising from 2 to 5 carbatoms and bearing one or more amide
functions (-CONH).

[00048] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR igadical of formula I1I' or Il, in which R is a
divalent linear alkyl radical comprising from 2%acarbon atoms and bearing one or more amide
functions (-CONH).

[00049] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR igadical of formula Il or II'in which R is a

radical selected from the group consisting of ti@iaqals represented by the formulas below:

* Formula X1
7%
NH,
* * Formula X2
\/\/j/i
O NH,
[00050] In an embodiment, the composition is characterizedhat the hydrophobic

radical of formula V in which GpR is a radical arifula Il or II', in which R is a radical of
formula X1.

[00051] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical afrifula Il or II', in which R is a radical of

formula X2.
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[00052] In an embodiment, the composition is characterindtiat the radical R is bound
to the co-polyamino acid via an amide function legoly the carbon in delta or epsilon position
(or in position 4 or 5) with respect to the amidadtion (-CONH).

[00053] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR igadical of formula Il or II', in which R is an
unsubstituted linear ether or polyether radical ppsng from 4 to 14 carbon atoms and from 1
to 5 oxygen atoms.

[00054] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR igadical of formula Il or II', in which R is an
ether radical.

[00055] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR igadical of formula Il or II', in which R is an
ether radical comprising from 4 to 6 carbon atoms.

[00056] In an embodiment, the composition according toitlention is characterized in
that the hydrophobic radical is a radical of foreaM in which GpR is a radical of formula Il, in
which R is a divalent alkyl radical comprising Gloan atoms.

[00057] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which GpR igadical of formula Il or II', in which R is an

o)
ether radical represented by the form‘uﬁ\/ \/\*.
[00058] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which GpR igadical of formula Il or II', in which R is a

polyether radical.
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[00059] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which GpR igadical of formula Il or II', in which R is a
linear polyether radical comprising from 6 to 10bmn atoms and from 2 to 3 oxygen atoms.

[00060] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical ariula Il or II', in which R is a polyether

radical selected from the group consisting of tiiigals represented by the formulas below:

N T g Formula X3

e~~~ T T Formula X4

N N A~~~ Formula X5

~——0 ~_-C ~— "~ | Formula X6

[00061] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical arfula Il or II', in which R is a radical of
formula X3.

[00062] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical arfula Il or II', in which R is a radical of
formula X4.

[00063] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical arfula Il or II', in which R is a radical of

formula X5.
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[00064] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical arfula Il or II', in which R is a radical of
formula X6.

[00065]

[00066] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical afrfula Il in which R is a polyether radical

selected from the group consisting of the radicaisesented by the formulas X5 and X6 below:

*\/\/O\/\O/\/O\/\/* Formula X5

*\/\O /\/O\/\O/\/* Formula X6

[00067] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical @rfula Il in which R is a polyether radical of
formula X5.

[00068] In an embodiment, the composition is characterizedhat the hydrophobic
radical of formula V in which GpR is a radical @rfula Il in which R is a polyether radical of
formula X6.

[00069] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is edjto 0 (a = 0) and r is equal to O (r = 0).
[00070] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is edjto 1 (a = 1), and the radical GpA of formula

lII' is selected from the group consisting of thdicals represented by the formulas below:
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*v* * * * *
HsC
CHgy CHg
Formula Y1 Formula Y2 Formula Y3
*Y* * * * *
CH3 CH3
CH,
Formula Y4 H3C
Formula Y5 Formula Y6
* * *ji*
chj/ HyC CHj
Formula Y7 Formula Y8
[00071] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which a is edjto 1 (a = 1), and the radical GpA of formula
l1"is a radical of formula Y1.

[00072] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is edjto 1 (a = 1), and the radical GpA of formula
l"is a radical of formula Y2.

[00073] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is efjto 1 (a = 1) and the radical GpA of formula

[1l"is a radical of formula Y3.
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[00074] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is efjto 1 (a = 1) and the radical GpA of formula
lII' is a radical of formula Y4.

[00075] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is efjto 1 (a = 1) and the radical GpA of formula
III' is a radical of formula Y5.

[00076] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is efjto 1 (a = 1) and the radical GpA of formula
llI' is a radical of formula Y6.

[00077] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is efjto 1 (a = 1) and the radical GpA of formula
lII' is a radical of formula Y7.

[00078] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which a is efjto 1 (a = 1) and the radical GpA of formula
llI' is a radical of formula Y8.

[00079] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV is selected from the

group consisting of the radicals of formula IVahlgr IVc represented hereafter:

)
Y Formula IVa
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* O
p o Formula IVb
NH
N B~ Cx
b O

@) 0 Formula IVc
NH
* N BT Cx
bo
[00080] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which the real GpC is of formula IVa.

[00081] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of the radicals of formula IVa,bl\ér 1Vc in which b is equal to 0, having

formulas IVd, IVe and IVf, respectively, represahteereafter:

o O Formula Ivvd
\ >\CX
N
O O Formula Ve
— N,
N
O i Formula IVf
*)k@\l Cx
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[00082] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC corresponds to formula IV or IVa in
which b = 0, and corresponds to formula IVd.

[00083] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV in which b = 1 is
selected from the group consisting of the radigalwhich B is an amino acid residue selected

from the group consisting of the radicals represeifly the formulas below:

* * * *
*v* H3C
CHj, CHg
Formula Y1 Formula Y2 Formula Y3
*Y* * * * *
CH3 CHS
CHs
Formula Y4 H3C
Formula Y5 Formula Y6
*j/* *ji* * *
H,C H,C CH,
Formula Y7 Formula Y8
Formula Y9
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[00084] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula corresponds to formula IV
or IVa in which b = 1, is selected from the groumsisting of the radicals in which B is an

amino acid residue selected from the group congsif the radicals represented by the formulas

below:
* * * *
HsC
CHj
Formula Y3 Formula Y9
HsC
CH,4
[00085] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of the radicals in which Cx ises&td from the group consisting of the linear
alkyl radicals.

[00086] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of radicals in which Cx is seldctem the group consisting of the branched

alkyl radicals.
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[00087] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of alkyl radicals in which Cx sexcted from the group consisting of the alkyl
radicals comprising from 11 to 14 carbon atoms.

[00088] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of radicals in which Cx is seldcteom the group consisting of the radicals

represented by the formulas below:

*\/\/\/\/\/\CHS x=11
*\\///\\v//\\\//\\\//A\\//”\\V//\\CH3 x=13
[00089] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of the radicals in which Cx isest&td from the group consisting of the alkyl
radicals comprising from 15 to 16 carbon atoms.

[00090] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of the radicals in which Cx ises&td from the group consisting of the radicals

represented by the formulas below:

*\\v//\\\//A\\///\\\//A\\///\\V//«\\//”\\CH3 X=15

[00091] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which the reali GpC of formula IV is selected from the
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group consisting of the radicals in which Cx ises&td from the group consisting of the radicals

represented by the formulas below:

CHs x=16
\/\/\/\/\/\/\)\CHQ,
[00092] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of the radicals in which Cx isesétd from the group consisting of the alkyl
radicals comprising from 17 to 25 carbon atoms.

[00093] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of the radicals in which Cx isestétd from the group consisting of the alkyl
radicals comprising from 17 to 18 carbon atoms.

[00094] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of the radicals in which Cx isesétd from the group consisting of the alkyl

radicals represented by the formulas below:

*\/\/\/\/\/\/\/\/\CH3 x=17

[00095] In an embodiment, the composition characterizethat the hydrophobic radical
is a radical of formula V in which the radical G@E formula 1V is selected from the group
consisting of the radicals in which Cx is seledi@n the group consisting of the alkyl radicals

comprising from 18 to 25 carbon atoms.
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[00096] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula V in which the reali GpC of formula IV is selected from the
group consisting of the radicals in which Cx isest&d from the group consisting of the alkyl

radicals represented by the formulas below:

*\/\/\/\/\/\/\/\/\/\CH3 X=19

[00097]In an embodiment, the composition is characterineithat said hydrophobic radicals of
formula | are selected from the hydrophobic radiaail formula | in which a =1 and p = 2,

represented by the following formula VI:

“+{GpR )r—GpAA( Gpc)2

Formula VI
in which
GpR, GpA, GpC, r and a have the definitions giveove.
[00098] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpRagadical of formula II.
[00099] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpRagadical of formula Il in which R is a divalent

linear alkyl radical comprising from 2 to 12 carbatoms.

25



[000100] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRagadical of formula Il in which R is a divalent
alkyl radical comprising from 2 to 6 carbon atoms.

[000101] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRagadical of formula Il in which R is a divalent
linear alkyl radical comprising from 2 to 6 carbatoms.

[000102] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRasradical of formula Il in which R is an alkyl
radical comprising from 2 to 4 carbon atoms.

[000103] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRagadical of formula Il in which R is a divalent
linear alkyl radical comprising from 2 to 4 carbatoms.

[000104] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRagadical of formula Il in which R is a divalent
linear alkyl radical comprising 2 carbon atoms.

[000105] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRagadical of formula II'.

[000106] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRagadical of formula II' in which R is a divalent
linear alkyl radical comprising from 1 to 11 carbaoms.

[000107] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRagadical of formula II' in which R is a divalent

alkyl radical comprising from 1 to 6 carbon atoms.
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[000108] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpRasradical of formula Il or II', in which R is a
divalent alkyl radical comprising from 2 to 5 carbatoms and bearing one or more amide
functions (-CONH2).

[000109] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpRasradical of formula Il or II', in which R is a
divalent linear alkyl radical comprising from 2%acarbon atoms and bearing one or more amide
functions (-CONH2).

[000110] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il or II' in which R is a

radical selected from the group consisting of tidigals represented by the formulas below:

* Formula X1
7%
NH,
* * Formula X2
\/\/j/i
O NH,
[000111] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which the amaifunction of the GpR radical involved in the
formation of the amide function which binds saidRGm@dical to the co-polyamino acid is borne
by a carbon in delta or epsilon position (or inipos 4 or 5) with respect to the amide function

(-CONH2).
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[000112] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpRasradical of formula Il or II', in which R is an
unsubstituted linear ether or polyether radical posing from 4 to 14 carbon atoms and from 1
to 5 oxygen atoms.

[000113] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpRasradical of formula Il or II'in which R is an
ether radical.

[000114] In an embodiment, the composition is characterindfiat the ether radical R is a

radical comprising from 4 to 6 carbon atoms.

[000115] In an embodiment, the composition is characterirethat the ether radical is
*/\/O\/\*
[000116] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which GpRasradical of formula Il or II', in which R is a
polyether radical.

[000117] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpRasradical of formula Il or II', in which R is a
linear polyether radical comprising from 6 to 10bzn atoms and from 2 to 3 oxygen atoms.
[000118] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il or II' in which R is a
linear polyether radical selected from the groupststing of the radicals represented by the

formulas below:
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*\/\O /\/O \/\* FOFmUla X3

*\/\/O ~ ~—""0 T~ T Formula X4

*\/\/O\/\O/\/O\/\/* Formula X5

[000119] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il or II' in which R is a
linear polyether radical of formula X3.

[000120] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il or II' in which R is a
linear polyether radical of formula X4.

[000121] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il or II' in which R is a
linear polyether radical of formula X5.

[000122] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il or II' in which R is a
linear polyether radical of formula X6.

[000123]

[000124] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpA of formula Il is selected from the

group consisting of the radicals of formulas [li#) and Ilic represented hereafter:
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o Formula llla
*
e
*)WNH
HN
\*
0 Formula llib
NH
* N«
HN
\*
@) Formula llic
*
*)J\(\N/
H
NH
*
[000125] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which the real GpA of formula Il is a radical of formula

lllb represented hereatfter:

o) Formula Ilib
NH
*)W/ \*
HN
*
[000126] In an embodiment, the composition according toitlrention is characterized in

that the hydrophobic radical is a radical of foreaMl in which the radical GpA of formula Il is

a radical of formula lllc.
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[000127] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpC of formula IV is selected from the

group consisting of the radicals of formulas Vb land IVc represented hereatfter:

)
s o Formula IVa
NH C
iae's
b
o)
* /0 o Formula IVb
N B/NH Cx
b5

o) o] Formula IVc
* Nl N
bo
[000128] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which the real GpC is of formula IVa.

[000129] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpC of formula IV is selected from the
group consisting of the radicals of formula IVa,blNor IVc in which b is equal to O,

corresponding to the formulas IvVd, IVe and IVf,pestively, represented hereafter:
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/O 0 Formula IvVd
A Vg,
N
O O Formula IVe
/4 >\kc
X
N
O O Formula IVf
* e
[000130] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which the real GpC corresponds to formula IV or IVa in
which b=0, and it corresponds to formula Ivd.

[000131] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpC of formula IV is selected from the
group consisting of the radicals in which Cx ises&d from the group consisting of the linear
alkyl radicals comprising from 9 to 15 carbon atoms

[000132] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpC of formula IV is selected from the
group consisting of the radicals in which Cx ises&d from the group consisting of the
branched alkyl radicals comprising from 9 to 15bcer atoms.

[000133] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which the real GpC of formula IV is selected from the
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group consisting of the radicals in which Cx isest&d from the group consisting of the alkyl
radicals comprising 9 or 10 carbon atoms.

[000134] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpC of formula IV is selected from the
group consisting of the radicals in which Cx isest&d from the group consisting of the alkyl
radicals comprising from 11 to 15 carbon atoms.

[000135] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpC of formula IV is selected from the
group consisting of the radicals in which Cx isest&d from the group consisting of the alkyl
radicals comprising from 11 to 13 carbon atoms.

[000136] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpC of formula IV is selected from the
group consisting of the radicals in which Cx ises&td from the group consisting of the radicals

represented by the formulas below:

*\/\/\/\/\ x=9
CHg
*\/\/\/\/\/\ x=11
CHj3
*\/\/\/\/\/\/\CH3 Xx=13
[000137] In an embodiment, the composition is characterizedhat the hydrophobic

radical is a radical of formula VI in which the real GpC of formula IV is selected from the
group consisting of the radicals in which Cx isesétd from the group consisting of the alkyl

radicals comprising 14 or 15 carbon atoms.
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[000138] In an embodiment, the composition is characterizedhat the hydrophobic
radical is a radical of formula VI in which the real GpC of formula IV is selected from the
group consisting of the radicals in which Cx ises&td from the group consisting of the radicals

represented by the formulas below:

*\/\/\/\/\/\/\/\CH3 x=15

[000139] In an embodiment, the composition is characteringtiat the co-polyamino acid

bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of

.
o
he

the following formula VII:

0]

Formula VII

in which,

¢ D represents, independently, either a >Cgtoup (aspartic unit) or a -GHCH,- group
(glutamic unit),

¢ Hy is a hydrophobic radical selected from the bpthobic radicals of formula I, V or
VI, in which r =1 and GpR is a radical of Formiila
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® R, is a hydrophobic radical selected from the hydatph radicals of formula I, V or
VI in whichr =0 orr =1 and GpR is a radical edrmula II', or a radical selected from the
group consisting of H, a C2 to C10 linear acyl groaC3 to C10 branched acyl group, benzyl, a
terminal "amino acid" unit and a pyroglutamate,

® R, is a hydrophobic radical selected from the hydatph radicals of formula I, V or
VI in which r = 1 and GpR is a radical of Formuladr a -NR'R" radical, R' and R" which are
identical or different being selected from the grazonsisting of H, the C2 to C10 linear or
branched or cyclic alkyls, benzyl, and said alkylaRd R" together optionally forming one or
more saturated, unsaturated and/or aromatic canmbogs and/or optionally comprising
heteroatoms selected from the group consisting, ™ énd S;

e X represents H or a cationic entity selected frihve group comprising the metal
cations;

® n + m represents the degree of polymerization D@ co-polyamino acid, that is to

say the average number of monomer units per caapuho acid chain, and$n + m< 250.

[000140] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gearand hydrophobic radicals is selected

from the co-polyamino acids of the following forrawvll:

35



0]

e
ey
e

in which,

¢ D represents, independently, either a Cgtoup (aspartic unit) or a -GHCH,- group
(glutamic unit),

¢ Hy is a hydrophobic radical selected from the bpthobic radicals of formula I, V or
VI, in which r = 1 and GpR is a radical of Formiila

® R; is a hydrophobic radical selected from the hydatph radicals of formula I, V or
VI in whichr =0 orr =1 and GpR is a radical edrmula II', or a radical selected from the
group consisting of H, a C2 to C10 linear acyl groaiC3 to C10 branched acyl group, benzyl, a
terminal "amino acid" unit and a pyroglutamate,

* R, is a hydrophobic radical selected from the hydatpt radicals of formula I, V or
VI in which r = 1 and GpR is a radical of Formuladr a -NR'R" radical, R' and R" which are
identical or different being selected from the graronsisting of H, the C2 to C10 linear or

branched or cyclic alkyls, benzyl, and said alkylaRd R" together optionally forming one or
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more saturated, unsaturated and/or aromatic canmbogs and/or optionally comprising
heteroatoms selected from the group consisting, ™ énd S;

¢ at least one of Por Ryis a hydrophobic radical as defined above,

e X represents H or a cationic entity selected frihv@ group comprising the metal
cations;

® n + m represents the degree of polymerization D@ co-polyamino acid, that is to
say the average number of monomer units per caapuho acid chain, and$n + m< 250.
[000141] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whielt least one of Ror R, is a hydrophobic
radical of formula I, V or VI.
[000142] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whielt least one of Ror R, is a hydrophobic
radical of formula VI.
[000143] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whiel least one of Ror R, is a hydrophobic
radical of formula VI, and Hy is a radical of fortawI, in which r = 1.
[000144] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whiel least one of Ror R, is a hydrophobic

radical of formula VI, in which r = 1, and for Gp& = 0.
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[000145] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whi€ is a hydrophobic radical of formula VI.
[000146] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whiéh is a hydrophobic radical of formula VI
and R is a -NR'R" radical, R' and R" being as definedwah

[000147] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whiéh is a hydrophobic radical of formula VI
and Ris a -NR'R" radical, R" and R" being as definbdwee, and Hy is a radical of formula VI,
in which r = 1.

[000148] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII. In amkodiment, the composition according to
the invention is characterized in that co-polyamiacid bearing carboxylate charges and
hydrophobic radicals is selected from the co-polyanracids of formula VIl in which Ris a
hydrophobic radical of formula VI and,is a -NR'R" radical, R" and R" being as definbd\ee,
and Hy is a radical of formula VI, in which r =dnd for GpC, b = 0.

[000149] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whié® is a hydrophobic radical of formula I, V

or V1.
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[000150] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whi€ is a hydrophobic radical of formula VI.
[000151] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whié® is a hydrophobic radical of formula VI
and R is a -NR'R" radical, R' and R" being as definbd\ee.

[000152] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whié® is a hydrophobic radical of formula VI
and R is a -NR'R" radical, R" and R" being as definbdwee, and Hy is a radical of formula VI,
in which r = 1.

[000153]

[000154] In an embodiment, the composition according toitlvention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whié® is a hydrophobic radical of formula VI
and R is a -NR'R" radical, R" and R" being as definbdwee, and Hy is a radical of formula VI,

in which r =1, and for GpC, b =0.

[000155] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gearand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whidk, and R are a hydrophobic radical of

formula |, V or VI.
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[000156] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whidk, and R are a hydrophobic radical of
formula VI.

[000157] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whidk, and R are a hydrophobic radical of
formula VI, and Hy is a radical of formula VI, inhich r = 1.

[000158] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whidk, and R are a hydrophobic radical of

formula VI, and Hy is a radical of formula VI, inhich r = 1, and for GpC, b= 0.

[000142] In an embodiment, the composition accaydothe invention is characterized in that
the co-polyamino acid bearing carboxylate chargekhgydrophobic radicals is selected from the
co-polyamino acids of formula VII in which,Rs a hydrophobic radical of formula I, V or VI in

which r =1 GpR is of formula II.

[000159] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whié® is a hydrophobic radical of formula VI
in which r =1 and GpR is of formula .

[000160] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
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from the co-polyamino acids of formula VII in whié® is a hydrophobic radical of formula VI
in which r =1, GpR is of formula Il and GpC isfofmula IV in whichb=0,c=0and d = 1.
[000161] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whi€ is a hydrophobic radical of formula VI
in which r =1, GpR is of formula Il and GpC isfofmula IV in whichb =0,c=0,d =1 and x
=13.

[000162] In an embodiment, the composition according toitlrention is characterized in
that, when the co-polyamino acid comprises asgauaits, then the co-polyamino acid can, in

addition, comprise monomer units of formula VIlidéor VIII':

o s 0 Hy

M |

M * I *
\%H \%H

Formula VI Farla VIII'
[0001] In an embodiment, the composition according toitlention is characterized in that the
co-polyamino acid bearing carboxylate charges amidphobic radicals is selected from the co-

polyamino acids of the following formula VII:
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in which,

¢ D represents, independently, either a Ctoup (aspartic unit) or a -GHCH,- group
(glutamic unit),

¢ Hy is a hydrophobic radical selected from the bpthobic radicals of formula I, V or
VI, in which r = 1 and GpR is a radical of Formiila

® R, is a hydrophobic radical selected from the hydatph radicals of formula I, V or
VI in whichr =0 orr =1 and GpR is a radical edrmula II', or a radical selected from the
group consisting of H, a C2 to C10 linear acyl groaC3 to C10 branched acyl group, benzyl, a
terminal "amino acid" unit and a pyroglutamate,

* R, is a hydrophobic radical selected from the hydatpt radicals of formula I, V or
VI in which r = 1 and GpR is a radical of Formuladr a -NR'R" radical, R' and R" which are
identical or different being selected from the graronsisting of H, the C2 to C10 linear or

branched or cyclic alkyls, benzyl, and said alkylaRd R" together optionally forming one or
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more saturated, unsaturated and/or aromatic canmbogs and/or optionally comprising
heteroatoms selected from the group consisting, ™ énd S;

¢ at least one of Por Ryis a hydrophobic radical as defined above,

e X represents a cationic entity selected from ttoeig comprising the alkaline cations;

* n>1 and n + m represents the degree of polymeriz&i® of the co-polyamino acid,
that is to say the average number of monomer peitso-polyamino acid chain, anckt + m
< 250;
[000163] The co-polyamino acid bearing carboxylate chargesat least one hydrophobic
radical of formula | can also be referred to aspotyamino acid" in the present description.
[000164] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in which> 1 and at least one of R1 or R2 is a
hydrophobic radical of formula I, V or VI.
[000165] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whiech> 1 and R1 is a hydrophobic radical of
formula I, V or VI.
[000166] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whiech> 1 and R2 is a hydrophobic radical of
formula I, V or VI.
[000167] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
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from the co-polyamino acids of formula VII in whigh> 1, R1 is a hydrophobic radical of
formula I, V or VI in which r = 0.

[000142] In an embodiment, the composition accaydmthe invention is characterized in that
the co-polyamino acid bearing carboxylate chargeshydrophobic radicals is selected from the
co-polyamino acids of formula VII in which>n1, R2 is a hydrophobic radical of formula I, V or

VIin which r =1 and GpR is of formula .

[000168] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gearand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whigh> 1, R2 is a hydrophobic radical of
formula VI in which r = 1 and GpR is of formula Il.

[000169] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gearand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whigh> 1, R2 is a hydrophobic radical of
formula VI in which r = 1, GpR is of formula Il ar@pC is of formula IV.

[000170] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gearand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whigh> 1, R2 is a hydrophobic radical of
formula VI in which r = 1, GpR is of formula Il ar@pC is of formula IV in whichb =0,¢c =0
andd =1.

[000171] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gearand hydrophobic radicals is selected

from the co-polyamino acids of formula VIl in whigh> 1, R2 is a hydrophobic radical of
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formula VI in which r = 1, GpR is of formula Il ar@pA is of formula IV in which b =0, ¢ =0,
d=1andx =13.

[000172] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula Vllb in which R1 is a hydrophobic radicdlformula VI in which r = 0.

[000173] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIIb in which R1 is a hydrophobic radicdlformula VI in which r = 0, and GpC is of
formula IV.

[000174] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIIb in which R1 is a hydrophobic radicdlformula VI in which r = 0, and GpC is of
formula IV withb=0,c=0and d = 1.

[000175] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIIb in which R1 is a hydrophobic radicdlformula VI in which r = 0, and GpC is of
formula IVwithb=0,c=0,d=1and x = 13.

[000176] "Defined co-polyamino acid" is understood to mearogrolyamino acid bearing
carboxylate charges and at least one hydrophobicalaa co-polyamino acid of formula Vlib.
[000177] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of

formula VII in which n = 0 of the following formulsIib:
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O Formula Vllb

in which m, X, D, R and R have the definitions defined above and at leastRnor R, is a

hydrophobic radical of formula I, V or VI.

[000178] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in which= 0 of formula VIlIb and R1 or R2 is a

hydrophobic radical of formula I, V or V1.

[000179] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIIb in whiat least one of R1 or R2 is a hydrophobic
radical of formula VI.

[000180] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIIb in whidk1 is a hydrophobic radical of formula

V1.
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[000181] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIIb in whi®; is a hydrophobic radical of formula VI
and R is a -NR'R" radical, R' and R" being as definedwab

[000182] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIIb in whi®; is a hydrophobic radical of formula VI
and R is a -NR'R" radical, R' and R" being as definedwah

[000183] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whiéh is a hydrophobic radical of formula VI

in which r =1, and for GpC, b =0 and R a -NR'R" radical, R" and R" are as defined &ov

[000184] In an embodiment, the composition according toitlvention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIIb in whid, is a hydrophobic radical of formula 1,
V or VI.

[000185] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIlb in whidz, is a hydrophobic radical of formula
VI.

[000186] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
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from the co-polyamino acids of formula VII in whié® is a hydrophobic radical of formula VI
and R is a radical selected from the group consistinglpoé C2 to C10 linear acyl group, a C3
to C10 branched acyl group, benzyl, a terminal famnacid” unit and a pyroglutamate.

[000187] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gasrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIIb in whi®; is a hydrophobic radical of formula VI
in which r = 0 and Ris a radical selected from the group consistingl,oh C2 to C10 linear acyl
group, a C3 to C10 branched acyl group, benzylemnihal "amino acid® unit and a
pyroglutamate.

[000188] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula Vllb in whidz, and Hy are hydrophobic radicals of
formula VI in which r = 0, and for GpC, b = 0 and R a radical selected from the group
consisting of H, a C2 to C10 linear acyl group, &6 C10 branched acyl group, benzyl, a
terminal "amino acid" group and a pyroglutamate.

[000189] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whidR, and R are hydrophobic radicals of
formula I, V or VI.

[000190] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whidR and R are hydrophobic radicals of

formula VI.
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[000191] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VIl in whidR and R are hydrophobic radicals of
formula VI, in which r = 1 and GpR of formula IllIf&; and r = 0 for R

[000192] In an embodiment, the composition according toitfrention is characterized in
that the co-polyamino acid bearing carboxylate gésrand hydrophobic radicals is selected
from the co-polyamino acids of formula VII in whid® and R are hydrophobic radicals of
formula VI, GpA =0 and b =0, in which r = 1 ang of formula Il for Rand r = 0 for R
[000193] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIIb in which R is a hydrophobic radical of formula I, V or VIwhichr=0orr=1

and GpR is of formula II'.

[000194] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIIb in which R is a hydrophobic radical of formula I, V or VI which r = 1 and GpR

is of formula I1.

[000195] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIl in which R is a hydrophobic radical, in particular witferl, or Viib in which R1 is

a radical selected from the group consisting of2at€ C10 linear acyl group, a C3 to C10

branched acyl group, benzyl, a terminal "amino 'agrdt and a pyroglutamate.
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[000196] In an embodiment, the composition is characterindtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIl in which Ris a hydrophobic radical, in particular witreril, or VIlb in which R is

a radical selected from the group consisting of2atCC10 linear acyl group or a £to Ci10
branched acyl group.

[000197] In an embodiment, the composition is characterindtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VII in which at least one of,Rr R, is a hydrophobic radical, in particular with>nl,
and at the or VIIb in which the group D is a gredpH2- (aspartic unit).

[000198] In an embodiment, the composition is characteringtiat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIl in which at least one of;Rr Ry is a hydrophobic radical, in particular witkerl, or

VIIb in which the group D is a —GHCH,- group (glutamic acid).

[000199] In an embodiment, the composition is characterimgtiat the ratio i between the
number of hydrophobic radicals and the number ofaghic or aspartic units is from 0.007 to
0.3.

