COMPOSITIONS IN THE FORM OF AN INJECTABLE AQUEOUSXRUTION, COMPRISING

HUMAN GLUCAGON AND A STATISTICAL COPOLYAMINO ACID

[0001] Human glucagon is a short-acting hyperglycemic toorenthat allows the increase of
glycemia, thus correcting a hypoglycemic level tbah result from an insulin excess. It
enables the release of glucose by stimulation platie glycogenolysis and it has insulin
antagonistic properties (hypoglycemic). Human ghatais normally secreted by the alpha
cells of the islets of Langerhans in the pancreasnihypoglycemia is detected.

[0002] Human glucagon is used for therapeutic purposes, as the emergency treatment of
severe hypoglycemia, also referred to as "rescogt"also in a diagnostic context in the
performance of medical examinations, for exampte,order to inhibit gastrointestinal
motility. Other applications are also consideredhifoman glucagon, in particular its use in a
bi-hormonal glycemia regulation system, also ref@rto as artificial pancreas, and in
congenital hyperinsulinism, which is a rare disedsgracterized by very high insulin levels.
[0003] The clinical use of human glucagon has been limibedause of some of its
disadvantageous properties in terms of developmkatstable pharmaceutical product with
therapeutic intent. Indeed, human glucagon has\yalees solubility at physiological pH and
a high physical instability, due to its propengayform fibrils in a large pH range. This is the
reason why the only commercial products based onanuglucagon (Glucag&nNOVO
NORDISK and Glucagon for injection, ELI LILLY) afgophilized forms to be reconstituted
extemporaneously.

[0004] The studies of Onoue et al. (Pharm. Res. 2004,)21{74-83) 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 ghgon undergoes various types of
chemical degradation. In an aqueous solution,gtaftes rapidly to form several degradation
products. At least 16 degradation products of hugianagon have been identified by Kirsh
et al. (International Journal of Pharmaceutics02@03, 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, ELILY and more recently
FRESENIUS KABI to market this human glucagon in fieem of a lyophilizate to be
reconstituted at acidic pH (pH < 3) immediately dvef injection. Human glucagon in
lyophilizate form is more stable, and the preparatof the formulation at acidic pH
immediately before use makes it possible to obtainlear solution. However, once the
product is reconstituted, it has to be used rapibgcause it undergoes an extremely rapid
chemical and physical degradation in the acidiomsttution buffer, with appearance of
human glucagon fibrils within 24 hours after thecamestitution and/or gelling of the
composition. However, this presentation of the paids unsatisfactory because it requires a
very rapid use of the formulation. This instabilitgt only makes it impossible to use it in a
pump, but it also presents the disadvantage ofirlgao large product losses in diagnostic
use. In fact, since a composition of this type @ langer usable a few hours after its
preparation, this leads to wastage.

[0007] Finally, even in the application of an emergen@atment for severe hypoglycemic
reactions that can occur during insulin therapydiabetic patients, the formulation to be
reconstituted is also not ideal because it involadeng and complicated preparation, for
example, the package insert of Gluca®etescribes 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 participamtblp were supposed to perform the



reconstitution in emergency were capable of ddligethe appropriate dose. Finally, the
acidic pH of the solutions of human glucagon camegate pain upon injection in the patient.
[0008] Thus, there is a need for a ready-to-use humaragarcsolution. Today, the solutions
that are most advanced clinically speaking in otdexnable 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 harglucagon spray which is
currently being tested in phase 3 clinical stuayd which is intended to be administered by
the intranasal route. This spray is suitable f@oacalled "rescue” use, that is to say in the
case of a severe hypoglycemia, since it is readiyséoand thus easy to use, in contrast to the
solutions that need to be reconstituted. Howewes,groduct is not suitable for use in a pump
or for a use that requires a precise control ofilerered quantity of human glucagon.
[00010] As for XERIS, it has developed a liquid formulatiohhuman glucagon based
on a polar aprotic solvent, such as DMSO, whictuisently being tested in clinical studies.
However, even though the injection of a solutiorogjanic solvents for "rescue” use can be
considered, it is largely preferable to have aneags human glucagon solution for chronic
use. Compositions comprising a combination witheotpeptides have been considered,
notably amylin or a GLP-1 RA (glucagon-like peptitieeceptor agonist).

[00011] Finally, in the face of the difficulties of formulan of human glucagon,
analogs of human glucagon are in the process ofghd¢veloped by large pharmaceutical
companies such as NOVO NORDISK, SANOFI or ELI LILLYn order to obtain
formulations that have a stability compatible wipharmaceutical use. However, these
peptides of which the primary sequence has beenfieedn comparison to the peptide of
human origin can present a safety risk for theepéasi

[00012] Thus, there is a major advantage in a solution thakes it possible to

improve the solubilization and the stability, batimemical and physical, of human glucagon



in an aqueous solution at a pH close to physiolgeél, that is to say from 6.0 to 8.0. This
may lead to a pharmaceutical product that is e&siese by the patient in emergency, but it
could also open the field to new therapeutic apgibims of human glucagon, 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 aginth by using a pH from 8.8 to 9.4 and
by using ferulic acid or tetrahydrocurcumin. Howe\apart from the fact that an alkaline pH
is used, this solution presents the disadvantadeaaling to a rather limited stability of the
human glucagon over time. The article by Jacksoal.etCurr. Diab. Rep., 2012, 12, 705-
710) proposes formulating human glucagon at anliatk@H (approximately 10), in order to
limit the formation of fibrils. However, this soloh does not prevent a rapid chemical
degradation of human glucagon.

[00015] The application WO2014096440 (NOVOZYME), on theasthand, considers
using a slightly acidic pH (approximately 5.5) lretpresence of albumin and polysorbate, in
order to improve the stability by reducing the ratdibril formation. However, this solution
presents a limited improvement of the stability. 9¥lof the solutions described in the prior
art making it possible to obtain a clear solutioh human glucagon and to prevent
aggregation, gelling or precipitation of the hunmglncagon involve the use of surfactants,
detergents or other known solubilizing agents.

[00016] For example, Matilainen et al. (J. Pharm. Sci.,2®, 2720-2729 and Eur. J.
Pharm. Sci., 2009, 36, 412-420) described the ftisgabodextrin in order to limit the rate of
formation of fibrils of human glucagon. Howevere improvement provided does not appear
to be sufficient for considering use in a pump.

[00017] The solutions proposed comprise hydrophilic susiaist



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

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

- W02015095389 (AEGIS) describes non-ionic surfastauch as dodecyl maltoside
for improving the bioavailability of therapeuticexys, in the case of delivery by application
on the mucous membranes or the epidermis, andariicplar, in the case of ocular, nasal,
oral or nasolacrimal delivery. This document ddssithat the presence of alkyl glycosides
leads to an improvement of the absorption of hugiacagon at the ocular site,

- the application WO2012059764 (ARECOR) descrila®nic surfactants and, more

precisely, aromatic ammonium chlorides.

[00018] The surfactants indicated in the above documemtdeaoo toxic or irritating
for chronic use by the subcutaneous route. For pl@gmthe lysophospholipids (or
lysolecithins) are known to lyse the red blood selue to their hemolytic properties. In a
subcutaneous injection, this can cause local danmagjee tissues and pains at the injection
site. In the case of continuous injection by meaina pump, this can lead to pains and/or
irritation at the site of insertion of the needlée international application W02011138802
(Sun Pharma) describes a ready-to-use solutioruofan glucagon in a micellar aqueous
solution at a pH from 5 to 7.5 in the presence ofpegylated lipid (pegylated
distearoylphosphatidylethanolamine). However, Gatagl. (Expert Opin Drug Deliv (2012)
9, 1319-1323) teach that polyethylene glycol ishhietmunogenic and antigenic. This may
be prejudicial to patients with anti-PEG antibodigereover, Ganson et al. (J. Allergy Clin.
Immunol. (2015) doi: 10.1016/j.jaci.2015.10.0345ck#be that a clinical study pertaining to
pegnivacogin coupled to 40 kDa methoxypolyethylgheol (MPEG) led to inflammatory

responses starting with the first dose of pegnigaca 3 of the 640 patients. Among these



three patients, two met the anaphylaxis critema, @ne had an isolated dermal reaction; each
event was considered serious, and one was evelideos life threatening to the patient.
These adverse events resulted in the stoppingedtlthical trial and raise the problem of the
adverse effects of pegylated compounds.

[00019] The document W0O2013101749 (LATITUDE) describes eamasions of
human glucagon. However, relatively moderate paréorces are claimed in terms of
chemical stability, that is to say that the composi comprises at least 75% of the initial
concentration after 3-7 days at 37 °C.

[00020] In addition, it should be noted that, to this d&te,the knowledge of the
applicant, no pharmaceutical formulation comprisingnan glucagon in the form of an
agueous solution is being tested in a clinicaltud

[00021] Thus, a need remains for a liquid aqueous formadatit a pH close to
physiological pH, from 6.0 to 8.0, which enables golubilization and the obtention of a
satisfactory stability of human glucagon, both @mnts of physical stability and chemical
stability. More particularly, there is a need fack 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 -GLHRA is an attractive proposition for
treating obesity and diabetes. Yet, being abletmiilate human glucagon in a stable manner
in an aqueous solution at a pH close to physio&gidd from 6.0 to 8.0 allow for more
favorable conditions for being able to improve #tability of the GLP-1 RA which are
sensitive to acidic or alkaline conditions.

[00023] The co-polyamino acids bearing carboxylate chaageishydrophobic radicals

Hy according to the invention present an excellasistance to hydrolysis. This can be



shown particularly under accelerated conditions,efcample, in hydrolysis tests at alkaline
pH (pH 12).

[00024] In addition, forced oxidation tests, for examplétte Fenton oxidation type,
show that the co-polyamino acids bearing carborytdtarges and hydrophobic radicals Hy
present a good resistance to oxidation.

[00025] The invention thus relates to physically stablmpositions in the form of an

injectable aqueous solution, the pH of which isrfr6.0 to 8.0, comprising at least:

a) human glucagon, and
b) a co-polyamino acid bearing carboxylate charged hydrophobic radicals Hy,
said co-polyamino acid consisting of glutamic guaic units, and said hydrophobic radicals

Hy being radicals of the following formula I:

*—%GpR HGpA)j GpC)p
r

Formula |

in which

—GpR is a radical of formula II:

H H
*—N—R—N—*]|;

—GpA is a radical of formula Ill or llI":
O HN—*

O
\ |, H
HN—"111or * A=N—"r;



—GpC is a radical of formula IV:

o)
* N B~ *
b O
d

—the * indicate the sites of attachment of theedléht groups;

V;

—a is a whole 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 ifpisequalto 1, then ais equal to O or 1 amh@ a radical of formula IlI',
and

o ifpisequalto 2,thenais equal to 1 and Gpa iadical of formula IlI;

—c is a whole number equal to O or 1, and, ifegsal to O, then d is equal to 1 or 2;
—d is a whole number equal to O, to 1 or 2;
—r is a whole number equal to 0 or 1, and
o ifris equal to O, then the hydrophobic radicafainula | is bound to the co-
polyamino acid via a covalent bond between a cafbofithe hydrophobic
radical and a nitrogen atom in N-terminal positmnthe co-polyamino acid
therefore forming an amide function originatingrirahe 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 dgtobic radical, and
o ifrisequal to 1, then the hydrophobic radicafainula | is bound to the co-

polyamino acid:



* via a covalent bond between a nitrogen atom ofhiferophobic radical
and a carbonyl of the co-polyamino acid therefaseming an amide
function originating from the reaction between anirge function of the
precursor of the hydrophobic radical and an acittion borne by the
precursor of the co-polyamino acid, or

» via a covalent bond between a carbonyl of the Iphiobic radical and a
nitrogen atom in N-terminal position of the co-patyino acid therefore
forming an amide function originating from the rgac of an acid
function of the precursor of the hydrophobic ratiemd an amine
function in N terminal position borne by the prestur of the co-

polyamino acid,;

—R is a radical selected from the group consistiing

o a linear or branched divalent alkyl radical compgs if GpR is a radical of
formula Il, from 2 to 12 carbon atoms;

o a linear or branched divalent alkyl radical comipds if GpR is a radical of
formula 1, from 2 to 11 carbon atoms, said alkgtical bearing one or more -CONH2
functions, and

0 an unsubstituted ether or polyether radical cormmgisrom 4 to 14 carbon

atoms and from 1 to 5 oxygen atoms;

—A is a linear or branched alkyl radical comprisiram 1 to 6 carbon atoms;

—B is a linear or branched alkyl radical, optiopatiomprising an aromatic ring,
comprising from 1 to 9 carbon atoms;

—Cs is a linear or branched monovalent alkyl radigalyhich x indicates the number
of carbon atoms, and:

o ifpisequaltol, xisfrom 11 to 25 (¥lx < 25);
9



o ifpisequalto 2, xisfrom9to 15 Ox < 15),

—the ratio i between the number of hydrophobicaaldi and the number of glutamic
or aspartic units being between 0<0.5;

—when several hydrophobic radicals are borne bg-potyamino acid, then they are
identical or different,

—the degree of polymerization DP in glutamic oraaip units is from 5 to 250;

—the free acid functions being in the form of & sélan alkaline cation selected from

the group consisting of Nand K.

[00026] In an embodiment, the composition is characterinetiat the pH is from 6.6
to 7.8.
[00027] In an embodiment, the composition is characterinetiat the pH is from 7.0
to 7.8.
[00028] In an embodiment, the composition is characterinetiat the pH is from 6.8
to 7.4.
[00029] In an embodiment, the composition is characterirethat said hydrophobic

radicals are selected from the hydrophobic radichfsrmula | in which p is equal to 1, and,
if X is less than or equal to 14 €44), thenr=0orr=1.

[00030] In an embodiment, the composition is characterirethat said hydrophobic
radicals are selected from the hydrophobic radichfsrmula I in which p is equal to 1, and,

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

[00031] In an embodiment, the composition is characterirethat said hydrophobic
radicals are selected from the hydrophobic radicafermula | 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
10



[00032] In an embodiment, the composition is characterirethat said hydrophobic
radicals are selected from the hydrophobic radic&formula I in which, if p is equal to 1,

then x is from 17 to 25 (1Z x < 25).

[00033] In an embodiment, the composition is characterirethat said hydrophobic
radicals are selected from the hydrophobic radioa®rmula | in which p = 1, represented

by the following formula V:

*{GpR >r—€GpA>: GpC

formula V
GpR, GpA, GpC, r and a have the definitions giveove.

[00034] In an embodiment, the composition is characteripethat the hydrophobic

radical is a radical of formula V, in which riswejto 1 (r = 1), and a is equal to 0 (a = 0).

[00035] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in whichris edio 1 (r=1) and ais equal to 1 (a = 1).
[00036] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isaical of formula Il.

[00037] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula II, in which R is a

divalent linear alkyl radical comprising from 218 carbon atoms.

11



[00038] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula Il in which R is a
divalent alkyl radical comprising from 2 to 6 carbatoms.

[00039] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula Il in which R is a
divalent linear alkyl radical comprising from 2@aarbon atoms.

[00040] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula Il in which R is a
divalent alkyl radical comprising from 2 to 4 carbatoms.

[00041] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula Il in which R is a
divalent linear alkyl radical comprising from 24aarbon atoms.

[00042] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula Il in which R is a
divalent alkyl radical comprising 2 carbon atoms.

[00043] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isaaical of formula II'.

[00044] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula Il in which R is a
divalent alkyl radical comprising from 2 to 5 canbatoms and bearing one or more amide
functions (-CONH).

[00045] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula II, in which R is a
divalent linear alkyl radical comprising from 2 $ocarbon atoms and bearing one or more

amide functions (-CON}).
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[00046] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isradical of formula Il in which R is a

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

* Formula X1
S
NH,
*\/\/j/i* Formula X2
O NH,
[00047] In an embodiment, the composition is characterirethat the radical R is

bound to the co-polyamino acid via an amide fumcborne by the carbon in delta or epsilon
position (or in position 4 or 5) with respect t@ thmide function (-CON¥).

[00048] In an embodiment, the composition is characterirethat 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 radicahprising from 4 to 14 carbon atoms and
from 1 to 5 oxygen atoms.

[00049] In an embodiment, the composition is characteripethat 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.

[00050] In an embodiment, the composition is characteripethat 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 &om
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[00051] In an embodiment, the composition is characteripethat the hydrophobic

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

ether radical represented by the form*lﬁ\/o\/\* of formula X7.

[00052] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isalical of formula Il or II', in which R is a
polyether radical.

[00053] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which GpR isaical of formula Il or II', in which R is a
linear polyether radical comprising from 6 to 10bzmn atoms and from 2 to 3 oxygen atoms.
[00054] In an embodiment, the composition is characterirethat 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 tiiqals represented by the formulas below:

o — . Formula X3
R e Formula X4
*\/\/o\/\o/\/o\/\/* Formula X5

O O
[00055] In an embodiment, the composition is characteripethat the hydrophobic

radical of formula V in which GpR is a radical afrinula Il or II', in which R is a radical of
formula X3.

[00056] In an embodiment, the composition is characteripethat the hydrophobic
radical of formula V in which GpR is a radical afrinula Il or II', in which R is a radical of

formula X4.
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[00057] In an embodiment, the composition is characteripethat the hydrophobic
radical of formula V in which GpR is a radical afrinula Il or II', in which R is a radical of
formula X5.

[00058] In an embodiment, the composition is characterirethat the hydrophobic
radical of formula V in which GpR is a radical afrinula Il or II', in which R is a radical of
formula X6.

[00059] In an embodiment, the composition is characteripethat the hydrophobic
radical of formula V in which GpR is a radical @irfnula 1l in which R is a polyether radical

selected from the group consisting of the radiogsesented by the formulas below:

*\/\/O\/\o/\/o\/\/* Formula X5
G G N e\ Formula X¢
0 0
[00060] In an embodiment, the composition is characteripethat the hydrophobic

radical of formula V in which GpR is a radical @irfnula 1l in which R is a polyether radical
of formula X5.

[00061] In an embodiment, the composition is characteripethat the hydrophobic
radical of formula V in which GpR is a radical @irfnula 1l in which R is a polyether radical
of formula X6.

[00062] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which a is efjto 0 (a = 0) and r is equal to O (r = 0).
[00063] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which a is efjuo 1 (a = 1), and the radical GpA of
formula III' is selected from the group consistofgthe radicals represented by the formulas

below:

15



\/
HsC
CHj CHg
Formula Y1 Formula Y2 Formula Y3
*Y* * * * *
CH, CHs,
Formula Y4 H,C CHs
Formula Y5 Formula Y6
T X
H3C HsC CHj
Formula Y7 Formula Y8
[00064] In an embodiment, the composition is characteripethat the hydrophobic

radical is a radical of formula V in which a is edjgo 1 (a = 1), and the radical GpA of
formula 11I" is a radical of formula Y1.