[000200] In an embodiment, the composition is characteringtiat the ratio i between the
number of hydrophobic radicals and the number atfaghic of glutamic or aspartic units is from
0.01to 0.3.

[000201] In an embodiment, the composition is characteringtiat the ratio i between the

number of hydrophobic radicals and the number atiaghic or aspartic units is from 0.03 to 0.3.
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[000202] In an embodiment, the composition is characterimgtiat the ratio i between the
number of hydrophobic radicals and the number atiaghic or aspartic units is from 0.02 to 0.2.
[000203] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI and the raticetviieen the number of hydrophobic radicals
and the number of glutamic or aspartic units istfi@007 to 0.3.

[000204] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI, and the ratlmetween the number of hydrophobic radicals
and the number of glutamic or aspartic units ianfr0.03 to 0.3. In an embodiment, the
composition is characterized in that the hydropbahdical corresponds to formula VI, and the
ratio i between the number of hydrophobic radieadd the number of glutamic or aspartic units
is from 0.05 to 0.2.

[000205] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI and the raticetviieen the number of hydrophobic radicals
and the number of glutamic or aspartic units isf@007 to 0.15.

[000206] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI and the raticetviieen the number of hydrophobic radicals
and the number of glutamic or aspartic units isnffl@01 to 0.1.

[000207] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI and the raticetviieen the number of hydrophobic radicals
and the number of glutamic or aspartic units istfi@02 to 0.08.

[000208] In an embodiment, the composition is characterizedhat the hydrophobic

radical corresponds to formula VI in which the dliCx comprises from 9 to 10 carbon atoms
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and the ratio i between the number of hydrophobiticals and the number of glutamic or
aspartic units is from 0.05 to 0.3.

[000209] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI in which the diCx comprises from 9 to 10 carbon atoms
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.03 to 0.15.

[000210] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI in which the @dliCx comprises from 11 to 12 carbon atoms
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.05 to 0.2.

[000211] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI in which the @dliCx comprises from 11 to 12 carbon atoms
and the ratio i between the number of hydrophobiticals and the number of glutamic or
aspartic units is from 0.03 to 0.2.

[000212] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI in which the @dliCx comprises from 11 to 12 carbon atoms
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.015 to 0.1.

[000213] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI in which the @dliCx comprises from 11 to 12 carbon atoms
and the ratio i between the number of hydrophohiticals and the number of glutamic or

aspartic units is from 0.02 to 0.08.
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[000214] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI in which the @dliCx comprises from 13 to 15 carbon atoms
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.03 to 0.15.

[000215] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI in which the @dliCx comprises from 13 to 15 carbon atoms
and the ratio i between the number of hydrophohiticals and the number of glutamic or

aspartic units is from 0.01 to 0.1.

[000216] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula VI in which the cadiCx comprises from 13 to 15 carbon
atoms, and the ratio i between the number of hyybe radicals and the number of glutamic or
aspartic units is from 0.01 to 0.06.

[000217] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V, and the ratieiween the number of hydrophobic radicals
and the number of glutamic or aspartic units istfi@007 to 0.3.

[000218] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V, and the ratieiween the number of hydrophobic radicals
and the number of glutamic or aspartic units isnffl@01 to 0.3.

[000219] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V, and the ratieiween the number of hydrophobic radicals

and the number of glutamic or aspartic units isnf@05 to 0.3.
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[000220] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V, and the ratieiween the number of hydrophobic radicals
and the number of glutamic or aspartic units isnfi@ 1 to 0.3.

[000221] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V, and the ratieiween the number of hydrophobic radicals
and the number of glutamic or aspartic units isnffl@015 to 0.2.

[000222] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the rafli€x comprises from 11 to 14 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.1 to 0.3.

[000223] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the radli€x comprises from 11 to 14 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.1 to 0.2.

[000224] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the rafli€x comprises from 15 to 16 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.04 to 0.2.

[000225] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the radli€x comprises from 15 to 16 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or

aspartic units is from 0.06 to 0.2.
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[000226] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the radli€x comprises from 15 to 16 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.04 to 0.15.

[000227] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the rafli€x comprises from 17 to 18 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.02 to 0.2.

[000228] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the rafli€x comprises from 17 to 18 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.02 to 0.15.

[000229] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the radli€x comprises from 17 to 18 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.02 to 0.06.

[000230] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the rafli€x comprises from 19 to 25 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.01 to 0.1.

[000231] In an embodiment, the composition is characterizedhat the hydrophobic

radical corresponds to formula V in which the rafli€x comprises from 19 to 25 carbon atoms,
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and the ratio i between the number of hydrophobiticals and the number of glutamic or
aspartic units is from 0.01 to 0.06.

[000232] In an embodiment, the composition is characterizedhat the hydrophobic
radical corresponds to formula V in which the rafli€x comprises from 19 to 25 carbon atoms,
and the ratio i between the number of hydrophohiticals and the number of glutamic or
aspartic units is from 0.01 to 0.05.

[000233] In an embodiment, the composition according toitlention is characterized in
that n + mis from 10 to 250.

[000234] In an embodiment, the composition according toitlention is characterized in
that n + mis from 10 to 200.

[000235] In an embodiment, the composition according toitlention is characterized in
that n + mis from 10 to 100.

[000236] In an embodiment, the composition according toitlention is characterized in
that n + mis from 10 to 50.

[000237] In an embodiment, the composition according toitlention is characterized in
that n + mis from 15 to 150.

[000238] In an embodiment, the composition according toitlention is characterized in
that n + mis from 15 to 100.

[000239] In an embodiment, the composition according toitlention is characterized in
that n + mis from 15 to 80.

[000240] In an embodiment, the composition according toitlention is characterized in

that n + m is from 15 to 65.
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[000241] In an embodiment, the composition according toitlention is characterized in
that n + mis from 20 to 60.

[000242] In an embodiment, the composition according toitlention is characterized in
that n + mis from 20 to 50.

[000243] In an embodiment, the composition according toitfrention is characterized in
that n + mis from 20 to 40.

[000244] The invention also relates to said co-polyaminal &&aring carboxylate charges
and hydrophobic radicals of formula | and the preots of said hydrophobic radicals.

[000245] The co-polyamino acid bearing carboxylate charges leydrophobic radicals of
formula | are soluble in distilled water at a plorfr 6 to 8, at a temperature of 25 °C, and at a
concentration of less than 100 mg/mL.

[000246] In an embodiment, the invention also relates tgptieeursors of said hydrophobic

radicals of formula I', V' and VI"

H—EGpR ﬁGpA)j GpC)p formula I

HprR)r—éGpAt GpC formula V'

HprR )—GpA% GpC)2 formula VI
r

GpR, GpA, GpC, r, a, p have the definitions givbo\e.
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[000247]

[000248] The invention moreover relates to a method for @negy stable injectable
compositions.

[000249] "Soluble” is understood to mean capable of enabdegpreparation of a clear,
particle-free solution at a concentration of ldemt100 mg/mL in distilled water at 25 °C.
[000250] "Solution” is understood to mean a liquid compositiree of visible particles,
using the procedure according to the pharmacop&#a®.0, under point 2.9.20, and US <790>.
[000251] "Physically stable composition” is understood tceameompositions which, after
a certain storage time at a certain temperaturd theecriteria of visual inspection described in
the European, American and international pharmagiagothat is to say compositions which are
clear and contain no visible particles, and are atdorless.

[000252] "Chemically stable composition” is understood tcameompositions which after
a certain storage time at a certain temperaturesept a minimum recovery of the active
ingredients and are in compliance with the speatifoms applicable to the pharmaceutical
products.

[000253] A conventional method for measuring the stabilitidshe proteins or peptides
consists in measuring the formation of fibrils witre aid of Thioflavin T, also referred to as
ThT. This method makes it possible, under tempegaaund stirring conditions that enable an
acceleration of the phenomenon, to measure thdinag before the formation of fibrils by
measuring the increase in fluorescence. The compasiaccording to the invention have a lag
time before the formation of fibrils which is clgagreater than the lag time of the glucagon at

the pH of interest.
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[000254] "Injectable aqueous solution” is understood to m&ater-based solutions which
meet the conditions of the EP and US pharmacopoaras which are sufficiently liquid to be
injected.

[000255] "Co-polyamino acid consisting of glutamic or aspannits" is understood to
mean noncyclic linear chains of glutamic acid goaac acid units bound together by peptide
bonds, said chains having a C-terminal part comeging to the carboxylic acid of one end and

an N-terminal part corresponding to the amine efdther end of the chain.

[000256] "Alkyl radical" is understood to mean a linear aafiched carbon chain which
comprises no heteroatom.
[000257] The co-polyamino acid is a statistical or blockpmyamino acid.
[000258] The co-polyamino acid is a statistical co-polyamimad in the chain of the
glutamic and/or aspartic units.
[000259] In the formulas, the * indicate the sites of attaeht of the different elements
represented.
[000260] In formulas I, V and VI, the * indicate the siteaitachment of the hydrophobic
radicals to the co-polyamino acid. The radicalsary attached to the polyamino acid via amide
functions.
[000261] In formulas Il and II', the * indicate, from lefo tright, respectively, the sites of
attachment of GpR:

- to the co-polyamino acid and

-tothe GpAifa=1,orto GPCifa=0.
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[000262] In formulas IIl and 1lI', the * indicate, from lefb right, respectively, the sites of
attachment of GpA:
-to GpR if r = 1, or to the co-polyamino acid #10, and
- to GpC.
[000263] In formula 1V, the * indicates the site of attachmhef GpC:
-toGpAifa=1,GpRifr=1and a =0, or tetbo-polyamino acid ifr=0 and a = 0.
[000264] All the attachments between the different groupRGBpA and GpC are amide
functions.
[000265] The radicals Hy, GpR, GpA, GpC, and D are eachpeddently identical or
different from one monomer unit to the next.
[000266] When the co-polyamino acid comprises one or mgparéis unit(s), it (they) can
undergo structural rearrangements.
[000267] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acids obtained moreover casapnonomer units of formula VIII and/or

VIII':
o) OX o Hy
o) o)
N * .
\h \H
Formula VIII Formula VI
[000268] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula I in which, r = 1, a0z p = 1, GpR corresponds to formula Il in
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which R is -CH-CH2-, GpC corresponds to formula 1Vd in which x = 1BdaCx is
*\/\/\/\/\/\/\/\0H3,
[000269] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula I in which, r = 1, a0 p = 1, GpR corresponds to formula Il in

which R is -CH2-CH2-, GpC corresponds to formuladIV¥h which x = 16 and Cx is

CHy
\/\/\/\/\/\/\)\CH3'
[000270] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula | in which r = 1, a0 p = 1, GpR corresponds to formula Il in

* (0]
which R is ~~""0"">"">""> Guc corresponds to formula IVd in which x = 15

*

and Cx is CHs,
[000271] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula | in which r = 1, a0z p = 1, GpR corresponds to formula Il in

* (@) O *
which R s~ O S0 TN

, GpC corresponds to formula Ivd

*

in which x = 15 and Cx is CHs,
[000272] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula | in which r = 1, a0z p = 1, GpR corresponds to formula Il in

* *

=
which R is 0 NHZ, GpC corresponds to formula IVd in which x = 181X is

*
\/\/\/\/\/\/\/\CH3

61



[000273] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula | in which r = 1, a0 p = 1, GpR corresponds to formula Il in

* (0]
which R is ™0~ Guc corresponds to formula IVd in which x = 17

N~ T~ e L T T
and Cx is CH3.

[000274] In an embodiment, the at least one hydrophobiccahdif formula | is selected

from the radicals of formula | in which r = 1, a0z p = 1, GpR corresponds to formula Il in

* (@] o *
which Ris " " NN , GpC corresponds to formula Ivd

*

in which x =19 and Cx is CHs,

[000275] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula | in which r = 1, a0z p = 1, GpR corresponds to formula Il in

HsC
which R is -CH2-CH2-, GpC corresponds to formula i whichb =1, B is CHa , X =

-*\/\/\/\/\/\/\/\
15 and Cx is CHs,

[000276] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula | in which r = 1, a0z p = 1, GpR corresponds to formula Il in

* *

which R is -CH-CH2-, GpC corresponds to formula IVa in which b = 1isB , X

/\/\/\/\/\/CH3
=11 and Cx is )
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[000277] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula | in which r = 1, a0 p = 1, GpR corresponds to formula Il in

* @] o *
which R is " " ~ o NN , GpC corresponds to formula IVf

*

in which x = 19 and Cx is CHs,
[000278] In an embodiment, the at least one hydrophobiccehdif formula | is selected
from the radicals of formula | in which r = 1, a0z p = 1, GpR corresponds to formula Il in

which R is -CH2-CH2-, GpC corresponds to formulad IV which x = 13 and Cx is

/\/\/\/\/\/\/CH3

[000279] In an embodiment, the at least one hydrophobiccehdif formula | is selected
from the radicals of formula | in which r = 1, alsz p = 2, GpR corresponds to formula Il in

which R is -CH-CH2-, GpA corresponds to formula lllb, GpC correspotm$ormula IVd in

/\/\/\/\/CHe.
which x =9 and Cx i$ )

[000280] In an embodiment, the at least one hydrophobiccehdif formula | is selected
from the radicals of formula | in which r = 1, alz p = 2, GpR corresponds to formula Il in

which R is -CH-CH2-, GpA corresponds to formula lllb, GpC correspotm$ormula IVd in

/\/\/\/\/\/CH3
which x =11 and Cx i$ .

[000281] In an embodiment, the at least one hydrophobiccehdif formula | is selected
from the radicals of formula | in which r = 1, alsz p = 2, GpR corresponds to formula Il in

which R is -CH2-CH2-, GpA corresponds to formullp lIGpC corresponds to formula 1Vd in

/\/\/\/\/\/\/CHa
which x = 13 and Cx i$
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[000282] In an embodiment, the at least one hydrophobiccehdif formula | is selected

from the radicals of formula | in which r = 1, alsz p = 2, GpR corresponds to formula Il in

* (@] o *
which R is > " NN , GpA corresponds to formula

lllb, GpC corresponds to formula Ivd in which x =31and Cx is

/\/\/\/\/\/\/CH3

[000283] In an embodiment, the at least one hydrophobiccehdif formula | is selected
from the radicals of formula | in which r = 1, alsz p = 2, GpR corresponds to formula Il in

which R is -CH2-CH2, GpA corresponds to formuld]IGpC corresponds to formula 1Vd in

*

which x = 15 and Cx is CHs,
[000284] In an embodiment, the at least one hydrophobiccehdif formula | is selected
from the radicals of formula | in which r = 1, alsz p = 2, GpR corresponds to formula Il in

which R is -CH2-CH2, GpA corresponds to formulaJIGpC corresponds to formula 1Vd in

/\/\/\/\/\/\/CHa
which x = 13 and Cx i$

[000285] In an embodiment, the at least one hydrophobiccehdif formula | is selected
from the radicals of formula | in which r = 1, alsz p = 2, GpR corresponds to formula Il in

which R is —(CH)6, GpA corresponds to formula lllb, GpC correspomaldormula 1Vd in

*

which x = 15 and Cx is CHg,
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[000286] The values of the degree of polymerization DP anchito i are estimated byH
NMR in D20 by comparing the integration of the signals owging from the hydrophobic
groups with the integration of the signals origingtfrom the main chain of the co-polyamino
acid.

[000287] In an embodiment, the co-polyamino acid bearingb@eylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 25 +/- 5,
0.033< i < 0.05, and the hydrophobic radical of formula Isslected from the radicals of
formula | in whichr=1,a =0, p =1, GpR corresds to formula Il in which R is -CHCH2-,

GpC corresponds to formula Ivd in which x = 15 andCx is

*
\/\/\/\/\/\/\/\CH3

[000288] In an embodiment, the co-polyamino acid bearingba@eylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 30 +/- 5,
0.028< i < 0.04, and the at least one hydrophobic radicdloohula | is selected from the

radicals of formula | in whichr =1, a =0, p =GpR corresponds to formula Il in which R is

* (0]
o \/\*, GpC corresponds to formula IVd in which x = 1HaBx is

*
\/\/\/\/\/\/\/\/\CH3

[000289] In an embodiment, the co-polyamino acid bearingba@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or Vb, in which DP = 45 +/- 10,
0.018< i < 0.028, and the at least one hydrophobic radicdbohula | is selected from the

radicals of formula | in whichr =1, a =0, p =GpR corresponds to formula Il in which R is

* (0]
R T GpC corresponds to formula IVd in which x = 1HaDx is

*
\/\/\/\/\/\/\/\/\CHa_
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[000290] In an embodiment, the co-polyamino acid bearingb@eylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or Vb, in which DP = 60 +/- 10,
0.014< i < 0.02, and the at least one hydrophobic radicdloohula | is selected from the

radicals of formula | in whichr =1, a = 0, p =GpR corresponds to formula Il in which R is

* (0]
"0 T GiC corresponds to formula IVd in which x = 100X is

*
\/\/\/\/\/\/\/\/\CHa.

In an embodiment, the co-polyamino acid bearingp@eaylate charges and hydrophobic radicals
is a co-polyamino acid of formula VIl or Vlib, inich DP = 25 +/- 5, 0.038 i < 0.05, and the
hydrophobic radical of formula | is selected frame tradicals of formula linwhichr=1,a=0, p

= 1, GpR corresponds to formula Il in which R IS

S N Ve e e ’

, GpC corresponds to formula IvVd in which x

B G e \a G
=19 and Cx is CHs,

[000291] In an embodiment, the co-polyamino acid bearingb@eylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 25 +/- 5,
0.025< i < 0.07, and the at least one hydrophobic radicdloohula | is selected from the

radicals of formula | in whichr =1, a =0, p =GpR corresponds to formula Il in which R is

* (0]
S~ o T T GpC corresponds to formula IVd in which x = 19aBx is

*
\/\/\/\/\/\/\/\/\/\CH3

[000292] In an embodiment, the co-polyamino acid bearingb@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 27 +/- 5,
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0.031< i < 0.045, and the at least one hydrophobic radicdbohfula | is selected from the
radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is -

CH2-CH2-, GpA corresponds to formula lllb, GpC correspotw$ormula IVd in which x = 11

/\/\/\/\/\/CH3
and Cx is* )

[000293] In an embodiment, the co-polyamino acid bearingb@eylate charges and
hydrophobic radicals is a co-polyamino acid of fataaVIl or Vlib, in which DP = 22 +/- 5,

0.037< i < 0.055, and the at least one hydrophobic radicdbofula | is selected from the
radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is -

CH2-CH2-, GpA corresponds to formula lllb, GpC esponds to formula IVd in which x = 13

/\/\/\/\/\/\/CH3
and Cx is* .

[000294] In an embodiment, the co-polyamino acid bearingba@eylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 22 +/- 5,
0.037< i < 0.055, and the at least one hydrophobic radicdbohula | is selected from the

radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is

* (@) O *
SN TN N TN NN , GpA corresponds to formula lllb, GpC

corresponds to formula Ivd in which X = 13 and Cx s i
/\/\/\/\/\/\/CH3
[000295] In an embodiment, the co-polyamino acid bearingba@eylate charges and

hydrophobic radicals is a co-polyamino acid of fatanVIl or Vb, in which DP = 60 +/- 10,

0.014< i < 0.02, and the at least one hydrophobic radicdloohula | is selected from the
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radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is -

CH2-CH2-, GpA corresponds to formula lllb, GpC correspotw$ormula IvVd in which x = 13

/\/\/\/\/\/\/CH3
and Cx is* .

[000296] In an embodiment, the co-polyamino acid bearingb@eylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 40 +/- 5,

0.022< i < 0.029, and the at least one hydrophobic radicdbofula | is selected from the
radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is -

CH2-CH2-, GpA corresponds to formula Illb, GpC esponds to formula IVd in which x = 13

/\/\/\/\/\/\/CH3
and Cx is* .

[000297] In an embodiment, the co-polyamino acid bearingba@eylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 25 +/- 5,

0.02<i<0.06, and the at least one hydrophobic radic&mhula | is selected from the radicals
of formula I in whichr =1, a=1, p = 2, GpR asponds to formula Il in which R is -CH2-

CH2-, GpA corresponds to formula Illb, GpC corrasg® to formula IVd in which x = 13 and

/\/\/\/\/\/\/CH3
Cxis ™ :
[000298] In an embodiment, the co-polyamino acid bearingb@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fataaVIl or Vlib, in which DP = 17 +/- 4,

0.04<1<0.1, and the at least one hydrophobic radicabohtila | is selected from the radicals

of formula I in whichr =1, a=1, p = 2, GpR asponds to formula Il in which R is -CH2-
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CH2-, GpA corresponds to formula Illb, GpC corrasg® to formula 1Vd in which x = 13 and

/\/\/\/\/\/\/CH3
Cxis* :

[000299] In an embodiment, the co-polyamino acid bearingba@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIib, in which DP =9 +/- 2, 0.09
<1< 0.2, and the at least one hydrophobic radicabohtila | is selected from the radicals of
formula l in whichr=1,a=1, p =2, GpR corresgs to formula Il in which R is -CH2-CH2-,

GpA corresponds to formula Illb, GpC correspondgotonula 1Vd in which x = 13 and Cx is

/\/\/\/\/\/\/CH3

[000300] In an embodiment, the co-polyamino acid bearingb@eylate charges and
hydrophobic radicals is a co-polyamino acid of fataaVIl or Vlib, in which DP = 20 +/- 5,

0.04<1i1<0.08, and the at least one hydrophobic radic&mfiula | is selected from the radicals
of formula I in whichr =1, a=1, p = 2, GpR asponds to formula Il in which R is -CH2-

CH2-, GpA corresponds to formula Illb, GpC corrasg® to formula 1Vd in which x = 13 and

/\/\/\/\/\/\/CH3
Cxis” .

[000301] In an embodiment, the co-polyamino acid bearingba@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 23 +/- 5,

0.035< i < 0.08, and the at least one hydrophobic radicdloohula | is selected from the
radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is -

CH2-CH2-, GpA corresponds to formula Illb, GpC esponds to formula IVd in which x = 15

[000302] In an embodiment, the co-polyamino acid bearingba@eylate charges and

hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 20 +/- 5,
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0.04<1i<0.08, and the at least one hydrophobic radic&mwfiula | is selected from the radicals
of formula I in whichr =1, a=1, p = 2, GpR asponds to formula Il in which R is -CH2-

CH2-, GpA corresponds to formula llic, GpC corres® to formula IVd in which x = 13 and

/\/\/\/\/\/\/CH3
Cxis”

[000303] In an embodiment, the co-polyamino acid bearingba@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 20 +/- 5,

0.04<1<0.08, and Hy, as well as R1 and/or R2, is a hylivbjr radical of formula | selected
from the radicals of formula | in which r = 1, alszp = 2, GpR corresponds to formula Il in

which R is -CH2-CH2-, GpA corresponds to formuldp lIGpC corresponds to formula 1Vd in

/\/\/\/\/\/\/CHB
which x = 13 and Cx i3

[000304] In an embodiment, the co-polyamino acid bearingob@eylate charges and
hydrophobic radicals is a co-polyamino acid of fataaVIl or Vlib, in which DP = 20 +/- 5,

0.04<1i<0.08, and the at least one hydrophobic radic&mfiula | is selected from the radicals
of formula I in whichr =0, a =1, p = 2, GpR asponds to formula Il in which R is -CH2-

CH2-, GpA corresponds to formula Illb, GpC corrasg® to formula IVd in which x = 13 and

/\/\/\/\/\/\/CH3
Cxis” .

[000305] In an embodiment, the co-polyamino acid bearingba@eylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 20 +/- 5,

0.08<i < 0.20, and R1 is a hydrophobic radical of formulaelected from the radicals of
formula I in whichr =0, a=1, p = 2, GpR corresgs to formula Il in which R is -CH2-CH2-,

GpA corresponds to formula Illb, GpC correspondgotonula 1Vd in which x = 13 and Cx is
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/\/\/\/\/\/\/CH3
* and R2 a hydrophobic

radical of formula | is selected from the radicafdormula | in whichr=1,a=1, p = 2, GpR

corresponds to formula Il in which R is -CH2-CH®pA corresponds to formula lllb, GpC

corresponds to formula IvVd in which X = 13 and Cx s i
/\/\/\/\/\/\/CH3
[000306] In an embodiment, the co-polyamino acid bearingob@eylate charges and

hydrophobic radicals is a co-polyamino acid of fatanVIl or VIIb, in which DP = 25 +/- 5,
0.035< i < 0.08, and the at least one hydrophobic radicdloohula | is selected from the
radicals of formula | in whichr =1, a=1, p =@pR corresponds to formula Il in which R is —

(CH2)6, GpA corresponds to formula lllb, GpC cop@sds to formula IVd in which x = 14 and

/\/\/\/\/\/\/CH3
Cxis” .

[000307] In an embodiment, the composition according toitrention is characterized in
that the co-polyamino acid originates from a polyaracid obtained by polymerization.
[000308] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid originates from a polysnacid obtained by ring-opening
polymerization of a glutamic acid N-carboxyanhyeriderivative or an aspartic acid N-
carboxyanhydride derivative.

[000309] In an embodiment, the composition according toitlrention is characterized in
that the co-polyamino acid originates from a polyamacid obtained by polymerization of a
glutamic acid N-carboxyanhydride derivative or af aspartic acid N-carboxyanhydride

derivative described in the review article Adv. ol Sci. 2006, 202, 1-18 (Deming, T.J.).

71



[000310] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid originates from a polyamacid obtained by polymerization of a
glutamic acid N-carboxyanhydride derivative.

[000311] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid originates from a polyamacid obtained by polymerization of a
glutamic acid N-carboxyanhydride derivative seldcteom the group consisting of methyl
glutamate N-carboxyanhydride (GluOMe-NCA), benzylutgmate N-carboxyanhydride
(GluOBzI-NCA), and t-butyl glutamate N-carboxyanhge (GluOtBu-NCA).

[000312] In an embodiment, the glutamic acid N-carboxyaniadderivative is methyl L-
glutamate N-carboxyanhydride (L-GluOMe-NCA).

[000313] In an embodiment, the glutamic acid N-carboxyanitg@derivative is benzyl L-
glutamate N-carboxyanhydride (L-GluOBzI-NCA).

[000314] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid originates from a polyamacid obtained by polymerization of a
glutamic acid N-carboxyanhydride derivative or af aspartic acid N-carboxyanhydride
derivative , using as initiator an organometalbenplex of a transition metal, as described in the
publication Nature 1997, 390, 386-389 (Deming,)T.J.

[000315] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid originates from a polyamacid obtained by polymerization of a
glutamic acid N-carboxyanhydride derivative or ah aspartic acid N-carboxyanhydride
derivative, using, as initiator, ammonia or a pmynamine as described in the patent FR

2,801,226 (Touraud, F. et al.) and the referenited m this patent.

72



[000316] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid originates from a polyamacid obtained by polymerization of a
glutamic acid N-carboxyanhydride derivative or ah aspartic acid N-carboxyanhydride
derivative, using as initiator hexamethyldisilazaa® described in the publication J. Am. Chem.
Soc. 2007, 129, 14114-14115 (Lu H. et al.) or @atkd amine as described in the publication J.
Am. Chem. Soc. 2008, 130, 12562-12563 (Lu H. &t al.

[000317] In an embodiment, the composition according toitlention is characterized in
that the method for synthetizing the polyamino addained by polymerization of a glutamic
acid N-carboxyanhydride derivative or an asparta aN-carboxyanhydride derivative from
which the co-polyamino acid originates comprisase@ of hydrolysis of ester functions.
[000318] In an embodiment, this step of hydrolysis of edterctions can consist of a
hydrolysis in an acidic medium or a hydrolysis madkaline medium or it can be carried out by
hydrogenation.

[000319] In an embodiment, this step of hydrolysis of egperups is a hydrolysis in an

acidic medium.

[000320] In an embodiment, this step of hydrolysis of esiesups is carried out by
hydrogenation.
[000321] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid originates from a polyeracid obtained by depolymerization of a
polyamino acid of higher molecular weight.

[000322] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid originates from a polyam acid obtained by enzymatic

depolymerization of a polyamino acid of higher noollar weight.
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[000323] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid originates from a polysn acid obtained by chemical

depolymerization of a polyamino acid of higher noollar weight.

[000324] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid originates from a polyamacid obtained by enzymatic and
chemical depolymerization of a polyamino acid ajtt@r molecular weight.

[000325] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid originates from a polysracid obtained by depolymerization of a
polyamino acid of higher molecular weight selecfedim the group consisting of sodium
polyglutamate and sodium polyaspartate.