[00065] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula V in which a is edjgo 1 (a = 1), and the radical GpA of
formula 1lI" is a radical of formula Y2.

[00066] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which a is efuo 1 (a = 1) and the radical GpA of

formula IlI' is a radical of formula Y3.
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[00067] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which a is efjio 1 (a = 1) and the radical GpA of
formula IlI' is a radical of formula Y4.

[00068] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula V in which a is efjio 1 (a = 1) and the radical GpA of
formula IlI' is a radical of formula Y5.

[00069] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which a is efjio 1 (a = 1) and the radical GpA of
formula IlI' is a radical of formula Y6.

[00070] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which a is efjio 1 (a = 1) and the radical GpA of
formula 11I" is a radical of formula Y7.

[00071] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which a is efjuo 1 (a = 1) and the radical GpA of
formula 11I" is a radical of formula Y8.

[00072] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula V in which the real GpC of formula IV is selected from the

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

. /O Formula IVa

17



* 0
~°/5 Formula IVb
N B~ NH Cx
b e

o) o} Formula IVc
* N g C
bo
[00073] In an embodiment, the composition is characteripethat the hydrophobic

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

[00074] In an embodiment, the composition is characterirethat 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 IVc in which b is equal to O,

respectively corresponding to formulas 1Vd, IVe @il represented hereafter:

o O Formula Ivd
A >\~
Cx
N
O O Formula IVe
N/ \%C
X
N
0O i Formula IVf
*)@ Cx
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[00075] In an embodiment, the composition is characteripethat the hydrophobic

radical is a radical of formula V in which the real GpC corresponds to formula IV or IVa
in which b = 0, and corresponds to formula 1Vd.

[00076] In an embodiment, the composition is characterirethat 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 radigalsvhich B is an amino acid residue

selected from the group consisting of the radiogsesented by the formulas below:

* * * *
*\/* H3C
CHj CHs
Formula Y1 Formula Y2 Formula Y3
*Y* * * * *
CHg CHz
Formula Y4 H,C Chs
Formula Y5 Formula Y6
e b hd
HsC HaC CHj
Formula Y7 Formula Y8
Formula Y9
[00077] In an embodiment, the composition is characteripethat the hydrophobic

radical is a radical of formula V in which the real GpC of formula corresponds to formula

IV or IVa in which b = 1, is selected from the gpocionsisting of the radicals in which B is
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an amino acid residue selected from the group stingiof the radicals represented by the

formulas below:

* * * *
HsC
CH3
Formula Y3 Formula Y9
[00078] In an embodiment, the composition is characteripethat 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 isesé¢d from the group consisting of the
linear alkyl radicals.

[00079] In an embodiment, the composition is characteripethat 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 seldcfeom the group consisting of the
branched alkyl radicals.

[00080] In an embodiment, the composition is characteripethat 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 slexted from the group consisting of the
alkyl radicals comprising from 11 to 14 carbon asom

[00081] In an embodiment, the composition is characterirethat 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 selddi@m the group consisting of the radicals

represented by the formulas below:

20



\\///\\v//\\\//A\\//”\\V//\\CHS x=11

SN TN TN e, x=13

[00082] In an embodiment, the composition is characteripethat 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 alkyl
radicals comprising from 15 to 16 carbon atoms.

[00083] In an embodiment, the composition is characterirethat 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 isesédd from the group consisting of the

radicals represented by the formulas below:

\\//A\\//A\\//A\\//«\\//\\\//\\V//\\CHs X=15

[00084] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula V in which the real GpC of formula IV is selected from the
group consisting of the radicals in which Cx ises¢dd from the group consisting of the

radicals represented by the formulas below:

CHg x=1€
\/\/\/\/\/\/\)\CH3
[00085] In an embodiment, the composition is characteripethat 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 iseséd from the group consisting of the alkyl
radicals comprising from 17 to 25 carbon atoms.

[00086] In an embodiment, the composition is characterirethat the hydrophobic

radical is a radical of formula V in which the real GpC of formula IV is selected from the
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group consisting of the radicals in which Cx isesédd from the group consisting of the alkyl
radicals comprising from 17 to 18 carbon atoms.

[00087] In an embodiment, the composition is characteripethat 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 isesédd from the group consisting of the alkyl

radicals represented by the formulas below:

\\v//\\v//\\v//\\v//\\v//\\v//\\v//\\v//\\CH3 x=17

[00088] In an embodiment, the composition 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 isesédd from the group consisting of the alkyl
radicals comprising from 18 to 25 carbon atoms.

[00089] In an embodiment, the composition is characterirethat 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 alkyl

radicals represented by the formulas below:

* - g
\/\/\/\/\/\/\/\/\/\CH3 x=1

[00090] In an embodiment, the composition is characterirethat said hydrophobic
radicals of formula | are selected from the hydaph radicals of formula | in which a = 1

and p = 2, represented by the following formula VI:

22



*+{GpR )r—GpAA{ Gpc)2
Formula VI

in which
GpR, GpA, GpC, r and a have the definitions giveove.

[00091] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which r = 1.

[00092] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpRagadical of formula Il.

[00093] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
divalent linear alkyl radical comprising from 218 carbon atoms.

[00094] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
divalent alkyl radical comprising from 2 to 6 carbatoms.

[00095] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
divalent linear alkyl radical comprising from 2@aarbon atoms.

[00096] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is an

alkyl radical comprising from 2 to 4 carbon atoms.
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[00097] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
divalent linear alkyl radical comprising from 24acarbon atoms.

[00098] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
divalent linear alkyl radical comprising 2 carbdoras.

[00099] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula VI in which GpRagadical of formula II'.

[000100] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il, in which R is a
divalent alkyl radical comprising from 2 to 5 carbatoms and bearing one or more amide
functions (-CONH2).

[000101] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il, in which R is a
divalent linear alkyl radical comprising from 2 focarbon atoms and bearing one or more
amide functions (-CONHZ2).

[000102] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula II, in which R is a

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

* Formula X1

*\/\/j/i* Formula X2
O NH,
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[000103] In an embodiment, the composition is characterirethat 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 bindsds@pR radical to the co-polyamino acid is
borne by a carbon in delta or epsilon positioniigrosition 4 or 5) with respect to the amide
function (-CONH2).

[000104] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpRasradical of formula 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.

[000105] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is an
ether radical.

[000106] In an embodiment, the composition is characterimdtiat the ether radical R
is a radical comprising from 4 to 6 carbon atoms.

[000107] In an embodiment, the composition is characterimatiat the ether radical is
AN of formula X7.

[000108] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il, in which R is a
polyether radical.

[000109] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula II, in which R is a
linear polyether radical comprising from 6 to 1@z atoms and from 2 to 3 oxygen atoms.

[000110] In an embodiment, the composition is characteripethat the hydrophobic

radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
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linear polyether radical selected from the groupststing of the radicals represented by the

formulas below:

e~ T Formula X3
e N Formula X4
*\/\/O\/\o/\/o\/\/* Formula X5
e~ O~ Formula X6
e} e}
[000111] In an embodiment, the composition is characterirethat the hydrophobic

radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
linear polyether radical of formula X3.

[000112] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
linear polyether radical of formula X4.

[000113] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is a
linear polyether radical of formula X5.

[000114] In an embodiment, the composition is characteripethat the hydrophobic
radical is a radical of formula VI in which GpR asradical of formula Il in which R is a

linear polyether radical of formula X6.
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[000115] In an embodiment, the composition is characterirethat the hydrophobic
radical is a radical of formula VI in which the real GpA of formula Ill is selected from the

group consisting of the radicals of formulas IlIi#h and llic represented hereafter:

O Formula Illa
*
-
*)WNH
HN
\*
) Formula Illb
NH
* g
HN
\*
O Formula llic
*
*JKK\N/
H
/NH
*
[000116] In an embodiment, the composition is characterirethat the hydrophobic

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

formula Illb represented hereafter:

O Formula Ilib
* N«
HN
*
[000117] In an embodiment, the composition is characteripethat the hydrophobic

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

formula llic.
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[000118] In an embodiment, the composition is characterirethat 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 I\\h land 1Vc represented hereafter:

N O o Formula IVa
b
o]
* O o Formula Vb
b
o}

0} o Formula IVc
* N N
b5
[000119] In an embodiment, the composition is characterirethat the hydrophobic

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

[000120] In an embodiment, the composition is characteripethat 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,bl\ér IVc in which b is equal to O,

respectively corresponding to the formulas 1Vd, Brfel IVf, represented hereafter:

Formula Ivd

/O 0]
. p
N
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O O Formula IVe
N/
/&
N
@) @) Formula IVf
*JI\O\I/[kCX
[000121] In an embodiment, the composition is characterirethat 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.

[000122] In an embodiment, the composition is characterirethat 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¢dd from the group consisting of the
linear alkyl radicals comprising from 9 to 15 camtatoms.

[000123] In an embodiment, the composition is characterirethat 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¢dd from the group consisting of the
branched alkyl radicals comprising from 9 to 15cer atoms.

[000124] In an embodiment, the composition is characteripethat 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 alkyl
radicals comprising 9 or 10 carbon atoms.

[000125] In an embodiment, the composition is characteripethat 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 isesédd from the group consisting of the alkyl
radicals comprising from 11 to 15 carbon atoms.

[000126] In an embodiment, the composition is characteripethat 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 isesédd from the group consisting of the alkyl
radicals comprising from 11 to 13 carbon atoms.

[000127] In an embodiment, the composition is characteripethat 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¢dd from the group consisting of the

radicals represented by the formulas below:

\/\/\/\/\CH3 Xx=9
\/\/\/\/\/\CH3 x=11
e~ T T T T Ty s X =13

[000128] In an embodiment, the composition is characteripethat 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 isesédd from the group consisting of the alkyl
radicals comprising 14 or 15 carbon atoms.

[000129] In an embodiment, the composition is characterirethat 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¢dd from the group consisting of the

radicals represented by the formulas below:

\/\/\/\/\/\/\/\CH3 x=15
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[000130] The co-polyamino acid bearing carboxylate chargesl at least one
hydrophobic radical of formula | can also be reddrto as "co-polyamino acid" in the present

description.

[000131] In an embodiment, the composition is characterinetthat the co-polyamino
acid bearing carboxylate charges and hydrophobiicaés is selected from the co-polyamino

acids of the following formula Vlla:

o

)\ox
H
N

D

R'2

0
R'1
N
H n
0 D\’/O
Hy

Formula Vlla

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 Forial,

e X represents H or a cationic entity selected fittve 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 perob@mino acid chain and §n + m<
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250; R'1 is a radical selected from the group ctimgj of H, a C2 to C10 linear acyl group, a
C4 to C10 branched acyl group, benzyl, a termiaaiiho acid" unit and a pyroglutamate,

* R'2 is a -NR'R" radical, R" and R", which are itiesd or different, being selected
from the group consisting of H, the C2 to C10 lineabranched or cyclic alkyls, benzyl, and
said alkyl R' and R" together optionally formingeoar more saturated, unsaturated and/or
aromatic carbon rings and/or optionally comprisimegteroatoms selected from the group

consisting of O, N and S.

[000132] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavih which Hy is a radical of formula V

or of formula VI, with r = 1.

[000133] In an embodiment, the composition according to ftimeention is
characterized in that the co-polyamino acid beadagboxylate charges and hydrophobic
radicals is selected from the co-polyamino acidfoahula Vlla in which Hy is a radical of

formula V or of formula VI, with GpR of formula 11.

[000134] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is

selected from the co-polyamino acids of formulaaMi which Hy is a radical of formula V.

[000135] In an embodiment, the composition according toitkention is characterized

in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
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selected from the co-polyamino acids of formulaavh which Hy is of formula V and GpC

is a radical of formula Ivd.

[000136] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavih which Hy is of formula V and GpC

is a radical of formula IVd in which x = 13.

[000137] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavh which Hy is of formula V and GpC

is a radical of formula IVd in which x = 15.

[000138] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavh which Hy is of formula V and GpC

is a radical of formula IVd in which x = 17.

[000139] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavih which Hy is of formula V and GpC

is a radical of formula IvVd in which x = 19.
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[000140] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is

selected from the co-polyamino acids of formulaaMh which Hy is a radical of formula VI.

[000141] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavi which Hy is a radical of formula VI

in which r = 1 and GpR is of formula II.

[000142] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavi which Hy is a radical of formula VI

in which r =1 and GpR is of formula Il and for Ga&= 0.

[000143] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavih which Hy is of formula VI, GpR of

formula Il and GpC is a radical of formula Ivd.

[000144] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavh which Hy is of formula VI, GpR of

formula 1l and GpC is a radical of formula IVd and 1.
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[000145] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid bearing carboxylaterges and hydrophobic radicals is
selected from the co-polyamino acids of formulaavh which Hy is of formula VI, GpR of

formula Il and GpC is a radical of formula IVd irhigh x is from 11 to 15.

[000146] In an embodiment, the composition according toitkention is characterized
in that, when the co-polyamino acid comprises dapamunits, then the co-polyamino acid

can, in addition, comprise monomer units of formvld and/or VIII":

o (054 0 Hy
M |
M * M *
\%H \{H
Formula VIII Formula VIII

[000147] In an embodiment, the composition is characterizethat R is a radical
selected from the group consisting of at€ Gy linear acyl group, a £xo G branched acyl
group, benzyl, a terminal "amino acid" unit andyesoglutamate.

[000148] In an embodiment, the composition is characterizethat R is a radical
selected from the group consisting of at@ Gy linear acyl group or a £xo G branched

acyl group.
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[000149] In an embodiment, the composition is characterinetthat the co-polyamino
acid bearing carboxylate charges and hydrophoblicaés is selected from the co-polyamino

acids of formula Vlla in which the group D is a gpo—CH- (aspartic unit).

[000150] In an embodiment, the composition is characterinetthat the co-polyamino
acid bearing carboxylate charges and hydrophobiicaés is selected from the co-polyamino

acids of formula Vlla in which the group D is a —=EH,- group (glutamic unit).

[000151] In an embodiment, the composition is characterinetiat the ratio i between
the number of hydrophobic radicals and the numlieglatamic or aspartic units is from
0.007 to 0.3.

[000152] In an embodiment, the composition is characterineiat the ratio i between
the number of hydrophobic radicals and the numbegtudamic of glutamic or aspartic units
is from 0.01 to 0.3.

[000153] In an embodiment, the composition is characterinetiat the ratio i between
the number of hydrophobic radicals and the numbegiutamic or aspartic units is from 0.02
to 0.2.

[000154] In an embodiment, the composition is characteripethat the hydrophobic
radical corresponds to formula VI and the ratieivireen the number of hydrophobic radicals
and the number of glutamic or aspartic units isnfi@007 to 0.15.

[000155] In an embodiment, the composition is characterirethat the hydrophobic
radical corresponds to formula VI and the ratietvireen the number of hydrophobic radicals

and the number of glutamic or aspartic units isnfi@01 to 0.1.
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[000156] In an embodiment, the composition is characterirethat the hydrophobic
radical corresponds to formula VI and the ratietvireen the number of hydrophobic radicals
and the number of glutamic or aspartic units isfi@02 to 0.08.

[000157] In an embodiment, the composition is characterirethat 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 hyasbhradicals and the number of glutamic
or aspartic units is from 0.03 to 0.15.

[000158] In an embodiment, the composition is characteripethat the hydrophobic
radical corresponds to formula VI in which the adiCx comprises from 11 to 12 carbon
atoms and the ratio i between the number of hyasbhradicals and the number of glutamic
or aspartic units is from 0.015 to 0.1.

[000159] In an embodiment, the composition is characterirethat the hydrophobic
radical corresponds to formula VI in which the adiCx comprises from 11 to 12 carbon
atoms and the ratio i between the number of hyasbhradicals and the number of glutamic
or aspartic units is from 0.02 to 0.08.

[000160] In an embodiment, the composition is characteripethat the hydrophobic
radical corresponds to formula VI in which the @diCx comprises from 13 to 15 carbon
atoms and the ratio i between the number of hydrbjghradicals and the number of glutamic
or aspartic units is from 0.01 to 0.1.

[000161] In an embodiment, the composition is characteripethat the hydrophobic
radical corresponds to formula VI in which the @liCx comprises from 13 to 15 carbon
atoms, and the ratio i between the number of hyasbje radicals and the number of

glutamic or aspartic units is from 0.01 to 0.06.
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[000162] In an embodiment, the composition is characterirethat the hydrophobic
radical corresponds to formula V, and the ratietileen the number of hydrophobic radicals
and the number of glutamic or aspartic units isfi@007 to 0.3.

[000163] In an embodiment, the composition is characteripethat the hydrophobic
radical corresponds to formula V, and the ratietileen the number of hydrophobic radicals
and the number of glutamic or aspartic units isnfi@01 to 0.3.

[000164] In an embodiment, the composition is characterirethat the hydrophobic
radical corresponds to formula V, and the ratietileen the number of hydrophobic radicals
and the number of glutamic or aspartic units isfi@015 to 0.2.

[000165] In an embodiment, the composition is characteripethat 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 hyasbje radicals and the number of
glutamic or aspartic units is from 0.1 to 0.2.

[000166] In an embodiment, the composition is characteripethat 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 hyub radicals and the number of
glutamic or aspartic units is from 0.04 to 0.15.

[000167] In an embodiment, the composition is characteripethat 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 hyub radicals and the number of
glutamic or aspartic units is from 0.02 to 0.06.

[000168] In an embodiment, the composition is characteripethat the hydrophobic
radical corresponds to formula V in which the ratli€x comprises from 19 to 25 carbon
atoms, and the ratio i between the number of hyub radicals and the number of

glutamic or aspartic units is from 0.01 to 0.06.
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[000169] In an embodiment, the composition is characterirethat 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 hyub radicals and the number of

glutamic or aspartic units is from 0.01 to 0.05.

[000170] In an embodiment, the composition according toitkrention is characterized
in that n + m is from 10 to 250.

[000171] In an embodiment, the composition according toitkention is characterized
in that n + m is from 10 to 200.

[000172] In an embodiment, the composition according toitkrention is characterized
in that n + mis from 15 to 150.

[000173] In an embodiment, the composition according toitkention is characterized
in that n + m is from 15 to 100.

[000174] In an embodiment, the composition according toitkention is characterized
in that n + m is from 15 to 80.

[000175] In an embodiment, the composition according toitkrention is characterized
in that n + m is from 15 to 65.

[000176] In an embodiment, the composition according toitkention is characterized
in that n + m is from 20 to 60.

[000177] In an embodiment, the composition according toitkrention is characterized
in that n + m is from 20 to 50.

[000178] In an embodiment, the composition according toitkention is characterized

in that n + m is from 20 to 40.
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[000179] The invention also relates to said co-polyaminad aloearing carboxylate
charges and hydrophobic radicals of formula | ane precursors of said hydrophobic
radicals.

[000180] The co-polyamino acid bearing carboxylate chargesteydrophobic radicals
of formula | are soluble in distilled water at a fidm 6 to 8, at a temperature of 25 °C, and
at a concentration of less than 100 mg/mL.

[000181] The invention moreover relates to a method for greyy stable injectable
compositions.

[000182] "Soluble" is understood to mean capable of enalthegoreparation of a clear,
particle-free solution at a concentration of ldgmt100 mg/mL in distilled water at 25 °C.
[000183] "Solution" is understood to mean a liquid compositiree of visible particles,
using the procedure according to the pharmacopdefas8.0, under point 2.9.20, and US
<790>.

[000184] "Physically stable composition” is understood toame&ompositions which,
after a certain storage time at a certain temperateet the criteria of visual inspection
described in the European, American and internatiggharmacopoeias, that is to say
compositions which are clear and contain no vigiiaigicles, and are also colorless.
[000185] "Chemically stable composition" is understood toam&ompositions which
after a certain storage time at a certain temperapuesent a minimum recovery of the active
ingredients and are in compliance with the spediitms applicable to the pharmaceutical

products.

A conventional method for measuring the stabilitidghe proteins or peptides consists in
measuring the formation of fibrils with the aid Dioflavin T, also referred to as ThT. This
method makes it possible, under temperature andgingti conditions that enable an

acceleration of the phenomenon, to measure théirtag before the formation of fibrils by
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measuring the increase in fluorescence. The coiiposiaccording to the invention have a
lag time before the formation of fibrils which isearly greater than the lag time of the
glucagon at the pH of interest.

[000186] "Injectable aqueous solution" is understood to meater-based solutions
which meet the conditions of the EP and US pharpeeias, and which are sufficiently
liquid to be injected.

[000187] "Co-polyamino acid consisting of glutamic or asgaunits” is understood to
mean noncyclic linear chains of glutamic acid opaatic acid units bound together by
peptide bonds, said chains having a C-terminal gamesponding to the carboxylic acid of

one end and an N-terminal part corresponding t@thime of the other end of the chain.

[000188] "Alkyl radical" is understood to mean a linear oatched carbon chain which
comprises no heteroatom.

[000189] The co-polyamino acid is a statistical or blockpmdyamino acid.

[000190] The co-polyamino acid is a statistical co-polyamauid in the chain of the
glutamic and/or aspartic units.

[000191] In the formulas, the * indicate the sites of attaehnt of the different elements
represented.

[000192] In formulas I, V and VI, the * indicate the site$ attachment of the
hydrophobic radicals to the co-polyamino acid. Téicals Hy are attached to the polyamino
acid via amide functions.

[000193] In formulas Il and II', the * indicate, from lefb right, respectively, the sites of

attachment of GpR:

-to the co-polyamino acid and

-tothe GpAifa=1, orto GPCifa=0.
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[000194] In formulas 11l and 1lI', the * indicate, from lefo right, respectively, the sites

of attachment of GpA:

-to GpR if r = 1, or to the co-polyamino acid #10, and
-to GpC.

[000195] In formula 1V, the * indicates the site of attachmhef GpC:

-to GpAifa=1, GpRifr=1anda =0, or to tteepolyamino acid if r=0 and a = 0.
[000196] All the attachments between the different groupfRGEpA and GpC are
amide functions.

[000197] The radicals Hy, GpR, GpA, GpC, and D are eachpaddently identical or

different from one monomer unit to the next.

[000198] When the co-polyamino acid comprises one or moparés unit(s), it (they)

can undergo structural rearrangements.

[000199] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acids obtained moreovenmaese monomer units of formula VI

and/or VIII';

0 OX 0 Hy
M O
N * *

Formula VIII Formula VIII'
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[000200] In an embodiment, the at least one hydrophobicehdif formula | is selected
from the radicals of formula | in which, r = 1, &zp = 1, GpR corresponds to formula Il in
which R is -CH-CH,-, GpC corresponds to formula IVd in which x = 18daCx is

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

[000201] In an embodiment, the at least one hydrophobicehdif formula | is selected
from the radicals of formula | in which, r = 1, &7p = 1, GpR corresponds to formula Il in

which R is -CH-CH,-, GpC corresponds to formula 1Vd in which x = 16daCx is

CH,
\/\/\/\/\/\/\)\CH\B_
[000202] In an embodiment, the at least one hydrophobicehdif formula | is selected

from the radicals of formula | in which r = 1, &0=p = 1, GpR corresponds to formula Il in

which R is'~~""0 " ~"""~""" GpC corresponds to formula IVd in which x =

15 and Cx is ™~ ~~— T~~~ T~ ey

[000203] In an embodiment, the at least one hydrophobicehdif formula | is selected

from the radicals of formula | in which r = 1, a0=p = 1, GpR corresponds to formula Il in
* (0] o *

which R is ™~ "0 TN TN , GpC corresponds to formula

IVd in which x = 15 and Cx is ™~~~ ~— ~— "~ “cu,,

[000204] In an embodiment, the at least one hydrophobicehdif formula | is selected

from the radicals of formula | in which r = 1, a0sp = 1, GpR corresponds to formula Il in
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* *

=
which R is © NHZ, GpC corresponds to formula 1Vd in which x = 15lan

CX is*\/\/\/\/\/\/\/\c Hs,
[000205] In an embodiment, the at least one hydrophobicehdif formula | is selected
from the radicals of formula | in which r = 1, a0=p = 1, GpR corresponds to formula Il in

which R is'~—""0 ~~—""~~""> GpC corresponds to formula IVd in which x =

17 and Cx is ™ "~ T~ T~ e,

[000206] In an embodiment, the at least one hydrophobicehdif formula | is selected

from the radicals of formula | in which r = 1, a0sp = 1, GpR corresponds to formula Il in

* (0] o *
which R is """ 0 TN , GpC corresponds to formula

vd in which X = 19 and Cx is

[000207] In an embodiment, the at least one hydrophobicehdif formula | is selected

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

* *
H3C

which R is -CH-CH,-, GpC corresponds to formula IVa in which b = 1isB CH3

=15and Cxis ™~ ~~— ~~— 7 T~ T~ ey,

[000208] In an embodiment, the at least one hydrophobicehdif formula | is selected

from the radicals of formula | in which r = 1, a0+p = 1, GpR corresponds to formula Il in
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which R is -CH-CH,-, GpC corresponds to formula IVa in which b = 1lisB

/\/\/\/\/\/CHs
,Xx=11 and Cx is .

[000209] In an embodiment, the at least one hydrophobiccahddf formula | is
selected from the radicals of formula | in whickrl, a = 1, p = 2, GpR corresponds to

formula Il in which R is -CHCH,-, GpA corresponds to formula lllb, GpC correspotmls

/\/\/\/\/CH3
formula IVd in which x = 9 and Cx is .

[000210] In an embodiment, the at least one hydrophobicehdif formula | is selected
from the radicals of formula I in which r = 1, al¥p = 2, GpR corresponds to formula Il in

which R is -CH-CH,-, GpA corresponds to formula Illb, GpC correspotalformula IVd in

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

[000211] In an embodiment, the at least one hydrophobicehdif formula | is selected
from the radicals of formula | in which r = 1, al¥p = 2, GpR corresponds to formula Il in
which R is -CH-CH,-, GpA corresponds to formula lllb, GpC correspotalformula IVd in

which X = 13 and Cx is

/\/\/\/\/\/\/CH3
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[000212] In an embodiment, the at least one hydrophobicehdif formula | is selected

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

* (0] o *
which R is ™~ 00 T , GpA corresponds to formula

lllb, GpC corresponds to formula IVd in which x =3l1and Cx is

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

[000213] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or Vlla in which DP = 23 +/- 5, i
= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the
radicals of formula | in whichr =1, a = 0, p =@pR corresponds to formula Il in which R is
-CH,-CH,-, GpC corresponds to formula IvVd in which x = 151da Cx is
e~ T T T T T Ty .

[000214] The values of the degree of polymerization DP aniGto i are estimated by
'H NMR in D,O by comparing the integration of the signals oaging from the
hydrophobic groups with the integration of the signoriginating from the main chain of the

co-polyamino acid.

[000215] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVII or Vila in which DP = 35 +/- 5, i
= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the
radicals of formula | in whichr =1, a = 0, p =@pR corresponds to formula Il in which R
equals -CH-CH,-, GpC corresponds to formula IVd in which x = 1mdaCx is

\/\/\/\/\/\/\/\CH3.
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[000216] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or Vlla in which DP = 35 +/- 5, i
= 0.10 +/- 0.02 and the at least one hydrophohiiced of formula | is selected from the
radicals of formula | in which r =1, a = 0, p =GpR corresponds to formula Il in which R
equals -CHCH,-, GpC corresponds to formula IVd in which x = 1mdaCx is

\/\/\/\/\/\/\/\CH3.

[000217] In an embodiment, the co-polyamino acid bearindb@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVII or Vila in which DP = 35 +/- 5, i
= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the
radicals of formula I in which r =1, a = 0, p =GpR corresponds to formula Il in which R
equals -CH-CH,-, GpC corresponds to formula IVd in which x = 1®&daCx is

3-

[000218] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVII or Vila in which DP =23 +/- 5, i
= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the

radicals of formula | in whichr =1, a = 0, p =@pR corresponds to formula Il in which R is
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"~~~ ~"">~""> GpC corresponds to formula IVd in which x = 1®Hax is

*
\/\/\/\/\/\/\/\/\CHS.

[000219] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVII or Vlla in which DP =22 +/- 5, i
= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the

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

SO N N

, GpC corresponds to formula 1Vd in

which X = 19 and Cx is

[000220] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or Vlla in which DP = 30 +/- 5, i
= 0.10 +/- 0.03 and the at least one hydrophohiiceh of formula | is selected from the

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

*
*
\/\O/\/ , GpC corresponds to formula IvVd in which x = 15d®x is

*V\/\/\/\/\/\/\%
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[000221] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or Vlla in which DP =23 +/- 5, i
= 0.07 +/- 0.02 and the at least one hydrophohiiceah of formula | is selected from the

radicals of formula | in which r=1, a =0, p =@pR corresponds to formula Il in which R is

PN W % SN

, GpC corresponds to formula IvVd in

*\/\/\/\/\/\/\/\%.

which x =15 and Cx is

[000222] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVII or Vlla in which DP =23 +/- 5, i
= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the

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

* *

NHZ, GpC corresponds to formula IVd in which x = 15da@x is

*\/\/\/\/\/\/\/\%.

[000223] In an embodiment, the co-polyamino acid bearind@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or Vlla in which DP =26 +/- 5, i
= 0.04 +/- 0.02 and the at least one hydrophohiiced of formula | is selected from the

radicals of formula | in whichr =1, a = 0, p =@pR corresponds to formula Il in which R is
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HaC
-CH,-CH,-, GpC corresponds to formula IVa in which b = 1isB~ “Hs | x = 15 and

*\/\/\/\/\/\/\A%.

Cxis

[000224] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or Vlla in which DP = 35 +/- 5, i
= 0.13 +/- 0.04 and the at least one hydrophohiiced of formula | is selected from the

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

* *

-CH,-CH,-, GpC corresponds to formula IVa in which b = 1jsB ,x =11

/\/\/\/\/\/ e
and Cx is" )

[000225] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or Vlla, in which DP = 23 +/- 5, i
= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the

radicals of formula | in which r =1, a = 0, p =@pR corresponds to formula Il in which R is

N % SN o >\ NP

, GpC corresponds to formula IvVd in

whichx =19 and Cxis™~ " "~ " "y,
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[000226] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or VIib, in which DP = 25 +/- 5,
0.033< i < 0.05, and the hydrophobic radical of formula ke&dected from the radicals of
formula I in whichr =1, a =0, p =1, GpR corresds to formula Il in which R is -CH
CH,-, GpC corresponds to formula 1Vd in which x = 15nda Cx is

\/\/\/\/\/\/\/\CH3.

[000227] In an embodiment, the co-polyamino acid bearindb@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVIl or Vb, in which DP = 30 +/- 5,
0.028< i < 0.04, and the at least one hydrophobic radicdbwhula | is selected from the

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

"~ ~">~""> GpC corresponds to formula IVd in which x = 1Hax is

\/\/\/\/\/\/\/\/\CHg_

[000228] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or Vlib, in which DP = 45 +/- 10,
0.018<i < 0.028, and the at least one hydrophobic radicéwhula | is selected from the
radicals of formula | in whichr=1, a =0, p =@pR corresponds to formula Il in which R is
T~ T T GpC corresponds to formula IVd in which x = 1d&x is

\/\/\/\/\/\/\/\/\CH3
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[000229] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fataVIl or Vb, in which DP = 60 +/- 10,
0.014<i < 0.02, and the at least one hydrophobic radicdbwhula | is selected from the
radicals of formula | in which r = 1, a = 0, p =@pR corresponds to formula Il in which R is
o T T GpC corresponds to formula IVd in which x = 18 &x is

B T e S T

[000230] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or VIib, in which DP = 25 +/- 5,
0.033< i < 0.05, and the hydrophobic radical of formula kedected from the radicals of

formula | in which r =1, a =0, p = 1, GpR corresds to formula Il in which R is

* o) ) *
DA T g N , GpC corresponds to formula IVd in

which X = 19 and Cx is

[000231] In an embodiment, the co-polyamino acid bearind@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or Vlla in which DP =22 +/- 5, i

= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the
radicals of formula | in whichr =1, a = 1, p =@pR corresponds to formula Il in which R is

-CH,-CH,-, GpA corresponds to formula Illb, GpC correspotwformula IVd in which x =

SN NN o
11 and Cx is' .
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[000232] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVII or Vila in which DP = 35 +/- 5, i

= 0.05 +/- 0.02 and the at least one hydrophohiiced of formula | is selected from the
radicals of formula | in whichr=1, a =1, p =@pR corresponds to formula Il in which R is

-CH,-CHy-, GpA corresponds to formula Illb, GpC correspotalformula 1Vd in which x =

/\/\/\/\/\/CHS
11 and Cx is' :

[000233] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVII or Vila in which DP = 65 +/- 5, i

= 0.05 +/- 0.02 and the at least one hydrophohiiceh of formula | is selected from the
radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is

-CH,-CH,-, GpA corresponds to formula lllb, GpC correspotwiformula IVd in which x =

NN NN o
11 and Cx is" :

[000234] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVIl or Vila in which DP =22 +/- 5, i

= 0.04 +/- 0.02 and the at least one hydrophohiiced of formula | is selected from the
radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is

-CH,-CHy-, GpA corresponds to formula Illb, GpC correspotalformula 1Vd in which x =

/\/\/\/\/\/\/CHs
13 and Cx is* .
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[000235] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of falanVIl or Vlla in which DP = 22 +/- 5,
0.03 +/- 0.01 and the at least one hydrophobiccedaddf formula | is selected from the

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

PN W % SN

, GpA corresponds to formula lllb, GpC

corresponds to formula Ivd in which x = 13 and Cxs i

/\/\/\/\/\/\/ e

[000236] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVIl or Vila in which DP =22 +/- 5, i
= 0.07 +/- 0.02 and the at least one hydrophohiiced of formula | is selected from the

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

% O~ o NP

, GpA corresponds to formula lllb, GpC

corresponds to  formula Ivd in which X = 9 and Cx is

/\/\/\/\/CH3

[000237] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or VIIb, in which DP = 27 +/- 5,
0.031<i < 0.045, and the at least one hydrophobic radicéwhula | is selected from the

radicals of formula | in whichr=1, a =1, p =@pR corresponds to formula Il in which R is
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-CH,-CH,-, GpA corresponds to formula lllb, GpC correspotwiformula IVd in which x =

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

[000238] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fafanVIl or Vb, in which DP = 22 +/- 5,

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

-CH,-CHy-, GpA corresponds to formula Illb, GpC correspotalformula 1Vd in which x =

/\/\/\/\/\/\/CHS
13 and Cx is’ .

[000239] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVIl or Vb, in which DP = 22 +/- 5,
0.037<i < 0.055, and the at least one hydrophobic radicéwhula | is selected from the

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

* (o) (o] *
~ O N T T , GpA corresponds to formula lllb, GpC

corresponds to formula Ivd in  which x = 13 and Cxs i

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

[000240] In an embodiment, the co-polyamino acid bearind@eaylate charges and
hydrophobic radicals is a co-polyamino acid of fataVIl or Vb, in which DP = 60 +/- 10,
0.014<i < 0.02, and the at least one hydrophobic radicdbwhula | is selected from the
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radicals of formula I in whichr=1, a =1, p =@pR corresponds to formula Il in which R is

-CH,-CH_-, GpA corresponds to formula lllb, GpC correspotwiformula IVd in which x =

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

[000241] In an embodiment, the co-polyamino acid bearindb@aylate charges and
hydrophobic radicals is a co-polyamino acid of fatanVII or VIib, in which DP = 40 +/- 5,

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

-CH,-CH,-, GpA corresponds to formula lllb, GpC correspotwformula IVd in which x =

/\/\/\/\/\/\/CH3
13 and Cx is .

[000242] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acid originates from aypaohino acid obtained by polymerization.
[000243] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from aypohino acid obtained by ring-opening
polymerization of a glutamic acid N-carboxyanhyedriderivative or an aspartic acid N-
carboxyanhydride derivative.

[000244] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from aypohino acid obtained by polymerization of
a glutamic acid N-carboxyanhydride derivative oramf aspartic acid N-carboxyanhydride

derivative described in the review article Adv. ol Sci. 2006, 202, 1-18 (Deming, T.J.).
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[000245] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from aypahino acid obtained by polymerization of
a glutamic acid N-carboxyanhydride derivative.

[000246] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from aypahino acid obtained by polymerization of
a glutamic acid N-carboxyanhydride derivative selddrom the group consisting of methyl
glutamate N-carboxyanhydride (GluOMe-NCA), benzyutamate N-carboxyanhydride
(GluOBzI-NCA), and t-butyl glutamate N-carboxyanhga (GluOtBu-NCA).

[000247] In an embodiment, the glutamic acid N-carboxyaniugdderivative is methyl
L-glutamate N-carboxyanhydride (L-GluOMe-NCA).

[000248] In an embodiment, the glutamic acid N-carboxyanitgdderivative is benzyl
L-glutamate N-carboxyanhydride (L-GluOBzI-NCA).

[000249] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acid originates from aypohino acid obtained by polymerization of
a glutamic acid N-carboxyanhydride derivative oramf aspartic acid N-carboxyanhydride
derivative using as initiator, an organometallicnpbex of a transition metal, as described in
the publication Nature 1997, 390, 386-389 (Deming,).

[000250] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from aypahino acid obtained by polymerization of
a glutamic acid N-carboxyanhydride derivative oraof aspartic acid N-carboxyanhydride
derivative, using, as initiator, ammonia or a priynamine as described in the patent FR
2,801,226 (Touraud, F. et al.) and the referenited o this patent.