[000326] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid originates from a polysracid obtained by depolymerization of a
sodium polyglutamate of higher molecular weight.

[000327] In an embodiment, the composition according toitlvention is characterized in

that the co-polyamino acid originates from a polysracid obtained by depolymerization of a
sodium polyaspartate of higher molecular weight.

[000328] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid is obtained by graftmmgydrophobic group onto a poly-L-glutamic
acid or poly-L-aspartic acid using the methodsfétmming amide bonds, which are well known
to the person skilled in the art.

[000329] In an embodiment, the composition according toitlention is characterized in

that the co-polyamino acid is obtained by graftmiga hydrophobic group onto a poly-L-
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glutamic acid or poly-L-aspartic acid using the hoels for forming amide bonds, used for
peptide synthesis.

[000330] In an embodiment, the composition according toitlention is characterized in
that the co-polyamino acid is obtained by graftimiga hydrophobic group onto a poly-L-
glutamic acid or poly-L-aspartic acid as describvethe patent FR 2,840,614 (Chan, Y.P.; et al.).
[000331] In an embodiment, the concentration of co-polyamacal bearing carboxylate
charges and hydrophobic radicals is at most 40 iing/m

[000332] In an embodiment, the concentration of co-polyamaca bearing carboxylate
charges and hydrophobic radicals is at most 30 iing/m

[000333] In an embodiment, the concentration of co-polyamacal bearing carboxylate
charges and hydrophobic radicals is at most 20 iing/m

[000334] In an embodiment, the concentration of co-polyamacal bearing carboxylate
charges and hydrophobic radicals is at most 10 ing/m

[000335] In an embodiment, the concentration of co-polyamaca bearing carboxylate
charges and hydrophobic radicals is at most 5 mg/mL

[000336] In an embodiment, the concentration of co-polyamaca bearing carboxylate
charges and hydrophobic radicals is at most 2.%ng/

[000337] In an embodiment, the concentration of co-polyamaca bearing carboxylate
charges and hydrophobic radicals is at most 1 mg/mL

[000338] In an embodiment, the concentration of co-polyamaca bearing carboxylate
charges and hydrophobic radicals is at most 0.5ing/

[000339] In an embodiment, the weight ratio of co-polyamexid bearing carboxylate

charges and hydrophobic radicals over glucagorois fL.5 to 25.
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[000340] In an embodiment, the weight ratio of co-polyamextid bearing carboxylate
charges and hydrophobic radicals over glucagoroia £ to 20.

[000341] In an embodiment, the weight ratio of co-polyamexid bearing carboxylate
charges and hydrophobic radicals over glucagorois 2.5 to 15.

[000342] In an embodiment, the weight ratio of co-polyamexid bearing carboxylate
charges and hydrophobic radicals over glucagoroia £ to 10.

[000343] In an embodiment, the weight ratio of co-polyamenxid bearing carboxylate
charges and hydrophobic radicals over glucagorois £ to 7.

[000344] Human glucagon is used at doses that vary dependiige applications.

[000345] In the emergency treatment of hypoglycemia, themenended dosage is 1 mg
by the intramuscular or intravenous route (0.5 mipe body weight is less than 25 kg). This
administration is carried out with a solution ohfan glucagon at the concentration of 1 mg/mL.
[000346] In pumps, the daily dose considered is approximaéd mg; thus the solutions
can comprise from 0.25 mg/mL to 5 mg/mL of humaicggon.

[000347] In an embodiment, the solutions can comprise frofnrBg/mL to 3 mg/mL of
human glucagon.

[000348] In the treatment of obesity, the daily dose correidés approximately 0.5 mg, the

solutions thus can comprise from 0.25 mg/mL to 3migof human glucagon.

[000349] In an embodiment, the concentration of human glacag from 0.25 to 5 mg/mL.
[000350] In an embodiment, the concentration of human glonag from 0. 5 to 4 mg/mL.
[000351] In an embodiment, the concentration of human glacag from 0.75 to 3 mg/mL.
[000352] In an embodiment, the concentration of human glocaig from 0.75 to 2.5
mg/mL.
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[000353] In an embodiment, the concentration of human glacag from 0.75 to 2 mg/mL.

[000354] In an embodiment, the concentration of human glonag from 1 to 2 mg/mL.
[000355] In an embodiment, the molar ratio [hydrophobic calilhuman glucagon] is less
than 20.

[000356] In an embodiment, the molar ratio [hydrophobic calilhuman glucagon] is less
than 15.

[000357] In an embodiment, the molar ratio [hydrophobic calilhuman glucagon] is less
than 10.

[000358] In an embodiment, the molar ratio [hydrophobic calilhuman glucagon] is less
than 5.

[000359] In an embodiment, the molar ratio [hydrophobic calilhuman glucagon] is less
than 2.5.

[000360] In an embodiment, the molar ratio [hydrophobic calilhuman glucagon] is less
than 1.5.

[000361] In an embodiment, the molar ratio [co-polyaminodadiearing carboxylate

charges and hydrophobic radicals Hy]/[human gluohgoless than 20.
[000362] In an embodiment, the molar ratio [co-polyaminodadiearing carboxylate
charges and hydrophobic radicals Hy]/[human gluohgoless than 15.
[000363] In an embodiment, the molar ratio [co-polyaminodatiearing carboxylate
charges and hydrophobic radicals Hy]/[human gluohgoless than 10.
[000364] In an embodiment, the molar ratio [co-polyaminodadiearing carboxylate

charges and hydrophobic radicals Hy]/[human gluohgoless than 5.
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[000365] In an embodiment, the molar ratio [co-polyaminodadiearing carboxylate
charges and hydrophobic radicals Hy]/[human gluohgoless than 2.5.

[000366] In an embodiment, the molar ratio [co-polyaminodadiearing carboxylate
charges and hydrophobic radicals Hy]/[human gluohgoless than 1.5.

[000367] Human glucagon is a highly preserved polypeptidemtsing a simple chain of
29 amino acid residues having the following seqaehHis-Ser-GIn-Gly-Thr-Phe-Thr-Ser-
Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-Asphe-Val-GIn-Trp-Leu-Met-Asn-Thr-
OH.

[000368] It can be obtained in different manners, by recaorabi peptide synthesis.
[000369] Human glucagon is available from numerous sourEes.example, the human
glucagon produced by Bachem via peptide synthesavailable, in particular under reference

407473.

[000370] In an embodiment, the composition comprises, inteohd a nicotinic compound

or one of the derivatives thereof.

[000371] In an embodiment, the composition comprises nientiide.

[000372] In an embodiment, the concentration of nicotinanateges from 10 to 160 mM.
[000373] In an embodiment, the concentration of nicotinamateyes from 20 to 150 mM.
[000374] In an embodiment, the concentration of nicotinamateyes from 40 to 120 mM.
[000375] In an embodiment, the concentration of nicotinamateyes from 60 to 100 mM.
[000376] In an embodiment, the composition comprises, initeohd a polyanionic
compound.

[000377] In an embodiment, the polyanionic compound is setecfrom the group

consisting of the carboxylic polyacids and the N&', C&* or Mg?* salts thereof.
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[000378] In an embodiment, the carboxylic acid is selecteanfthe group consisting of
citric acid, tartaric acid and the N&*, C&* or M¢”* salts thereof.

[000379] In an embodiment, the polyanionic compound is $etecfrom the group
consisting of the phosphoric polyacids and thé, K4, C&* or Mg?* salts thereof.

[000380] In an embodiment, the phosphoric polyacid is trggimte and the NaK*, C&*
or Mg®* salts thereof.

[000381] In an embodiment, the polyanionic compound iscigid and the NaK*, C&*
or Mg®* salts thereof.

[000382] In an embodiment, the polyanionic compound is tartacid and the Na K”,
Ccd* or Mg salts thereof.

[000383] In an embodiment, the polyanionic compound is waphoric acid and the Na

K*, C&* or Mg salts thereof.

[000384] In an embodiment, the concentration of polyaniawompound is from 1 to 20
mM.

[000385] In an embodiment, the concentration of polyania@wompound is from 2 to 15
mM.

[000386] In an embodiment, the concentration of polyania@ompound is from 3 to 12
mM.

[000387] In an embodiment, the concentration of polyani@maimpound is 10 mM.
[000388] In an embodiment, the concentration of polyani@oimpound is 5 mM.

[000389] In an embodiment, the concentration of polyaniotwenpound is 10 mM for

concentrations of glucagon from 0.5 mg/mL to 3 mig/m
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[000390] In an embodiment, the concentration of polyaniotwenpound is 10 mM for
concentrations of glucagon from 0.5 mg/mL to 2 mig/m

[000391] In an embodiment, the concentration of polyaniocwenpound is 10 mM for
concentrations of glucagon from 1 mg/mL to 2 mg/mL.

[000392] In an embodiment, the concentration of polyaniocoenpound is 5 mM for
concentrations of glucagon from 0.5 mg/mL to 3 mig/m

[000393] In an embodiment, the concentration of polyaniocoenpound is 5 mM for
concentrations of glucagon from 0.5 mg/mL to 2 mig/m

[000394] In an embodiment, the concentration of polyaniooaenpound is 5 mM for
concentrations of glucagon from 1 mg/mL to 2 mg/mL.

[000395] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*
salts thereof is from 1 to 20 mM.

[000396] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*
salts thereof is from 2 to 15 mM.

[000397] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*
salts thereof is from 3 to 12 mM.

[000398] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*
salts thereof is 10 mM.

[000399] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*
salts thereof is 5 mM.

[000400] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*

salts thereof is 10 mM for concentrations of glagom 0.5 mg/mL to 3 mg/mL.
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[000401] In an embodiment, the concentration of citric amidl the N& K*, C&£*" or Mg?*
salts thereof is 10 mM for concentrations of glwagom 0.5 mg/mL to 2 mg/mL.

[000402] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*
salts thereof is 10 mM for concentrations of glwagom 1 mg/mL to 2 mg/mL.

[000403] In an embodiment, the concentration of citric amidl the N& K*, C&£*" or Mg?*
salts thereof is 5 mM for concentrations of glugagom 0.5 mg/mL to 3 mg/mL.

[000404] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*
salts thereof is 5 mM for concentrations of glugagom 0.5 mg/mL to 2 mg/mL.

[000405] In an embodiment, the concentration of citric amidl the N& K*, C&£* or Mg?*

salts thereof is 5 mM for concentrations of glugagom 1 mg/mL to 2 mg/mL.

[000406] In an embodiment, the compositions according to ithvention comprise, in
addition, a gastrointestinal hormone.

[000407] "Gastrointestinal hormones" is understood to méenhormones selected from
the group consisting of the GLP-1 RA for agonisfstlie human glucagon-like peptide-1
receptor (glucagon like peptide-1 receptor agoBisiyagon like) and GIP (glucose-dependent
insulinotropic peptide), oxyntomodulin (a derivaivof human proglucagon), peptide YY,
amylin, cholecystokinin, pancreatic polypeptide XPghrelin and enterostatin, the analogs or
derivatives thereof and/or the pharmaceuticallyeptable salts thereof.

[000408] In an embodiment, the gastrointestinal hormonesaaadogs or derivatives of
GLP-1 RA (Glucagon like peptide-1 receptor agong)ected from the group consisting of
exenatide or Byetfa (ASTRA-ZENECA), liraglutide or VictoZd (NOVO NORDISK),

lixisenatide or Lyxumi& (SANOFI), albiglutide or Tanzeufh (GSK) or dulaglutide or
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Trulicity® (ELI LILLY & CO), the analogs or derivatives thefeand the pharmaceutically
acceptable salts thereof.

[000409] In an embodiment, the gastrointestinal hormone riamfintide or Symlin
(ASTRA-ZENECA).

[000410] In an embodiment, the gastrointestinal hormone xisnatide or Byetfj the
analogs or derivatives thereof and the pharmadlytiacceptable salts thereof.

[000411] In an embodiment, the gastrointestinal hormoneraglutide or Victoz&, the
analogs or derivatives thereof and the pharmaclytiacceptable salts thereof.

[000412] In an embodiment, the gastrointestinal hormonéxisenatide or Lyxumi§, the
analogs or derivatives thereof and the pharmaclytiacceptable salts thereof.

[000413] In an embodiment, the gastrointestinal hormondhglatide or Tanzeuffy the
analogs or derivatives thereof and the pharmaclytiacceptable salts thereof.

[000414] In an embodiment, the gastrointestinal hormoneuiaglutide or Trulicity, the
analogs or derivatives thereof and the pharmadlytiacceptable salts thereof.

[000415] In an embodiment, the gastrointestinal hormonerasnfintide or Symliff, the

analogs or derivatives thereof and the pharmadcalytiacceptable salts thereof.

[000416] "Analog,"” when used in reference to a peptide pragein, is understood to mean
a peptide or a protein in which one or more couast residues of amino acids have been
substituted by other residues of amino acids and/ahich one or more constitutive residues of
amino acids have been eliminated and/or in which @nmore constitutive residues of amino
acids have been added. The admissible percentdgenaflogy for the present definition of an

analog is 50%.
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[000417] "Derivative," when used in reference to a peptidea grotein, is understood to
mean a peptide or a protein or an analog whichbleas chemically modified by a substituent
which is not present in the peptide or the promirthe analog of reference, that is to say a
peptide or a protein which has been modified bwtive of covalent bonds, in order to introduce
substituents.

[000418] In an embodiment, the substituent is selected ftoengroup consisting of the
fatty chains.

[000419] In an embodiment, the concentration of gastroiimtashormone is within a range
from 0.01 to 10 mg/mL.

[000420] In an embodiment, the concentration of exenatitle, dnalogs or derivatives
thereof and the pharmaceutically acceptable sh#setf is within a range from 0.04 to 0.5
mg/mL.

[000421] In an embodiment, the concentration of liraglutitlee analogs or derivatives
thereof and the pharmaceutically acceptable dadt®of is within a range from 1 to 10 mg/mL.
[000422] In an embodiment, the concentration of lixisenatitie analogs or derivatives
thereof and the pharmaceutically acceptable shkseodf is within a range from 0.01 to 1
mg/mL.

[000423] In an embodiment, the concentration of pramlintithes analogs or derivatives

thereof and the pharmaceutically acceptable dadteof is within a range from 0.1 to 5 mg/mL.

[000424] In an embodiment, the compositions according toirtkkention are produced by

mixing of human glucagon solutions obtained by nstibution of lyophilizate and of solutions
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of GLP-1 RA (Glucagon like peptide-1 receptor agonGLP-1 RA, of analog or of derivative
of GLP-1 RA, said solutions of GLP-1 RA being commai@ or reconstituted from lyophilizate.
[000425] In an embodiment, the compositions according to ithention comprise, in
addition, buffers.

[000426] In an embodiment, the compositions according toikiention comprise buffers
at concentrations from 0 to 100 mM.

[000427] In an embodiment, the compositions according toikiention comprise buffers
at concentrations from 15 to 50 mM.

[000428] In an embodiment, the compositions according tarkiention comprise a buffer
selected from the group consisting of a phosphatieth Tris (trishydroxymethylaminomethane)
or sodium citrate.

[000429] In an embodiment, the buffer is sodium phosphate.

[000430] In an embodiment, the buffer is Tris (trishydroxymgaminomethane).

[000431] In an embodiment, the buffer is sodium citrate.

[000432] In an embodiment, the composition comprises, initeag a zinc salt, in
particular zinc chloride.

[000433] In an embodiment, the concentration of zinc sditas 50 to 5000 uM.

[000434] In an embodiment, the concentration of zinc sditas1 100 to 2000 pM.
[000435] In an embodiment, the concentration of zinc sditas 200 to 1500 pM.
[000436] In an embodiment, the concentration of zinc sditas1 200 to 1000 pM.
[000437] In an embodiment, the zinc concentration is sucht tthe molar ratio

[zinc]/[glucagon] is from 0.1 to 2.5.
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[000438] In an embodiment, the zinc concentration is sucht tthe molar ratio
[zinc]/[glucagon] is from 0.2 to 2.
[000439] In an embodiment, the zinc concentration is sucht tthe molar ratio
[zinc]/[glucagon] is from 0.5 to 1.5.
[000440] In an embodiment, the zinc concentration is sucht tthe molar ratio

[zinc]/[glucagon] is 1.

[000441] In an embodiment, the compositions according to ithvention comprise, in
addition, preservatives.

[000442] In an embodiment, the preservatives are selectad fhe group consisting of m-
cresol and phenol, alone or in a mixture.

[000443] In an embodiment, the compositions according to ithvention comprise, in

addition, antioxidants.

[000444] In an embodiment, the antioxidants are selectad freethionine.

[000445] In an embodiment, the concentration of preservativérom 10 to 50 mM.
[000446] In an embodiment, the concentration of preservativérom 10 to 40 mM.
[000447] In an embodiment, the compositions according to ithvention comprise, in

addition, a surfactant.

[000448] In an embodiment, the surfactant is selected frow® group consisting of
propylene glycol or polysorbate.

[000449] The compositions according to the invention caraddition, comprise additives

such as tonicity agents.
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[000450] In an embodiment, the tonicity agents are selefited the group consisting of
sodium chloride, mannitol, saccharose, sorbitol gigderol.

[000451] The compositions according to the invention can mase, in addition, all the
excipients in accordance with the pharmacopoeidscampatible with human glucagon and the
gastrointestinal hormones, in particular the GLRA, used at the conventional concentrations.
[000452] The invention also relates to a pharmaceutical @smipn according to the
invention, characterized in that it is obtaineddoying and/or lyophilization.

[000453] In the case of local and systemic releases, theemofladministration considered
are by intravenous, subcutaneous, intradermaltamuscular route.

[000454] The transdermal, oral, nasal, vaginal, ocular, aljcpulmonary routes of

administration are also considered.

[000455] The invention also relates to single-dose formafeti at pH from 6.6 to 7.8
comprising human glucagon.

[000456] The invention also relates to single-dose formatetiat a pH from 6.6 to 7.8
comprising human glucagon and a gastrointestinahboe, as defined above.

[000457] In an embodiment, the single-dose formulations awsep in addition, a

substituted co-polyamino acid as defined above.

[000458] In an embodiment, the formulations are in the fofran injectable solution. In an
embodiment, the GLP-1 RA, analog or derivative dfP& RA is selected from the group
comprising exenatide (Byetta®), liraglutide (Vic&®), lixisenatide (Lyxumia®), albiglutide
(Tanzeum®), dulaglutide (Trulicity®) or one of tderivatives thereof.

[000459] In an embodiment, the gastrointestinal hormonaénatide.

[000460] In an embodiment, the gastrointestinal hormongaglutide.
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[000461] In an embodiment, the gastrointestinal hormoniisdnatide.

[000462] In an embodiment, the gastrointestinal hormondébiglatide.
[000463] In an embodiment, the gastrointestinal hormoneliaglutide.
[000464] Moreover and no less importantly, the applicant whke to verify that human

glucagon in the presence of a co-polyamino acidithgacarboxylate charges and at least one
hydrophobic radical according to the invention press its action, whether alone or in
combination with a gastrointestinal hormone.

[000465] The preparation of a composition according to tinemtion has the advantage
that it can be carried out by simple mixing of duson of human glucagon, of a solution of
GLP-1 RA, of an analog or a derivative of GLP-1 Raad of a co-polyamino acid bearing
carboxylate charges and at least one hydrophobicalaaccording to the invention, in aqueous
solution or in lyophilized form. If necessary, thid of the preparation is adjusted to pH 7.
[000466] In an embodiment, the mixture of human glucagon ahdsubstituted co-
polyamino acid is concentrated by ultrafiltratioefdre the mixing with GLP-1 RA, an analog or
a derivative of GLP-1 RA in aqueous solution antyophilized form.

[000467] If necessary, the composition of the mixture isuatjd in terms of excipients
such as glycerol, m-cresol and polysorbate (T\Wedy addition of concentrated solutions of

these excipients within the mixture. If necess#rg,pH is adjusted to 7.

Description of Figure 1:
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[000468] The median pharmacodynamic curves of glycemia espce by the glucose
difference with respect to the basal level areespnted in Figure 1. This figure represents the
post-injection time on the abscissa and the glutmsad as percentage on the ordinate.

[000469] The curve representing the results obtained with dbmposition of Example
CBle is represented by empty squares, and the ocepvesenting the results of the composition
of glucagenis represented by filled circles.

Part A

AA: Synthesis of the hydrophobic molecules in whiclp = 1

[000470] The hydrophobic radicals are represented in thdovimhig table by the

corresponding hydrophobic molecule before graftng the co-polyamino acid.

No. Structure of the hydrophobic molecule befaatgng onto the co-polyaminp
acid
AAl
HNT N N N
© O)\C15H31
AA2
. A~ _NH N
o O)\C13H26

CH
HsC 3
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AAG
(@]
HZN/\/ \/\O/\/NH N
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HZN/\/NH
NH
0]
adat

Cq1H23

O

AAL0 HZN\/\/O\/\O/\/O\/\/NH

N C19H3g

AA12
NH
HNT N

o )\ Ci3Hy7

O

Table 1A: list and structures of the hydrophobiclenaoles synthesized according to the
invention.

Example AALl: molecule AAl

Molecule Al: product obtained by the reaction be&mvpalmitoyl chloride and L-proline.
[000471] A solution of palmitoyl chloride (23.0 g, 83.7 mmoh acetone (167 mL) is
added dropwise within 90 minutes to a solution gdrbline (10.6 g, 92.1 mmol) in 1 N aqueous
sodium hydroxide (230 mL; 230 mmol). After 14 h sfirring at room temperature, the
heterogeneous mixture is cooled to 0 °C, thenréittethrough a sintered filter to yield a white
solid which is washed with water (2 x 100 mL), thairsopropyl ether (100 mL). The solid is
dried at reduced pressure. The solid is then disdadht reflux in 200 mL of water, then 8 mL of

37% hydrochloric acid solution are added until obtey pH = 1. The opalescent reaction

90



mixture is then cooled to 0 °C. The precipitateanied is filtered through a sintered filter, then
washed with water (5 x 50mL) until filtrates of @glogical pH from 6.0 to 8.0 are obtained, to
be dried subsequently in an oven at 50 °C undemuracovernight. The product is purified by
recrystallization in diisopropyl ether. A white gbls obtained.

Yield: 22.7 g (77%).

'H NMR (CDCk, ppm): 0.88 (3H); 1.19-1.45 (24H); 1.58-1.74 (28)38-2.14 (3H); 2.15-2.54

(3H); 3.47 (1H); 3.58 (1H): 4.41 (0.1H): 4.61 (0)96160-8.60 (1H).

Molecule A2: product obtained by reaction betweeaneatule A1 and Boc-ethylenediamine.
[000472] N,N-diisopropylethylamine  (DIPEA) (68.8 g, 532.3 mmol) 1-
hydroxybenzotriaolze (HOBt) (37.1 g, 274.6 mmolhert N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide (EDC) (53.1 g, 277.0 mmol) areled successively and at room temperature
to a solution of molecule Al (75.1 g, 212.4 mmal)15600 mL of chloroform. After 15 minutes
of stirring at room temperature, a solution of Bahylenediamine (Boc-ethylenediamine) (37.6
g, 234.7 mmol) in 35 mL of chloroform is added. &ftLl8 h of stirring at room temperature, a
0.1 N HCI solution (2.1 L), then a saturated NaGluson (1 L) are added. The phases are
separated, then the organic phase is washed sivetgssith a 0.1 N HCl/saturated NaCl
solution (2.1 L/1 L), a saturated NaCl solutionL(? a saturated NaHCO3 solution (2 L), then a
saturated NacCl solution (2 L). The organic phas#ied over anhydrous sodium sulfate, filtered,
then concentrated at reduced pressure. The solidined is purified by triturations in
diisopropyl ether (3 x 400 mL), to yield a solideafdrying under vacuum at 40 °C.

Yield: 90.4 g (86%).
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'H NMR (CDCk, ppm): 0.88 (3H); 1.20-1.37 (24H); 1.44 (9H); 520 (2H); 1.79-1.92 (1H);
1.92-2.04 (1H); 2.03-2.17 (1H); 2.17-2.44 (3H); 8336 (4H); 3.43 (1H); 3.56 (1H); 4.29 (0.1

H); 4.51 (0.9 H); 4.82 (0.1H); 5.02 (0.9H); 6.841); 7.22 (0.9H).

Molecule AA1

[000473] A 4 M hydrochloric acid solution in dioxane (100 m#00 mmol) is added
dropwise at 0 °C to a solution of molecule A2 (2@l 40.5 mmol) in 330 mL of
dichloromethane. After 3 h 30 of stirring at rooemperature, the solution is concentrated at
reduced pressure. The residue is purified by faslomatography (methanol, dichloromethane)
to yield a white solid of molecule AA1 as a hydrmride salt.

Yield: 16.3 g (93%).

'H NMR (CDCk, ppm): 0.88 (3H); 1.07-1.40 (24H); 1.49-1.63 (28)77-2.18 (4H); 2.18-2.45
(2H); 3.14-3.32 (2H); 3.42-3.63 (2H); 3.63-3.84 |2K.37 (0.1H); 4.48 (0.9H); 6.81-8.81 (4H).

LC/MS (ESI): 396.5; (calculated ([M+H): 396.4).

Example AA2: molecule AA2

Molecule A3: 15-methylhexadecan-1-ol.

[000474] Magnesium (9.46 g, 389 mmol) in the form of chipdntroduced into a three-
neck flask under argon. The magnesium is coverg¢d anhydrous THF (40 mL), and a few
drops of 1-bromo-3-methylbutane are added at roampérature to initiate the reaction. After
the observation of an exothermic reaction and sligtbidity of the medium, the rest of the 1-
bromo-3-methylbutane (53.87 g, 357 mmol) is addedpwise within 90 min, while the
temperature of the medium remains stable from S8Dt6C. The reaction medium is then heated

at 70 °C for 2 h.
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[000475] A solution of 12-bromo-1-dodecanol (43 g, 162.1 mymo THF (60 mL) is
added dropwise to a solution of CuCl (482 mg, 4860l) dissolved in NMP (62 mL) at 0 °C in

a three-neck flask are argon. The solution of ept@aneously prepared hot organic magnesium
solution is then added dropwise to this solutioa imanner so as to maintain the temperature of
the medium below 20 °C. The mixture is then stimédoom temperature for 16 h. The medium
is cooled to 0 °C and the reaction is stopped Hiitimth of a 1N aqueous HCI solution until the
pH is 1, and the medium is extracted with ethyltaiee After washing of the organic phase with
a saturated NaCl solution and drying ovepBla,, the solution is filtered and concentrated under
vacuum to yield an oil. After purification by DCV@n a silica gel (cyclohexane, ethyl acetate),
an oil which crystallizes at room temperature isaoted.

Yield: 32.8 g (74%)

'H NMR (CDCk, ppm): 0.87 (6H); 1.14 (2H); 1.20-1.35 (22H); 1565 (3H); 3.64 (2H).

Molecule A4: 15-methylhexadecanoic acid.

[000476] Potassium permanganate (38.2 g, 241.5 mmol) isdaddemall portions to a
solution of molecule A3 (20.65 g, 80.5 mmol) anttaleutylammonium bromide (14.02 g, 42.5
mmol) in a mixture of acetic acid/dichloroethaneteyg124/400/320 mL) at room temperature.
After stirring at reflux for 5 h and return to rodemperature, the medium is acidified at pH 1 by
gradual addition of 5N HCI. N&O; (44.6 g, 354.3 mmol) is then added gradually until
discoloration of the medium. The aqueous phasextia@ed with dichloromethane, and the
combined organic phases are dried ovesS@y, filtered and concentrated under vacuum. After
purification by chromatography on silica gel (cywxane, ethyl acetate, acetic acid), a white
solid is obtained.

Yield: 19.1 g (quantitative)
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IH NMR (CDCk, ppm): 0.87 (6H); 1.14 (2H): 1.22-1.38 (20H): 1@&H): 1.63 (2H): 2.35 (2H).

Molecule A5: product obtained by reaction betweeanetule A4 and L-proline.

[000477] Dicyclohexyl carbodiimide (DCC) (8.01 g, 38.8 mmolland N-
hydroxysuccinimide (NHS) (4.47 g, 38.8 mmol) arededl successively to a solution of molecule
A4 (10 g, 37 mmol) in THF (360 mL) at 0 °C. Afte¥ h of stirring at room temperature, the
medium is cooled to 0 °C for 20 min, filtered thgbua sintered filter. L-Proline (4 g, 37.7
mmol), trimethylamine (34 mL) and water (30 mL) added to the filtrate. After stirring at
room temperature for 20 h, the medium is treatdd wilN aqueous HCI solution until the pH is
1. The aqueous phase is extracted with dichloroameti{2 x 125 ml). The combined organic
phases are washed with a 1N aqueous HCI solution {0 ml), water (100 mL), then a
saturated aqueous NaCl solution (100 mL). Afterirdryover NaSQ,, the organic phase is
filtered, concentrated under vacuum, and the resiglpurified by chromatography on silica gel
(cyclohexane, ethyl acetate, acetic acid).