[000251] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acid originates from aypohino acid obtained by polymerization of

a glutamic acid N-carboxyanhydride derivative oramf aspartic acid N-carboxyanhydride
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derivative, using as initiator hexamethyldisilazaae described in the publication J. Am.
Chem. Soc. 2007, 129, 14114-14115 (Lu H. et ala ailylated amine as described in the
publication J. Am. Chem. Soc. 2008, 130, 12562-32%61 H. et al.).

[000252] In an embodiment, the composition according toitkention is characterized
in that the method for synthetizing the polyamirmdaobtained by polymerization of a
glutamic acid N-carboxyanhydride derivative or aspatic acid N-carboxyanhydride
derivative from which the co-polyamino acid origies comprises a step of hydrolysis of
ester functions.

[000253] In an embodiment, this step of hydrolysis of e$terctions can consist of a
hydrolysis in an acidic medium or a hydrolysis madkaline medium or it can be carried out
by hydrogenation.

[000254] In an embodiment, this step of hydrolysis of egt@ups is a hydrolysis in an
acidic medium.

[000255] In an embodiment, this step of hydrolysis of egfeyups is carried out by

hydrogenation.

[000256] In an embodiment, the composition according toitkrention is characterized

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

[000257] In an embodiment, the composition according toitkrention is characterized

in that the co-polyamino acid originates from aypaohino acid obtained by enzymatic
depolymerization of a polyamino acid of higher noolar weight.

[000258] In an embodiment, the composition according toitkrention is characterized

in that the co-polyamino acid originates from aypohino acid obtained by chemical

depolymerization of a polyamino acid of higher noolar weight.
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[000259] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from ayjpohino acid obtained by enzymatic and
chemical depolymerization of a polyamino acid afiter molecular weight.

[000260] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from aypahino acid obtained by depolymerization
of a polyamino acid of higher molecular weight s&de from the group consisting of sodium
polyglutamate and sodium polyaspartate.

[000261] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from aypohino acid obtained by depolymerization
of a sodium polyglutamate of higher molecular weigh

[000262] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid originates from aypahino acid obtained by depolymerization
of a sodium polyaspartate of higher molecular weeigh

[000263] In an embodiment, the composition according toitkrention is characterized
in that the co-polyamino acid is obtained by grafta hydrophobic group onto a poly-L-
glutamic acid or poly-L-aspartic acid using the hoets for forming amide bonds, which are
well known to the person skilled in the art.

[000264] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid is obtained by grajtof a hydrophobic group onto a poly-L-
glutamic acid or poly-L-aspartic acid using the hoets for forming amide bonds, used for
peptide synthesis.

[000265] In an embodiment, the composition according toitkention is characterized
in that the co-polyamino acid is obtained by graftof a hydrophobic group onto a poly-L-
glutamic acid or poly-L-aspartic acid as describethe patent FR 2,840,614 (Chan, Y.P.; et

al.).
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[000266] In an embodiment, the concentration of co-polyamiaoid
carboxylate charges and hydrophobic radicals iscst 40 mg/mL.

[000267] In an embodiment, the concentration of co-polyamiaoid
carboxylate charges and hydrophobic radicals st 30 mg/mL.

[000268] In an embodiment, the concentration of co-polyamiaoid
carboxylate charges and hydrophobic radicals mscat 20 mg/mL.

[000269] In an embodiment, the concentration of co-polyamiaoid
carboxylate charges and hydrophobic radicals mscat 10 mg/mL.

[000270] In an embodiment, the concentration of co-polyamiaoid
carboxylate charges and hydrophobic radicals iscst 5 mg/mL.

[000271] In an embodiment, the concentration of co-polyamiaoid
carboxylate charges and hydrophobic radicals mscat 2.5 mg/mL.

[000272] In an embodiment, the concentration of co-polyamiaoid
carboxylate charges and hydrophobic radicals iscst 1 mg/mL.

[000273] In an embodiment, the concentration of co-polyamiaoid

carboxylate charges and hydrophobic radicals iscast 0.5 mg/mL.

bearing

bearing

bearing

bearing

bearing

bearing

bearing

bearing

[000274] In an embodiment, the weight ratio of co-polyamawtdd bearing carboxylate

charges and hydrophobic radicals over glucagorois fL.5 to 25.

[000275] In an embodiment, the weight ratio of co-polyamawtdd bearing carboxylate

charges and hydrophobic radicals over glucagorois £ to 20.

[000276] In an embodiment, the weight ratio of co-polyamawd bearing carboxylate

charges and hydrophobic radicals over glucagorois 2.5 to 15.
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[000277] In an embodiment, the weight ratio of co-polyamawtdd bearing carboxylate
charges and hydrophobic radicals over glucagorois £ to 10.
[000278] In an embodiment, the weight ratio of co-polyamawd bearing carboxylate

charges and hydrophobic radicals over glucagorom  to 7.

[000279] Human glucagon is used at doses that vary depenoditige applications.
[000280] In the emergency treatment of hypoglycemia, th®@menended dosage is 1
mg by the intramuscular or intravenous route (Ogifthe body weight is less than 25 kg).
This administration is carried out with a solut@nhuman glucagon at the concentration of 1
mg/mL.

[000281] In pumps, the daily dose considered is approximateb mg; thus the
solutions can comprise from 0.25 mg/mL to 5 mg/mbwaman glucagon.

[000282] In an embodiment, the solutions can comprise frddm@g/mL to 3 mg/mL of
human glucagon.

[000283] In the treatment of obesity, the daily dose considés approximately 0.5 mg,

the solutions thus can comprise from 0.25 mg/m& tg/mL of human glucagon.

[000284] In an embodiment, the concentration of human glogaig from 0.25 to 5
mg/mL.
[000285] In an embodiment, the concentration of human glooag from 0. 5 to 4
mg/mL.
[000286] In an embodiment, the concentration of human glacaig from 0.75 to 3
mg/mL.
[000287] In an embodiment, the concentration of human glonag from 0.75 to 2.5
mg/mL.
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[000288] In an embodiment, the concentration of human glacaig from 0.75 to 2

mg/mL.

[000289] In an embodiment, the concentration of human glacag from 1 to 2
mg/mL.

[000290] In an embodiment, the molar ratio [hydrophobic cafi[human glucagon] is
less than 20.

[000291] In an embodiment, the molar ratio [hydrophobic caflilhuman glucagon] is
less than 15.

[000292] In an embodiment, the molar ratio [hydrophobic cafi[human glucagon] is
less than 10.

[000293] In an embodiment, the molar ratio [hydrophobic caflilhuman glucagon] is
less than 5.

[000294] In an embodiment, the molar ratio [hydrophobic caflilhuman glucagon] is
less than 2.5.

[000295] In an embodiment, the molar ratio [hydrophobic cafi[human glucagon] is
less than 1.5.

[000296] Human glucagon is a highly preserved polypeptidamsing a simple chain
of 29 amino acid residues having the following sewe H-His-Ser-GIn-Gly-Thr-Phe-Thr-
Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Glsp-Phe-Val-GIn-Trp-Leu-Met-
Asn-Thr-OH.

[000297] It can be obtained in different manners, by recorabi peptide synthesis.
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[000298] Human glucagon is available from numerous soufeaisexample, the human
glucagon produced by Bachem via peptide synthesisviailable, in particular under
reference 407473.

[000299] In an embodiment, the composition comprises, initaohd a nicotinic
compound or one of the derivatives thereof.

[000300] In an embodiment, the composition comprises nieotiide.

[000301] In an embodiment, the concentration of nicotinanmaeges from 10 to 160
mM.

[000302] In an embodiment, the concentration of nicotinanmaeges from 20 to 150
mM.

[000303] In an embodiment, the concentration of nicotinanraeges from 40 to 120
mM.

[000304] In an embodiment, the concentration of nicotinanmaeges from 60 to 100

mM.

[000305] In an embodiment, the composition comprises, initaag a polyanionic
compound

[000306] In an embodiment, the polyanionic compound is $etedrom the group

consisting of the carboxylic polyacids and thé N&, C&" or M¢?* salts thereof.

[000307] In an embodiment, the carboxylic acid is selectethfthe group consisting of
citric acid, tartaric acid and the N&*, C&* or Mgf* salts thereof.

[000308] In an embodiment, the polyanionic compound is $etedrom the group
consisting of the phosphoric polyacids and thé, 4, C&* or Mg?* salts thereof.

[000309] In an embodiment, the phosphoric polyacid is trggiate and the NaK”,

ca* or Mg salts thereof.
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[000310] In an embodiment, the polyanionic compound is ciétid and the NaK”,
ca* or Mg salts thereof.

[000311] In an embodiment, the polyanionic compound is tartacid and the Na K",
cd* or Mg salts thereof.

[000312] In an embodiment, the polyanionic compound is tygghoric acid and the

Na', K*, C&" or Mg salts thereof.

[000313] In an embodiment, the concentration of polyaniaumpound is from 1 to 20
mM.

[000314] In an embodiment, the concentration of polyaniaa@mpound is from 2 to 15
mM.

[000315] In an embodiment, the concentration of polyaniaumpound is from 3 to 12
mM.

[000316] In an embodiment, the concentration of polyania@ampound is 10 mM.
[000317] In an embodiment, the concentration of polyani@umpound is 5 mM.
[000318] In an embodiment, the concentration of polyaniamompound is 10 mM for

concentrations of glucagon from 0.5 mg/mL to 3 mg/m
[000319] In an embodiment, the concentration of polyaniamompound is 10 mM for
concentrations of glucagon from 0.5 mg/mL to 2 mg/m
[000320] In an embodiment, the concentration of polyaniaompound is 10 mM for

concentrations of glucagon from 1 mg/mL to 2 mg/mL.
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[000321] In an embodiment, the concentration of polyaniaompound is 5 mM for
concentrations of glucagon from 0.5 mg/mL to 3 mg/m
[000322] In an embodiment, the concentration of polyania@ompound is 5 mM for
concentrations of glucagon from 0.5 mg/mL to 2 mg/m
[000323] In an embodiment, the concentration of polyaniaompound is 5 mM for

concentrations of glucagon from 1 mg/mL to 2 mg/mL.

[000324] In an embodiment, the concentration of citric aaidl the N§ K*, C&* or
Mg?" salts thereof is from 1 to 20 mM.

[000325] In an embodiment, the concentration of citric aaitl the N§ K*, C&* or
Mg?* salts thereof is from 2 to 15 mM.

[000326] In an embodiment, the concentration of citric aaidl the N§ K*, C&* or
Mg?" salts thereof is from 3 to 12 mM.

[000327] In an embodiment, the concentration of citric aaidl the N& K*, C&* or
Mg?* salts thereof is 10 mM.

[000328] In an embodiment, the concentration of citric aaitl the N§ K*, C&* or

Mg?* salts thereof is 5 mM.

[000329] In an embodiment, the concentration of citric aaitl the N§ K*, C&* or
Mg?" salts thereof is 10 mM for concentrations of giaarafrom 0.5 mg/mL to 3 mg/mL.
[000330] In an embodiment, the concentration of citric aaidl the N§ K*, C&* or
Mg?* salts thereof is 10 mM for concentrations of ggaafrom 0.5 mg/mL to 2 mg/mL.
[000331] In an embodiment, the concentration of citric aaitl the N§ K*, C&* or

Mg?" salts thereof is 10 mM for concentrations of gigarafrom 1 mg/mL to 2 mg/mL.
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[000332] In an embodiment, the concentration of citric aaidl the N§ K*, C&* or
Mg?" salts thereof is 5 mM for concentrations of glumagrom 0.5 mg/mL to 3 mg/mL.
[000333] In an embodiment, the concentration of citric aaidl the N& K*, C&* or
Mg?* salts thereof is 5 mM for concentrations of gluma§rom 0.5 mg/mL to 2 mg/mL.
[000334] In an embodiment, the concentration of citric aaitl the N§ K*, C&* or

Mg?* salts thereof is 5 mM for concentrations of gluma§rom 1 mg/mL to 2 mg/mL.

[000335] In an embodiment, the compositions according toitlrention comprise, in
addition, a gastrointestinal hormone.

[000336] "Gastrointestinal hormones" is understood to mdan hormones selected
from the group consisting of the GLP-1 RA for agsiof the human glucagon-like peptide-
1 receptor (glucagon like peptide-1 receptor ady@iacagon like) and GIP (glucose-
dependent insulinotropic peptide), oxyntomodulin derivative of human proglucagon),
peptide YY, amylin, cholecystokinin, pancreatic yp#ptide (PP), ghrelin and enterostatin,
the analogs or derivatives thereof and/or the phaemtically acceptable salts thereof.
[000337] In an embodiment, the gastrointestinal hormonesaadogs or derivatives of
GLP-1 RA (Glucagon like peptide-1 receptor agonsstlected from the group consisting of
exenatide or Byetfa (ASTRA-ZENECA), liraglutide or VictoZa (NOVO NORDISK),
lixisenatide or Lyxumi8 (SANOFI), albiglutide or Tanzeut(GSK) or dulaglutide or
Trulicity® (ELI LILLY & CO), the analogs or derivatives thefeand the pharmaceutically
acceptable salts thereof.

[000338] In an embodiment, the gastrointestinal hormonernfintide or Symliff

(ASTRA-ZENECA).
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[000339] In an embodiment, the gastrointestinal hormonexenatide or Byetf§ the
analogs or derivatives thereof and the pharmaciytiacceptable salts thereof.

[000340] In an embodiment, the gastrointestinal hormonéaglutide or Victoz&, the
analogs or derivatives thereof and the pharmaciytiacceptable salts thereof.

[000341] In an embodiment, the gastrointestinal hormonéxisenatide or Lyxumig,
the analogs or derivatives thereof and the pharuotmedly acceptable salts thereof.
[000342] In an embodiment, the gastrointestinal hormondbiglatide or Tanzeuff
the analogs or derivatives thereof and the pharoimadly acceptable salts thereof.
[000343] In an embodiment, the gastrointestinal hormoneuisglutide or Trulicity,
the analogs or derivatives thereof and the pharaotmedly acceptable salts thereof.
[000344] In an embodiment, the gastrointestinal hormoneasntintide or Symliff, the

analogs or derivatives thereof and the pharmaclytiacceptable salts thereof.

[000345] "Analog,” when used in reference to a peptide praein, is understood to
mean a peptide or a protein in which one or morestitutive residues of amino acids have
been substituted by other residues of amino aaidéoa in which one or more constitutive
residues of amino acids have been eliminated and/avhich one or more constitutive
residues of amino acids have been added. The abhaigercentage of homology for the
present definition of an analog is 50%.

[000346] "Derivative," when used in reference to a peptida protein, is understood to
mean a peptide or a protein or an analog whictbbaa chemically modified by a substituent
which is not present in the peptide or the protwinhe analog of reference, that is to say a
peptide or a protein which has been modified byatioa of covalent bonds, in order to

introduce substituents.
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[000347] In an embodiment, the substituent is selected fitegroup consisting of the
fatty chains.

[000348] In an embodiment, the concentration of gastroimakhormone is within a
range from 0.01 to 10 mg/mL.

[000349] In an embodiment, the concentration of exenatide,analogs or derivatives
thereof and the pharmaceutically acceptable da¢tietf is within a range from 0.04 to 0.5
mg/mL.

[000350] In an embodiment, the concentration of liraglutithes analogs or derivatives
thereof and the pharmaceutically acceptable sh#sedf is within a range from 1 to 10
mg/mL.

[000351] In an embodiment, the concentration of lixisenattie analogs or derivatives
thereof and the pharmaceutically acceptable shdteedf is within a range from 0.01 to 1
mg/mL.

[000352] In an embodiment, the concentration of pramlintitie,analogs or derivatives
thereof and the pharmaceutically acceptable shéisedf is within a range from 0.1 to 5

mg/mL.

[000353] In an embodiment, the compositions according toitkrention are produced
by mixing of human glucagon solutions obtained bgonstitution of lyophilizate and of
solutions of GLP-1 RA (Glucagon like peptide-1 netoe agonist) GLP-1 RA, of analog or of
derivative of GLP-1 RA, said solutions of GLP-1 RAing commercial or reconstituted from
lyophilizate.

[000354] In an embodiment, the compositions according toitlrention comprise, in

addition, buffers.
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[000355] In an embodiment, the compositions according to itheention comprise
buffers at concentrations from 0 to 100 mM.

[000356] In an embodiment, the compositions according to itheention comprise
buffers at concentrations from 15 to 50 mM.

[000357] In an embodiment, the compositions according toitivention comprise a
buffer selected from the group consisting of a phase buffer, Tris
(trishydroxymethylaminomethane) or sodium citrate.

[000358] In an embodiment, the buffer is sodium phosphate.

[000359] In an embodiment, the buffer is Tris (trishydroxymgaminomethane).

[000360] In an embodiment, the buffer is sodium citrate.

[000361] In an embodiment, the composition comprises, initeohd a zinc salt, in
particular zinc chloride.

[000362] In an embodiment, the concentration of zinc sditam 50 to 5000 M.
[000363] In an embodiment, the concentration of zinc sditam 100 to 2000 pM.
[000364] In an embodiment, the concentration of zinc sditasm 200 to 1500 pM.
[000365] In an embodiment, the concentration of zinc sditasm 200 to 1000 pM.
[000366] In an embodiment, the zinc concentration is sucat tthe molar ratio
[zinc]/[glucagon] is from 0.1 to 2.5.

[000367] In an embodiment, the zinc concentration is sucat tthe molar ratio
[zinc]/[glucagon] is from 0.2 to 2.

[000368] In an embodiment, the zinc concentration is sucat tthe molar ratio
[zinc)/[glucagon] is from 0.5 to 1.5.

[000369] In an embodiment, the zinc concentration is sucat tthe molar ratio

[zinc)/[glucagon] is 1.
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[000370] In an embodiment, the compositions according toitkrention comprise, in
addition, preservatives.

[000371] In an embodiment, the preservatives are selected fne group consisting of
m-cresol and phenol, alone or in a mixture.

[000372] In an embodiment, the compositions according toitlrention comprise, in

addition, antioxidants.

[000373] In an embodiment, the antioxidants are selectad freethionine.

[000374] In an embodiment, the concentration of preservativérom 10 to 50 mM.
[000375] In an embodiment, the concentration of preservativérom 10 to 40 mM.
[000376] In an embodiment, the compositions according toitkention comprise, in

addition, a surfactant.

[000377] In an embodiment, the surfactant is selected frbe dgroup consisting of
propylene glycol or polysorbate.

[000378] The compositions according to the invention can,addition, comprise
additives such as tonicity agents.

[000379] In an embodiment, the tonicity agents are selefrtad the group consisting
of sodium chloride, mannitol, saccharose, sorlgital glycerol.

[000380] The compositions according to the invention canmase, in addition, all the
excipients in accordance with the pharmacopoeidscampatible with human glucagon and

the GLP-1 RA used at the conventional concentration

[000381] The invention also relates to a pharmaceutical asiipn according to the

invention, characterized in that it is obtaineddioying and/or lyophilization.
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[000382] In the case of local and systemic releases, theemadd administration
considered are by intravenous, subcutaneous, ertraad or intramuscular route.
[000383] The transdermal, oral, nasal, vaginal, ocular, &ljcpulmonary routes of

administration are also considered.

[000384] The invention also relates to single-dose formaretiat pH from 6.6 to 7.8
comprising human glucagon.

[000385] The invention also relates to single-dose formaiwtiat a pH from 6.6 to 7.8
comprising human glucagon and a gastrointestinahboe, as defined above.

[000386] In an embodiment, the single-dose formulations awgep in addition, a

substituted co-polyamino acid as defined above.

[000387] In an embodiment, the formulations are in the farihan injectable solution.

In an embodiment, the GLP-1 RA, analog or derivai GLP-1 RA is selected from the
group comprising exenatide (Byéfa liraglutide (Victoz&), lixisenatide (Lyxumid),

albiglutide (Tanzeum®), dulaglutide (Trulicity®) one of the derivatives thereof.

[000388] In an embodiment, the gastrointestinal hormoneénatide.
[000389] In an embodiment, the gastrointestinal hormongaslutide.
[000390] In an embodiment, the gastrointestinal hormoniisdnatide.

[000391] In an embodiment, the gastrointestinal hormonébigjlatide.

[000392] In an embodiment, the gastrointestinal hormonaiiaglutide.

[000393] Moreover and just as importantly, the applicant whake to verify that human
glucagon in the presence of a co-polyamino acidibg&arboxylate charges and at least one
hydrophobic radical according to the invention press its action, whether alone or in

combination with a gastrointestinal hormone.
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[000394] The preparation of a composition according to thvemtion has the advantage
that it can be carried out by simple mixing of &uson of human glucagon, of a solution of
GLP-1 RA, of an analog or a derivative of GLP-1 R#d of a co-polyamino acid bearing
carboxylate charges and at least one hydropholdicalaaccording to the invention, in
agueous solution or in lyophilized form. If necegsthe pH of the preparation is adjusted to
pH 7.

[000395] In an embodiment, the mixture of human glucagon aehdubstituted co-
polyamino acid is concentrated by ultrafiltratioefdre the mixing with GLP-1 RA, an
analog or a derivative of GLP-1 RA in aqueous sofuaind in lyophilized form.

[000396] If necessary, the composition of the mixture isuat§d in terms of excipients
such as glycerol, m-cresol and polysorbate (TWeby addition of concentrated solutions of

these excipients within the mixture. If necesstrg,pH is adjusted to 7.

Part A

AA: Synthesis of the hydrophobic molecules in which 1

[000397] The hydrophobic radicals are represented in théowviohg table by the

corresponding hydrophobic molecule before graftingp the co-polyamino acid.

No. Structure of the hydrophobic molecule before gngftonto the c-polyamino

acid

AAl
NH
HNT > N

0 )\c H
e} 15131
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Table 1A: list and structures of the hydrophobiclenales synthesized according to the

invention.

Example AA1: molecule AA1
[000398] Molecule Al: product obtained by the reaction betwpalmitoyl chloride and

L-proline.

A solution of palmitoyl chloride (23.0 g, 83.7 mmah acetone (167 mL) is added dropwise
within 90 minutes to a solution of L-proline (10g6 92.1 mmol) in 1 N aqueous sodium
hydroxide (230 mL; 230 mmol). After 14 h of stiginat room temperature, the

heterogeneous mixture is cooled to 0 °C, therr&ittehrough a sintered filter to yield a white
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solid which is washed with water (2 x 100 mL), thiBisopropyl ether (100 mL). The solid is
dried at reduced pressure. The solid is then disdakt reflux in 200 mL of water, then 8 mL
of 37% hydrochloric acid solution are added unitaoning pH = 1. The opalescent reaction
mixture is then cooled to 0 °C. The precipitateanted is filtered through a sintered filter,
then washed with water (5 x 50mL) until filtratef physiological pH from 6.0 to 8.0 are

obtained, to be dried subsequently in an oven &C50nder vacuum overnight. The product
is purified by recrystallization in diisopropyl &th A white solid is obtained.

Yield: 22.7 g (77%).

'"H NMR (CDCk, ppm): 0.88 (3H); 1.19-1.45 (24H); 1.58-1.74 (2#)88-2.14 (3H); 2.15-

2.54 (3H); 3.47 (1H); 3.58 (1H); 4.41 (0.1H); 4@19H) 6.60-8.60 (1H).

Molecule A2: product obtained by reaction betweeanerule A1 and Boc-ethylenediamine.
[000399] N,N-diisopropylethylamine  (DIPEA) (68.8 g, 532.3 mmol)1-
hydroxybenzotriaolze (HOBt) (37.1 g, 274.6 mmoher N-(3-dimethylaminopropyIN'-
ethylcarbodiimide (EDC) (53.1 g, 277.0 mmol) areded successively and at room
temperature to a solution of molecule Al (75.1 2.2 mmol) in 1500 mL of chloroform.
After 15 minutes of stirring at room temperaturesadution of Boc-ethylenediamine (Boc-
ethylenediamine) (37.6 g, 234.7 mmol) in 35 mL bfocoform is added. After 18 h of
stirring at room temperature, a 0.1 N HCI solut{@ri L), then a saturated NaCl solution (1
L) are added. The phases are separated, thengheiophase is washed successively with a
0.1 N HCl/saturated NaCl solution (2.1 L/1 L), dwated NaCl solution (2 L), a saturated
NaHCG; solution (2 L), then a saturated NaCl solutiorL)2The organic phase is dried over
anhydrous sodium sulfate, filtered, then conceettait reduced pressure. The solid obtained
is purified by triturations in diisopropyl ether x3400 mL), to yield a solid after drying under

vacuum at 40 °C.
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Yield: 90.4 g (86%).
'H NMR (CDCk, ppm): 0.88 (3H); 1.20-1.37 (24H); 1.44 (9H); :BZ0 (2H); 1.79-1.92
(1H); 1.92-2.04 (1H); 2.03-2.17 (1H); 2.17-2.44 |3B.14-3.36 (4H); 3.43 (1H); 3.56 (1H);

4.29 (0.1 H): 4.51 (0.9 H); 4.82 (0.1H); 5.02 (0)9B.84 (0.1H); 7.22 (0.9H).

Molecule AA1

[000400] A 4 M hydrochloric acid solution in dioxane (100 00 mmol) is added
dropwise at 0 °C to a solution of molecule A2 (2@1 40.5 mmol) in 330 mL of
dichloromethane. After 3 h 30 of stirring at rooemiperature, the solution is concentrated at
reduced pressure. The residue is purified by flasfromatography (methanol,

dichloromethane) to yield a white solid of molecAl&l as a hydrochloride salt.

Yield: 16.3 g (93%).

'H NMR (CDCk, ppm): 0.88 (3H); 1.07-1.40 (24H); 1.49-1.63 (2H)77-2.18 (4H); 2.18-
2.45 (2H); 3.14-3.32 (2H); 3.42-3.63 (2H); 3.63B.@H); 4.37 (0.1H); 4.48 (0.9H); 6.81-
8.81 (4H).

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

Example AA2: molecule AA2

Molecule A3: 15-methylhexadecan-1-ol.

[000401] Magnesium (9.46 g, 389 mmol) in the form of chipsntroduced into a three-
neck flask under argon. The magnesium is coveréd avihydrous THF (40 mL), and a few
drops of 1-bromo-3-methylbutane are added at roemperature to initiate the reaction.
After the observation of an exothermic reaction sight turbidity of the medium, the rest of

the 1-bromo-3-methylbutane (53.87 g, 357 mmol)dideal dropwise within 90 min, while the
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temperature of the medium remains stable from 560t6C. The reaction medium is then
heated at 70 °C for 2 h.

[000402] A solution of 12-bromo-1-dodecanol (43 g, 162.1 mnm THF (60 mL) is
added dropwise to a solution of CuCl (482 mg, 4r860l) dissolved in NMP (62 mL) at O
°C in a three-neck flask are argon. The solutiomxtemporaneously prepared hot organic
magnesium solution is then added dropwise to @ligtion in a manner so as to maintain the
temperature of the medium below 20 °C. The mixtar#hen stirred at room temperature for
16 h. The medium is cooled to 0 °C and the readi®topped by addition of a 1N aqueous
HCI solution until the pH is 1, and the medium xéracted with ethyl acetate. After washing
of the organic phase with a saturated NaCl solutiodt drying over N£&5Oy, the solution is
filtered and concentrated under vacuum to yieldodnAfter purification by DCVC on a
silica gel (cyclohexane, ethyl acetate), an oil akhicrystallizes at room temperature is

obtained.

Yield: 32.8 g (74%)

'H NMR (CDCk, ppm): 0.87 (6H); 1.14 (2H); 1.20-1.35 (22H); :565 (3H); 3.64 (2H).

Molecule A4: 15-methylhexadecanoic acid.

[000403] Potassium permanganate (38.2 g, 241.5 mmol) isdamdemall portions to a
solution of molecule A3 (20.65 g, 80.5 mmol) anttakutylammonium bromide (14.02 g,
42.5 mmol) in a mixture of acetic acid/dichloroetbAvater (124/400/320 mL) at room
temperature. After stirring at reflux for 5 h areturn to room temperature, the medium is
acidified at pH 1 by gradual addition of 5N HCI. J8&; (44.6 g, 354.3 mmol) is then added
gradually until discoloration of the medium. Theuaqus phase is extracted with

dichloromethane, and the combined organic phasesdaed over Nz5O,, filtered and
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concentrated under vacuum. After purification byochatography on silica gel (cyclohexane,

ethyl acetate, acetic acid), a white solid is ot=éli

Yield: 19.1 g (quantitative)
'H 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 betweenetule A4 and L-proline.

[000404] Dicyclohexyl carbodiimide (DCC) (8.01 g, 38.8 mmoland N-
hydroxysuccinimide (NHS) (4.47 g, 38.8 mmol) areded successively to a solution of
molecule A4 (10 g, 37 mmol) in THF (360 mL) at 0.°&fter 17 h of stirring at room
temperature, the medium is cooled to 0 °C for 28, rfiltered through a sintered filter. L-
Proline (4 g, 37.7 mmol), trimethylamine (34 mL)amater (30 mL) are added to the filtrate.
After stirring at room temperature for 20 h, thedmen is treated with a 1N aqueous HCI
solution until the pH is 1. The aqueous phase tiaeted with dichloromethane (2 x 125 ml).
The combined organic phases are washed with a lidoaig HCI solution (2 x 100 ml),
water (100 mL), then a saturated aqueous NaClisal@@00 mL). After drying over N&O,
the organic phase is filtered, concentrated un@d®uwm, and the residue is purified by

chromatography on silica gel (cyclohexane, ethgkaie, acetic acid).

Yield: 9.2 g (72%)
'"H NMR (CDCk, ppm): 0.86 (6H); 1.14 (2H); 1.22-1.38 (20H); 1@M); 1.67 (2H); 1.95-
2.10 (3H); 2.34 (2H); 2.49 (1H); 3.47 (1H); 3.561(14.61 (1H).

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

Molecule A6: product obtained by reaction betweeanearule A5 and Boc-ethylenediamine.
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[000405] Triethylamine (TEA) (5.23 mL) and 2-(1H-benzotrikdeyl)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TBTU) at rotemperature are added to a solution of
molecule A5 (9.22 g, 25.08 mmol) in a mixture of FFBMF (200/50 mL). After 10 min of
stirring, Boc-ethylenediamine (4.42 g, 27.6 mmod) added. After stirring at room
temperature for 17 h, the mixture is diluted witater (300 mL) at O °C and cold stirred for
20 min. The precipitate formed is filtered throwmkintered filter, and the filtrate is extracted
with ethyl acetate. The combined organic phaseswaghed with a saturated solution of
NaHCGQ;, washed over N&O, filtered, concentrated under vacuum, and theduesiis

purified by flash chromatography (ethyl acetatethagrol).

Yield: 6.9 g (54%)

'H NMR (CDCk, ppm): 0.86 (6H); 1.15 (2H); 1.22-1.38 (20H); 148); 1.50 (1H); 1.64
(4H); 1.85 (1H); 1.95 (1H); 2.10 (1H); 2.31 (2H)28-3.35 (3H); 3.45 (1H); 3.56 (1H); 4.51
(1H); 5.05 (1H); 7.24 (1H).

LC/MS (ESI): 510.6; (calculated ([M+E}: 510.8).

Molecule AA2

[000406] A 4N HCI solution in dioxane (13 mL) is added ts@ution of molecule A6
(5.3 g, 10.40 mmol) in dichloromethane (50 mL) &t@ After 5 h of stirring at 0 °C, the
medium is concentrated under vacuum, taken up itenand lyophilized 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.@H); 1.98 (1H); 2.10
(2H): 2.26 (1H); 2.39 (1H); 2.43 (1H); 3.22 (2H)43-3.60 (3H): 3.78 (1H): 4.42 (1H).

LC/MS (ESI): 410.4; (calculated ([M+H} 410.7).
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Example AA3: molecule AA3

Molecule A7: product obtained by the reaction betwenolecule A1 and Boc-tri(ethylene
glycol)diamine.

[000407] By a method similar to the one used for the prepmaraof molecule A2,
applied to molecule Al (4.0 g, 11.3 mmol) and tacBa(ethylene glycol)diamine (3.1 g,
12.4 mmol), a colorless oil is obtained after poafion by flash chromatography (methanol,

toluene).

Yield: 5.5 g (84%).
'H NMR (CDCk, ppm): 0.88 (3H); 1.09-1.39 (24H); 1.44 (9H); 1L@H); 1.79-2.01 (2H);
2.06-2.43 (4H); 3.23-3.68 (14H); 4.33 (0.2H); 4(B6BH); 5.25 (1H); 6.49 (0.2H); 7.13-7.50

(0.8H).

Molecule AA3
[000408] By a method similar to the one used for the preparaof molecule AAL,
applied to molecule A7 (5.5 g, 9.4 mmol), a whitdidsof molecule AA3 as a hydrochloride

salt is obtained after purification by flash chraogaaphy (methanol, dichloromethane).

Yield: 4.3 g (92%).

'H NMR (DMSO-d6, ppm): 0.85 (3H); 1.08-1.40 (24H)AQ-1.52 (2H); 1.71-2.02 (4H);
2.02-2.31 (2H); 2.90-2.98 (2H); 3.15-3.47 (5H); %66 (7H); 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).
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Example AA4: molecule AA4

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

[000409] By a method similar to the one used for the prejpmaraof molecule A2,

applied to molecule Al (4.5 g, 12.7 mmol) and tocHBeamino-4,7,10-trioxa-13-
tridecaneamine (4.5 g, 14.0 mmol), a yellow oiloistained after purification by flash

chromatography (methanol, dichloromethane).

Yield: 7.7 g (92%).
'H NMR (CDCk, ppm): 0.88 (3H); 1.22-1.37 (24H); 1.44 (9H); 587 (2H); 1.67-2.00
(6H); 2.06-2.45 (4H); 3.18-3.76 (18H); 4.28 (0.2H):52 (0.8H); 4.69-5.04 (1H); 6.77

(0.2H): 7.20 (0.8H).

Molecule AA4

[000410] By a method similar to the one used for the preparaof molecule AAL,
applied to molecule A8 (7.7 g, 11.8 mmol), a yelloivis obtained after purification by flash
chromatography (methanol, dichloromethane). Coeradjom with diisopropyl ether makes it
possible to obtain the molecule AA4 as a hydroctéosalt in the form of a white solid

which is dried under vacuum at 50 °C.

Yield: 5.4 g (76%).
'H NMR (CDCk, 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 8H9; 7.35 (0.05H); 7.66-8.58 (3.95H).

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

Example AA5: molecule AA5
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[000411] Molecule A9: product obtained by reaction betweeasiarule A1 andN-Boc-
L-lysine methyl ester.

[000412] By a method similar to the one used for the preparaof molecule A2,
applied to molecule A1 (4 g, 11.3 mmol) andNeéBoc-L-lysine methyl ester (3.2 g, 12.4
mmol), a colorless oil is obtained after purificati by flash chromatography (methanol,

dichloromethane).

Yield: 4.9 g (73%).

'H NMR (CDCk, ppm): 0.88 (3H); 0.99-1.54 (37H); 1.54-1.75 (3H)75-2.04 (3H); 2.04-
2.41 (4H); 2.94-3.19 (2H); 3.19-3.81 (5H); 4.284.@H); 4.94 (1H); 6.45 (0.1H); 7.36
(0.9H).

LC/MS (ESI): 596.7; (calculated ([M+El} 596.5).

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

[000413] 320 mL of a 7N ammonia solution in methanol areeadtb a suspension of
molecule A9 (4.9 g, 8.2 mmol) in 10 mL of methanAfter 19 h of stirring at room
temperature in closed atmosphere, an additional tDOof ammonia solution are added.
After 24 h of stirring at room temperature in cldsatmosphere, the reaction medium is
concentrated at reduced pressure. The residueifeedlby trituration in diisopropyl ether at

reflux (100 mL) to yield a white solid which is dd under vacuum at 50 °C.

Yield: 4.1 g (85%)).
'H NMR (CDCk, 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);69-4.81 (1H); 5.43 (0.95H); 5.57

(0.05H); 6.25 (0.05H); 6.52 (0.95H); 6.83 (0.05/@)1.1 (0.95H).

Molecule AA5
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[000414] By a method similar to the one used for the preparaof molecule AAL,
applied to molecule A10 (388 mg, 0.67 mmol), a whdolid of molecule AA5 as a

hydrochloride salt is obtained after purificationthituration in diisopropyl 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 (@)77.43 (0.3H); 7.73-8.04 (3.7H); 8.16
(0.3H).

LC/MS (ESI): 481.6; (calculated ([M+E]} 481.4).

Example AAG: molecule AA6

Molecule Al11: product obtained by the reaction kestw stearoyl chloride and L-proline.
[000415] By a method similar to the one used for the prejpmaraof molecule Al,
applied to L-proline (5.0 g, 43.4 mmol) and to stgachloride (12.0 g, 39.6 mmol), a white

solid is obtained after purification by flash chraiwgraphy (methanol, dichloromethane).

Yield: 5.37 g (36%)

'H NMR (CDClk, 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); 4.6H).

LC/MS (ESI): 382.6; (calculated ([M+E} 382.3).

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

tri(ethyleneglycol)diamine.

[000416] By a method similar to the one used for the prepmaraof molecule A6,
applied to molecule A11 (33.81 g, 88.6 mmol) andtx-tri(ethylene glycol)diamine (26.4
g, 106.3 mmol) in THF using DIPEA instead of TEA,wdhite solid is obtained after

purification by flash chromatography (ethyl acetatethanol).