Yield: 9.2 g (72%)

'H NMR (CDCk, ppm): 0.86 (6H); 1.14 (2H); 1.22-1.38 (20H); 1@6); 1.67 (2H); 1.95-2.10
(3H); 2.34 (2H); 2.49 (1H); 3.47 (1H); 3.56 (1H)p4 (1H).

LC/MS (ESI): 368.3; (calculated ([M+H): 368.6).

Molecule A6: product obtained by reaction betweatetule A5 and Boc-ethylenediamine.
[000478] Triethylamine (TEA) (5.23 mL) and 2-(1H-benzotriddeyl)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TBTU) at rodemperature are added to a solution of
molecule A5 (9.22 g, 25.08 mmol) in a mixture of AFBMF (200/50 mL). After 10 min of

stirring, Boc-ethylenediamine (4.42 g, 27.6 mmeal)added. After stirring at room temperature
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for 17 h, the mixture is diluted with water (300 it O °C and cold stirred for 20 min. The
precipitate formed is filtered through a sinterdted, and the filtrate is extracted with ethyl
acetate. The combined organic phases are washkedwsaturated solution of NaHG,Qvashed
over NaSQO, filtered, concentrated under vacuum, and theduvesiis purified by flash
chromatography (ethyl acetate, methanol).

Yield: 6.9 g (54%)

'H NMR (CDCE, ppm): 0.86 (6H); 1.15 (2H); 1.22-1.38 (20H); 1(881); 1.50 (1H); 1.64 (4H);
1.85 (1H); 1.95 (1H); 2.10 (1H); 2.31 (2H); 3.2@3.(3H); 3.45 (1H); 3.56 (1H); 4.51 (1H);
5.05 (1H); 7.24 (1H).

LC/MS (ESI): 510.6; (calculated ([M+H]: 510.8).

Molecule AA2

[000479] A 4N HCI solution in dioxane (13 mL) is added tsaution of molecule A6 (5.3
g, 10.40 mmol) in dichloromethane (50 mL) at O AGter 5 h of stirring at 0 °C, the medium is
concentrated under vacuum, taken up in water apghilized to yield a white solid of molecule
AA2 as a hydrochloride salt.

Yield: 4.6 g (99%)

'H NMR (D,0, ppm): 0.91 (6H); 1.22 (2H); 1.22-1.50 (20H); 2 BH); 1.98 (1H); 2.10 (2H);
2.26 (1H); 2.39 (1H); 2.43 (1H); 3.22 (2H); 3.4B8.(3H); 3.78 (1H); 4.42 (1H).

LC/MS (ESI): 410.4; (calculated ([M+Hj: 410.7).

Example AA3: molecule AA3
Molecule A7: product obtained by the reaction bemvenolecule A1 and Boc-tri(ethylene

glycol)diamine.
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[000480] By a method similar to the one used for the premaraf molecule A2, applied
to molecule Al (4.0 g, 11.3 mmol) and to Boc-th{dene glycol)diamine (3.1 g, 12.4 mmol), a
colorless oil is obtained after purification bydtachromatography (methanol, toluene).

Yield: 5.5 g (84%).

'H NMR (CDCE, ppm): 0.88 (3H); 1.09-1.39 (24H); 1.44 (9H); 1(@#); 1.79-2.01 (2H); 2.06-
2.43 (4H); 3.23-3.68 (14H); 4.33 (0.2H); 4.56 (0)86125 (1H); 6.49 (0.2H); 7.13-7.50 (0.8H)
Molecule AA3

[000481] By a method similar to the one used for the prapmaraf molecule AA1, applied
to molecule A7 (5.5 g, 9.4 mmol), a white solidablecule AA3 as a hydrochloride salt is
obtained after purification by flash chromatogragmethanol, dichloromethane).

Yield: 4.3 g (92%).

'H NMR (DMSO-d6, ppm): 0.85 (3H); 1.08-1.40 (24H)4Q-1.52 (2H); 1.71-2.02 (4H); 2.02-
2.31 (2H); 2.90-2.98 (2H); 3.15-3.47 (5H); 3.508.67H); 4.24 (0.6H); 4.32 (0.4H); 7.83
(0.6H); 7.95 (3H); 8.17 (0.4H).

LC/MS (ESI): 484.6; (calculated ([M+H): 484.4).

Example AA4: molecule AA4

Molecule A8: product obtained by the reaction betwenolecule A1 and Boc-1-amino-4,7,10-
trioxa-13-tridecaneamine.

[000482] By a method similar to the one used for the prepmaraf molecule A2, applied
to molecule Al (4.5 g, 12.7 mmol) and to Boc-1-awmMh7,10-trioxa-13-tridecaneamine (4.5 g,
14.0 mmol), a yellow oil is obtained after purifican by flash chromatography (methanol,
dichloromethane).

Yield: 7.7 g (92%).
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'H NMR (CDCk, ppm): 0.88 (3H); 1.22-1.37 (24H); 1.44 (9H); 1587 (2H): 1.67-2.00 (6H);
2.06-2.45 (4H); 3.18-3.76 (18H); 4.28 (0.2H); 4HR8H): 4.69-5.04 (1H); 6.77 (0.2H); 7.20

(0.8H).

Molecule AA4

[000483] By a method similar to the one used for the prdpmaraf molecule AA1, applied

to molecule A8 (7.7 g, 11.8 mmol), a yellow oil abtained after purification by flash
chromatography (methanol, dichloromethane). Coenadjpm with diisopropyl ether makes it
possible to obtain the molecule AA4 as a hydrogtiéosalt in the form of a white solid which is
dried under vacuum at 50 °C.

Yield: 5.4 g (76%).

'H NMR (CDCL, ppm): 0.88 (3H); 1.08-1.40 (24H); 1.49-1.65 (2H)76-2.39 (10H); 3.07-3.28
(3H); 3.34-3.80 (15H); 4.34 (0.05H); 4.64 (0.95@)35 (0.05H); 7.66-8.58 (3.95H).

LC/MS (ESI): 556.7; (calculated ([M+H): 556.5).

Example AA5: molecule AA5

[000484] Molecule A9: product obtained by reaction betweeasletule A1 and N-Boc-L-
lysine methyl ester.

[000485] By a method similar to the one used for the prepmaraf molecule A2, applied
to molecule A1 (4 g, 11.3 mmol) and to N-Boc-L-lysimethyl ester (3.2 g, 12.4 mmol), a
colorless oil is obtained after purification bydlachromatography (methanol, dichloromethane).
Yield: 4.9 g (73%).

'H NMR (CDCE, ppm): 0.88 (3H); 0.99-1.54 (37H); 1.54-1.75 (3#)75-2.04 (3H); 2.04-2.41

(4H); 2.94-3.19 (2H); 3.19-3.81 (5H); 4.28-4.64 [2H.94 (1H); 6.45 (0.1H); 7.36 (0.9H).
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LC/MS (ESI): 596.7; (calculated ([M+H]: 596.5).

Molecule A10: product obtained by treatment of noale A9 with ammonia.

[000486] 320 mL of a 7N ammonia solution in methanol areealdtb a suspension of
molecule A9 (4.9 g, 8.2 mmol) in 10 mL of methan®iter 19 h of stirring at room temperature
in closed atmosphere, an additional 100 mL of amansolution are added. After 24 h of stirring
at room temperature in closed atmosphere, theio@actedium is concentrated at reduced
pressure. The residue is purified by trituratiordiisopropyl ether at reflux (100 mL) to yield a
white solid which is dried under vacuum at 50 °C.

Yield: 4.1 g (85%)).

'H NMR (CDCE, ppm): 0.88 (3H); 1.06-1.57 (37H); 1.57-1.79 (3H)88-2.41 (7H); 3.09 (2H);
3.49 (1H); 3.62 (1H); 4.34 (1H); 4.51 (1H); 4.68B%.(1H); 5.43 (0.95H); 5.57 (0.05H); 6.25

(0.05H); 6.52 (0.95H); 6.83 (0.05H); 7.11 (0.95H).

Molecule AA5

[000487] By a method similar to the one used for the prapmaraf molecule AA1, applied
to molecule A10 (388 mg, 0.67 mmol), a white safdnolecule AA5 as a hydrochloride salt is
obtained after purification by trituration in digg@pyl ether.

Yield: 292 mg (85%).

'H NMR (DMSO-d6, ppm): 0.85 (3H); 1.06-2.34 (38H)62-2.81 (2H); 3.29-3.68 (2H); 4.05-
4.17 (1.7H); 4.42 (0.3H); 7.00 (1H); 7.16 (0.7H}3 (0.3H); 7.73-8.04 (3.7H); 8.16 (0.3H).

LC/MS (ESI): 481.6; (calculated ([M+H): 481.4).

Example AA6: molecule AA6

Molecule Al11: product obtained by the reaction lestwstearoyl chloride and L-proline.
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[000488] By a method similar to the one used for the premaraf molecule Al, applied
to L-proline (5.0 g, 43.4 mmol) and to stearoylaide (12.0 g, 39.6 mmol), a white solid is
obtained after purification by flash chromatogragmethanol, dichloromethane).

Yield: 5.37 g (36%)

H NMR (CDCE, ppm): 0.88 (3H); 1.26-1.37 (28H); 1.64-1.70 (2H)88-2.10 (3H); 2.36 (2H);
2.54-2.58 (1H).; 3.46 (1H); 3.56 (1H); 4.62 (1H).

LC/MS (ESI): 382.6; (calculated ([M+H]: 382.3).

Molecule A12: product obtained by reaction betweenolecule All and Boc-

tri(ethyleneglycol)diamine.

[000489] By a method similar to the one used for the premaraf molecule A6, applied
to molecule A1l (33.81 g, 88.6 mmol) and to Bo(ethylene glycol)diamine (26.4 g, 106.3
mmol) in THF using DIPEA instead of TEA, a whitdidas obtained after purification by flash
chromatography (ethyl acetate, methanol).

Yield: 43.3 g (80%)

'H NMR (CDCk, ppm): 0.87 (3H); 1.24 (30H); 1.43 (9H); 1.61 (2H)82 (1H); 1.96 (1H);
2.25-2.45 (2H); 3.25-3.65 (14H); 4.30 (0.15H); 4@&B85H); 5.25 (1H); 6.43 (0.15H); 7.25
(0.85H).

LC/MS (ESI): 612.6; (calculated ([M+H): 612.9).

Molecule AA6
[000490] By a method similar to the one used for the prdpmaraf molecule AA2, applied
to molecule A12 (43 g, 70.3 mmol), the residue imletéh after concentration under vacuum is

triturated in acetonitrile. The suspension is fétd and the solid is washed with acetonitrilenthe
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acetone. After drying under vacuum, a white sofidnolecule AA6 as a hydrochloride salt is
obtained.

Yield: 31.2 g (81%)

'H NMR (DMSO-d;, ppm): 0.85 (3H); 1.23 (28H); 1.45 (2H); 1.70-2.@81); 2.13 (1H); 2.24
(1H); 2.95 (2H); 3.10-3.25 (2H); 3.30-3.65 (10H)2@-4.45 (1H); 7.85-8.25 (4H).

LC/MS (ESI): 512.4; (calculated ([M+H): 512.8).

Example AA7: molecule AA7

Molecule A13: product obtained by reaction betwagachidonic acid and L-proline.

[000491] By a method similar to the one used for the prepmaraf molecule A5, applied
to arachidonic acid (15.51 g, 49.63 mmol) and tpratne (6 g, 52.11 mmol) using DIPEA
instead of TEA, a white solid is obtained afterificaition by column chromatography on silica
gel (cyclohexane, ethyl acetate, acetic acid).

Yield: 12.9 g (63%)

'H NMR (CDCk, ppm): 0.88 (3H); 1.28 (34H); 1.66 (2H); 1.95-2(PH); 2.34 (2H); 2.45 (1H);
3.47 (1H); 3.56 (1H); 4.60 (1H).

LC/MS (ESI): 410.4; (calculated ([M+H): 410.6).

Molecule Al4: product obtained by the reaction lew molecule A13 and Boc-1-amino-

4,7,10-trioxa-13-tridecane.

[000492] By a method similar to the one used for the preparaf molecule A12, applied
to molecule A13 (10.96 g, 26.75 mmol) and to Boariino-4,7,10-trioxa-13-tridecane (10.29 g,
32.11 mmol), a solid is obtained after purificatibg column chromatography on silica gel
(cyclohexane, ethyl acetate, methanol).

Yield: 14.2 g (75%)
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'H NMR (CDCk, ppm): 0.88 (3H); 1.24 (32H): 1.43 (9H); 1.57-2(@81); 2.10-2.45 (4H); 3.20-
3.75 (18H); 4.30 (0.20H); 4.55 (0.80H); 5.03 (1B)75 (0.20H); 7.20 (0.80H).

LC/MS (ESI): 712.8; (calculated ([M+H): 713.1).

Molecule AA7

[000493] After a method similar to the one used for the prapon of molecule AA2,
applied to molecule A14 (14.25 g, 20.01 mmol), teeidue obtained after concentration under
vacuum of the reaction medium is dissolved in mebhand evaporated at reduced pressure, the
operation being repeated 4 times to yield a whotel ©f molecule AA7 as a hydrochloride salt.
Yield: 12.7 g (98%)

'H NMR (DMSO-d, ppm): 0.85 (3H); 1.23 (32H); 1.45 (2H); 1.64 (2H)70-2.05 (6H); 2.10-
2.30 (2H); 2.82 (2H); 3.08 (2H); 3.30-3.60 (14H)13-4.30 (1H); 7.73-8.13 (4H).

LC/MS (ESI): 612.7; (calculated ([M+H): 612.9).

Example AA8: molecule AA8

Molecule A15: product obtained by the reaction lestwL-leucine and palmitoyl chloride.
[000494] By a method similar to the one used for the prearaf molecule Al, applied
to L-leucine (15.0 g, 114.4 mmol) and to palmitolloride (34.5 g, 125 mmol), a white solid is
obtained by trituration in diisopropyl ether.

Yield: 13.0 g (31%)

'H NMR (CDCE, ppm): 0.88 (3H); 0.96 (6H); 1.16-1.35 (24H); :B%7 (5H); 2.23 (2H); 4.55-

4.60 (1H); 5.88 (1H).

Molecule A16: product obtained by the reaction et molecule A15 and L-proline methyl

ester
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[000495] By a method similar to the one used for the premaraf molecule A2, applied
to molecule A15 (6.00 g, 16.2 mmol) and to L-prelimethyl ester (3.23 g, 19.5 mmol), a
slightly yellow oil is obtained after purificatiorby flash chromatography (methanol,
dichloromethane).

Yield: 5.8 g (74%)

'H NMR (CDCE, ppm): 0.83-1.00 (9H); 1.18-1.32 (24H); 1.40-1(38l); 1.84-2.33 (6H); 3.47-
3.89 (2H); 3.70 (1.14H); 3.71 (1.21H); 3.74 (0.538)76 (0.12H); 4.40-4.56 (1H); 4.63-4.67
(0.04H); 4.84 (0.38); 4.90 (0.40); 5.06 (0.18);%(0.18H); 6.08-6.21 (0.82).

LC/MS (ESI): 481.6; (calculated ([M+H): 481.4).

Molecule A17: product obtained by saponificatiorttud methyl ester of molecule A16.

[000496] 1IN sodium hydroxide (13.5 mL, 13.5 mmol) is addedatsolution of molecule
Al16 (5.8 g, 12.06 mmol) in 30 mL of methanol. Af@9 h of stirring at room temperature, the
solution is diluted with water, then acidified wi#® mL of 1 N hydrochloric acid at 0 °C. The
precipitate is filtered, then rinsed with water (8Q.), before it being solubilized in 50 mL of
dichloromethane. The organic phase is dried ov@3@, filtered, then concentrated at reduced
pressure to yield a colorless oil.

[000497]  Yield: 4.5 g (80%)

'H NMR (CDCk, ppm): 0.85-0.99 (9H); 1.14-1.41 (24H); 1.43-1(3R{); 1.87-2.47 (7H); 3.48-
3.55 (0.6H); 3.56-3.62 (0.4H); 3.83-3.90 (0.4HP®3.96 (0.6H); 4.52-4.56 (0.6H); 4.56-4.59
(0.4H); 4.80-4.86 (0.4H); 4.86-4.91 (0.6H); 6.054(8); 6.11 (0.6H).

LC/MS (ESI): 467.6; (calculated ([M+H): 467.4).
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Molecule A18: product obtained by the reaction lesw Boc-ethylenediamine and molecule

Al7.

[000498] By a method similar to the one used for the prearaf molecule A2, applied
to molecule A17 (4.5 g, 9.64 mmol) and to Boc-ethgdiamine (1.70 g, 10.61 mmol), a
colorless oil is obtained after purification bydlachromatography (methanol, dichloromethane).
Yield: 2.0 g (34%)

'H NMR (CDCk, ppm): 0.83-0.99 (9H); 1.19-1.32 (24H); 1.44 (9M)48-2.37 (14H); 3.09-3.99
(4H); 4.28-5.01 (2H); 5.64-6.04 (1H); 6.87-7.06 J1H

LC/MS (ESI): 609.7; (calculated ([M+H]: 609.5).

Molecule AA8

[000499] By a method similar to the one used for the prdpmaraf molecule AA1, applied
to molecule A18 (2 g, 3.28 mmol), a solid of molecAA8 as a hydrochloride salt is obtained
after purification by flash chromatography (methadahloromethane).

Yield: 1.5 g (90%)

'H NMR (CDCk, ppm): 0.83-1.00 (9H); 1.18-1.32 (24H); 1.37-1(3H); 1.93-2.41 (6H); 3.07-
3.97 (6H); 4.44-4.77 (2H); 7.66-8.21 (2H).

LC/MS (ESI): 509.6; (calculated ([M+H): 509.4).

Example AA9: molecule AA9

Molecule A19: product obtained by the reaction lestwlauric acid and L-phenylalanine.
[000500] By a method similar to the one used for the premaraf molecule A5, applied
to lauric acid (8.10 g, 40.45 mmol) and to L-phetghine (7 g, 42.38 mmol), a white solid is

obtained.
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Yield: 12.7 g (98%)
'H NMR (DMSO-d;, ppm): 0.86 (3H); 1.10-1.30 (16H); 1.36 (2H); 2.@2); 2.82 (1H); 3.05
(1H); 4.42 (1H); 7.15-7.30 (5H); 8.05 (1H); 12.6H(.

LC/MS (ESI): 348.2; (calculated ([M+H): 348.5).

Molecule A20: product obtained by the reaction kestw molecule A19 and the hydrochloride

salt of the methyl ester of L-proline.

[000501] By a method similar to the one used for the prepmaraf molecule A6, applied

to molecule A19 (9.98 g, 28.72 mmol) and to therbgtloride salt of the methyl ester of L-
proline (5.23 g, 31.59 mmol), a colorless oil istadbed after purification by column
chromatography on silica gel (cyclohexane, ethgtate).

Yield: 5.75 g (44%)

'H NMR (CDCk, ppm): 0.88 (3H); 1.10-1.30 (16H); 1.50-1.75 (3H)80-2.02 (3H); 2.17 (2H);

2.65 (0.5H); 2.95 (1H); 3.05-3.20 (1.5H); 3.50-3(%); 3.75 (3H); 4.29 (0.5H); 4.46 (0.5H);
4.70 (0.1H); 4.95 (0.9H); 6.20-6.30 (1H); 7.15-7(361).

LC/MS (ESI): 459.2; (calculated ([M+H]: 459.6).

Molecule A21: product obtained by saponificatiomudlecule A20.

[000502] Lithium hydroxide (LIOH) (600.49 mg, 25.07 mmol) @&lded to a solution of
molecule A20 (5.75 g, 12.54 mmol) in a mixture ¢tF/methanol/water (40/40/40 mL) at O °C,
then the mixture is stirred at room temperaturefdoh. After evaporation of the organic solvents
in a vacuum, the aqueous phase is diluted in watgdjfied with a 1 N aqueous HCI solution
until the pH is 1. The product is then extractethvathyl acetate. The combined organic phases
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are washed with a saturated aqueous NaCl solureed over NaSQ,, filtered and concentrated
at reduced pressure to yield a colorless oil.

Yield: 5.7 g (quantitative)

IH NMR (CDCL, ppm): 0.88 (3H); 1.10-1.30 (16H); 1.50-1.80 (3H)67-2.02 (2H); 2.20 (2H);

2.25 (0.4H); 2.60 (0.6H); 2.85-3.10 (2.6H); 3.568.(1.4H); 4.35 (0.6H); 4.55 (0.4H); 4.94
(1H); 6.28 (0.4H); 6.38 (0.6H); 7.20-7.30 (5H).

LC/MS (ESI): 445.2; (calculated ([M+H): 445.6).

Molecule A22: product obtained by reaction betwBen-ethylenediamine and molecule A21.
[000503] By a method similar to the one used for the prepmaraf molecule A6, applied
to molecule A21 (5.67 g, 12.75 mmol) and to Bocykthediamine (2.25 g, 14.03 mmol), a
colorless oil is obtained after purification by waoin chromatography on silica gel
(dichloromethane, methanol).

Yield: 5.7 g (76%)

H NMR (CDCk, ppm): 0.88 (3H); 1.25 (16H); 1.43 (9H); 1.58 (2)61.75-1.95 (1.4H); 2.15-
2.30 (3H); 2.64 (0.5H); 2.95-3.10 (2.5H); 3.20-3(4®); 3.45 (0.5H); 3.55 (0.2H); 3.66 (1H);
4.44 (1H); 4.50 (0.2H); 4.60 (0.6H); 4.99 (0.7H)5% (0.5H); 5.95 (0.2H); 6.17 (1H); 6.60
(0.5H); 7.07 (0.5H); 7.20-7.40 (5H).

LC/MS (ESI): 587.4; (calculated ([M+H): 587.8).

Molecule AA9
[000504] After a method similar to the one used for the prapon of molecule AA2,

applied to molecule A22 (5.66 g, 9.65 mmol), theidee obtained after concentration under
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vacuum of the reaction medium is dissolved in mabthand evaporated at reduced pressure, the
operation being repeated 4 times to yield a whigaf of molecule AA9 as a hydrochloride salt.
Yield: 4.9 g (97%)

H NMR (DMSO-d;, 120 °C, ppm): 0.89 (3H); 1.26 (16H); 1.43 (2H)6& (0.6H); 1.75-2.00
(3H); 2.05-2.25 (2.4H); 2.82-3.05 (5H); 3.38 (213)50-3.70 (1.4H); 4.25 (0.6H); 4.63 (0.4H);
4.77 (0.6H); 7.25-7.50 (5H); 7.55-8.20 (4H).

LC/MS (ESI): 487.4; (calculated ([M+H): 487.7).

Example AA10: molecule AA10

Molecule A23: product obtained by the reaction kestwnipecotic acid and arachidonic acid

By a method similar to the one used for the prdaparaf molecule A5, applied to arachidonic
acid (2.30 g, 7.37 mmol) and to nipecotic acid Q1) 7.74 mmol), a white solid is obtained
after filtration of the aqueous phase acidifiedilutite pH is 1, and washing of the solid with
water, then dichloromethane.

Yield: 1.65 g (53%)

1H NMR (CDCE, ppm): 0.88 (3H); 1.07-1.88 (37H); 2.10 (1H); 2285 (2H); 2.52 (1H); 2.91-
3.17 (1.5H); 3.42 (0.5H); 3.72 (0.5H); 3.84 (0.54)08 (0.5H); 4.56 (0.5H).

LC/MS (ESI): 424.4; 848.0; (calculated ([M+H] 424.4; ([2M+H]): 847.8).

Molecule A24: product obtained by the reaction lesw molecule A23 and Boc-1-amino-
4,7,10-trioxa-13-tridecaneamine.
DIPEA (1.01 g, 7.79 mmol) and TBTU (1.31 g, 4.09 aiyrare added successively and at room

temperature to a suspension of molecule A23 (1,658P mmol) in 20 mL of THF. After 30
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minutes of stirring, Boc-1-amino-4,7,10-trioxa-Y&ecaneamine (1.37 g, 4.28 mmol) is added,
and the reaction medium is stirred at room tempesdbr 18 h. After evaporation of the solvent
at reduced pressure, the residue is diluted witlyl eicetate (100 mL), the organic phase is
washed successively with a saturated agqueous NglalGtion, a 1 N aqueous HCI solution, a
saturated aqueous NaCl solution, dried ovepSy, filtered and concentrated at reduced
pressure. A white solid is obtained after purificatby flash chromatography (cyclohexane,
ethyl acetate, methanol).

Yield: 1.97 g (70%)

'H NMR (CDCk, ppm): 0.88 (3H); 1.15-2.70 (54H); 3.10-3.46 (68)46-3.71 (12.6H); 3.92
(0.4H); 4.17 (0.6H); 4.49 (0.4H); 4.80-5.16 (1H)356-6.76 (1H).

LC/MS (ESI): 726.8; (calculated ([M+H): 726.6).

Molecule AA10

By a method similar to the one used for the preparaf molecule AAl, applied to molecule
A24 (1.97 g, 2.71 mmol), a white solid of molec#&l@10 is obtained after evaporation of the
solvent, trituration in acetone, filtration and ey with acetone, then drying at reduced
pressure at 50 °C.

Yield: 1.66 g (92%)

'H NMR (DMSO-d;, ppm): 0.86 (3H); 1.09-1.90 (42H); 2.05-2.68 (5H)}45-2.68 (1H); 2.78-
3.19 (6H); 3.36-3.44 (2H); 3.44-3.60 (10H); 3.68B(1H); 4.20 (0.4H); 4.35 (0.6H).

LC/MS (ESI): 626.7; (calculated ([M+H]: 626.5).

Example AA12: molecule AA12
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Molecule A26: product obtained by the reaction hesw myristoyl chloride and L-proline
(1646-22-CNlI)

Myristoyl chloride (322 g, 1.30 mol) in solution glichloromethane (1.63 L) is added slowly
within 1 h to a solution of L-proline (300.40 g62.mol) in 2 N aqueous sodium hydroxide (1.63
L) at 0 °C. At the end of the addition, the tempar@ of the reaction medium is brought back to
20 °C within 2 h, then stirred for an additionah2The mixture is cooled to 0 °C, then a 37%
HCI solution (215 mL) is added within 15 minutefielreaction medium is stirred for 10 min at
0 °C, then for 1 h from 0 °C to 20 °C. The orgapiase is separated, washed with a 10% HCI
solution (3 x 430 mL), a saturated aqueous NaCltsw (430 mL), dried over N&Qy, filtered
through cotton, then concentrated at reduced pres$he residue is solubilized in heptane (315
mL), then pentane (1.6 L) is added under mechamitaing. A white solid is obtained after
filtration through a sintered filter and dryingratiuced pressure.

Yield: 410.6 g (97%)

'H NMR (CDCE, ppm): 0.88 (3H); 1.28 (20H); 1.70 (2H); 1.90-2(BB{); 2.36 (2H); 2.51 (1H);
3.47 (1H); 3.56 (1H); 4.61 (1H).

LC/MS (ESI): 326.4; 651.7; (calculated ([M+H] 326.3; ([2M+H]): 651.6).

Molecule A27: product obtained by the reaction kestw molecule A26 and Boc-

ethylenediamine.

HOBt (1.83 g, 11.98 mmol), then Boc-ethylenediamiie62 g, 10.14 mmol) are added
successively to a solution of molecule A26 (3.0@.g¢1 mmol) at room temperature in methyl-
THF (50 mL), and the medium is cooled to 0 °C. EQQ9 g, 11.98 mmol) is added, then the

mixture is stirred for 17 h between 0 °C and ro@mjperature. The reaction medium is then
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washed with a saturated aqueous,8Hsolution (50 mL), a saturated agueous NaH&@ution
(50 mL), then a saturated aqueous NaCl solution n(&(), dried over Ng5Q,, filtered and
concentrated at reduced pressure. A white sobbigined after recrystallization in methanol.
Yield: 2.34 g (49%).