83



Yield: 43.3 g (80%)

'H NMR (CDClk, 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(835H); 5.25 (1H); 6.43 (0.15H); 7.25
(0.85H).

LC/MS (ESI): 612.6; (calculated ([M+E]} 612.9).

Molecule AA6

[000417] By a method similar to the one used for the preparaof molecule AA2,
applied to molecule A12 (43 g, 70.3 mmol), the dasi obtained after concentration under
vacuum is triturated in acetonitrile. The suspemsofiltered, and the solid is washed with
acetonitrile, then acetone. After drying under wamya white solid of molecule 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); 1.70-2.08H); 2.13 (1H);
2.24 (1H); 2.95 (2H); 3.10-3.25 (2H); 3.30-3.65K)04.20-4.45 (1H); 7.85-8.25 (4H).

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

Example AA7: molecule AA7

Molecule A13: product obtained by reaction betwarthidonic acid and L-proline.
[000418] By a method similar to the one used for the preparaof molecule A5,
applied to arachidonic acid (15.51 g, 49.63 mmal) & L-proline (6 g, 52.11 mmol) using
DIPEA instead of TEA, a white solid is obtained eaftpurification by column

chromatography on silica gel (cyclohexane, ethgtae, acetic acid).

Yield: 12.9 g (63%)
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'H NMR (CDCE, ppm): 0.88 (3H); 1.28 (34H); 1.66 (2H); 1.95-2(%H); 2.34 (2H); 2.45
(1H): 3.47 (1H); 3.56 (1H); 4.60 (1H).

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

Molecule Al4: product obtained by the reaction lestw molecule A13 and Boc-1-amino-
4,7,10-trioxa-13-tridecane.

[000419] By a method similar to the one used for the prepareof molecule A12,
applied to molecule A13 (10.96 g, 26.75 mmol) andBoc-1-amino-4,7,10-trioxa-13-
tridecane (10.29 g, 32.11 mmol), a solid is obtairafter purification by column

chromatography on silica gel (cyclohexane, ethgtae, methanol).

Yield: 14.2 g (75%)
'H NMR (CDCL, ppm): 0.88 (3H); 1.24 (32H); 1.43 (9H); 1.57-2@M); 2.10-2.45 (4H);
3.20-3.75 (18H); 4.30 (0.20H); 4.55 (0.80H); 5.Q8i); 6.75 (0.20H); 7.20 (0.80H).

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

Molecule AA7

[000420] After a method similar to the one used for the prapon of molecule AA2,
applied to molecule Al4 (14.25 g, 20.01 mmol), teeidue obtained after concentration
under vacuum of the reaction medium is dissolvedha@thanol and evaporated at reduced
pressure, the operation being repeated 4 time#etd § white solid of molecule AA7 as a

hydrochloride salt.

Yield: 12.7 g (98%)
'H NMR (DMSO-a, 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); 3.30-3.60K)44.15-4.30 (1H); 7.73-8.13 (4H).

LC/MS (ESI): 612.7; (calculated ([M+El} 612.9).
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Example AA8: molecule AA8

Molecule A15: product obtained by the reaction leswL-leucine and palmitoyl chloride.
[000421] By a method similar to the one used for the prepmaraof molecule Al,
applied to L-leucine (15.0 g, 114.4 mmol) and tinpeoyl chloride (34.5 g, 125 mmol), a

white solid is obtained by trituration in diisopsd@ther.

Yield: 13.0 g (31%)
'H NMR (CDCk, ppm): 0.88 (3H); 0.96 (6H); 1.16-1.35 (24H); :B57 (5H); 2.23 (2H);

4.55-4.60 (1H); 5.88 (1H).

Molecule A16: product obtained by the reaction kestivmolecule A15 and L-proline methyl
ester

[000422] By a method similar to the one used for the preparaof molecule A2,
applied to molecule A15 (6.00 g, 16.2 mmol) and_tproline methyl ester (3.23 g, 19.5
mmol), a slightly yellow oil is obtained after piication by flash chromatography (methanol,

dichloromethane).

Yield: 5.8 g (74%)

'H NMR (CDCk, ppm): 0.83-1.00 (9H); 1.18-1.32 (24H); 1.40-1(BBi); 1.84-2.33 (6H);
3.47-3.89 (2H); 3.70 (1.14H); 3.71 (1.21H); 3.745@H); 3.76 (0.12H); 4.40-4.56 (1H);
4.63-4.67 (0.04H); 4.84 (0.38); 4.90 (0.40); 5.04.8); 5.99 (0.18H); 6.08-6.21 (0.82).

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

Molecule A17: product obtained by saponificatiortied methyl ester of molecule A16.
[000423] 1N sodium hydroxide (13.5 mL, 13.5 mmol) is added solution of molecule

Al16 (5.8 g, 12.06 mmol) in 30 mL of methanol. Af@® h of stirring at room temperature,
86



the solution is diluted with water, then acidifieith 20 mL of 1 N hydrochloric acid at 0 °C.
The precipitate is filtered, then rinsed with wat®® mL), before it being solubilized in 50
mL of dichloromethane. The organic phase is drieer NaSO,, filtered, then concentrated
at reduced pressure to yield a colorless oil.

[000424]  Yield: 4.5 g (80%)

'H NMR (CDCk, ppm): 0.85-0.99 (9H); 1.14-1.41 (24H); 1.43-1(B2); 1.87-2.47 (7H);
3.48-3.55 (0.6H); 3.56-3.62 (0.4H); 3.83-3.90 (04B.90-3.96 (0.6H); 4.52-4.56 (0.6H);
4.56-4.59 (0.4H); 4.80-4.86 (0.4H); 4.86-4.91 (066105 (0.4H); 6.11 (0.6H).

LC/MS (ESI): 467.6; (calculated ((M+HJ: 467.4).

Molecule A18: product obtained by the reaction lestv Boc-ethylenediamine and molecule
Al7.

[000425] By a method similar to the one used for the preparaof molecule A2,
applied to molecule A17 (4.5 g, 9.64 mmol) and tocfthylenediamine (1.70 g, 10.61
mmol), a colorless oil is obtained after purificati by flash chromatography (methanol,

dichloromethane).

Yield: 2.0 g (34%)
'H NMR (CDCk, ppm): 0.83-0.99 (9H); 1.19-1.32 (24H); 1.44 (9H)48-2.37 (14H); 3.09-
3.99 (4H); 4.28-5.01 (2H); 5.64-6.04 (1H); 6.874& (QH).

LC/MS (ESI): 609.7; (calculated ((M+HJ: 609.5).

Molecule AA8
[000426] By a method similar to the one used for the praparaof molecule AAL,
applied to molecule A18 (2 g, 3.28 mmol), a soliadnmlecule AA8 as a hydrochloride salt is

obtained after purification by flash chromatogragmethanol, dichloromethane).
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Yield: 1.5 g (90%)
'H NMR (CDCk, ppm): 0.83-1.00 (9H); 1.18-1.32 (24H); 1.37-1(BH); 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+E} 509.4).

Example AA9: molecule AA9

Molecule A19: product obtained by the reaction leswlauric acid and L-phenylalanine.
[000427] By a method similar to the one used for the prejpmaraof molecule A5,
applied to lauric acid (8.10 g, 40.45 mmol) and.4ohenylalanine (7 g, 42.38 mmol), a white

solid is obtained.

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

LC/MS (ESI): 348.2; (calculated ([M+E]} 348.5).

Molecule A20: product obtained by the reaction W molecule A19 and the

hydrochloride salt of the methyl ester of L-proline

[000428] By a method similar to the one used for the prejpmaraof molecule A6,
applied to molecule A19 (9.98 g, 28.72 mmol) andhe hydrochloride salt of the methyl
ester of L-proline (5.23 g, 31.59 mmol), a coloslas! is obtained after purification by

column chromatography on silica gel (cyclohexatieyleacetate).

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); 8:8.65 (1H); 3.75 (3H); 4.29 (0.5H); 4.46

(0.5H); 4.70 (0.1H); 4.95 (0.9H); 6.20-6.30 (1H)15-7.30 (SH).
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LC/MS (ESI): 459.2; (calculated ([M+El} 459.6).

Molecule A21: product obtained by saponificatiomadlecule A20.

[000429] Lithium hydroxide (LIOH) (600.49 mg, 25.07 mmol)aslided to a solution of
molecule A20 (5.75 g, 12.54 mmol) in a mixture ®iFFmethanol/water (40/40/40 mL) at O
°C, then the mixture is stirred at room temperafare20 h. After evaporation of the organic
solvents in a vacuum, the aqueous phase is dilntedter, acidified with a 1 N aqueous HCI
solution until the pH is 1. The product is thenragted with ethyl acetate. The combined
organic phases are washed with a saturated aquéaGs solution, dried over N8O,

filtered and concentrated at reduced pressurestd i colorless oil.

Yield: 5.7 g (quantitative)

'H NMR (CDCk, 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)53-3.65 (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+El} 445.6).

Molecule A22: product obtained by reaction betwdst-ethylenediamine and molecule
A21.

[000430] By a method similar to the one used for the prepmaraof molecule A6,
applied to molecule A21 (5.67 g, 12.75 mmol) andBtx-ethylenediamine (2.25 g, 14.03
mmol), a colorless oil is obtained after purificatiby column 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); 3280 (4H); 3.45 (0.5H); 3.55 (0.2H); 3.66
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(1H): 4.44 (1H); 4.50 (0.2H); 4.60 (0.6H); 4.9978); 5.54 (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

[000431] After a method similar to the one used for the prapon of molecule AA2,
applied to molecule A22 (5.66 g, 9.65 mmol), theidaee obtained after concentration under
vacuum of the reaction medium is dissolved in medhand evaporated at reduced pressure,
the operation being repeated 4 times to yield atevfibam 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)B& (0.6H); 1.75-2.00
(3H); 2.05-2.25 (2.4H); 2.82-3.05 (5H); 3.38 (2K3;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+El} 487.7).

Example AA10: molecule AA10

Molecule A23: product obtained by the reaction kestw nipecotic acid and arachidonic acid

[000432] By a method similar to the one used for the prejpmaraof molecule A5,
applied to arachidonic acid (2.30 g, 7.37 mmol) emdipecotic acid (1.00 g, 7.74 mmol), a
white solid is obtained after filtration of the aus phase acidified until the pH is 1, and

washing of the solid with water, then dichlorometha

Yield: 1.65 g (53%)
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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): 3.845¢8): 4.08 (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 lestw molecule A23 and Boc-1-amino-
4,7,10-trioxa-13-tridecaneamine.

[000433] DIPEA (1.01 g, 7.79 mmol) and TBTU (1.31 g, 4.09 almare added
successively and at room temperature to a suspen§imolecule A23 (1.65 g, 3.89 mmol)
in 20 mL of THF. After 30 minutes of stirring, Bdeamino-4,7,10-trioxa-13-tridecaneamine
(2.37 g, 4.28 mmol) is added, and the reaction umds stirred at room temperature for 18
h. After evaporation of the solvent at reduced sues, the residue is diluted with ethyl
acetate (100 mL), the organic phase is washed ssivety with a saturated aqueous
NaHCG; solution, a 1 N aqueous HCI solution, a saturatgeeous NaCl solution, dried over
NaSO,, filtered and concentrated at reduced pressuravhte solid is obtained after

purification by flash chromatography (cyclohexagihyl acetate, methanol).

Yield: 1.97 g (70%)
'H NMR (CDCk, ppm): 0.88 (3H); 1.15-2.70 (54H); 3.10-3.46 (6B)Y46-3.71 (12.6H); 3.92
(0.4H); 4.17 (0.6H); 4.49 (0.4H); 4.80-5.16 (1H)35-6.76 (1H).

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

Molecule AA10

[000434] By a method similar to the one used for the preparaof molecule AAL,
applied to molecule A24 (1.97 g, 2.71 mmol), a @tsblid of molecule AA10 is obtained
after evaporation of the solvent, trituration iretome, filtration and washing with acetone,

then drying at reduced pressure at 50 °C.
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Yield: 1.66 g (92%)
'H NMR (DMSO-c, ppm): 0.86 (3H); 1.09-1.90 (42H): 2.05-2.68 (51)45-2.68 (1H);
2.78-3.19 (6H); 3.36-3.44 (2H); 3.44-3.60 (10HBB3.87 (1H); 4.20 (0.4H); 4.35 (0.6H).

LC/MS (ESI): 626.7; (calculated ([M+E} 626.5).

Example AA12: molecule AA12

Molecule A26: product obtained by the reaction lesw myristoyl chloride and L-proline
[000435] Myristoyl chloride (322 g, 1.30 mol) in solution dichloromethane (1.63 L)
is added slowly within 1 h to a solution of L-pra#i (300.40 g, 2.61 mol) in 2 N aqueous
sodium hydroxide (1.63 L) at 0 °C. At the end df Hddition, the temperature of the reaction
medium is brought back to 20 °C within 2 h, tharret for an additional 2 h. The mixture is
cooled to 0 °C, then a 37% HCI solution (215 mLadkled within 15 minutes. The reaction
medium is stirred for 10 min at O °C, then for frém 0 °C to 20 °C. The organic phase is
separated, washed with a 10% HCI solution (3 x#8), a saturated aqueous NaCl solution
(430 mL), dried over N&Q,, filtered through cotton, then concentrated aticed pressure.
The residue is solubilized in heptane (315 mL),ntlpentane (1.6 L) is added under
mechanical stirring. A white solid is obtained aftétration through a sintered filter and

drying at reduced pressure.

Yield: 410.6 g (97%)
'H NMR (CDCE, ppm): 0.88 (3H); 1.28 (20H); 1.70 (2H); 1.90-2(BM); 2.36 (2H); 2.51
(1H): 3.47 (1H); 3.56 (1H); 4.61 (1H).

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

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

ethylenediamine.
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[000436] HOBt (1.83 g, 11.98 mmol), then Boc-ethylenediam(ih&2 g, 10.14 mmol)
are added successively to a solution of moleculé A2.00 g, 9.21 mmol) at room
temperature in methyl-THF (50 mL), and the medigncaoled to O °C. EDC (2.29 g, 11.98
mmol) is added, then the mixture is stirred forl@etween 0 °C and room temperature. The
reaction medium is then washed with a saturatece@mg NHCI solution (50 mL), a
saturated aqueous NaHg®olution (50 mL), then a saturated aqueous NaCitisa (50
mL), dried over NgSQ,, filtered and concentrated at reduced pressurevhfe solid is

obtained after recrystallization in methanol.

Yield: 2.34 g (49%).

'H NMR (CDCk, ppm): 0.88 (3H); 1.16-1.38 (20H); 1.44 (9H); 561 (2H); 1.78-2.45
(6H); 3.11-3.72 (6H); 4.30 (0.1H); 4.51 (0.9H); 4.@.1H); 5.04 (0.9H); 6.87 (0.1H); 7.23
(0.9H).

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

Molecule AA12
[000437] By a method similar to the one used for the praparaof molecule AAL,
applied to molecule A27 (2.34 g, 5.00 mmol), a whsblid of molecule AA12 is obtained

after evaporation of the solvent and trituratiamslisopropyl! 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+E]} 368.3).

Example AA14: molecule AA14
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Resin AA14-1: product obtained by the reaction leetw4,7,10-trioxa-1,13-tridecanediamine

and the resin 2-Cl-trityl chloride

[000438] DIPEA (8.64 mL, 49.60 mmol) is added to a solutafrd,7,10-trioxa-1,13-

tridecanediamine (10.87 mL, 49.60 mmol) in dichtoethane (50 mL) at room temperature.
This solution is poured onto the resin 2-Cl-trithlloride which was washed beforehand with
dichloromethane (100-200 mesh, 1% DVB, 1.24 mmd/g)0 g, 4.96 mmol) in a reactor
adapted for peptide synthesis on a solid suppdter”® h of stirring at room temperature,
HPLC grade methanol (0.8 mL/g resin, 3.2 mL) isemjcand the mixture is stirred at room
temperature for 15 min. The resin is filtered, waskuccessively with dichloromethane (3 x
50 mL), DMF (2 x 50 mL), dichloromethane (2 x 50 )nisopropanol (1 x 50 mL) and

dichloromethane (3 x 50 mL).

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

[000439] DIPEA (5.18 mL, 29.76 mmol) is added to a suspensib Fmoc-glycine
(442 g, 14.88 mmol) and 1-[bis(dimethylamino)mégime]-1H-1,2,3-triazolo[4,5-
b]pyridinium 3-oxide-hexafluorophosphate (HATU, 6.§, 14.88 mmol) in a mixture of
DMF/dichloromethane 1:1 (60 mL). After complete wdulization, the solution obtained is
poured onto resin AA14-1. After 2 h of stirringrabm temperature, resin is filtered, washed
successively with DMF (3 x 60 mL), isopropanol (& ml) and dichloromethane (3 x 60

mL).

[000440] Resin AA14-3: product obtained by reaction betweesin AA14-2 and a

mixture of DMF/piperidine 80:20. The resin AA14-3 itreated with a mixture of
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DMPF/piperidine 80:20 (50 mL). After 30 minutes airgng at room temperature, the resin is
filtered, washed successively with DMF (3 x 50 migppropanol (1 x 50 mL) and

dichloromethane (3 x 50 mL).

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

[000441] By a method similar to the one used for resin ARl 4pplied to resin AA14-

3 and Fmoc-proline (5.02 g, 14.88 mmol) in DMF (BD), resin AA14-4 is obtained.

Resin AA14-5: product obtained by reaction betweesin AAl14-4 and a mixture of

DMPF/piperidine 80:20.

[000442] By a method similar to the one used for resin ARlL4pplied to resin AA14-

4 and a mixture of DMF/piperidine 80:20 (50 mL)sireAA14-5 is obtained.

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

[000443] By a method similar to the one used for the preparaof resin AA14-4,

applied to resin AA14-5 and to palmitic acid (3d32L.4.88 mmol), resin AA14-6 is obtained.

[000444] Molecule AA14  The resin AAl14-6 is treated with aixtare of
TFA/dichloromethane 1:1 (50 mL). After 30 minutek stirring at room temperature, the
resin is filtered and washed with dichloromethaBex 60 mL). The solvents are evaporated

under vacuum. Two coevaporations are then carugdo the residue with dichloromethane

95



(50 mL), then diisopropyl ether (50 mL). The resids solubilized in dichloromethane (50
mL), and the organic phase is washed with a 1 Magsi NaOH solution (1 x 50 mL), then a
saturated NaCl solution (2 x 50 mL). After dryingeo Na&SOQy, the organic phase is filtered,
concentrated under vacuum, and the residue ig€filtdy chromatography on silica gel

(dichloromethane, methanol, NEH).

Yield: 1.65 g (54% global over 7 steps)

'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 (0.08H)02(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).