'H NMR (CDCL, ppm): 0.88 (3H); 1.16-1.38 (20H); 1.44 (9H); :581 (2H); 1.78-2.45 (6H);
3.11-3.72 (6H); 4.30 (0.1H); 4.51 (0.9H); 4.87 (8)15.04 (0.9H); 6.87 (0.1H); 7.23 (0.9H).

LC/MS (ESI): 468.0; (calculated ([M+H): 468.4).

Molecule AA12

By a method similar to the one used for the prejaraf molecule AAl, applied to molecule
A27 (2.34 g, 5.00 mmol), a white solid of molec#l@&12 is obtained after evaporation of the
solvent and triturations in diisopropyl ether.

Yield: 1.5 g (74%)

H NMR (MeOD-d4, ppm): 0.90 (3H); 1.21-1.43 (20H)54-1.66 (2H); 1.85-2.28 (4H); 2.39
(2H); 3.00-3.17 (2H); 3.30-3.40 (1H); 3.43-3.71 |3K.29 (0.94H); 4.48 (0.06H).

LC/MS (ESI): 368.2; (calculated ([M+H]: 368.3).

Example AA14: molecule AA14

Resin AA14-1: product obtained by the reaction leetmv 4,7,10-trioxa-1,13-tridecanediamine
and the resin 2-ClI-trityl chloride

[000505] DIPEA (8.64 mL, 49.60 mmol) is added to a solutioh4,7,10-trioxa-1,13-
tridecanediamine (10.87 mL, 49.60 mmol) in dichloethane (50 mL) at room temperature.

This solution is poured onto the resin 2-Cl-tritylloride which was washed beforehand with
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dichloromethane (100-200 mesh, 1% DVB, 1.24 mmo{&P0 g, 4.96 mmol) in a reactor
adapted for peptide synthesis on a solid suppditer & h of stirring at room temperature, HPLC
grade methanol (0.8 mL/g resin, 3.2 mL) is added, the mixture is stirred at room temperature
for 15 min. The resin is filtered, washed succesdgiwith dichloromethane (3 x 50 mL), DMF
(2 x 50 mL), dichloromethane (2 x 50 mL), isoproplafl x 50 mL) and dichloromethane (3 x

50 mL).

Resin AA14-2: product obtained by reaction betwienresin AA14-1 and Fmoc-glycine.

[000506] DIPEA (5.18 mL, 29.76 mmol) is added to a suspansio-moc-glycine (4.42 g,
14.88 mmol) and 1-[bis(dimethylamino)methylene]-112;3-triazolo[4,5-b]pyridinium 3-oxide-
hexafluorophosphate (HATU, 5.66 g, 14.88 mmol) imiture of DMF/dichloromethane 1:1
(60 mL) . After complete solubilization, the sotutiobtained is poured onto resin AA14-1. After
2 h of stirring at room temperature, resin is féd, washed successively with DMF (3 x 60 mL),
isopropanol (1 x 60 ml) and dichloromethane (3 »a0.

[000507] Resin AA14-3: product obtained by reaction betwessin AA14-2 and a mixture
of DMF/piperidine 80:20. The resin AA14-2 is tredtwith a mixture of DMF/piperidine 80:20
(50 mL). After 30 minutes of stirring at room temgieire, the resin is filtered, washed

successively with DMF (3 x 50 mL), isopropanol (5&mL) and dichloromethane (3 x 50 mL).

Resin AA14-4: product obtained by the reaction leetvresin AA14-3 and Fmoc-proline.

[000508] By a method similar to the one used for resin A&l4pplied to resin AA14-3

and Fmoc-proline (5.02 g, 14.88 mmol) in DMF (50)nresin AA14-4 is obtained.
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Resin AA14-5: product obtained by reaction betweesin AAl14-4 and a mixture of

DMF/piperidine 80:20.

[000509] By a method similar to the one used for resin A&l4pplied to resin AA14-4

and a mixture of DMF/piperidine 80:20 (50 mL), re&iA14-5 is obtained.

Resin AA14-6: product obtained by reaction betwessin AA14-5 and palmitic acid.

[000510] By a method similar to the one used for the prdaraf resin AA14-4, applied

to resin AA14-5 and to palmitic acid (3.82 g, 14r860l), resin AA14-6 is obtained.

[000511] Molecule AA14 (1843-04-CBU)The resin AA14-6 is treated with a mixture of
TFA/dichloromethane 1:1 (50 mL). After 30 minutdsstirring at room temperature, the resin is
fillered and washed with dichloromethane (3 x 50)mrChe solvents are evaporated under
vacuum. Two coevaporations are then carried ouhenmesidue with dichloromethane (50 mL),
then diisopropyl ether (50 mL). The residue is bdized in dichloromethane (50 mL), and the
organic phase is washed with a 1 N aqueous NaQlisol(1 x 50 mL), then a saturated NaCl
solution (2 x 50 mL). After drying over Na2SO4, theganic phase is filtered, concentrated
under vacuum, and the residue is filtered by chtography on silica gel (dichloromethane,

methanol, NH4OH).

Yield: 1.65 g (54% global over 7 steps)
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'H NMR (CDCk, ppm): 0.88 (3H); 1.18-2.39 (38H): 2.79 (2H): 3234 (2H); 3.47-3.69
(14H): 3.76 (0.92H); 3.82 (0.08H): 3.98 (0.08HV2(0.92H): 4.34 (0.08H); 4.39 (0.92H): 7.00-

7.40 (2H).

LC/MS (ESI): 613.7; (calculated ([M+H]: 613.5).

Table 1b

Defined co-polyamino acids of formula VIl or Vlib:

Example | co-polyamino acids bearing carboxylates chargeshgdcbphobic radicals
No.
AB14 ONa
0
0
0 YCwHeﬂ
R N
1 N
TN \/\N
H H
m
0
i =0.04, DP (m) = 25
Ri1 = H or pyroglutamate
AB15 ONa
o
O
0 C17H35
H
R N (0]
NFN \/\O/\/ \/\N N
H H
(0]
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i =0.033, DP (m) = 30

Ri1 = H or pyroglutamate

AB16

ONa
(e}
O
o YCWH&—,
H
R1T N\/\ /\/O\/\ N
N (0] N
H H
m
(¢}

i =0.021, DP (m) = 48

R1 = H or pyroglutamate

AB17

i =0.038, DP (m) = 26

Ri1 = H or pyroglutamate

AB18

o]

ONa
o
H H
R1\f N\/\/O\/\ /\/O\/\/N
N 0 N
H
m
© G CigHas

i = 0.045, DP (m) = 22

Ri1 = H or pyroglutamate
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AB19 ONa
(¢]
(6]
o >/C17H35
H
R1TNE/N\/\O/\/O\/\N
H H
O m
i =0.015, DP (m) = 65
Ri1 = H or pyroglutamate
AB20 e :1/“”-'
o] wﬁ*;fzkﬁ
T H /
.z.HKN'/ ~ ]/h“““aw/#ﬁhai.lff\“‘vf ~— ‘x\x’f Mf,-f"'kl
H ’ i [
i =0.017, DP (m) = 60
R1=CH;-CO-, H or pyroglutamate
ABZl’ (6] ONa

R1~ENH NH\/\/O\/\O/\/O\/\/NH
m
(0]

i =0.04, DP (m) = 25

Ri1 = H or pyroglutamate

CigH3g

b
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ABZ3 (@] ONa
o

o) Y015H31
Rl{NH NH\/\/O\/\O/\/O\/\/NHW/\NHJ\@
m
o (e}

i = 0.045, DP (m) = 22

R1 = H or pyroglutamate

Table 1c: list of the co-polyamino acids synthediaecording to the invention.

Part AB: synthesis of the co-polyamino acids

Example AB14: Co-polyamino acid AB14 - sodium poly—glutamate modified at one of its
ends by molecule AA1 and having a number average nszular weight (Mn) of 3400 g/mol
[000512] The hydrochloride salt of molecule AA1 (2.03 g,@vimol), chloroform (5 mL),
molecular sieve 4 A (1.3 g) as well as AmberliteNIR50 ion exchange resin (1.3 g) are
introduced successively into an appropriate coptaifdfter 1 h of stirring on rollers, the medium
is filtered and the resin is rinsed with chloroforiine mixture is evaporated, then co-evaporated
with toluene. The residue is solubilized in anhytdr®@MF (30 mL) to be used directly in the
polymerization reaction.

[000513] y-Benzyl-L-glutamate N-carboxyanhydride (25.59 g,2ihmol) is placed under
vacuum for 30 min in a round-bottom flask driedhe oven, then anhydrous DMF (140 mL) is
introduced. The mixture is stirred under argon luthié solubilization is complete, cooled to 4
°C, then the solution of molecule AA1 prepared asctibed above is introduced rapidly. The
mixture is stirred between 4 °C and room tempeeatar 2 days, then heated at 65 °C for 2 h.

The reaction mixture is then cooled to room temijpeea then poured dropwise into diisopropyl
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ether (1.7 L) under stirring. The white precipitaerecovered by filtration, washed two times
with diisopropyl ether (140 mL), then dried undacuum at 30 °C to obtain a white solid. The
solid is diluted in TFA (160 mL), and then a 33%lgbromic acid solution (HBr) in acetic acid
(62 mL, 354 mmol) is added dropwise and at 0 °Ce Eblution is stirred for 2 h at room
temperature, then poured dropwise onto a 1:1 fwixjure of diisopropyl ether/water and under
stirring (1.9 L). After 2 h of stirring, the hetey@neous mixture is allowed to rest overnight. The
white precipitate is recovered by filtration, wadhguccessively with a 1:1 (v/v) mixture of
diisopropyl ether and water (280 mL), then with eva{140 mL). The solid obtained is
solubilized in water (530 mL) by adjusting the ptd7 by addition of a 10 N aqueous sodium
hydroxide solution. After solubilization, the thetical concentration is adjusted to 20 g/L
theoretical by addition of water until obtainingimal volume of 800 mL. The mixture is filtered
through a 0.45um filter, then purified by ultrafiition against a 0.9% NaCl solution, then water
until the conductimetry of the permeate is less thd uS/cm. The solution of co-polyamino acid
is then concentrated to approximately 30 g/L thicak and the pH is adjusted to 7.0. The
aqueous solution is filtered through a 0.2-umifited stored at 4 °C.

Dry extract: 24.1 mg/g

DP (estimated byH NMR) = 25 therefore i = 0.04

The calculated average molecular weight of the @ggmino acid AB14 is 3378 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3400 g/mol.

Example AB15: Co-polyamino acid AB15 - sodium poly—glutamate modified at one of its
ends by molecule AA6 and having a number average nsezular weight (Mn) of 4100 g/mol
[000514] By a method similar to the one used for the preparaf the co-polyamino acid

AB14, applied to the hydrochloride salt of molec&a6 (2.16 g, 3.94 mmol) and to 25.58 g
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(97.2 mmol) ofy-benzyl-L-glutamate N-carboxyanhydride, a sodiurtyfieglutamate modified
at one of its ends by molecule AAG6 is obtained.

Dry extract: 45.5 mg/g

DP (estimated byH NMR) = 30 therefore i = 0.033

The calculated average molecular weight of the@ggmino acid AB15 is 5005 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 4100 g/mol.

Example AB16: Co-polyamino acid AB16 - sodium poly—glutamate modified at one of its
ends by molecule AA6 and having a number average nszular weight (Mn) of 6500 g/mol
[000515] By a method similar to the one used for the preparaf the co-polyamino acid
AB14, applied to the hydrochloride salt of molec&a6 (2.39 g, 4.36 mmol) and to 50.0 g
(189.9 mmol) of y-benzyl-L-glutamate N-carboxyanhydride, a sodiumlyfeglutamate
modified at one of its ends by molecule AA6 is altd.

Dry extract: 28.5 mg/g

DP (estimated byH NMR) = 48 therefore i = 0.021

The calculated average molecular weight of the @ggmino acid AB16 is 7725 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 6500 g/mol.

Example AB17: Co-polyamino acid AB17 - sodium poly—glutamate modified at one of its
ends by molecule AA7 and having a number average nsezular weight (Mn) of 3500 g/mol
[000516] By a method similar to the one used for the preparaf the co-polyamino acid

AB14, applied to the hydrochloride salt of molec#la7 (2.80 g, 4.32 mmol) and to 25.0 g
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(94.9 mmol) ofy-benzyl-L-glutamate N-carboxyanhydride, a sodiurtyfieglutamate modified
at one of its ends by molecule AA7 is obtained.

Dry extract: 25.2 mg/g

DP (estimated byH NMR) = 26 therefore i = 0.038

The calculated average molecular weight of the @ggmino acid AB17 is 4500 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3500 g/mol.

Example AB18: Co-polyamino acid AB18 - sodium poly—glutamate modified at one of its
ends by molecule AA7 and having a number average nseezular weight (Mn) of 3700 g/mol
[000517] A sodium poly-L-glutamate modified at one of itsdenby molecule AA7 is
obtained by polymerization of glutamic agiemethyl N-carboxyanhydride (25.0 g, 133.6 mmol)
by using the hydrochloride salt of molecule AA78@2g, 4.32 mmol) as initiator and by carrying
out a deprotection of the methyl esters using a By#ésochloric acid solution according to the
method described in the patent application FR-A2 326.

Dry extract: 44.3 mg/g

DP (estimated byH NMR) = 22 therefore i = 0.045

The calculated average molecular weight of the @ggmino acid AB18 is 3896 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3700 g/mol.

Example AB19: Co-polyamino acid AB19 - sodium poly—glutamate modified at one of its
ends by molecule AA6 and having a number average razular weight (Mn) of 120500 g/mol
[000518] By a method similar to the one used for the preparaf the co-polyamino acid

AB14, applied to the hydrochloride salt of molecAlk6 (1.64 g, 2.99 mmol) and tebenzyl-L-
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glutamate N-carboxyanhydride (49.3 g, 187 mmoBpdium poly-L-glutamate modified at one
of its ends by molecule AAG is obtained.

Dry extract: 23.4 mg/g

DP (estimated byH NMR) = 65 therefore i = 0.015

The calculated average molecular weight of the @ggmino acid AB19 is 10293 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 10500 g/mol.

Example AB20: Co-polyamino acid AB20 - sodium poly—glutamate capped at one of its
ends by an acetyl group and modified at one of itends by molecule AA6 and having a
number average molecular weight (Mn) of 10400 g/mol

[000519] The hydrochloride salt of molecule AA6 (0.545 g .mmol), chloroform (10
mL), molecular mesh 4 A (3 g), as well as AmberlRN 150 ion exchange resin (3 g) are
introduced successively into an appropriate cortaisfter 1 h of stirring on rollers, the medium
is filtered, and the resin is rinsed with chlor@frThe mixture is evaporated, then coevaporated
with toluene. The residue is solubilized in anhygdrdMF (10 mL) to be used directly in the
polymerization reaction.

[000520] y-Benzyl-L-glutamate N-carboxyanhydride (17.0 g,66#41mol) is placed under
vacuum for 30 min in a round-bottom flask drieddsehand in the oven, then anhydrous DMF
(30 mL) is added. The mixture is stirred under argatil the solubilization is complete, cooled
to 4 °C, then the solution of molecule AA6 prepaasddescribed above is introduced rapidly.
The mixture is stirred between 4 °C and room tewpee for 2 days, then precipitated in
diisopropyl ether (0.6 L). The precipitate is reemd by filtration, washed two times with

diisopropyl ether (40 mL), then dried to yield aitghsolid which is dissolved in 80 mL of THF.
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DIPEA (1.7 mL, 9.8 mmol), then acetic anhydride&d(BL, 9.5 mmol) are added successively to
this solution. After one night of stirring at roc@mperature, the solution is poured slowly into
diisopropyl ether (480 mL) for a duration of 30 nand under stirring. After 1 h of stirring, the
precipitate is filtered, washed two times with dpsopyl ether (80 mL), then dried under
vacuum at 30 °C to yield a poly(gamma-benzyl-L-giic) acid capped at one of its ends by an
acetyl group and modified at the other one of nidseby molecule AA6 in the form of a white
solid.

[000521] The solid is diluted in TFA (65 mL), and a solutioh 33% hydrobromic acid
solution (HBr) in acetic acid (45 mL, 257.0 mmad) then added dropwise and at 4 °C. The
solution is stirred for 2 h at room temperaturentipoured dropwise onto a 1:1 (v/v) mixture of
diisopropyl ether/water and under stirring (780 mAjter 2 h of stirring, the heterogeneous
mixture is allowed to rest for one night. The whptecipitate is recovered by filtration, washed
successively with a 1:1 (v/v) mixture of diisoprépyher and water (70 mL), then with water (70
mL). The solid obtained is solubilized in water @Q3®L) by adjusting the pH to 7 by addition of
a 10 N aqueous sodium hydroxide solution, therNaatjueous sodium hydroxide solution. After
solubilization, the theoretical concentration iguated to 20 g/L theoretical by addition of water
until obtaining a final volume of 440 mL. The mixéuis filtered through a 0.45-um filter, then
purified by ultrafiltration against a 0.9% NaCl sobn, then water, until the conductimetry of
the permeate is less than 50 pS/cm. The solutiato-gfolyamino acid is then concentrated to
approximately 30 g/L theoretical and the pH is atgd to 7. The aqueous solution is filtered
through a 0.2-um filter and stored at 4 °C.

Dry extract: 21.5 mg/g

DP (estimated byH NMR) = 60 therefore i = 0.017
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The calculated average molecular weight of the @ggmino acid AB20 is 9619 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 10,400 g/mol

Example AB21":

Co-polyamino acid AB21' - sodium poly-L-glutamate nodified at one of its ends by
molecule AA10 and having a number average moleculaveight (Mn) of 3478 g/mol

[000522] By a method similar to the one used for the prdpmaraf the co-polyamino acid
AB14, applied to the hydrochloride salt of molec#l&10 (0.916 g, 1.38 mmol) and tg
benzyl-L-glutamate N-carboxyanhydride (7.19 g, 2TiBnol), a sodium poly-L-glutamate
modified at one of its ends by molecule AA10 isanted.

Dry extract: 14.8 mg/g

DP (estimated byH NMR) = 25 therefore i = 0.04

The calculated average molecular weight of the @ggmino acid AB21' is 4364 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3478 g/mol.

Example AB23:

Co-polyamino acid AB23 - sodium poly-L-glutamate mdified at one of its ends by
molecule AA14 and having a number average moleculaveight (Mn) of 3600 g/mol

[000523] By a method similar to the one used for the preparaf the co-polyamino acid
AB14, applied to molecule AA14 in free amine forth820 g, 1.34 mmol) and tebenzyl-L-
glutamate N-carboxyanhydride (7.75 g, 29.4 mmobpdium poly-L-glutamate modified at one
of its ends by molecule AA14 is obtained.

Dry extract: 16.8 mg/g
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DP (estimated byH NMR) = 22 therefore i = 0.045
The calculated average molecular weight of the @ggmino acid AB23 is 3897 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3600 g/mol.
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Part B:

BB: synthesis of the hydrophobic molecules in wipch 2
[000524] The radicals are presented in the following table the corresponding

hydrophobic molecule before grafting onto the coqpmino acid.

No. | Structure of the hydrophobic molecule beforaftgng onto the co-polyamin

(@)

acid

BA1
\Y(Cngg

HoN /\/N:j\ E\ CoH1g

BA2
\(011H23

HZN/\/N:j\ 9 Ci1Has
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BA3

O
O NH
N\(O
H2N/\/NH N CigHaz
NH e
O

BA4

HZN\/\/O\/\O/\/O\/\/N:D\ E C1sHazr

BAS

—

HZN/\/N:j\ ? CasHa1
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BAG Hy7C13

o
N

O
2
HN N\(O
TN CigHz2y
2 NH g
0]

BA7 N\WCISHN
(0]
07" “NH
NH
HZN/\/\/\/ » \o CasHar
(6]

Table 1d: list of the hydrophobic molecules synites according to the invention.
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Part BA: Synthesis of the hydrophobic molecules imhich p = 2

Example BAL: molecule BAl

Molecule B1: product obtained by the reaction betwdecanoic acid and L-proline.

[000525] Dicyclohexyl carbodiimide (DCC) (16.29 g, 78.96 minoand N-
hydroxysuccinimide (NHS) (9.09 g, 78.96 mmol) arcessively added to a solution of
decanoic acid (14.28 g, 82.91 mmol) in THF (520 mt 0 °C. After 60 h of stirring at room
temperature, the mixture is cooled to 0 °C for 40,rfltered through a sintered filter. L-Proline
(10 g, 86.86 mmol), diisopropylethylamine (DIPEAB(8 mL) and water (60 mL) are added to
the filtrate. After 24 h of stirring at room tempgure, the medium is diluted with water (300
mL). The aqueous phase is washed with ethyl ac&ate250 mL), acidified to pH ~1 with a 1
N aqueous HCI solution, then extracted with dicbioethane (3 x 150 mL). The combined
organic phases are dried over,8@y, filtered, concentrated under vacuum, and thelvesis
purified by chromatography on silica gel (cyclohesaethyl acetate).

Yield: 14.6 g (69%)

'H NMR (CDCk, ppm): 0.87 (3H); 1.26 (12H); 1.65 (2H); 2.02 (3R)34 (2H); 2.41 (1H); 3.48
(1H); 3.56 (1H); 4.58 (1H).

LC/MS (ESI): 270.2; (calculated ([M+H): 270.4)

Molecule B2: product obtained by the reaction benveolecule B1 and L-lysine.

[000526] By a method similar to the one used for the preaparaf molecule B1, applied to
molecule B1 (14.57 g, 54.07 mmol) and to L-lysidelb g, 28.39 mmol), a yellow olil is
obtained.

Yield: 16.4 g (93%)
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'H NMR (CDCk, ppm): 0.88 (6H); 1.26 (24H); 1.35-1.65 (8H); 1885 (12H); 2.53 (0.2H);
2.90 (0.8H); 3.45-3.75 (5H); 4.50-4.70 (3H); 7.83).

LC/MS (ESI): 649.6; (calculated ([M+H]: 649.9).

Molecule B3: product obtained by reaction betweehetule B2 and Boc-ethylenediamine.
[000527] DIPEA (8.80 mL) and 2-(1H-benzotriazol-1-yl)-1,133etramethyluronium
tetrafluoroborate (TBTU, 8.52 g, 26.54 mmol) atmotemperature are added to a solution of
molecule B2 (16.4 g, 25.27 mmol) in THF (170 mL)ftek 30 min of stirring, Boc-
ethylenediamine (4.45 g, 27.8 mmol) is added. Aftiring at room temperature for 2 h, the
solvent is evaporated at reduced pressure ancesidue is diluted with ethyl acetate (400 mL).
The organic phase is washed with water (250 misatarated aqueous NaHCO3 solution (250
mL), a 1 N aqueous HCI solution (250 mL), a sakaatqueous NaCl solution (250 mL) and
dried over NgSOu. After filtration and concentration under vacuuthe residue obtained is
purified by chromatography on silica gel (ethylt@ate, methanol) to yield a colorless oil.

Yield: 12.8 g (64%)

IH NMR (CDCk, ppm): 0.87 (6H); 1.25-1.60 (42H); 1.80-2.05 (4B)15-2.45 (9H); 3.10-3.75
(10H); 4.30 (1H); 4.50 (2H); 5.50 (0.6H); 5.89 (A)26.15 (0.2H); 7.03 (1H); 7.47 (1H).

LC/MS (ESI): 791.8; (calculated ([M+H): 792.1).

Molecule BA1
[000528] 4 N HCI solution in dioxane (20.2 mL) is added te@dution of molecule B3
(12.78 g, 16.15 mmol) in dichloromethane (110 nilp &C. After 20 h of stirring at 5 °C, the

medium is concentrated under vacuum. The residdaingdd is dissolved in methanol and
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evaporated under vacuum, this operation being teged times to yield a white solid of
molecule BA1 as a hydrochloride salt.

Yield: 11.4 g (97%)

'H NMR (DMSO-d;, ppm): 0.85 (6H); 1.25-1.50 (33H); 1.57 (1H); :Z@0 (12H); 2.82 (2H);
3.00 (2H); 3.25-3.70 (6H); 4.05-4.50 (3H); 7.758B(8H).

LC/MS (ESI): 691.6; (calculated ([M+H]: 692.0).

Example BA2: molecule BA2

Molecule B4: product obtained by the reaction betnvikauric acid and L-proline.

[000529] By a method similar to the one used for the preaparaf molecule B1, applied to
lauric acid (31.83 g, 157.9 mmol) and to L-prol{@@ g, 173.7 mmol), a yellow oil is obtained.
Yield: 34.3 g (73%)

'H NMR (CDCk, ppm): 0.87 (3H); 1.26 (16H); 1.70 (2H); 1.90-2(BB); 2.35 (2H); 2.49 (1H);
3.48 (1H); 3.56 (1H); 4.60 (1H).

LC/MS (ESI): 298.2; (calculated ([M+H]: 298.4).

Molecule B5: product obtained by the reaction beveolecule B4 and L-lysine.

[000530] By a method similar to the one used for the preaparaf molecule B1, applied to
molecule B4 (33.72 g, 113.36 mmol) and to L-lys{Be70 g, 59.51 mmol), a white solid is
obtained.

Yield: 26.2 g (66%)

'H NMR (CDCk, ppm): 0.88 (6H); 1.26 (32H); 1.35-1.65 (8H); 1885 (15H); 2.87 (1H);

3.40-3.75 (5H); 4.50-4.75 (3H); 7.87 (1H).
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LC/MS (ESI): 705.6; (calculated ([M+H]: 706.0).

Molecule B6: product obtained by reaction between-Bthylenediamine and molecule B5.
[000531] By a method similar to the one used for the preparaf molecule B3, applied to
molecule B5 (25.74 g, 36.51 mmol) and to Boc-ethgthamine (6.43 g, 40.16 mmol), a
colorless oil is obtained.

Yield: 30.9 g (quantitative)

'H NMR (CDCk, ppm): 0.88 (6H); 1.35-1.65 (50H); 1.85-2.35 (13H)05-3.75 (10H); 4.25-
4.65 (3H); 5.50 (0.4H); 5.88 (0.2H); 6.16 (0.2H)XF (1H); 7.26 (1H); 7.49 (0.2H)

LC/MS (ESI): 847.8; (calculated ([M+Hj: 848.2).

Molecule BA2

[000532] After a method similar to the one used for the prapon of molecule BA1,
applied to molecule B6 (30.9 g, 36.47 mmol), theidee obtained after concentration under
vacuum is dissolved in methanol and evaporatedrwatium, this operation being repeated 4
times to yield a white solid of molecule BA2 as ydtochloride salt after drying at reduced
pressure.

Yield: 27.65 g (97%)

'H NMR (DMSO-d;, ppm): 0.85 (6H); 1.10-2.40 (54H); 2.75-3.15 (4R)25-3.60 (6H); 4.05-
4.50 (3H); 7.50-8.50 (6H).

LC/MS (ESI): 747.6; (calculated ([M+H): 748.1).

Example BA3: molecule BA3
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Molecule B7: product obtained by the reaction betwmyristic acid and L-proline.

[000533] By a method similar to the one used for the preaparaf molecule B1, applied to
myristic acid (18.93 g, 82.91 mmol) and to L-preli{l0 g, 86.86 mmol), a yellowish oil is
obtained.

Yield: 20 g (78%)

'H NMR (CDCE, ppm): 0.88 (3H); 1.28 (20H); 1.70 (2H); 1.90-2(BB{); 2.36 (2H); 2.51 (1H);
3.47 (1H); 3.56 (1H); 4.61 (1H).

LC/MS (ESI): 326.2; (calculated ([M+H]: 326.6).

Molecule B8: product obtained by the reaction betwmolecule B7 and L-lysine

[000534] By a method similar to the one used for the preaparaf molecule B1, applied to
molecule B7 (20.02 g, 61.5 mmol) and to L-lysine7 g, 32.29 mmol), a white solid is
obtained.

Yield: 12.3 g (53%)

H NMR (DMSO-d;, ppm): 0.85 (6H); 1.26 (40H); 1.35-1.50 (6H); :3A0 (10H); 2.10-2.25

(4H); 3.01 (2H); 3.31-3.55 (4H); 4.10-4.40 (3H)$8.(0.6H); 7.97 (1H); 8.27 (0.4H); 12.50
(1H).

LC/MS (ESI): 761.8; (calculated ([M+H): 762.1).

Molecule B9: product obtained by the reaction betwBoc-ethylenediamine and molecule B8.

[000535] By a method similar to the one used for the preparaf molecule B3, applied to

molecule B8 (12 g, 15.77 mmol) and to Boc-ethyleamihe (3.03 g, 18.92 mmol), a colorless
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oil is obtained after purification by column chraimgraphy on silica gel (ethyl acetate,
methanol).