AB: Synthesis of the co-polyamino acids

No. co-polyamino acids bearing carboxylates chaageishydrophobic radicals
ABl O, ONa
[¢]
R, N
\f” n H/\/\/\
O m
Hy (0]
I =0.05, DP (m + n) = 23
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Hy = o
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H
a § Y N
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* NH
SO N
o CysH
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o ONa
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R4 N /\/\/\
N N
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Hy =
NH (o) (0] NH o
N \V/A\O/A\v/ ~ " °
S
Ci9H3g

R; = H or pyroglutamate

AB7

(0] ONa
0]
H
Ri N ///\\\v///\\\///A\\\
N N
H H
m n
(0]
Hy 0]

i=0.03,DP(m+n)=21
Hy =

NH (o) (0] NH (@]
I N P N S g g 5
N/Z(

C1oHag

R;=CHs;-CO-, H or pyroglutamate
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104




AB25

o)
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H
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H H
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SN N

N
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H
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H n H
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o
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NH N
*/NH\/\/O\/\O/\/O\/\/ W/\NH
0
R:1 = CH;-CO-, H or pyroglutamate
Table 1b

Part AB: synthesis of the co-polyamino acids
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Example AB1: Co-polyamino acid AB1 - sodium polyglutamate modified by molecule
AA1 and having a number average molecular weight)(&f 2900 g/mol

[000445] Co-polyamino acid AB1-1: poly-L-glutamic acid hagira relative number

average molecular weight (Mn) of 3861 g/mol origing from the polymerization of the
benzyl-L-glutamatéN-carboxyanhydride initiated by hexylamine.

[000446] v-Benzyl-L-glutamateéN-carboxyanhydride (89.9 g, 341 mmol) is placed unde
vacuum for 30 minutes in a round-bottom flask diredhe oven, then anhydrous DMF (200
mL) is introduced. The mixture is then stirred undegon until the dissolution is complete,
cooled to 4 °C, then hexylamine (2.05 mL; 15.5 mnwintroduced rapidly. The mixture is
stirred between 4 °C and room temperature for 2.dalge reaction mixture is then heated at
65 °C for 2 h, cooled at room temperature, therrgubalropwise into diisopropyl ether (3 L)
under stirring. The white precipitate is recovebgdiltration, washed with diisopropyl ether
(2 x 200 mL), then dried under vacuum at 30 °Citddya poly(gamma-benzyl-L-glutamic)

acid (PBLG).

[000447] Trifluoroacetic acid (TFA, 340 mL) at 4 °C, a 33%udnobromic acid solution
(HBr) in acetic acid (240 mL, 1.37 mol) is addedpmlwise to a solution of PBLG (74.8 g).
The mixture is stirred at room temperature for 2Hgn poured dropwise onto a 1:1 (v/v)
mixture of diisopropyl ether and water under stigri(4 L). After 2 h of stirring, the
heterogeneous mixture is allowed to rest overnighe white precipitate is recovered by
filtration, washed with a 1:1 (v/v) mixture of digropyl ether and water (340 mL), then with
water (340 mL).

[000448] The solid obtained is then solubilized in wateb(Il) by adjusting the pH to 7

by addition of a 10 N aqueous sodium hydroxide tsmiy then a 1 N aqueous sodium
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hydroxide solution. After solubilization, the thetical concentration is adjusted to 20 g/L
theoretical by addition of water to obtain a fimalume 2.1 L.

[000449] . The solution is filtered through a 0.45-um fijtethen purified by
ultrafiltration against a 0.9% NaCl solution, therater until the conductimetry of the
permeate is less than 50 uS/cm. The solution gfatgamino acid is the concentrated until a
final volume 1.8 L is obtained.

[000450] The aqueous solution is then acidified by addiwdr87% hydrochloric acid
solution until the pH is 2. After 4 h of stirrinthe precipitate obtained is filtered, washed
with water (2 x 340 mL), then dried under vacuun8@t°C to yield a poly-L-glutamic acid
having a number average molecular weight (Mn) 06138/mol with respect to a

polyoxyethylene standard (PEG).

Co-polyamino acid AB1

[000451] The co-polyamino acid AB-1 (10.0 g) is solubilizedDMF (700 mL) at 30
°C - 40 °C, then cooled to 0 °C. Molecule AA1 indngchloric salt form (1.64 g, 3.8 mmol)
is suspended in DMF (23 mL), and triethylamine 90d3 3.8 mmol) is then added and the
mixture is heated slightly under stirring until tHessolution is complete. To the solution of
co-polyamino acid at 0 °Q\-methylmorpholine (NMM, 7.6 g, 75 mmol) in DMF (IdL)
and ethyl chloroformate (ECF, 8.2 g, 75 mmol) atdeal. After 10 min at 0 °C, the solution
containing molecule AAl is added, and the mixtwsemaintained at 30 °C for 2 h. The
reaction mixture is poured dropwise onto 5.5 L aftev containing 15% by weight of sodium
chloride and HCI (pH 2), then it is allowed to resernight. The precipitate is collected by
filtration and dried under vacuum for approximat&§ min. The white solid obtained is
taken up in water (500 mL) and the pH is adjusted tby slow addition of a 1IN NaOH

agueous solution. After filtration through a 0.4&(filter, the clear solution obtained is
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purified by ultrafiltration against a 0.9% NaCl stbn, then water until the conductimetry of
the permeate is less than 50 uS/cm. After dischgrghe solution is filtered through a 0.2

um filter and stored at 2-8 °C.

Dry extract: 24.9 mg/g

An average degree of polymerization (DP) of 23sineated by'*H NMR in D,O by
comparing the integration of the signals origingtirom the hydrophobe grafted onto that of
the signals originating from the main chain.

Based orfH NMR: i = 0.05

The calculated average molecular weight of the @ggmino acid AB1 is calculated
on the basis of the molecular weights of the rddiBaand R, the aspartate and/or glutamate
residue(s) (comprising an amide bond), the hydrbjh@dical, the DS and the DP.

The calculated average molecular weight of the @ggmino acid AB1 is 3945 g/mol.

HPLC-aqueous SEC (calibrant PEG): Mn = 2900 g/mol.

Example AB2: Co-polyamino acid AB2 - sodium polyglutamate modified by molecule
AA1 and having a number average molecular weight)(df 3700 g/mol

[000452] By a method similar to the one used for the praparaof the co-polyamino
acid AB1, applied to the hydrochloride salt of nmike AAl (1.64 g, 3.8 mmol) and to a
poly-L-glutamic acid having a relative Mn of 5200l (10.0 g) obtained by a method
similar to the one used for the preparation ofdtxgolyamino acid AB1-1, a sodium poly-L-

glutamate modified by molecule AA1 is obtained.

Dry extract: 14.1 mg/g
DP (estimated based dH NMR): 35
Based orfH NMR: i = 0.05

The calculated average molecular weight of the @ggmino acid AB2 is 5972 g/mol.
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HPLC aqueous-SEC (calibrant PEG): Mn = 3700 g/mol.

Example AB3: Co-polyamino acid AB3 - sodium polyglutamate modified by molecule
AA1 and having a number average molecular weight)(&f 4900 g/mol

[000453] By a method similar to the one used for the prdparaof the co-polyamino
acid AB1, applied to the hydrochloride salt of nmile AA1 (3.30 g, 7.6 mmol) and to a
poly-L-glutamic acid having a relative number agsraveight (Mn) of 5200 g/mol (10.0 g)
obtained by a method similar to the one used fergfreparation of the co-polyamino acid

AB1-1, a sodium poly-L-glutamate modified by molexAALl is obtained.

Dry extract: 23.4 mg/g

DP (estimated based oH NMR): 35

The calculated average molecular weight of the @ggmino acid AB3 is 6594 g/mol.
Based ortH NMR: i = 0.10

HPLC aqueous-SEC (calibrant PEG): Mn = 4900 g/mol.

Example AB4: Co-polyamino acid AB4 - sodium polyglutamate modified by molecule
AA2 and having a number average molecular weight)(df 1800 g/mol

[000454] By a method similar to the one used for the prdparaof the co-polyamino
acid AB1, applied to the hydrochloride salt of nmike AA2 (1.09 g, 2.4 mmol) and to a
poly-L-glutamic acid having an average weight Mn6600 g/mol (6.3 g) obtained by a
method similar to the one used for the preparatfcthe co-polyamino acid AB1-1 but with a
step of deprotection of the benzyl esters usinmethylsilane iodide according to the
protocol described in the publicatidnAm. Chem. So2000, 122, 26-34 (Subramanian G. et

al.), a sodium poly-L-glutamate modified by molec@lA2 is obtained.

Dry extract: 21.5 mg/g
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DP (estimated based dH NMR): 35
Based orfH NMR: i = 0.052
The calculated average molecular weight of the@ggmino acid AB4 is 6022 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 1800 g/mol.

Example AB5: Co-polyamino acid AB5 - sodium polyglutamate modified by molecule
AAG6 and having a number average molecular weight)(df 2600 g/mol

[000455] By a method similar to the one used for the prdparaof the co-polyamino
acid AB1, applied to the hydrochloride salt of nmile AA6 (2.06 g, 3.8 mmol) and to a
poly-L-glutamic acid (9.8 g) obtained by a methadikr to the one used for the preparation
of the co-polyamino acid AB1-1, a sodium poly-L4glmnate modified by molecule AA6 is

obtained.

Dry extract: 20.9 mg/g

DP (estimated based dH NMR): 23

Based orfH NMR: i = 0.05

The calculated average molecular weight of the@ggmino acid AB5 is 4079 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 2600 g/mol.

Example AB6: Co-polyamino acid AB6 - sodium polyglutamate modified by molecule
AA7 and having a number average molecular weight)(&f 4000 g/mol

[000456] A poly-L-glutamic acid having an average weight Mn3500 g/mol and a
degree of polymerization 22 (10.0 g) obtained hyethod similar to the one used for the
preparation of the co-polyamino acid AB1-1 is sdiabd in DMF (420 mL) at 30 °C - 40
°C, then maintained at this temperature. In pdréle hydrochloride salt of molecule AA7

(2.47 g, 2.3 mmol) is suspended in DMF (12 mL), amethylamine (0.23 g, 2.3 mmol) is
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added, the mixture is then heated slightly undenrirgg until the dissolution is complete. To
the solution of co-polyamino acid in DMF, NMM (7¢8 75 mmol), the solution of AA7,
then 2-hydroxypyridineN-oxide (HOPO, 0.84 g, 7.5 mmol) are added succelysiihe
reaction mixture is then cooled to 0 °C, then EOCA4 g, 7.5 mmol) is added and the
temperature of the medium is increased to room éeatpre over a period of 2 h. The
reaction medium is filtered through a woven 0.2-filtar and poured dropwise onto 3.5 L of
water containing 15% by weight of NaCl and HCI (BHunder stirring. At the end of the
addition, the pH is readjusted to 2 with a 37% HH@ltion, and the suspension is allowed to
rest overnight. The precipitate is collected bydtion, then rinsed with 100 mL of water.
The white solid obtained is solubilized in 500 milwater by slow addition of a 1 N aqueous
NaOH solution until the pH is 7 under stirring, thibe solution is filtered through a 0.45-um
filter. The clear solution obtained is purified bigrafiltration against a 0.9% NaCl solution,
then water until the conductimetry of the permdatéess than 50 pS/cm. The solution is

filtered through a 0.2-um filter and stored at 228

Dry extract: 21.6 mg/g

DP (estimated based dH NMR): 20

Based orfH NMR: i = 0.025

The calculated average molecular weight of the @ggmino acid AB6 is 3369 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 4000 g/mol.

Example AB7: Co-polyamino acid AB7 - sodium polyglutamate capped at one of its ends
by an acetyl group and modified by molecule AA7 dwading a number average molecular
weight (Mn) of 3300 g/mol

[000457] Co-polyamino acid AB7-1: poly-L-glutamic acid hagira relative number

average molecular weight (Mn) of 3600 g/mol and RPR, originating from the
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polymerization ofy-benzyl-L-glutamate N-carboxyanhydride initiated bgxylamine, and
capped at one of its ends by an acetyl group.

[000458] y-Benzyl-L-glutamate N-carboxyanhydride (Glu(OBn)-NC100.0 g, 380
mmol) is placed under vacuum for 30 minutes inundbbottom flask previously dried in the
oven, then anhydrous DMF (225 mL) is introducede Tixture is then stirred under argon
until the dissolution is complete, cooled to 4 ¥#@en hexylamine (1.78 g, 17 mmol) is
introduced rapidly. The mixture is stirred betweeiC and room temperature for 2 days,
then precipitated in diisopropyl ether (3.4 L). Theecipitate is recovered by filtration,
washed two times with diisopropyl ether (225 mhkgr dried to yield a white solid which is
dissolved in 450 mL of THF. To this solution, DIPEB1 mL, 176 mmol), then acetic
anhydride (17 mL, 176 mmol) are added successivtier a night of stirring at room
temperature, the solution is poured slowly intsaliropyl ether (3 L) under stirring. After 1
h of stirring, the precipitate is filtered, washee times with diisopropyl ether (250 mL),
then dried under vacuum at 30 °C to yield a poly(ge-benzyl-L-glutamic) acid capped at
one of its ends by an acetyl group.

[000459] A 33% hydrobromic acid solution (HBr) in acetic &di235 mL) is added
dropwise to a solution of the co-polyamino acid\ab@¢72 g) in trifluoroacetic acid (TFA,
335 mL) at 4 °C. The mixture is stirred at room pemature for 3 h 30, then poured dropwise
onto a 1:1 (v/v) mixture of diisopropyl ether andter under stirring (4 L). After 2 h of
stirring, the heterogeneous mixture is allowed d@st rovernight. The white precipitate is
recovered by filtration, washed with 1:1 (v/v) mig¢ of diisopropyl ether and water (340
mL), then with water (340 mL).

[000460] The solid obtained is then dissolved in water (1).by adjusting the pH to 7
by addition of a 10 N aqueous sodium hydroxide tsmiy then a 1 N aqueous sodium

hydroxide solution. After solubilization, the mixéuis diluted by addition of water to obtain
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a final volume of 2.1 L. The solution is filteredrough a 0.45-um filter, then purified by
ultrafiltration against a 0.9% NaCl solution, therater until the conductimetry of the
permeate is less than 50 uS/cm. The solution gfotgamino acid is then concentrated until
a final volume of 1.8 L is obtained.

[000461] The aqueous solution is then acidified by additwér87% hydrochloric acid
solution until the pH is 2. After 4 h of stirrinthe precipitate obtained is filtered, washed
with water (330 mL), then dried under vacuum at°80to yield a poly-L-glutamic acid
having a number average molecular weight (Mn) oD®&/mol with respect to a
polyoxyethylene standard (PEG) and an average dejneolymerization of 21.

[000462] Co-polyamino acid AB7: By a method similar to theeoused for the
preparation of the co-polyamino acid AB6, appliedhie hydrochloride salt of molecule AA7
(2.43 g, 2.2 mmol) and to the co-polyamino acid AB{10.0 g), a sodium poly-L-glutamate

acid modified by molecule AA7 is obtained.

Dry extract: 24.3 mg/g

DP (estimated based oH NMR): 21

Based ortH NMR: i = 0.03

The calculated average molecular weight of the@ggmino acid AB7 is 3677 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3300 g/mol.

Example AB8: Co-polyamino acid AB8 - sodium polyglutamate modified by molecule
AA7 and having a number average molecular weight)(&f 3600 g/mol

[000463] Co-polyamino_acid AB8-1: poly-L-glutamic acid hagira number average

molecular weight (Mn) of 3800 g/mol and a degre@aiymerization of 24, originating from

the polymerization of-benzyl-L-glutamatéN-carboxyanhydride initiated by ammonia.
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[000464] By a method similar to the one described in thenéepatent FR-A-2 801
226, applied tg-methyl-L-glutamic acid\N-carboxyanhydride (25.0 g, 133.6 mmol) and to a
0.5 N ammonia solution in dioxane (12.1 mL, 6.05 af)jjna poly-L-glutamic acid is

obtained.

Co-polyamino acid ABS:

[000465] By a method similar to the one used for the praparaof the co-polyamino
acid ABG6, applied to the hydrochloride salt of nmie AA7 (2.1 g, 3.24 mmol) and to the
co-polyamino acid AB8-1 (14.3 g), a sodium polyJitgmate modified by molecule AA7 is

obtained.

Dry extract: 25.2 mg/g

DP (estimated based dH NMR): 24

Based ortH NMR: i = 0.03

The calculated average molecular weight of the@ggmino acid AB8 is 4099 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3600 g/mol.

Example AB9: Co-polyamino acid AB9 - sodium polyglutamate modified by molecule
AA3 and having a number average molecular weight)(& 3200 g/mol

[000466] By a method similar to the one used for the prdparaof the co-polyamino
acid AB1, applied to the hydrochloride salt of nlke AA3 and to a poly-L-glutamic acid
obtained by a method similar to the one used fergtreparation of the co-polyamino acid

AB1-1, a sodium poly-L-glutamate modified by molexAA3 is obtained.

Dry extract: 14.7 mg/g
DP (estimated based oH NMR): 30

Based orfH NMR: i = 0.12
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The calculated average molecular weight of the @ggmino acid AB9 is 6192 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3200 g/mol.

Example AB10: Co-polyamino acid AB10 - sodium pahkglutamate modified by molecule
AA4 and having a number average molecular weight)(df 2600 g/mol

[000467] By a method similar to the one used for the praparaof the co-polyamino
acid AB7, applied to the hydrochloride salt of nolke AA4 and to a poly-L-glutamic acid
obtained by a method similar to the one used fergfreparation of the co-polyamino acid

AB1-1, a sodium poly-L-glutamate modified by molexAA4 is obtained.

Dry extract: 18.3 mg/g

DP (estimated based oH NMR): 25

Based orfH NMR: i = 0.08

The calculated average molecular weight of the a@ggmino acid AB10 is 4870
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 2600 g/mol.

Example AB11: Co-polyamino acid AB11 - sodium pahglutamate modified by molecule
AA5 and having a number average molecular weight)(df 2700 g/mol

[000468] By a method similar to the one used for the prdparaof the co-polyamino
acid ABG6, applied to the hydrochloride salt of noolke AA5 and to a poly-L-glutamic acid
obtained by a method similar to the one used fergfreparation of the co-polyamino acid

AB1-1, a sodium poly-L-glutamate modified by molexAAS5 is obtained.

Dry extract: 20.2 mg/g
DP (estimated based dH NMR): 23

Based orfH NMR: i = 0.05
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The calculated average molecular weight of the @ggmino acid AB11 is 4072
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 2700 g/mol.

Example AB12: Co-polyamino acid AB12 - sodium pahkglutamate modified by molecule
AA8 and having a number average molecular weight)(&f 3000 g/mol

[000469] By a method similar to the one used for the praparaof the co-polyamino
acid AB1, applied to the hydrochloride salt of nmlle AA8 and to a poly-L-glutamic acid
obtained by a method similar to the one used fergtreparation of the co-polyamino acid

AB1-1, a sodium poly-L-glutamate modified by molerAA8 is obtained.