Yield: 12.5 g (88%)

'H NMR (DMSO-d;, ppm): 0.85 (6H); 1.20-1.55 (55H); 1.50-2.25 (14RP5-3.10 (6H); 3.31-
3.55 (4H); 4.10-4.40 (3H); 6.74 (1H); 7.60-8.25 J3H

LC/MS (ESI): 904.1; (calculated ([M+H]: 904.3).

Molecule BA3

[000536] By a method similar to the one used for the preparaf molecule BAL, applied
to molecule B9 (12.5 g, 13.84 mmol), the residutaioled after concentration under vacuum is
dissolved in methanol and evaporated under vaculis,operation being repeated 4 times to
yield a white solid of molecule BA3 as a hydrocidersalt after drying at reduced pressure.
Yield: 9.2 g (79%)

'H NMR (DMSO-d;, ppm): 0.85 (6H); 1.10-1.65 (48H); 1.70-2.35 (12RB5 (2H); 3.01 (2H);
3.25-3.65 (6H); 4.10-4.50 (3H); 7.70-8.40 (6H).

LC/MS (ESI): 803.9; (calculated ([M+H]: 804.2).

Example BA4: molecule BA4

Molecule B10: product obtained by the reaction leetavmolecule B8 and Boc-1-amino-4,7,10-
trioxa-13-tridecane.

[000537] By a method similar to the one used for the preparaf molecule B3, applied to
molecule B8 (29.80 g, 39.15 mmol) and to Boc-1-awi/,10-trioxa-13-tridecane (15.05 g,

46.96 mmol), a thick colorless oil is obtained.
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Yield: 25.3 g (61%)
'H NMR (DMSO-d&, ppm): 0.85 (6H); 1.25-2.35 (75H); 2.85-3.20 (6B)25-3.65 (16H); 4.10-
4.45 (3H); 6.38 (0.1H); 6.72 (0.9H); 7.50-8.25 (3H)

LC/MS (ESI): 1064.2; (calculated ([M+H} 1064.5).

Molecule BA4

[000538] After a method similar to the one used for the prapon of molecule BA1,
applied to molecule B10 (25.3 g, 23.8 mmol), theidee obtained after concentration under
vacuum is dissolved in methanol and evaporatedrwatium, this operation being repeated 4
times to yield a white solid of molecule BA4 as ydtochloride salt after drying at reduced
pressure.

Yield: 20.02 g (84%)

'H NMR (DMSO-a, ppm): 0.85 (6H); 1.15-2.35 (66H); 2.80-3.20 (68)30-3.65 (16H); 4.10-
4.45 (3H); 7.55-8.60 (6H).

LC/MS (ESI): 964.9; (calculated ([M+H]: 964.6).

Example BA5: molecule BA5

Molecule B11: product obtained by reaction betweaimitoyl chloride and L-proline.

[000539] By a method similar to the one used for the prepmaraf molecule A26, applied
to palmitoyl chloride (15.39 g, 55.99 mmol) andLt@roline (12.89 g, 111.98 mmol), a white
solid of molecule B11 is obtained.

Yield: 19.10 g (96%)
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'H NMR (CDCk, ppm): 0.88 (3H); 1.19-1.45 (24H); 1.58-1.74 (28)38-2.14 (3H); 2.15-2.54
(3H); 3.47 (1H); 3.58 (1H); 4.41 (0.1H); 4.61 (0)96160-8.60 (1H).

LC/MS (ESI): 354.4; 707.8; (calculated ([M+1] 354.3; ([2M+H]): 707.6).

Molecule B12: product obtained by reaction betwawecule B11 and L-Lysine.

[000540] By a method similar to the one used for the preaparaf molecule B1, applied to
molecule B11 (19.10 g, 54.02 mmol) and to L-lys{d€l5 g, 28.36 mmol), an oily residue is
obtained after concentration of the reaction medaimeduced pressure. This residue is diluted
in water (150 mL), washed with ethyl acetate (25xmL), then the aqueous phase is acidified
until the pH is 1 by slow addition of 6 N HCI. Tharoduct is extracted 3 times with
dichloromethane, the organic phase is dried oveiSNa then filtered and concentrated at
reduced pressure to yield 11.2 g of yellow oilyidas. In parallel, the previous organic phase of
ethyl acetate is washed with a 2 N aqueous HClisol2 x 75 mL), a saturated aqueous NaCl
solution (75 mL), dried over N8Q,, filtered and concentrated to yield 10.2 g of gelloily
residue. A white solid is obtained after recrystalion of each one of these residues in acetone.
Yield: 11.83 g (54%)

'H NMR (CDCk, ppm): 0.87 (6H); 1.06-2.44 (70H); 2.78-2.96 (1B)35-3.75 (5H); 4.28-4.43
(0.1H); 4.43-4.52 (0.2H); 4.52-4.61 (1.8H); 4.678(0.9H); 7.74-8.02 (2H).

LC/MS (ESI): 818.0; (calculated ([M+HJ: 818.7).

Molecule B13: product obtained by coupling betweeslecule B12 and Boc-ethylenediamine
[000541] By a method similar to the one used for the prepmaraf molecule A27, applied
to molecule B12 (18.00 g, 22.02 mmol) in solutionfHF and to Boc-ethylenediamine (4.23 g,

26.43 mmol), a white solid is obtained after retalfzation two times in acetonitrile.
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Yield: 17.5 g (83%)

'H NMR (DMSO-d6, ppm): 0.85 (6H); 1.15-2.29 (79H)92-3.12 (6H); 3.30-3.59 (4H); 4.06-
4.13 (0.65H); 4.16-4.29 (2H); 4.38-4.42 (0.35H)7866.76 (1H); 7.60-7.69 (1.3H); 7.76-7.81
(0.65H); 7.93-7.97 (0.35H); 8.00-8.04 (0.35H); 88.07 (0.35H).

LC/MS (ESI): 960.4; (calculated ([M+H]: 960.8).

Molecule BA5

[000542] By a method similar to the one used for the preparaf molecule BAL, applied
to molecule B13 (24.4 g, 25.43 mmol), the resido&imed after concentration under vacuum is
solubilized in dichloromethane (150 mL), the orgaphase is washed 2 times with a 2 M
aqueous sodium hydroxide solution (90 mL). Acetdrit (120 mL) is added, and the
dichloromethane is eliminated by concentratioreduced pressure. The medium is then allowed
to rest for 72 h, and a white solid is obtainecerafiltration and rinsing with acetonitrile, then
drying at reduced pressure. This operation is tepe&times.

Yield: 14.28 g (65%)

'H NMR (DMSO-d6, ppm): 0.85 (6H); 1.06-2.32 (70H)52-2.63 (2H); 2.89-3.61 (10H); 4.04-
4.43 (3H); 7.55-7.62 (0.65H); 7.65-7.72 (0.65HBO7(0.65H); 7.91 (0.35H); 8.03 (0.35H); 8.14-
8.23 (0.35H).

LC/MS (ESI): 860.0; (calculated ([M+HJ: 860.8).
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Example BA6: molecule BA6

Molecule B14: product obtained by coupling betwesnlecule A26 and 2,3-diaminopropionic
acid

[000543] By a method similar to the one used for the preaparaf molecule B1, applied to
molecule A26 (80.00 g, 245.78 mmol) and to 2,3-direpropionic dihydrochloride (22.84 g,
129.04 mmol), a white solid is obtained after retaitization in acetonitrile.

Yield: 69 g (78%)

'H NMR (DMSO-d6, ppm): 0.86 (6H); 1.08-1.38 (40H)4Q-1.55 (4H); 1.68-2.30 (12H); 3.16-
3.66 (6H); 4.20-4.39 (3H); 7.67-8.31 (2H); 12.761(1

LC/MS (ESI): 719.4; 741.5; (calculated ([M+H] 719.6; ([M+Na]): 741.6).

Molecule B15: product obtained by coupling betweeslecule B14 and Boc-ethylenediamine
[000544] By a method similar to the one used for the prepmaraf molecule A27, applied
to molecule B14 (32.00 g, 44.50 mmol) in solutiom dichloromethane and to Boc-
ethylenediamine (8.56 g, 53.40 mmol), a colorleds i® obtained after purification by
chromatography on silica gel (ethyl acetate, maihan

Yield: 24.5 g (64%)

'H NMR (DMSO-d6, ppm): 0.85 (6H); 1.16-2.42 (65H)89-3.14 (4H); 3.17-3.66 (6H); 4.11-
4.43 (3H); 6.77 (1H); 7.38-8.23 (3H).

LC/MS (ESI): 861.7; (calculated ([M+H): 861.7).
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Molecule BA6

[000545] By a method similar to the one used for the preparaf molecule BA5, applied
to molecule B15 (24.50 g, 28.45 mmol), a white daB obtained after recrystallization in
acetonitrile.

Yield: 19.7 g (91%)

'H NMR (DMSO-d6, ppm): 0.85 (6H); 1.10-2.40 (58H)52-2.62 (2H); 2.90-3.16 (2H); 3.16-
3.67 (6H); 4.04-4.47 (3H); 7.33-8.27 (3H).

LC/MS (ESI): 761.5; (calculated ([M+H): 761.6).

Example BA7: molecule BA7

Molecule B16: product obtained by the reaction leetv N-(tert-butoxycarbonyl)-1.6-
diaminohexane and molecule B8

[000546] By a method similar to the one used for the prepmaraf molecule A27, applied
to molecule B8 (10 g, 13.14 mmol) and to N-(tertebycarbonyl)-1,6-diaminohexane (3.41 g,
15.77 mmol) in dichloromethane, a white solid isaited after recrystallization in acetonitrile.
Yield: 10.7 g (85%)

'H NMR (CDCk, ppm): 0.88 (6H); 1.17-2.40 (79H); 3.00-3.71 (10M)26-4.58 (3H); 4.67
(1H); 6.74 (1H); 7.34-7.49 (2H).

LC/MS (ESI): 959.9; (calculated ([M+H]: 959.8).
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Molecule BA7

[000547] After a method similar to the one used for the prapon of molecule BA1,
applied to molecule B16 (10.5 g, 10.94 mmol), a @dweous NaOH solution is added dropwise
to the reaction medium cooled to 0 °C. The aqughase is extracted with dichloromethane,
then the organic phase is washed 3 times with aa§@&eous NaCl solution. After drying over
Na2S04, the organic phase is filtered, concentratader vacuum and the residue is
recrystallized in acetonitrile.

Yield: 5.4 g (58%)

'H NMR (CDCL, ppm): 0.88 (6H); 1.19-2.40 (72H); 2.67 (2H); 3830 (8H); 4.26-4.57 (3H);
6.71 (1H); 7.39-7.49 (2H).

LC/MS (ESI): 859.8; (calculated ([M+H]: 859.7).

BB: Synthesis of the co-polyamino acids

Defined co-polyamino acids defined of formulas wilVIib

| No. | co-polyamino acids bearing carboxylate chaegeshydrophobic radicals
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BB16

i =0.043, DP (m) =23
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Table 1f: list of the co-polyamino acids synthediaecording to the invention.

Part BB: synthesis of the co-polyamino acids

Example BB14: co-polyamino acid BB14 - sodium poli-glutamate modified at one of its
ends by molecule BA2 and having a number average tecular weight (Mn) of 4020 g/mol
[000548] The hydrochloride salt of molecule BA2 (2.12 g, ®mmol), chloroform (40
mL), molecular sieve 4 A (1.5 g) as well as AmlerlRN 150 ion exchange resin (1.5 g) are
introduced successively into an appropriate coetaifsfter 1 h of stirring on rollers, the medium
is filtered and the resin is rinsed with chloroforfine mixture is evaporated, then co-evaporated
with toluene. The residue is solubilized in anhygdrdMF (20 mL) to be used directly in the
polymerization reaction.

[000549] y-Benzyl-L-glutamateN-carboxyanhydride (18 g, 68.42 mmol) is placed under
vacuum for 30 min in a round-bottom flask drieddsehand in the oven, then anhydrous DMF
(100 mL) is introduced. The mixture is stirred undegon until the solubilization is complete,
cooled to 4 °C, then the solution of molecule BA2pared as described above is introduced

rapidly. The mixture is stirred between 4 °C andmotemperature for 2 days, then heated at 65
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°C for 2 h. The reaction mixture is then cooleddom temperature, then poured dropwise into
diisopropyl ether (1.2 L) under stirring. The whpeecipitate is recovered by filtration, washed
two times with diisopropyl ether (100 mL), theneattiunder vacuum at 30 °C to obtain a white
solid. The solid is diluted in TFA (105 mL), and38% hydrobromic acid solution (HBr) in
acetic acid (38 mL, 220 mmol) is then added dropwaisd at O °C. The solution is stirred for 2 h
at room temperature, then poured dropwise ontal g\lv) mixture of diisopropyl ether/water
and under stirring (600 mL). After 2 h of stirrintpe heterogeneous mixture is allowed to rest
overnight. The white precipitate is recovered Wiydtion, washed successively with a 1:1 (v/v)
mixture of diisopropyl ether and water (200 mL)enhwith water (100 mL). The solid obtained
is solubilized in water (450 mL) by adjusting thid o 7 by addition of a 10 N aqueous sodium
hydroxide solution, then a 1 N aqueous sodium hyideo solution. The mixture is filtered
through a 0.45-um filter, then purified by ultr&fgtion against a 0.9% NacCl solution, then water
until the conductimetry of the permeate is less tb@d uS/cm. The solution of co-polyamino acid
is then concentrated to approximately 30 g/L thiecaikand the pH is adjusted to 7. The aqueous

solution is filtered through a 0.2-um filter andred at 4 °C.

Dry extract: 22.3 mg/g.
DP (estimated bjH NMR) = 29 therefore i = 0.034.
The calculated average molecular weight of the @ggmino acid BB14 is 5089 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 4020 g/mol.

Example BB15: co-polyamino acid BB15 - sodium poli-glutamate modified at one of its

ends by molecule BA3 and having a number average tegular weight (Mn) of 3610 g/mol
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[000550] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to the hydrochloride salt of the ncale BA3 (3.62 g, 4.32 mmol) and to 25.0 g
(94.97 mmol) of y-benzyl-L-glutamate N-carboxyanhydride, a sodium poly-L-glutamate

modified at one of its ends by the molecule BA8hsained.

Dry extract: 26.5 mg/g
DP (estimated bjH NMR) = 24 therefore i = 0.042.
The calculated average molecular weight of the @ggmino acid BB15 is 4390 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3610 g/mol.

Example BB16: co-polyamino acid BB16 - sodium poli-glutamate modified at one of its
ends by molecule BA4 and having a number average tegular weight (Mn) of 3300 g/mol
[000551] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to the hydrochloride salt of the ncale BA4 (5.70 g, 5.70 mmol) and to 29.99 g
(113.9 mmol) of y-benzyl-L-glutamate N-carboxyanhydride, a sodium poly-L-glutamate

modified at one of its ends by the molecule BAdhbsained.

Dry extract: 32.3 mg/g
DP (estimated byH NMR) = 23 therefore i = 0.043.
The calculated average molecular weight of the @ggmino acid BB16 is 4399 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3300 g/mol.

Example BB17: co-polyamino acid BB17 - sodium poli-glutamate modified at one of its

ends by molecule BA3 and having a number average ecular weight (Mn) of 10700 g/mol
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[000552] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to the hydrochloride salt of the ncale BA3 (2.51 g, 3 mmol) and at 52.7 g (200
mmol) of y-benzyl-L-glutamateN-carboxyanhydride, a sodium poly-L-glutamate meudifiat

one of its ends by the molecule BA3 is obtained.

Dry extract: 24.5 mg/g
DP (estimated bjH NMR) = 65 therefore i = 0.015.
The calculated average molecular weight of the @ggmino acid BB17 is 10585 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 10700 g/mol.

Example BB18: co-polyamino acid BB18 - sodium poli-glutamate modified at one of its
ends by molecule BA3 and having a number average tegular weight of 6600 g/mol
[000553] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to the hydrochloride salt of the neale BA3 (2.51 g, 3 mmol) and at 31.6 g (120
mmol) of y-benzyl-L-glutamateN-carboxyanhydride, a sodium poly-L-glutamate medifiat

one of its ends by the molecule BAS is obtained.

Dry extract: 27.3 mg/g
DP (estimated byH NMR) = 40 therefore i = 0.025.
The calculated average molecular weight of the @ggmino acid BB18 is 6889 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 6600 g/mol.

Example BB19: co-polyamino acid BB19 - sodium poli-glutamate modified at one of its
ends by the molecule BA3 and having a number averagmolecular weight (Mn) of 3400
g/mol
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[000554] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to the hydrochloride salt of the ncale BA3 (36.26 g, 43.2 mmol) and ¢f
benzyl-L-glutamateN-carboxyanhydride (250.0 g, 949.7 mmol), a sodiunhy4h-glutamate

modified at one of its ends by molecule BA3 is aled.

Dry extract: 22.4 mg/g
DP (estimated byH NMR) = 25 therefore i = 0.04.
The calculated average molecular weight of the @ggmino acid BB19 is 4540 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3400 g/mol.

Example BB20:

co-polyamino acid BB20 - sodium poly-L-glutamate mdified at one of its ends by the
molecule BA3 and having a number average moleculaveight (Mn) of 2500 g/mol

[000555] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to the molecule BA3 in free amineniqi1.017 g, 12.7 mmol) and ¢fbenzyl-L-
glutamateN-carboxyanhydride (5.0 g, 19.0 mmol), a sodium-utginate modified at one of its

ends by the molecule BA3 is obtained.

Dry extract: 11.2 mg/g
DP (estimated byH NMR) = 17 therefore i = 0.059.
The calculated average molecular weight of the @ggmino acid BB20 is 3332 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2500 g/mol.
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Example BB21:

co-polyamino acid BB21 - sodium poly-L-glutamate mdified at one of its ends by the
molecule BA3 and having a number average moleculaveight (Mn) of 1100 g/mol

[000556] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to the molecule BA3 in free aminanidi3.814 g, 4.75 mmol) and ¢fbenzyl-L-
glutamateN-carboxyanhydride (10.0 g, 38.0 mmol), a sodiumygdeglutamate modified at one

of its ends by the molecule BAS is obtained.

Dry extract: 16.1 mg/g
DP (estimated byH NMR) = 9 therefore i = 0.11.
The calculated average molecular weight of the @ggmino acid BB21 is 2123 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 1100 g/mol.

Example BB22:

co-polyamino acid BB22 - sodium poly-D-glutamate ndified at one of its ends by the
molecule BA3 and having a number average moleculaveight (Mn) of 2900 g/mol

[000557] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to the molecule BA3 in free aminenfo{2.77 g, 3.45 mmol) and gfbenzyl-D-
glutamateN-carboxyanhydride (20.0 g, 76.0 mmol), a sodium-fgdlglutamate modified at one

of its ends by the molecule BAS is obtained.

Dry extract: 15.2 mg/g
DP (estimated byH NMR) = 21 therefore i = 0.048.
The calculated average molecular weight of the @ggmino acid BB22 is 3936 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2900 g/mol.
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Example BB23:
co-polyamino acid BB23 - a random copolymer of unisodium D- or L-glutamate, modified
at one of its ends by the molecule BA3 and havingraimber average molecular weight (Mn)

of 2800 g/mol

[000558] y-Benzyl-L-glutamate N-carboxyanhydride (20.0 g,006mmol) andy-benzyl-D-
glutamate N-carboxyanhydride (20.0 g, 76.00 mmuad) @aced under vacuum for 30 min in a
round-bottom flask dried beforehand in the oveentanhydrous DMF (75 mL) is introduced.
The mixture is stirred under argon until the sdiahtion is complete, cooled to 4 °C, then a
solution of molecule BA3 in free amine form (5.556391 mmol) in chloroform (14.5 mL) is
introduced rapidly. The mixture is stirred betweeiC and room temperature for 18 h, then
heated at 65 °C for 2 h. The reaction mixture entlbooled to room temperature, then poured
dropwise into diisopropyl ether (1.2 L) under stig: The white precipitate is recovered by
filtration, washed three times with diisopropyl @th{80 mL), then dried under vacuum at 30 °C
until obtaining a white solid. The solid is dilutedTFA (152 mL), and a 33% hydrobromic acid
(HBr) solution in acetic acid (106 mL, 220 mmol)tleen added dropwise and at 0 °C. The
solution is stirred for 3 h at room temperaturentpeured dropwise onto a 1:1 (v/v) mixture of
diisopropyl ether/water and under stirring (1.84 The agueous phase is separated in a dropping
funnel, and the pH is adjusted to 7.2 by additibraclO N aqueous NaOH solution. After
addition of water (250 mL), the mixture is filterédrough a 0.45-um filter then purified by

ultrafiltration against a 0.9% NaCl solution, theater until the conductimetry of the permeate is
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less than 50 pS/cm. The solution of co-polyamind &cthen concentrated to approximately 25
g/L, filtered through a 0.2-um filter and storedt&itC.

Dry extract: 28.2 mg/g.

DP (estimated bjH NMR) = 21 therefore i = 0.048.
The calculated average molecular weight of the @ggmino acid BB23 is 3936 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2800 g/mol.

Example BB24: co-polyamino acid BB24 - a block copgmer of sodium poly-D-glutamate
and sodium poly-L-glutamate, modified at one of itends by the molecule BA3 and having
a number average molecular weight (Mn) of 2800 g/nho

y-Benzyl-D-glutamate N-carboxyanhydride (13.5 g,3fmol) is placed under vacuum for 30
min in a round-bottom flask dried beforehand in then, then anhydrous DMF (52 mL) is
introduced. The mixture is stirred under argon luthié solubilization is complete, cooled to O
°C, then a solution of molecule BA3 in free amioeni (3.43 g, 4.27 mmol) in chloroform (8.6
mL) is introduced rapidly. The mixture is stirred0a°C for 24 h, then a solution gftert-butyl-
L-glutamate N-carboxyanhydride (13.5 g, 58.9 mnmlPMF (15 mL) is added. The mixture is
then stirred between 0 °C and room temperatur2ioh, then heated at 65 °C for 2 h. The
reaction mixture is then cooled to room temperatilven poured dropwise into diisopropyl ether
(0.8 L) under stirring. The white precipitate icogered by filtration, washed three times with
diisopropyl ether (52 mL), then dried under vacuain30 °C until obtaining a white solid. The
solid is diluted in TFA (96 mL), and a 33% hydrofmic acid (HBr) solution in acetic acid (68
mL, 388 mmol) is then added dropwise and at O °e $olution is stirred for 2 h at room

temperature, then poured dropwise onto a 1:1 fwixjure of diisopropyl ether/water and under
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stirring (1.2 L). After 2 h of stirring, the hetey@neous mixture is allowed to rest overnight. The
white precipitate is recovered by filtration, wadhguccessively with a 1:1 (v/v) mixture of
diisopropyl ether and water (100 mL), then with eva{100 mL). The solid obtained is
solubilized in water (900 ml) by adjusting the pdi by addition of a 10 N aqueous sodium
hydroxide solution, then a 1N aqueous sodium hyidesolution. The mixture is filtered
through a 0.45-um filter, then purified by ultr&f@tion against a 0.9% NaCl solution, then water
until the conductimetry of the permeate is less tb@d uS/cm. The solution of co-polyamino acid
is then concentrated to approximately 20 g/L thiecaikand the pH is adjusted to 7. The aqueous
solution is filtered through a 0.2-um filter andred at 4 °C.

Dry extract: 23.9 mg/g

DP (estimated byH NMR) = 25 therefore i = 0.04

The calculated average molecular weight of the @ggmino acid BB24 is 4541 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2800 g/mol.

Example BB25:

co-polyamino acid BB25 - sodium poly-L-glutamate mdified at one of its ends by the
molecule BA5 and having a number average moleculaveight (Mn) of 2800 g/mol

[000559] By a method similar to the one used for the prdpmaraf the co-polyamino acid
BB14, applied to the molecule BAS in free aminariail.70 g, 1.98 mmol) and gfbenzyl-L-
glutamate N-carboxyanhydride (11.46 g, 43.5 mmeBpdium-L-glutamate modified at one of

its ends by the molecule BAS is obtained.

Dry extract: 19.8 mg/g

DP (estimated byH NMR) = 23 therefore i = 0.043
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The calculated average molecular weight of the @ggmino acid BB25 is 4295 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2800 g/mol.

Example BB26:

co-polyamino acid BB26 - sodium poly-L-glutamate mdified at one of its ends by the
molecule BA6 and having a number average moleculaveight (Mn) of 2900 g/mol

[000560] By a method similar to the one used for the prdpmaraf the co-polyamino acid
BB14, applied to the molecule BAG6 in free aminaniai3.05 g, 4.01 mmol) and gfbenzyl-L-
glutamate N-carboxyanhydride (22.78 g, 86.5 mmBpdium-L-glutamate modified at one of

its ends by the molecule BAG is obtained.

Dry extract: 16.9 mg/g
DP (estimated byH NMR) = 21 therefore i = 0.048
The calculated average molecular weight of the @ggmino acid BB26 is 3894 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2900 g/mol.

Example BB27:

co-polyamino acid BB27 - sodium poly-L-glutamate mdified at one of its ends by molecule
BA3 and modified by molecule BA3 and having a numlreaverage molecular weight (Mn)

of 2300 g/mol.

[000561] Co-polyamino acid BB27-1: poly-L-glutamic acid hagi a number average
molecular weight (Mn) of 3600 g/mol, modified ateoaof its ends by molecule BA3 and capped

at the other end by pidolic acid.
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[000562] y-Benzyl-L-glutamate N-carboxyanhydride (122.58 §6 4nmol) is placed under
vacuum for 30 min in a round-bottom flask drieddsehand in the oven, then anhydrous DMF
(220 mL) is introduced. The mixture is stirred undegon until the solubilization is complete,
cooled to -10 °C, then a solution of molecule BA3ree amine form (17.08 g, 21.3 mmol) in
chloroform (40 mL) is introduced rapidly. The mirgus stirred at a temperature between 0 °C
and room temperature for 2 days, then heated &C6for 4 h. The reaction medium is then
cooled to 25 °C, then pidolic acid is added (13368.05.8 mmol), HOBt (2.35 g, 15.3 mmol)
and EDC (20.28 g, 105.8 mmol). After 24 h of stigiat 25 °C, the solution is concentrated
under vacuum to eliminate the chloroform and 50%hef DMF. The reaction mixture is then
heated at 55 °C and 1150 mL of methanol are intedun 1 h. The reaction mixture is then
cooled to 0 °C. After 18 h, the white precipitaserécovered by filtration, washed three times
with 270 mL of diisopropyl ether, then dried undecuum at 30 °C in order to obtain a white
solid. The solid is diluted in TFA (390 mL), and38% hydrobromic acid solution (HBr) in
acetic acid (271 mL, 1547 mmol) is then added dispwand at O °C. The solution is stirred for 2
h at room temperature, then poured dropwise oritd #v/v) mixture of diisopropyl ether/water
and under stirring (970 mL). After 2 h of stirrinipe heterogeneous mixture is allowed to stand
overnight. The white precipitate is recovered Wydiion, washed successively with diisopropyl
ether (380 mL), then two times with water (380 mLhe solid obtained is solubilized in water
(3.6L) by adjusting the pH to 7 by adding a 10 Nilgmpys sodium hydroxide solution, then 1 N
aqueous sodium hydroxide solution. The mixtureilieréd through a 0.45-um filter, then
purified by ultrafiltration against a 0.9% NaCl stbn, a 0.1 N NaOH solution, a 0.9% NacCl
solution, a phosphate buffer solution (150 mM),.a% NaCl solution, then water until the

conductimetry of the permeate is less than 50 pSid¢na solution of co-polyamino acid is then
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concentrated to approximately 30 g/L theoretia#tered through a 0.2-um filter, then acidified
to pH 2 under stirring addition of a 37% HCI sabuti The precipitate is then recovered by
filtration, washed two times with water, then driedder vacuum at 30 °C to obtain a white

solid.

Co-polyamino acid BB27

[000563] By a method similar to the one used for the preparaf the co-polyamino acid
BB2, applied to molecule BA3 in free amine form2@6 g, 1.50 mmol) and to co-polyamino
acid BB27-1 (5.5 g, 33.4 mmol), a sodium poly-Ligilmate modified at one of its ends by

molecule BA3 and modified by molecule BA3 is ob&in

Dry extract: 19.0 mg/g

DP (estimated based 6H NMR): 22

Based orfH NMR: i = 0.089

The calculated average molecular weight of co-pulya acid BB27 is 4826 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2300 g/mol.

Example BB42:

co-polyamino acid BB42 - sodium poly-L-glutamate mdified at one of its ends by the

molecule B8 and having a number average moleculareight (Mn) of 3200 g/mol

[000564] DCC (0.659 g, 3.19 mmol) and NHS (0.365 g, 3.17 mma@ added to a solution
of molecule B8 (2.366 g, 3.11 mmol) in DMF (19.5 mlAfter 16 h of stirring at room

temperature, the solution is filtered to be usedatly in the following reaction.
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[000565] y-Benzyl-L-glutamate N-carboxyanhydride (18.0 g,4681mol) is placed under
vacuum for 30 min in a round-bottom flask drieddsehand in the oven, then anhydrous DMF
(40 mL) is introduced. The mixture is then stirtgitler argon until the dissolution is complete,
cooled to 0 °C, then hexylamine (0.411 mL, 3.11 Myn®introduced rapidly. After 30 h of
stirring at 0 °C, the solution of molecule B8 pregzthabove is added. The solution is stirred
between 0 °C and room temperature for 72 h, themgabodropwise into diisopropyl ether (0.9 L)
under stirring. The precipitate is recovered birdtion, washed with diisopropyl ether (5 times
100 mL), then dried under vacuum at 30 °C to yeehhite solid. The solid is diluted in TFA
(69 mL), then the solution is cooled to 4 °C. A 38fBr solution in acetic acid (48 mL, 0.274
mol) is then added dropwise. The mixture is stiratdoom temperature for 2 h, then poured
dropwise onto a 1:1 (v/v) mixture of diisopropyhet and water under stirring (0.8 L). After 2 h
of stirring, the heterogeneous mixture is leftaéstrovernight. The white precipitate is recovered
by filtration, washed with a 1:1 (v/v) mixture ofigbpropyl ether and water (70 mL), then with
water (70 mL). The solid obtained is then solubkiizn water (0.42 L) by adjusting the pH to 7
by addition of a 10 N aqueous sodium hydroxidetgmii then a 1 N agqueous sodium hydroxide
solution. After solubilization, the theoretical a@mtration is adjusted to 20 g/L theoretical by
addition of water until obtaining a final volume @63 L. The solution is filtered through a 0.45-
pm filter, then purified by ultrafiltration against 0.9% NacCl solution, then water until the
conductimetry of the permeate is less than 50 pSIdra solution obtained is filtered through a

0.2-um filter and stored at 2-8 °C.

Dry extract: 22.2 mg/g
DP (estimated based 6H NMR): 22

Based orfH NMR: i = 0.045
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The calculated average molecular weight of the @ggmino acid BB42 is 4160 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 3200 g/mol.

Example BB43:

co-polyamino acid BB43 - sodium poly-L-glutamate mdified at one of its ends by molecule
BA3 and at the other end by molecule B8 and having number average molecular weight
(Mn) of 2000 g/mol

[000566] DCC (0.257 g, 1.24 mmol) and NHS (0.143 g, 1.24 e added to a solution
of B8 (0.946 g, 1.24 mmol) in DMF (8 mL). After 16 of stirring at room temperature, the
solution is filtered to be used directly in theldoling reaction.

[000567] y-Benzyl-L-glutamate N-carboxyanhydride (6.0 g, 22a@nol) is placed under
vacuum for 30 min in a round-bottom flask driedthie oven beforehand, then anhydrous DMF
(14 mL) is introduced. The mixture is then stirtgttler argon until the dissolution is complete,
cooled to 0 °C, then a solution of molecule BA3fi@e amine form (0.832 g, 1.04 mmol) in
chloroform (2.0 mL) is introduced rapidly. After 18of stirring at O °C, the solution of molecule
B8 prepared beforehand is added. The solutionriedtbetween 0 °C and room temperature for
22 h, then poured dropwise into diisopropyl eth@B4 L) under stirring. The precipitate is
recovered by filtration, washed with diisopropythet (7 times 15 mL), then dried under vacuum
at 30 °C to yield a white solid. The solid is dddtin TFA (23 mL), then the solution is cooled to
4 °C. A 33% HBr solution in acetic acid (15 mL, 85nmol) is then added dropwise. The
mixture is stirred at room temperature for 2 hntpeured dropwise onto a 1:1 (v/v) mixture of
diisopropyl ether and water under stirring (0.28 Ajter 2 h of stirring, the heterogeneous

mixture is allowed to rest overnight. The white @p&ate is recovered by filtration, washed two
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times with a 1:1 (v/v) mixture of diisopropyl ethend water (24 mL), then two times with water
(24 mL). The solid obtained is then solubilizedwater (0.16 L) by adjusting the pH to 12 by
addition of a 10 N aqueous sodium hydroxide sofytihen a 1 N aqueous sodium hydroxide
solution. After 30 minutes, the pH is adjusted tdy slow addition of a 1N aqueous HCI
solution. The solution is filtered through a 0.4&fiilter, then purified by ultrafiltration againat
0.9% NacCl solution, then water until the conductimef the permeate is less than 50 uS/cm.

The solution obtained is filtered through a 0.2-filter and stored at 2-8 °C.

Dry extract: 18.9 mg/g

DP (estimated based 6H NMR): 22

Based ortH NMR: i; = 0.09

The calculated average molecular weight of the @ggmino acid BB43 is 4871 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2000 g/mol.

Example BB44:

co-polyamino acid BB44 - sodium poly-L-glutamate mdified at one of its ends by the
molecule BA7 and having a number average moleculaveight (Mn) of 3300 g/mol

[000568] By a method similar to the one used for the preparaf the co-polyamino acid
BB14, applied to molecule BA7 in free amine form4@l g, 5.18 mmol) and to 30.0 g (113.96
mmol) of y-benzyl-L-glutamate N-carboxyanhydride, a sodiuntyfieglutamate modified at

one of its ends by molecule BA7 is obtained.

Dry extract: 29.0 mg/g
DP (estimated byH NMR) = 25 thus i = 0.04
The calculated average molecular weight of the @ggmino acid BB44 is 4597 g/mol.
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HPLC-aqueous SEC (calibrant PEG): Mn = 3300 g/mol.

Part CE: counter-examples co-polyamino acids
Part C:
The glucagon used is human glucagon originatingn feopeptide synthesis process. It originates

from the company Bachem (reference 407473).

Example C1: Solution of Glucagon at 2 mg/mL

[000569] Powdered glucagon (80 mg) is introduced into a 45fHask. A 0.003 N aqueous
hydrochloric acid solution (40 mL) is added. Theiagigon powder is mixed by repeated
inversions of the tube until the dissolution of tilecagon is complete. The solution of glucagon

at 2 mg/mL is then filtered through a membraneZ@u).

Example C2: Solution of Glucagon at 4 mg/mL

[000570] Powdered glucagon (160 mg) is introduced into amd5flask. A 0.006 N
agueous hydrochloric acid solution (40 mL) is adddte glucagon powder is mixed by repeated
inversions of the tube until the dissolution of tilecagon is complete. The solution of glucagon

at 4 mg/mL is then filtered through a membraneZ@u).

Example C3: Solution of Glucagon at 6 mg/mL
[000571] Powdered glucagon (240 mg) is introduced into ad5Hask. A 0.01 N aqueous

hydrochloric acid solution (40 mL) is added. Theaiagigon powder is mixed by repeated

163



inversions of the tube until the dissolution of tilecagon is complete. The solution of glucagon

at 6 mg/mL is then filtered through a membraneZ@u).

Example C4: Solution of Glucagon at 10 mg/mL

[000572] Powdered glucagon (400 mg) is introduced into am5Hask. A 0.01 N aqueous
hydrochloric acid solution (40 mL) is added. Theiggigon powder is mixed by repeated
inversions of the tube until the dissolution of tilecagon is complete. The solution of glucagon
at 10 mg/mL is then filtered through a membran2Z@m).

[000573] At first, tests were carried out to verify whethe polyamino acids make it
possible to solubilize the glucagon, and the mimmaooncentration of co-polyamino acid

necessary to solubilize the glucagon was determined

Example CA1l: Compositions of co-polyamino acid AB#&6 variable concentrations and
glucagon concentration of 1 mg/mL.

[000574] 2X mg of co-polyamino acid AB16 were weighed onracgsion scale, and 2 mL
of a 10 mM phosphate buffer solution comprising masol (46 mM), glycerol (548 mM) were
added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is
filtered through a membrane (0.22 um).

[000575] 2 mL of a glucagon solution as prepared in Exangdleare mixed at 2 mL of the
solution of co-polyamino acid as prepared aboweg]ileg to a composition comprising X mg/mL
of co-polyamino acid and 1 mg/mL of glucagon.

[000576] A visual inspection was carried out to determinestier or not a clear solution

was obtained. The result of the minimum concertnais presented in Table 5.
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Example CA3: Composition of co-polyamino acid BBa#l variable concentrations and a
glucagon concentration of 1 mg/mL.

[000577] In the same manner as described in Example CAlpgsitions comprising X
mg/mL of co-polyamino acid BB14 and 1 mg/mL of gdgon are prepared.

[000578] A visual inspection was carried out to determinestier or not a clear solution

was obtained. The result of the minimum concertrais presented in Table 5.

Example CA5: Composition of co-polyamino acid BB#&b variable concentrations and a
glucagon concentration of 1 mg/mL.

[000579] In the same manner as described in Example CAlpositions comprising X
mg/mL of co-polyamino acid BB15 and 1 mg/mL of gigon are prepared.

[000580] A visual inspection was carried out to determineethier or not a clear solution

was obtained. The result of the minimum concerdrais presented in Table 5.

Example Co-polyamino acigd Minimum concentration @d-polyamino
acid (in mg/mL) for the solubilization ¢
human glucagon (1 mg/mL)

—

CAl AB16 <0.82
CA3 BB14 <0.82
CA5 BB15 <1.25

Table 5: Minimum concentration of co-polyamino a¢id mg/mL) for the solubilization of

human glucagon (1 mg/mL).

Example CA7: Solution of co-polyamino acid BB1%at mg/mL and of glucagon at 2 mg/mL
[000581] 17.2 mg of co-polyamino acid BB15 are weighed @rexision scale, and 2 mL
of a 10 mM phosphate buffer solution comprising mesol (46 mM), glycerol (548 mM) are
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added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is
filtered through a membrane (0.22 um).

[000582] 2 mL of glucagon solution as prepared in Exampleaf&mixed with 2 mL of the
solution of co-polyamino acid BB15 as prepared @&ov

[000583] A clear solution is obtained.

Example CA8: Solution of co-polyamino acid BB1%at mg/mL and of glucagon at 3 mg/mL
[000584] 2 mL of a glucagon solution as prepared in Exang8eare mixed with 2 mL of
the solution of co-polyamino acid BB15 as prepaneixample CA7.

[000585] A clear solution is obtained.

Example CA9: Solution of co-polyamino acid BB154at mg/mL and of glucagon at 5 mg/mL
[000586] 2 mL of a glucagon solution as prepared in Exanggleare mixed with 2 mL of
the solution of co-polyamino acid BB15 as prepanexample CA7.

[000587] A clear solution is obtained.

[000588] Tests were carried out in order to verify whether to-polyamino acids make it
possible to stabilize the glucagon, then deternaim@inimum concentration of co-polyamino

acid necessary in order to stabilize the glucagon.

Example CB1: Solution of co-polyamino acid BB15vatiable concentrations and a glucagon

concentration of 1 mg/mL
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[000589] 2X mg of co-polyamino acid BB15 are weighed onecfmion scale, and 2 mL of
a 10 mM phosphate buffer solution comprising m-aré46 mM), glycerol (548 mM) are added.
The composition is stirred until dissolution of tt@polyamino acid, then the solution is filtered
through a membrane (0.22 um).

[000590] 2 mL of a glucagon solution as prepared in Exangileare mixed with 2 mL of
the solution of co-polyamino acid as prepared apteading to a composition comprising X
mg/mL of co-polyamino acid and 1 mg/mL of glucagon.

[000591] Then three samples of 1 mL each of these soluaomprepared and placed under
static conditions at 37 °C.

[000592] A visual inspection is carried out at 7 days, 1ysdand 21 days, see Table 6.
[000593] The study of the physical stabilities of the composs of Examples CBla to
CB1g described in the table below was carried owaumes of 1 mL of composition in flasks

having a capacity of 3 mL (Adelphi - ref: VCDIN2RBL).

Example Concentration of co-polyamin&table at Stable at 14 Stable at 21
acid BB15 7 days days days
(mg/mL)

CBla 0.4 no no no

CB1b 0.8 no no no

CBlc 1.2 no no no

CB1d 2.5 no no no

CBle 3.8 yes yes yes

CB1f 5.1 yes yes yes

CBlg 6.4 yes yes yes

Table 6: Series of concentrations for determinihg tninimum molar ratio hydrophobic

radical/glucagon
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Concentration series were prepared with other dgapano acids, leading to the obtention of

the following stable solutions.

Example CB5: Solution of co-polyamino acid AB15ldtmg/mL and of glucagon at 1 mg/mL
[000594] 56 mg of co-polyamino acid AB15 are weighed onecysion scale, and 2 mL of
a 10 mM phosphate buffer solution comprising m-aré46 mM), glycerol (548 mM) are added.
The composition is stirred until dissolution of tt@ polyamino acid, then the solution is filtered
through a membrane (0.22 um).

[000595] 2 mL of a glucagon solution as prepared in Exangileare mixed with 2 mL of
the solution of co-polyamino acid as prepared abdhen three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB6: Solution of co-polyamino acid AB16L&t2 mg/mL and of glucagon at 1 mg/mL
[000596] 64.8 mg of co-polyamino acid AB16 are weighed qurecision scale, and 2 mL
of a 10 mM phosphate buffer solution comprising mesol (46 mM), glycerol (548 mM) are
added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is
filtered through a membrane (0.22 um).

[000597] 2 mL of a glucagon solution as prepared in Exangdleare mixed with 2 mL of
the solution of co-polyamino acid as prepared abd@ven three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB7: Solution of co-polyamino acid AB1%at mg/mL and of glucagon at 1 mg/mL
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[000598] 25.6 mg of co-polyamino acid AB17 are weighed girecision scale, and 2 mL
of a 10 mM phosphate buffer solution comprising m@sol (46 mM), glycerol (548 mM) are
added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is
filtered through a membrane (0.22 pum).

[000599] 2 mL of a glucagon solution as prepared in Exangileare mixed with 2 mL of
the solution of co-polyamino acid as prepared abdwen three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB15: Solution of co-polyamino acid BB1®dt mg/mL and of glucagon at 1 mg/mL
[000600] 36.4 mg of co-polyamino acid BB14 are weighed @rexision scale, and 2 mL
of a 10 mM phosphate buffer solution comprising mesol (46 mM), glycerol (548 mM) are
added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is
filtered through a membrane (0.22 um).

[000601] 2 mL of a glucagon solution as prepared in Exangdleare mixed with 2 mL of
the solution of co-polyamino acid as prepared abd@ven three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB16: Solution of co-polyamino acid BB1&& mg/mL and of glucagon at 1 mg/mL
[000602] 15.2 mg of co-polyamino acid BB16 are weighed @rexision scale, and 2 mL
of a 10 mM phosphate buffer solution comprising m@sol (46 mM), glycerol (548 mM) are
added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is

filtered through a membrane (0.22 um).
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[000603] 2 mL of a glucagon solution as prepared in Exangileare mixed with 2 mL of
the solution of co-polyamino acid as prepared abdhen three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB17: Solution of co-polyamino acid BB1&& mg/mL and of glucagon at 1 mg/mL
[000604] 25.2 mg of co-polyamino acid BB16 are weighed @rexision scale, and 2 mL
of a 10 mM phosphate buffer solution comprising mesol (46 mM), glycerol (548 mM) are
added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is
filtered through a membrane (0.22 um).

[000605] 2 mL of a glucagon solution as prepared in Exangdleare mixed with 2 mL of
the solution of co-polyamino acid as prepared abd@ven three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB18: Solution of co-polyamino acid BB1%lat mg/mL and of glucagon at 2 mg/mL
[000606] 17.6 mg of co-polyamino acid BB15 are weighed @rexision scale, and 2 mL
of a 10 mM phosphate buffer solution comprising m@sol (46 mM), glycerol (548 mM) are
added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is
filtered through a membrane (0.22 um).

[000607] 2 mL of a glucagon solution as prepared in Exangifeare mixed with 2 mL of
the solution of co-polyamino acid as prepared abdwen three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.
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Example CB19: Solution of co-polyamino acid BB18& mg/mL and of glucagon at 2 mg/mL
[000608] 35.4 mg of co-polyamino acid BB15 are weighed qrexision scale, and 2 mL
of a 10 mM phosphate buffer solution comprising m@sol (46 mM), glycerol (548 mM) are
added. The composition is stirred until dissolutadrthe co-polyamino acid, then the solution is
filtered through a membrane (0.22 pum).

[000609] 2 mL of a glucagon solution as prepared in Exangifeare mixed with 2 mL of
the solution of co-polyamino acid as prepared abdhen three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB20: Solution of co-polyamino acid BB1%& mg/mL, of glucagon at 1 mg/mL and
of L-methionine at 0.1 mg/mL

[000610] A solution of co-polyamino acid BB15 at 12.6 mg/nsLprepared by dissolving
46.5 mg of lyophilizate of co-polyamino acid BB1%h1.6 mL of water, 1.3 mL of m-cresol at
126.7 mM, 358 uL of glycerol at 4.9 M, 360 uL 0o1@0 mM phosphate buffer solution and 75
pL of L-methionine at 9.8 mg/mL. The solution ikdred through a membrane (0.22 um).
[000611] 2 mL of a glucagon solution as prepared in Exang#eare mixed with 2 mL of
the solution of co-polyamino acid as prepared abd@ven three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB21: Solution of co-polyamino acid BB1%& mg/mL, of glucagon at 1 mg/mL and
of L-methionine at 1 mg/mL

[000612] A solution of co-polyamino acid BB15 at 12.6 mg/nsLprepared by dissolving

46.5 mg of lyophilizate of co-polyamino acid BB1%w937 pL of water, 1.3 mL of m-cresol at
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126.7 mM, 358 uL of glycerol at 4.9 M, 360 pL o1@ mM phosphate buffer solution and 733
ML of L-methionine at 9.8 mg/mL. The solution ikdred through a membrane (0.22 um).
[000613] 2 mL of a glucagon solution as prepared in Exangifeare mixed with 2 mL of
the solution of co-polyamino acid as prepared abdhen three samples of 1 mL each of this

solution are prepared and placed under static tondiat 37 °C.

Example CB22: Solution of co-polyamino acid BB1%& mg/mL, of glucagon at 1 mg/mL and
of exenatide at 0.1 mg/mL

[000614] 14 mg of exenatide (Bachem; Product No. -4044211@) iatroduced into
Eppendorf tubes, then 1.4 mL of water is added. gdwder is mixed by means of repeated
inversions, and the solution of exenatide at 10nmhgk filtered through a membrane (0.22 pum).
[000615] A solution of co-polyamino acid BB15 at 12.6 mg/nsLprepared by dissolving
28.3 mg of lyophilizate of co-polyamino acid BB1%&mw937 uL of water, 817 puL of m-cresol at
126.7 mM, 224 uL of glycerol at 4.9 M, 225 pL obaffer solution at 100 mM and 45 pL of
exenatide at 10 mg/mL. The solution is filteredbtigh a membrane (0.22 pum).

[000616] The final solution is prepared by mixing 2 mL ofjlacagon solution as prepared
in Example C1 and 2 mL of the solution of BB15 at6lmg/mL as prepared above. The mixture
is homogenized manually and contains 1 mg/mL otahon, 0.1 mg/mL of exenatide, 6.3
mg/mL of BB15, 5 mM of phosphate buffer, 23 mM ofomresol and 249 mM of glycerol.
[000617] Three samples of 1 mL each of this solution ar@amed and placed under static

conditions at 37 °C.
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Example CB23: Solution of co-polyamino acid BB1%& mg/mL, of glucagon at 1 mg/mL and
of exenatide at 0.25 mg/mL

[000618] A solution of exenatide at 10 mg/mL is obtainedha same manner as described
in Example CB22.

[000619] A solution of co-polyamino acid BB15 at 12.6 mg/nsLprepared by dissolving
28.4 mg of lyophilizate of co-polyamino acid BB1&mw872 pL of water, 817 puL of m-cresol at
126.7 mM, 224 uL of glycerol at 4.9 M, 225 pL oplhosphate buffer solution at 100 mM and
113 pL of exenatide at 10 mg/mL. The solution liefed through a membrane (0.22 pm).
[000620] The final solution is prepared by mixing 2 mL oflacagon solution as prepared
in Example C1 and 2 mL of the solution of co-polyamacid BB15 at 12.6 mg/mL as prepared
above. The mixture is homogenized manually andaiostl mg/mL of glucagon, 0.25 mg/mL
of exenatide, 6.3 mg/mL of BB15, 5 mM of phosphatéfer, 23 mM of m-cresol and 249 mM
of glycerol.

[000621] Three samples of 1 mL each of this solution ar@gmed and placed under static

conditions at 37 °C.

[000622] Example CB24: Solution of co-polyamino acid BB15%a& mg/mL, of glucagon
at 1 mg/mL and of exenatide at 0.5 mg/mL

[000623] A solution of co-polyamino acid BB15 at 12.6 mg/nsLprepared by dissolving
28.2 mg of lyophilizate of co-polyamino acid BB1%&tw750 pL of water, 817 puL of m-cresol at
126.7 mM, 224 uL of glycerol at 4.9 M, 225 pL oplosphate buffer solution at 100 mM and
226 pL of exenatide at 10 mg/mL, as prepared inetteample above. The solution is filtered

through a membrane (0.22 um).
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[000624] The final solution is prepared by mixing 2 mL ofsalution of glucagon as
prepared in Example C1 and 2 mL of the solutioBBfL5 at 12.6 mg/mL as prepared above.
The mixture is homogenized manually and containsiglmL of glucagon, 0.5 mg/mL of
exenatide, 6.3 mg/mL of co-polyamino acid BB15, B raf phosphate buffer, 23 mM of m-
cresol and 249 mM of glycerol.

[000625] Three samples of 1 mL each of this solution ar@gmed and placed under static

conditions at 37 °C.

Example CB26: composition of co-polyamino acid BEdt53.8 mg/mL, glucagon at 1 mg/mL
and citrate at pH 7.1

[000626] 7.6 mg of co-polyamino acid BB15 are weighed orrexigion scale and diluted
in water, and, by successive additions of conctedrglycerol solutions, phosphate buffer and
citrate, an aqueous solution is obtained with alficoncentration of BB15 (7.6 mg/mL), of
glycerol (550 mM), of phosphate originating frormature of NaHPO, and NaHPQ,, (4 mM)
and of sodium citrate (10 mM). The solution isgfitd through a membrane (0.22 pm).

[000627] 2 mL of a glucagon solution as prepared in Exangdleare mixed with 2 mL of
the co-polyamino acid solution as prepared abaveuch a manner as to obtain a composition
comprising 3.8 mg/mL of co-polyamino acid BB15, §/mL of glucagon and 5 mM of citrate.
The pH of the solution is adjusted to pH 7.1 + (his solution is filtered through a membrane

(0.22 pm).
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[000628] In a manner similar to the composition describeExample CB26, compositions
CB27, CB30 and CB30' are also prepared (TableL6®)ethionine is present at 1 mg/mL in the
compositions CB30 and CB30..

[000629] In a manner similar to the composition describedExample CB26, and by
adding a zinc chloride solution at the time of thing of the solutions of glucagon and of co-
polyamino acid, the compositions CB28 and CB29 halse been prepared in a manner so as to
obtain the desired concentrations (Table 6a).

[000630] The compositions prepared above were transferrtal gartridges (easy-to-fill
from OMPI of 3 mL - Ref P40B4100.3250) in the amboh 1l mL per cartridge and placed

under static conditions at 37 °C.

Compositions Glucagon| Glycerol | Co-polyamino Citrate | Zinc | pH
(mg/mL) | (mM) acid (mM) (mM)
(mg/mL)
CB26 1 250 BB15 (3.8) 5 0 7.1
CB27 1 250 BB15 (3.8) 10 0 7.1
CB28 1 250 BB15 (3.8) 5 0.3 7.1
CB29 1 250 BB15 (3.8) 10 0.3 7.1
CB30 1 250 BB19 (3.3) 10 0 7.1
CB30' 1 250 BB19 (3.9) 10 0 7.1

Table 6a: composition of co-polyamino acid, glugagb1l mg/mL and citrate at pH 7.1.

Example CB31: composition of co-polyamino acid BEit511.3 mg/mL, glucagon at 3 mg/mL
and citrate

[000631] 22.7 mg of co-polyamino acid BB15 are weighed gmexision scale and diluted
in water, and, by successive additions of conctdraolutions of glycerol, phosphate buffer,

citrate and m-cresol, an aqueous solution wittal fconcentration of BB15 (22.7 mg/mL), of
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glycerol (530 mM), of phosphate (4 mM), of sodiuitnate (20 mM) and of m-cresol (54 mM) is
obtained. The solution is filtered through a memibrd.22 pm).

[000632] 2 mL of a glucagon solution as prepared in Exangf8eare mixed with 2 mL of
the solution of co-polyamino acid as prepared aboemanner so as to obtain a composition at
11.3 mg/mL of co-polyamino acid BB15, 3 mg/mL ofighgon and 10 mM of citrate. The pH of
the solution is adjusted to pH 7.1 + 0.1. The sofuts filtered through a membrane (0.22 yum).
[000633] In a manner similar to the composition describedExample CB31, and by
adding a zinc chloride solution at the time of thing of the solutions of glucagon and of co-
polyamino acid, the compositions CB32 to CB34 wads® prepared in a manner so as to obtain
the desired concentrations (Table 6b).

[000634] The compositions prepared above are transferred 3ntartridges (easy-to-fill
from OMPI of 3 mL - Ref P40B4100.3250) in the amboh 1 mL per cartridge and placed

under static conditions at 37 °C.

Compositions Glucagon| Glycerol BB15 Citrate | Zinc | m-cresol | pH
(mg/mL) | (mM) (mg/mL) | (mM) (mM) | (mM)

CB31 3 250 11.3 10 0 27 7.1

CB32 3 250 11.3 10 0.3 27 7.1

CB33 3 250 11.3 10 0.9 27 7.1

CB34 3 250 11.3 10 1.8 27 7.1

Table 6b: compositions of co-polyamino acid BB15Lat3 mg/mL, glucagon at 3 mg/mL and

citrate at pH 7.1.

Examples CB35 to CB83: compositions of co-polyanacil
[0001] In a manner similar to the composition describedExample CB31, the compositions
CB35 to CB84 were also prepared in a manner so abtain the desired concentrations (Table

6C).
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[0002] In all the compositions, the glucagon concentratsoh mg/mL and the phosphate buffer

concentration is 2 mM.

Compositions Co-polyamino| co- Glycerol | m-cresol| Methionine
acid polyamino (mM) (mM) (mg/mL)

acid

(mg/mL)
CB35 BB15 3.8 292 0 1
CB36 3.8 277 15 1
CB37 3.8 265 27 1
CB38 3.8 0 0 1
CB39 AB21’ 3.8 256 27 0
CB40 6.3 247 0
CB41 8.8 239 27 0
CB42 BB20 2.9 264 27 0
CB43 4.8 261 27 0
CB44 6.7 258 27 0
CB45 BB21 1.8 266 27 0
CB46 3.0 264 27 0
CB47 4.3 262 27 0
CB48 BB23 3.4 263 27 0
CB49 5.6 260 27 0
CB50 7.9 256 27 0
CB51 BB17 8.6 246 27 0
CB52 14.3 231 27 0
CB53 20.0 216 27 0
CB54 BB25 3.7 264 27 0
CB55 6.2 263 27 0
CB56 8.7 259 27 0
CB57 BB27 1.7 263 27 0
CB58 6.9 260 27 0
CB59 9.7 257 27 0
CB60 BB42 3.6 261 27 0
CB61 6.0 256 27 0
CB62 8.4 251 27 0
CB69 BB14 3.5 261 27 0
CB70 5.8 256 27 0
CB71 BB43 4.3 263 27 0
CB72 7.1 259 27 0
CB73 9.9 255 27 0
CB74 BB15 3.8 263 27 0
CB75 6.3 260 27 0
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CB76 8.8 257 27 0
CB77 7.6 258 27 0
CB78 11.3 253 27 0
CB79 BB15 2.9 265 27 0
CB80 BB15 3.3 264 27 0
CB81 BB27 2.8 265 27 0
CB82 BB27 3.0 265 27 0
CB83 BB27 3.5 264 27 0

Table 6¢: compositions of glucagon at pH 7.2 +I-ifd.the presence of co-polyamino acid

Examples CB84 to CB89: compositions of co-polyananial

[0003] In a manner similar to the composition describedExample CB31, the compositions
CB84 to CB89 were also prepared in a manner so abtain the desired concentrations (Table
6d).

[0004] In all the compositions, the phosphate buffer catre¢ion is 2 mM.

m_
Glucago Cgl' am Cg] ami | Glcer | creso| Methioni| o . .
Compositions | n ipnoy ﬁo };cid ol I ne s P
(mg/mL) acid (mg/mL) (mM) §mM (mg/mL)
BB15 Citrate
CB84 1 3.9 262 0 1 10 mM
BB15 Zn
CB85 3 9.8 265 27 1 300uM
BB15 Citrate
CB86 2 8.8 219 27 1 10 mM
Citrate
10 mM
CB87 2 BBLS 9.1 134 27 1 Nicotina
mide 80
mM
Nicotina
CB88 2 BBLS 6.3 188 27 1 mide 80
mM
CB89 1 BB42 | 3.6 261 27 0

Table 6d: compositions of glucagon at pH 7.2 +1-il.the presence of co-polyamino acid
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Part C' - counter-example formulations

[0005] The cetyltrimethylammonium bromide (CTAB) originatérom the company Sigma-
Aldrich (ref A6909).

[0006] The dodecyl maltoside (DDM) originates from the @amy Sigma-Aldrich (ref: D4641).
[0007] The name (MPEG-DSPE 2000) originates from the compderchim (ref: Kv5081).
[0008] The myristoyl lysophosphatidyl choline (LMPC) ongtes from the company Combi-
Block (ref: QE-2488).

[0009] In a manner similar to the composition describe@&xample CB1, compositions CEC1
to CEC10 are also prepared in a manner so as andbe desired concentrations (Table 6e).
[00010] In all the compositions, the glucagon concentratisn 1 mg/mL. The

concentration of phosphate buffer is 2 mM and thecentration of m-cresol is 27 mM.

Compositions | compounds of the priocompounds of the prior artGlycerol | m-
art (mg/mL) (mM) cresol
(mM)
CEC1 CTAB 0.3 267 27
CEC2 CTAB 15.7 182 27
CEC3 CTAB 39.3 53 27
CEC4 DDM 0.4 268 27
CEC5 DDM 3.2 262 27
CEC6 DDM 10.7 247 27
CEC7 PEG-DSPE 2.4 267 27
CEC8 PEG-DSPE 10.9 229 27
CEC9 LMPC 0.4 268 27
CEC10 LMPC 2.1 264 27

Table 6e: compositions of glucagon at 1 mg/mL at/pBH+/- 0.1 in the presence of compounds

of the prior art at different concentrations.

Part D: STABILITY

Example D1: Physical stability of compositions offmolyamino acid/glucagon
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[00011] The visual inspection of the samples placed untircsconditions at 37 °C is
carried out at 0, 7, 14 and 21 days at 37 °C irmotd detect the appearance of visible particles
or turbidity. This inspection is carried out acdagito the recommendations of the European
Pharmacopoeia (EP 2.9.20): the samples are suthjectbumination of at least 2000 lux and are
observed on a white background and a black backgrdvhen particles are visible in at least 2
of the 3 samples, the composition is consideredables Thus, stable means that on the day of
inspection at least 2 samples were free of pasticle

[00012] The results of the visual inspections are reparigte following Table 7.

[00013] The study of the physical stabilities of the compoiss of Examples CBle, CB2
to CB25 described in the table below was carriedavuvolumes of 1 mL of composition in

flasks having a capacity of 3 mL (Adelphi - ref: BOIN2RDLS1).

Examp | Co- Glucag | Exenatide | L- Stable | Stable| Stable
le Polyamino on (mg/mL) | methionine |at 7|at 14| at 21
acid (mg/mL (mg/mL) days |days |days
(mg/mL) )
CBle | BB15 (3.8) 1 0 0 yes yes yes
CB5 AB15 (14) 1 0 0 yes yes yes
CB6 AB16 (16.2) | 1 0 0 yes yes yes
CB7 AB17 (6.4) 1 0 0 yes yes yes
CB15 | BB14 (9.1) 1 0 0 yes yes no
CB16 | BB16 (3.8) 1 0 0 yes yes no
CB17 BB16 (6.3) 1 0 0 yes yes yes
CB18 | BB15 (4.4) 2 0 0 yes yes no
CB19 | BB15 (8.6) 2 0 0 yes yes yes
CB20 | BB15 (6.3) 1 0 0.1 yes yes yes
CB21 | BB15 (6.3) 1 0 1 yes yes yes
CB22 | BB15 (6.3) 1 0.1 0 yes yes yes

180



CB23 | BB15 (6.3) 1 0.25 0 yes yes yes

CB24 | BB15 (6.3) 1 0.5 0 yes yes yes

CB25 | AB21 (8.6) 1 0 0 yes yes yes

- " means not observed
Table 7: Results of the visual inspections of cosmpmns comprising a co-polyamino acid and

glucagon

Example D1a: Physical stability of compositionsofpolyamino acid/glucagon/citrate.

[00014] The visual inspection of the samples is carriedasutlescribed above in Example
D1.
[00015] The results of the visual inspections of the contmrs at 1 mg/mL and 3

mg/mL of glucagon are reported in Table 7a.

[00016] The study of the physical stabilities of the composs of Examples CB26 to
CB34 described in the table below was carried outvolumes of 1 mL of composition in
cartridges having a capacity of 3 mL (easy-toffililm OMPI of 3 mL - Ref P40B4100.3250).
Due to the specificities of this container, thebgites observed are often greater than those

observed in flasks.

Compositi | Co- Glucago | Citrat | Zinc | Stable | Stable | Stable | Stable | Stable

ons polyamino | n e (mM | at 14| at at at at
acid (mg/mL) | (mM) |) days |21 28 35 42
(mg /mL) days |days |days |days

CB26 BB15 1 5 0 Yes Yes Yes Yes Yes
(3.8)
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CB27 BB15 1 10 0 Yes Yes Yes Yes Yes
(3.8)

CB28 BB15 1 5 0.3 Yes Yes Yes Yes Yes
(3.8)

CB29 BB15 1 10 0.3 Yes Yes Yes Yes Yes
(3.8)

CB30 BB19 1 10 0 Yes Yes - - -
(3.3)

CB30’ BB19 1 10 0 Yes Yes - - -
(3.9)

CB31 BB15 3 10 0 yes no No No No
(11.3)

CB32 BB15 3 10 0.3 yes Yes no No No
(11.3)

CB33 BB15 3 10 0.9 yes Yes Yes no No
(11.3)

CB34 BB15 3 10 1.8 yes Yes no No No
(11.3)

Table 7a: Results of the visual inspections of cositppns at 37 °C comprising a co-polyamino

- " means not measured

acid, glucagon, citrate, with or without zinc.

The compositions comprising co-polyamino acid BBi3.8 mg/mL, glucagon at 1 mg/mL and

citrate at 5 or 10 mM, with zinc at 0.3 mM or withiazinc have a physical stability at 37 °C

under static conditions in a cartridge of at lestays.

The compositions comprising co-polyamino acid BEf53.3 and 3.9 mg/mL, glucagon at 1

mg/mL, citrate at 10 mM, and L-methionine (1 mg/ntigving a physical stability at 37 °C

under static conditions in a cartridge of at |dstlays.
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The compositions of co-polyamino acid BB15 at Ih@mL, of glucagon at 3 mg/mL, and of
citrate at 10 mM, with or without zinc have a plogistability at 37 °C under static conditions in

a cartridge of at least 14 days.

[00017] The study of the physical stabilities of the composs of Examples CB35 to
CB78 described in the table below was carried outcompositions at 1, 2 or 3 mg/mL of
glucagon, in parallel with a study of the stabilty products described in the prior art as

excipient of glucagon.

Composition| Glucago co- contain | Stable at
S n polyami | er
(mg/mL no acid 7 14 21 28 |35 |42
) (mg/mL) day | days | days | day | day | days
S S S
CB35 1 BB15 | 3.8 cartridg
e yes | yes | yes| yes yes no
CB35 1 3.8 flask yes yes| no - - -
CB36 1 3.8 flask yes yes| yes np - -
CB37 1 3.8 flask yes yes| yes yes yes no
CB38 1 3.8 flask yes yes no - - -
CB39 1 AB21’' | 3.8 flask yes no - - - -
CB40 1 6.3 flask yes yes| yes yes |yes |yes
CB41 1 8.8 flask yes yes| yes yes |yes |yes
CB42 1 BB20 | 2.9 flask yes vyes| yesno |- -
CB43 1 4.8 flask yes yes| Yegqyes |yes |yes
CB44 1 6.7 flask yes vyes| Yegyes |yes |yes
CB45 1 BB21 | 1.8 flask yes yes Ye{no |- -
CB46 1 3.0 flask yes vyes| YegYes|Yes|yes
CB47 1 4.3 Flask yes vyes| YejYes|Yes|Yes
CB48 1 BB23 | 3.4 Flask yes yes yejyes | no |-
CB49 1 5.6 flask yes yes| yes yes |yes |yes
CB50 1 7.9 flask yes yes| yes yes |yes |yes
CB51 1 BB17 | 8.6 flask yes yes| yegyes |yes |yes
CB52 1 14.3 flask ye§ yes| yegyes |yes |yes
CB53 1 20 flask yes| yes| yes|yes |yes |yes
CB54 1 BB25 | 3.7 flask yes vyes| yegyes|no |-
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CB55 1 6.2 flask yes yes| yes yes |yes |yes
CB56 1 8.7 flask yes yes| yes yes |yes |yes
CB57 1 BB27 | 4.2 flask yes yes| yegyes |yes |yes
CB58 1 6.9 flask yes yes| yes yes |yes |yes
CB59 1 9.7 flask yes yes| yes yes |yes |yes
CB60 1 BB42 | 3.6 flask yes yes| yegyes |yes |yes
CB61 1 6.0 flask yes yes| yes yes |yes |yes
CB62 1 8.4 flask yes yes| yes yes |yes |yes
CB71 1 BB43 | 4.3 flask |yes |yes |yes |yes | - -
CB72 1 7.1 flask |yes |yes |yes |yes | - -
CB73 1 9.9 flask |yes |yes |yes |yes | - -
CB74 1 BB15 | 3.8 flask |yes |yes |yes |yes | - -
CB75 1 6.3 flask |yes |yes |yes |yes | - -
CB76 1 8.8 flask |yes |yes |yes |yes | - -
CB77 2 7.6 flask |yes |yes |yes |yes | - -
CB78 3 11.3 flask |yes |yes |yes |yes | - -
CEC1 1 CTAB | 0.3 flask no| - - - - -
CEC2 1 CTAB | 15.7 flask yes yes| yeg yes yes yes
CEC3 1 CTAB | 39.3 flask yes yes| yes yes yes yes
CEC4 1 DDM | 0.4 flask no| - - - - -
CEC5 1 DDM | 3.2 flask no| - - - - -
CEC6 1 DDM | 10.7 flask no| - - - - -
CEC7 1 mMPEG| 2.4 flask no | - i i ) i
-DSPE
CECS8 1 mPEG| 10.9 flask no | - i i ) i
-DSPE

CEC9 1 LMPC| 0.4 flask no| - - - - -
CEC10 1 LMPC| 2.1 flask no| - - - - -

Table 7b: Results of the physical stabilities at’@7under static conditions of the compositions

with co-polyamino acids or commercial productsha presence of glucagon.

Conclusions:

At the concentrations tested, the compositionogb@yamino acids in the presence of glucagon

are more stable than the formulations of the comialproducts in the presence of glucagon.

Example D2: Chemical stability of compositions ofmolyamino acid/glucagon
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[00018] An RP-HPLC method adapted based on the USP ingtnsctwas used to
determine the concentration of glucagon and ofiegradation products. This method was used
in order to evaluate the chemical stability of tfl@acagon of the compositions. The HPLC

conditions are as follows:

- Column: 4.6 x 150 mm, C-18

- Mobile phase A: Solution S/acetonitrile 80/20vjy/solution S being a 150 mM
potassium dihydrogenophosphate solution in wat§ussed to pH 2.7 with an 85% phosphoric
acid solution

- Mobile phase B: water/acetonitrile 60/40 (v/v)

- Mobile phase C: water/acetonitrile 10/90 (v/v)

- Column temperature: 45 °C

- Detection: UV 210 nm

- Temperature of the autosampler: 4 °C

[00019] The recovery was measured on samples at 7, 14laddy® at 37 °C under static
conditions. The chemical stability data, that issay the glucagon recovery obtained by RP-
HPLC, is presented in the following Table 8.

[00020] The study of the chemical stabilities of the conifpmss described in the table
below was carried out on compositions in flasksn{1of composition in flask having a capacity

of 3 mL (Adelphi - ref: VCDIN2RDLS1)).
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Exampl | Co- Glucago | Exenatid| L- Recover| Recover| Recover

e Polyamin | n e methionine|y at 7|y at 14|y at 21
o acid (mg/mL | (mg/mL | (mg/mL days days days
(mg/mL) |) )

CBle BB15 1 0 0 > 95 - > 85
(3.8)

CB15 BB14 1 0 0 - >90 -
(9.1)

CB17 BB16 1 0 0 > 95 >90 > 90
(6.3)

CB18 | BB15 |2 0 0 >95 |90 |=85
(4.4)

CB19 BB15 2 0 0 > 95 >90 > 90
(8.6)

CB20 BB15 1 0 0.1 > 95 >90 -
(6.3)

CB21 BB15 1 0 1 > 95 >90 -
(6.3)

CB23 BB15 1 0.25 0 > 95 >90 -
(6.3)

CB24 BB15 1 0.5 0 > 95 >90 -
(6.3)

" - " means not measured

Table 8: Measurements of recovery of compositioomrising a co-polyamino acid and

glucagon
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Example D2a: Chemical stability of compositionsofpolyamino acid/glucagon/citrate

[00021]

In a manner similar to Example D2, the recovery maasured on samples at 2, 4

and 6 weeks at 37 °C under static conditions. Hescal stability data, that is to say glucagon

recovery data obtained by RP-HPLC, is presentédariollowing table.

[00022]

The study of the chemical stabilities of the conmpamss of Examples CB26 to

CB29 and CB31 to CB34 described in the table belwas carried out on samples of

compositions collected in cartridges (1 mL of cosipon in cartridge having a capacity of 3 mL

(easy-to-fill from OMPI of 3 mL - Ref P40B4100.32%0

Compositiong Co- Glucagon| Citrate | Zinc | Recovery| Recovery| Recovery
Polyamino acid| (mg/mL) | (mM) | (mM) | at 14| at 28| at 42
(mg/mL) days days days
CB26 BB15 (3.8) 1 5 0 > 85 > 85 > 85
CB27 BB15 (3.8) 1 10 0 [>90 > 90 > 80
CB28 BB15 (3.8) 1 5 0.3 [>90 > 90 > 85
CB29 BB15 (3.8) 1 10 03 | >95 > 90 >80
CB31 BB15 (11.3) 3 10 0 >90 - > 75
CB32 BB15 (11.3) 3 10 0.3 |>95 - > 85
CB33 BB15 (11.3) 3 10 0.9 | >95 - > 85
CB34 BB15 (11.3) 3 10 1.8 |>95 - > 85

" - " means not measured

Table 8a: Measurements of recovery of compositemmprising a co-polyamino acid, glucagon

and citrate

Physicochemistry

Results of the visual observations conducted omiha&ure and of the measurements of fibril

formation by ThT
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Principle

[00023] The poor stability of a peptide can lead to thenfation of amyloid fibrils defined
as ordered macromolecular structures. These stascoan possibly result from the formation of
gel within the sample.

[00024] The test of monitoring the fluorescence of ThioitaV¥ (ThT) is used in order to
analyze the physical stability of the solutionsiofllavin is a small molecule probe that has a
characteristic fluorescence signature when it bitwd&brils of the amyloid type (Naiki et al.

(1989) Anal. BioChem. 177, 244-249, LeVine (199%tNbds. Enzymol. 309, 274-284).

[00025] This method makes it possible to monitor the foramabf fibrils for low ThT
concentrations within undiluted solutions. This morng is carried out under accelerated

stability conditions: under stirring and at 37 °C.

Experimental conditions

[00026] The samples are prepared just before the starthef measurement. The
preparation of each composition is described inagsociated example. Thioflavin T was added
to the composition from a concentrated stock sofusio as to induce a negligible dilution of the

composition. The concentration of Thioflavin T lretcomposition is 40 uM.

[00027] A volume of 150 pL of the composition was introddigeto a well of a 96-well

plate, then 2.7 pL of concentrated ThT solution wmé®duced. Each composition was analyzed
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in three tests (triplicate) conducted on one platee plate was sealed with transparent film in
order to prevent the evaporation of the composition

[00028] This plate was then placed into the enclosure pfage reader (EnVision 2104
Multilabel, Perkin Elmer). The temperature was tatgd at 37 °C, and a lateral stirring at 960
rpm with amplitude 1 mm was carried out.

[00029] A reading of the fluorescence intensity in eachlwes carried out with an
excitation wavelength of 442 nm and an emissionelangth of 482 nm over time.

[00030] The fibril formation process manifests itself irsi@ong increase in fluorescence
after a delay referred to as lag time.

[00031] The lag time is determined visually, taking intssmleration the time when the

fluorescence signal starts to increase signifigaattove the baseline.

The lag time value reported corresponds to theameeof the lag time measurements conducted

on three wells.

The lag time results obtained are presented itatble below.

Compositions Glucago | co-polyamino | co-polyamino | Lag time

n acid acid

(mg/mL) (mg/mL)
CB37 1 B15 3.8 >68
CB42 1 BB20 2.9 >68
CB45 1 BB21 1.8 57.7
CB48 1 BB23 3.4 >68
CB51 1 BB17 8.6 >68
CB54 1 BB25 3.7 >68
CB57 1 BB27 4.2 >70
CB60 1 BB42 3.6 >70
CB71 1 BB43 4.3 >88.1
CB79 1 BB15 2.9 73
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CB80 1 BB15 3.3 >109
CB81 1 BB27 2.8 58.6
CB82 1 BB27 3.0 >109
CB83 1 BB27 3.5 >109
CEC1 1 CTAB 0.3 NS
CEC7Y 1 MPEG-DSPE | 2.4 2.6
CEC9 1 LMPC 0.4 3.7

NS = Not significant (one hypothesis is that theABTquenches the fluorescence signal of ThT)

Part F: Pharmacodynamic studies in pigs

[00032] Studies were conducted for the purpose of evalgdtia pharmacodynamics of a
composition of co-polyamino acid BB15 and of glusagExample CBle) at a dose of 2 pug/kg
in pigs.

[00033] The hypoglycemic effects of this composition of Exde CBle were compared
in relation to an injection of a glucagon soluti@lucagorf, NOVO NORDISK) at 2 pg/kg.
[00034] Twelve animals which had fasted for approximatelp Hours beforehand
received injections in the flank at the dose ofg?kg using a Junior Sfampen. To account for
the regulatory effects of glycemia by the secretdrnsulin in response to the hyperglycemic
effect induced by the injection of glucagon, 30 w@s before the injection, 44 pg/kg of
octeotide is administered to the pigs by the subwdus route. Three blood samples were drawn
in the hour preceding the injection (T-40min, T-28rand T-10min), in order to determine the
base level of glucose and of glucagon. Blood sasnpiere then drawn during the 3 hours after
the administration. The glycemia is determined ®ans of a glucometer.

[00035] The median pharmacodynamic curves of glycemia aspik by the difference in

glucose relative to the basal level are represantédyure 1.
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[00036] The curve representing the results obtained with dbmposition of Example
CB1e is represented by empty squares, and the cepresenting the results of the glucdgen
composition is represented by filled circles.

[00037] The pharmacodynamic results obtained based on dmeinetration of the
formulation of Example CB1le and of Glucafeshow a hyperglycemic activity rapidly after
injection with a maximum glycemia being reached B0Onutes after injection. These
pharmacodynamic profiles show that the formulat@inExample CBle and of commercial

human glucagon (Glucag®nhave similar pharmacodynamics properties.
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CLAIMS

1. A composition in the form of an injectable aquesakition, the pH of which is from 6.0

to 8.0, comprising at least:

a) human glucagon;
b) a co-polyamino acid bearing carboxylate chamyes hydrophobic radicals Hy, said
co-polyamino acid consisting of glutamic or asgarthits, and said hydrophobic radicals Hy

being radicals of the following formula I:

“+GpR HGpA)j Gpc)p
r

Formula |

in which

— GpR is aradical of formula Il or II":
H H o H
*—N—R—N—" or*—“_R—N—*II';

— GpA is aradical of formula IIl or lI';
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O _ x
Ly

o)
\ * * H *
HN—"111 or —“—A—N— I,

— GpCis aradical of formula IV:

®) 0]
N c
* AN B~ X
b O
d

— the * indicate the sites of attachment of théedént groups bound by amide functions;

V:

—ais awhole number equal to 0 or 1,
— b is a whole number equal to 0 or 1;
— p is a whole number equal to 1 or 2, and
o if pisequalto 1, then ais equal to O or 1 anpAGs a radical of formula III',
and

0 if pisequalto2,then aisequal to1land GpA is a radical of formula llI;

— c is a whole number equal to O or 1, and, ifegsal to 0, then d is equal to 1 or 2;
—d is a whole number equal to 0, to 1 or 2;
—ris a whole number equal to 0 or 1, and
o if ris equal to 0, then the hydrophobic radicalfaimula | is bound to the co-
polyamino acid via a covalent bond between a cafboh the hydrophobic
radical and a nitrogen atom in the N-terminal posibf the co-polyamino acid,

thus forming an amide function , and
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o ifris equal to 1, then the hydrophobic radicalf@mula | is bound to the co-
polyamino acid:
= via a covalent bond between a nitrogen atom ohgltgophobic radical and
a carbonyl of the co-polyamino acid therefore forgnen amide function
originating from the reaction between an amine fiomcof the precursor of
the hydrophobic radical and an acid function bdigehe precursor of the
co-polyamino acid, or
= via a covalent bond between a carbonyl of the hyliobic radical and a
nitrogen atom in N-terminal position of the co-pmtyino acid therefore
forming an amide function originating from the rea of an acid function
of the precursor of the hydrophobic radical andaamne function in N

terminal position borne by the precursor of thgpobramino acid;

— R is a radical selected from the group consisting

o a linear or branched divalent alkyl radical comipgs if GpR is a radical of
formula Il, from 2 to 12 carbon atoms, or, if GpRRai radical of formula II', from
1 to 11 carbon atoms;

o a linear or branched divalent alkyl radical comipgs if GpR is a radical of
formula Il, from 2 to 11 carbon atoms, or, if GpRRai radical of formula II', from
1 to 11 carbon atoms, said alkyl radical bearing onmore -CONH2 functions,
and

o an unsubstituted ether or polyether radical cormyifom 4 to 14 carbon atoms

and from 1 to 5 oxygen atoms;

— Ais a linear or branched alkyl radical comprgsfrom 1 to 6 carbon atoms;
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— B is a linear or branched alkyl radical, optidpatomprising an aromatic ring,
comprising from 1 to 9 carbon atoms;

— C« is a linear or branched monovalent alkyl radigakvhich x indicates the number of
carbon atoms, and:

o ifpisequaltol, xisfrom 11 to 25 (¥x < 25);

0 ifpisequalto2,xisfrom9to15 (9 <x<15),

— the ratio i between the number of hydrophobidaad and the number of glutamic or
aspartic units being between 0<0.5;

— when several hydrophobic radicals are borne lep-aolyamino acid, then they are
identical or different,

— the degree of polymerization DP in glutamic graasic units is from 10 to 250;

— the free acid functions being in the form of & ghan alkaline cation selected from the

group consisting of Naand K.

2. The composition according to Claim 1, characterizethat said hydrophobic radicals
are selected from the hydrophobic radicals of fdamiuin which p = 1, represented by the

following formula V:

'n *~<GpR }r—éGpAt GpC

formula V

GpR, GpA, GpC, r and a have the definitions giveove.
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3. The composition according to Claim 1, characterirethat said hydrophobic radicals
are selected from the hydrophobic radicals of fdemiun which a = 1 and p = 2, represented by

the following formula VI:

*%GpR )r—GpA4< GpC)2

rFala VI

in which
GpR, GpA, GpC, r and a have the definitions giveove.
4, The composition according to any one of the preagdiaims, characterized in that the

co-polyamino acid bearing carboxylate charges aulidphobic radicals is selected from the co-

polyamino acids of the following formula VII:

).
g
r
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in which,

¢ D represents, independently, either a ;Ctoup (aspartic unit) or a -GHCH,- group
(glutamic unit),

¢ Hy is a hydrophobic radical selected from the bpthobic radicals of formula I, V or
VI, in which r = 1 and GpR is a radical of Formiila

® R, is a hydrophobic radical selected from the hydatph radicals of formula I, V or
VI in whichr =0 orr =1 and GpR is a radical edrmula II', or a radical selected from the
group consisting of H, a C2 to C10 linear acyl groaC3 to C10 branched acyl group, benzyl, a
terminal "amino acid" unit and a pyroglutamate,

® R, is a hydrophobic radical selected from the hydatph radicals of formula I, V or
VI in which r = 1 and GpR is a radical of Formuladr a -NR'R" radical, R' and R" which are
identical or different being selected from the grazonsisting of H, the C2 to C10 linear or
branched or cyclic alkyls, benzyl, and said alkylaRd R" together optionally forming one or
more saturated, unsaturated and/or aromatic canmbogs and/or optionally comprising
heteroatoms selected from the group consisting, ™ énd S;

¢ at least of Ror R, is a hydrophobic radical as defined above,

e X represents an H or a cationic entity selectethfthe group comprising the metal
cations;

® n + m represents the degree of polymerization D@ co-polyamino acid, that is to

say the average number of monomer units per cimairba n + m< 250.
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5. The composition according to Claim 4, characterirethat co-polyamino acid bearing
carboxylate charges and hydrophobic charges isteelérom the co-polyamino acids of formula

VIl in which n = 0 of the following formula VIib:

Formula Vlib

in which m, X, D, R and R have the definitions given above and at leastRner R; is

a hydrophobic radical of formula I, V or VI.

6. The composition according to Claim 5, characteriredhat the co-polyamino acid
bearing carboxylate charges and hydrophobic raglisadelected from the co-polyamino acids of
formula VIlib in which R is a hydrophobic radical of formula I, V or VI which r = 1 and GpR

is of formula II'.

7. The composition according to any one of Claims 4/ taharacterized in that the co-

polyamino acid bearing carboxylate charges anddplarbic radicals is selected from the co-
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polyamino acids of formula VII, VIIb in which the $east one co-polyamino acid is selected

from the co-polyamino acids in which group D is@H>- group (aspartic unit).

8. The composition according to any one of Claims 4/ taharacterized in that the co-
polyamino acid bearing carboxylate charges anddpfubic radicals is selected from the co-
polyamino acids of formulas VII, Vlib in which thet least one co-polyamino acid is selected

from the co-polyamino acids in which group D israugp —CH-CH,- (glutamic unit).

9. The composition according to any one of the preagdiaims, characterized in that the
concentration of co-polyamino acid bearing carbateylcharges and hydrophobic radicals is at

most 40 mg/mL.

10. The composition according to any one of the prawgdiaims, characterized in that the

concentration of human glucagon is from 0.25 togdmi..

11. The composition according to any one of the preagdiaims, characterized in that the

molar ratio [hydrophobic radical]/[human glucaga]ess than 15.

12. The composition according to any one of the pretgdiaims, characterized in that it

comprises, in addition, a polyanionic compound.

199



13. The composition according to any one of the prewpdiaims, characterized in that it

comprises, in addition, a zinc salt.

14.  The composition according to any one of the pretgdiaims, characterized in that it

comprises, in addition, a gastrointestinal hormone.

15. The composition according to Claim 13, characterize that the gastrointestinal
hormone is selected from the group consisting @hexde, liraglutide, lixisenatide, albiglutide

and dulaglutide, their analogs or derivatives dr&irtpharmaceutically acceptable salts thereof.

16. The composition according to any one of Claims &8 &4, characterized in that the

concentration of gastrointestinal hormone is witiminterval from 0.01 to 10 mg/mL.
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