Dry extract: 19.5 mg/g

DP (estimated based oH NMR): 26

Based orfH NMR: i = 0.04

The calculated average molecular weight of the @ggmino acid AB12 is 4477
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3000 g/mol.

Example AB13: Co-polyamino acid AB13 - sodium pahkglutamate modified by molecule
AA9 and having a number average molecular weight)(df 3300 g/mol

[000470] By a method similar to the one used for the praparaof the co-polyamino
acid ABG6, applied to the hydrochloride salt of nmlle AA9 and to a poly-L-glutamic acid
obtained by a method similar to the one used fergfreparation of the co-polyamino acid
AB1-1 using isoamylamine as initiator instead okylamine, a sodium poly-L-glutamate

modified by molecule AA9 is obtained.

Dry extract: 22.3 mg/g
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DP (estimated based dH NMR): 35

Based orfH NMR: i = 0.12

The calculated average molecular weight of the a@ggmino acid AB13 is 7226
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3300 g/mol.

Example AB21: Co-polyamino acid AB21 - sodium pahglutamate modified by molecule
AA7 and having a number average molecular weight)(&f 3400 g/mol

[000471] By a method similar to the one used for the praparaof the co-polyamino
acid ABG6, applied to the hydrochloride salt of nmile AA7 (2.44 g, 2.4 mmol) and to a
poly-L-glutamic acid (10 g) obtained by a methoahitar to the one used for the preparation
of the co-polyamino acid AB1-1, a sodium poly-L4glmmate modified by molecule AA7 is

obtained.

Dry extract: 22.7 mg/g

DP (estimated based oH NMR): 22

Based ortH NMR: i = 0.056

The calculated average molecular weight of the a@ggmino acid AB21 is 4090
g/mol.

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

Example AB24. Co-polyamino acid AB24 - sodium pakglutamate capped at one of its
ends by an acetyl group and modified by moleculelfad having a number average
molecular weight (Mn) of 3900 g/mol

[000472] By a method similar to the one used for the praparaof the co-polyamino

acid AB6, applied to the hydrochloride salt of nmlle AA1 (1.330 g, 3.08 mmol) and to a
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poly-L-glutamic acid having a relative Mn of 5400l (4.0 g) obtained by a method
similar to the one used for the preparation ofdtxgolyamino acid AB7-1, a sodium poly-L-
glutamate capped at one of its ends by an acetylpgand modified by molecule AAl is

obtained.

Dry extract: 18.7 mg/g

DP (estimated based dH NMR): 38

Based orfH NMR: i = 0.089

The calculated average molecular weight of the @ggmino acid AB24 is 7088
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3900 g/mol.

Example AB25: Co-polyamino acid AB25 - sodium pakglutamate capped at one of its
ends by an acetyl group and modified by moleculel2And having a number average
molecular weight (Mn) of 3700 g/mol

[000473] A poly-L-glutamic acid having a relative averageigi® Mn of 5400 g/mol
and a degree of polymerization of 38 (10.0 g) ot®diby a method similar to the one used
for the preparation of the co-polyamino acid AB&Solubilized in DMF (420 mL) at 30 °C,
then maintained at this temperature. In paralled, hydrochloride salt of molecule AA12
(4.56 g, 11.29 mmol) is dissolved in chloroform (®Q), and triethylamine (1.14 g, 11.29
mmol) is added. To the solution of co-polyaminodaici DMF, NMM (7.6 g, 75.26 mmol),
then HOPO (2.51 g, 22.58 mmol) are added succdgsiVee reaction medium is then
cooled to 0 °C, then EDC (4.33 g, 22.58 mmol) ideat] the mixture is stirred for 1 h at 0 °C,
then the solution of molecule AA12 is added. Thect®n medium is stirred for 2 h between
0 °C and room temperature. The reaction mediunitesdd through a woven 0.2-mm filter

and poured dropwise onto 3.95 L of water contaidisgp by weight of NaCl and HCI (pH 2)
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under stirring. At the end of the addition, the igHeadjusted to 2 with a 37% HCI solution,
and the suspension is allowed to rest overnighe. grecipitate is collected by filtration, then
solubilized in 780 mL of water by slow addition ®f1 N agueous NaOH solution until the
pH is 7 under stirring. After filtration through @45-um filter, the solution is diluted by
addition of water to obtain a volume of 900 mL,nlacetone (485 mL) is added to obtain a
solution containing 30% by weight of acetone. Téotution is filtered through an activated
charcoal filter (3M R53SLP), then acetone is deitil (40 °C, 100 mbar). After filtration
through a 0.45-um filter, the product is purified bitrafiltration against a 0.9% aqueous
NaCl solution, a carbonate buffer solution (150 mM)0.9% aqueous NaCl solution, a
phosphate buffer solution (150 mM), a 0.9% aqueda€l solution, then water until the
conductimetry of the permeate is less than 50 uSItm solution is then concentrated until a
final volume of 600 mL is obtained. The solutiorilered through a 0.2-um filter and stored

at 2-8 °C.

Dry extract: 19.7 mg/g

DP (estimated based oH NMR): 38

Based orfH NMR: i = 0.16

The calculated average molecular weight of the aggmino acid AB25 is 7877
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3700 g/mol.

Example AB28: Co-polyamino acid AB28 - sodium pakglutamate capped at one of its
ends by an acetyl group and modified by moleculelAfnd having a number average
molecular weight (Mn) of 4700 g/mol

[000474] By a method similar to the one used for the prejaraf co-polyamino acid

AB6, applied to molecule AA14 (1.51 g, 2.46 mmafidao a poly-L-glutamic acid having a
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relative Mn of 5400 g/mol (3.27 g) obtained by atinoel similar to the one used for the
preparation of the co-polyamino acid AB7-1, a sadijpoly-L-glutamate capped at one of its
ends by an acetyl group modified by molecule AA¥4obtained after purification by
ultrafiltration against a 0.9% aqueous NaCl sohytia carbonate buffer solution (150 mM), a
0.9% aqueous NaCl solution, a phosphate buffertisoll (150 mM), 0.9% aqueous NaCl
solution, then water until the conductimetry of thermeate is less than 50 puS/cm. The
solution of co-polyamino acid is then concentraiedpproximately 20 g/L theoretical and
the pH is adjusted to 7. The aqueous solutionterdid through a 0.2-um filter and stored at

4 °C.

Dry extract: 6.1 mg/g

DP (estimated based oH NMR): 38

Based orfH NMR: i = 0.1

The calculated average molecular weight of the a@ggmino acid AB28 is 8062
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 4700 g/mol.

Part B:

BB: synthesis of the hydrophobic molecules in which 2

[000475] The radicals are presented in the following tabie the corresponding

hydrophobic molecule before grafting onto the cosamino acid.

(@]

No. | Structure of the hydrophobic molecule beforaftgng onto the co-polyamin

acid
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Table 1d: list of the hydrophobic molecules synites$ according to the invention.
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Part BA: Synthesis of the hydrophobic moleculewlich p = 2

Example BA1: molecule BA1

Molecule B1: product obtained by the reaction betwvdecanoic acid and L-proline.
[000476] Dicyclohexyl carbodiimide (DCC) (16.29 g, 78.96 nlnoand N-
hydroxysuccinimide (NHS) (9.09 g, 78.96 mmol) atecessively added to a solution of
decanoic acid (14.28 g, 82.91 mmol) in THF (520 rat.p °C. After 60 h of stirring at room
temperature, the mixture is cooled to 0 °C for 20,rfiltered through a sintered filter. L-
Proline (10 g, 86.86 mmol), diisopropylethylamin2REA) (68.8 mL) and water (60 mL)
are added to the filtrate. After 24 h of stirringraom temperature, the medium is diluted
with water (300 mL). The aqueous phase is wash#detinyl acetate (2 x 250 mL), acidified
to pH ~1 with a 1 N aqueous HCI solution, then &otied with dichloromethane (3 x 150
mL). The combined organic phases are dried oveiSNa filtered, concentrated under
vacuum, and the residue is purified by chromatdayyapn silica gel (cyclohexane, ethyl

acetate).

Yield: 14.6 g (69%)
'H NMR (CDCk, ppm): 0.87 (3H); 1.26 (12H); 1.65 (2H); 2.02 (312)34 (2H); 2.41 (1H);
3.48 (1H); 3.56 (1H): 4.58 (1H).

LC/MS (ESI): 270.2; (calculated ([M+E} 270.4)

Molecule B2: product obtained by the reaction betmwvmolecule B1 and L-lysine.
[000477] By a method similar to the one used for the prdpmaraof molecule B1,
applied to molecule B1 (14.57 g, 54.07 mmol) and-tgsine (4.15 g, 28.39 mmol), a yellow

oil 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); :BB35 (12H); 2.53
(0.2H): 2.90 (0.8H); 3.45-3.75 (5H); 4.50-4.70 (3R)B2 (1H).

LC/MS (ESI): 649.6; (calculated ([M+HJ: 649.9).

Molecule B3: product obtained by reaction betweatecule B2 and Boc-ethylenediamine.
[000478] DIPEA (8.80 mL) and 2-(1H-benzotriazol-1-yl)-1,B3etramethyluronium
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)ftex 30 min of stirring, Boc-
ethylenediamine (4.45 g, 27.8 mmol) is added. Adtering at room temperature for 2 h, the
solvent is evaporated at reduced pressure andesii@ue is diluted with ethyl acetate (400
mL). The organic phase is washed with water (250),nal saturated agueous NaH{O
solution (250 mL), a 1 N aqueous HCI solution (280), a saturated aqueous NaCl solution
(250 mL) and dried over N&Q,. After filtration and concentration under vacuuthe
residue obtained is purified by chromatographyibcasgel (ethyl acetate, methanol) to yield

a colorless oil.

Yield: 12.8 g (64%)

'H NMR (CDCk, ppm): 0.87 (6H); 1.25-1.60 (42H); 1.80-2.05 (4H)15-2.45 (9H); 3.10-
3.75 (10H); 4.30 (1H); 4.50 (2H); 5.50 (0.6H); 5.882H): 6.15 (0.2H); 7.03 (1H); 7.47
(1H).

LC/MS (ESI): 791.8; (calculated ((M+H): 792.1).

Molecule BA1
[000479] 4 N HCI solution in dioxane (20.2 mL) is added teadution of molecule B3
(12.78 g, 16.15 mmol) in dichloromethane (110 m &C. After 20 h of stirring at 5 °C, the

medium is concentrated under vacuum. The residt&irna is dissolved in methanol and
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evaporated under vacuum, this operation being tege& 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%-8.45 (6H).

LC/MS (ESI): 691.6; (calculated ([M+HJ: 692.0).

Example BA2: molecule BA2

Molecule B4: product obtained by the reaction betwkauric acid and L-proline.

[000480] By a method similar to the one used for the prdpmaraof molecule B1,
applied to lauric acid (31.83 g, 157.9 mmol) and_tproline (20 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(BH); 2.35 (2H); 2.49
(1H); 3.48 (1H); 3.56 (1H); 4.60 (1H).

LC/MS (ESI): 298.2; (calculated ([M+HJ: 298.4).

Molecule B5: product obtained by the reaction befvemolecule B4 and L-lysine.
[000481] By a method similar to the one used for the prdpmaraof molecule B1,
applied to molecule B4 (33.72 g, 113.36 mmol) amnt-tysine (8.70 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); 885 (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+E]} 706.0).

Molecule B6: product obtained by reaction between-Bthylenediamine and molecule B5.
[000482] By a method similar to the one used for the prdpmaraof molecule B3,
applied to molecule B5 (25.74 g, 36.51 mmol) andBtx-ethylenediamine (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 (13805-3.75 (10H); 4.25-
4.65 (3H); 5.50 (0.4H); 5.88 (0.2H); 6.16 (0.2H)QF (1H); 7.26 (1H); 7.49 (0.2H)

LC/MS (ESI): 847.8; (calculated ([M+HJ: 848.2).

Molecule BA2

[000483] 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 evaporatedrurat®ium, this operation being repeated
4 times to yield a white solid of molecule BA2 akyalrochloride salt after drying at reduced

pressure.

Yield: 27.65 g (97%)
'H NMR (DMSO-c, ppm): 0.85 (6H); 1.10-2.40 (54H); 2.75-3.15 (413)25-3.60 (6H);
4.05-4.50 (3H); 7.50-8.50 (6H).

LC/MS (ESI): 747.6; (calculated ([M+El} 748.1).

Example BA3: molecule BA3

Molecule B7: product obtained by the reaction befmvemyristic acid and L-proline.
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[000484] By a method similar to the one used for the prdpmaraof molecule B1,
applied to myristic acid (18.93 g, 82.91 mmol) awdL-proline (10 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(BM); 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 bevmolecule B7 and L-lysine
[000485] By a method similar to the one used for the prdpmaraof molecule B1,
applied to molecule B7 (20.02 g, 61.5 mmol) and.dgsine (4.72 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); 1-ZQ0 (10H); 2.10-
2.25 (4H); 3.01 (2H); 3.31-3.55 (4H); 4.10-4.40 }3M.68 (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 betw8oc-ethylenediamine and molecule
B8.

[000486] By a method similar to the one used for the prdpmaraof molecule B3,
applied to molecule B8 (12 g, 15.77 mmol) and toccBthylenediamine (3.03 g, 18.92
mmol), a colorless oil is obtained after purificaxiby column chromatography on silica gel

(ethyl acetate, methanol).
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Yield: 12.5 g (88%)
'H NMR (DMSO-d;, ppm): 0.85 (6H); 1.20-1.55 (55H); 1.50-2.25 (14H)95-3.10 (6H);
3.31-3.55 (4H); 4.10-4.40 (3H); 6.74 (1H); 7.608B(2H).

LC/MS (ESI): 904.1; (calculated ([M+E} 904.3).

Molecule BA3

[000487] By a method similar to the one used for the premaraof molecule BAL,
applied to molecule B9 (12.5 g, 13.84 mmol), theidee obtained after concentration under
vacuum is dissolved in methanol and evaporatedruwratium, this operation being repeated
4 times to yield a white solid of molecule BA3 akyalrochloride salt after drying at reduced

pressure.

Yield: 9.2 g (79%)
'H NMR (DMSO-a, ppm): 0.85 (6H); 1.10-1.65 (48H); 1.70-2.35 (128)85 (2H); 3.01
(2H); 3.25-3.65 (6H); 4.10-4.50 (3H); 7.70-8.40 J6H

LC/MS (ESI): 803.9; (calculated ([M+El}: 804.2).

Example BA4: molecule BA4

Molecule B10: product obtained by the reaction leetw molecule B8 and Boc-1-amino-
4,7,10-trioxa-13-tridecane.

[000488] By a method similar to the one used for the prdpmaraof molecule B3,
applied to molecule B8 (29.80 g, 39.15 mmol) and Boc-1-amino-4,7,10-trioxa-13-

tridecane (15.05 g, 46.96 mmol), a thick colorlei$ss obtained.

Yield: 25.3 g (61%)
'H NMR (DMSO-d;, ppm): 0.85 (6H); 1.25-2.35 (75H); 2.85-3.20 (613)25-3.65 (16H);

4.10-4.45 (3H); 6.38 (0.1H): 6.72 (0.9H); 7.50-8(351).
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LC/MS (ESI): 1064.2; (calculated ((M+H} 1064.5).

Molecule BA4

[000489] After a method similar to the one used for the prapon of molecule BAL,
applied to molecule B10 (25.3 g, 23.8 mmol), theidee obtained after concentration under
vacuum is dissolved in methanol and evaporatedruwratium, this operation being repeated
4 times to yield a white solid of molecule BA4 akyalrochloride salt after drying at reduced

pressure.

Yield: 20.02 g (84%)
'H NMR (DMSO-d&, ppm): 0.85 (6H); 1.15-2.35 (66H); 2.80-3.20 (63)30-3.65 (16H);
4.10-4.45 (3H); 7.55-8.60 (6H).

LC/MS (ESI): 964.9; (calculated ([M+El} 964.6).

Example BA5: molecule BA5

Molecule B11: product obtained by reaction betweaimitoyl chloride and L-proline.
[000490] By a method similar to the one used for the prepareaof molecule A26,
applied to palmitoyl chloride (15.39 g, 55.99 mmad to L-proline (12.89 g, 111.98 mmol),

a white solid of molecule B11 is obtained.

Yield: 19.10 g (96%)

'H NMR (CDCk, ppm): 0.88 (3H); 1.19-1.45 (24H); 1.58-1.74 (2#)88-2.14 (3H); 2.15-
2.54 (3H); 3.47 (1H); 3.58 (1H); 4.41 (0.1H); 4 @19H) 6.60-8.60 (1H).

LC/MS (ESI): 354.4; 707.8; (calculated ([M+Hf] 354.3; ([2M+H]): 707.6).

Molecule B12: product obtained by reaction betwewmecule B11 and L-Lysine.

[000491] By a method similar to the one used for the prdpmaraof molecule B1,

applied to molecule B11 (19.10 g, 54.02 mmol) and-tysine (4.15 g, 28.36 mmol), an oily
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residue is obtained after concentration of the treacmedium at reduced pressure. This
residue is diluted in water (150 mL), washed wittykacetate (2 x 75 mL), then the aqueous
phase is acidified until the pH is 1 by slow adztitiof 6 N HCI. The product is extracted 3
times with dichloromethane, the organic phase isddiover NaSQ,, then filtered and
concentrated at reduced pressure to yield 11.2 getbdbw oily residue. In parallel, the
previous organic phase of ethyl acetate is wash#dav2 N aqueous HCI solution (2 x 75
mL), a saturated aqueous NaCl solution (75 mL)edriover NaSQ,, filtered and
concentrated to yield 10.2 g of yellow oily residu&d white solid is obtained after

recrystallization of each one of these residuexatone.

Yield: 11.83 g (54%)
' H NMR (CDCk, ppm): 0.87 (6H); 1.06-2.44 (70H); 2.78-2.96 (18)35-3.75 (S5H); 4.28-
4.43 (0.1H); 4.43-4.52 (0.2H); 4.52-4.61 (1.8HBK®4.75 (0.9H); 7.74-8.02 (2H).

LC/MS (ESI): 818.0; (calculated ((M+H): 818.7).

Molecule B13: product obtained by coupling betweemlecule B12 and Boc-
ethylenediamine

[000492] By a method similar to the one used for the preapareof molecule A27,

applied to molecule B12 (18.00 g, 22.02 mmol) inuson in THF and to Boc-

ethylenediamine (4.23 g, 26.43 mmol), a white sdidbtained after recrystallization two

times in acetonitrile.

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.}5H.71-6.76 (1H); 7.60-7.69 (1.3H);
7.76-7.81 (0.65H); 7.93-7.97 (0.35H); 8.00-8.0801); 8.10-8.17 (0.35H).

LC/MS (ESI): 960.4; (calculated ([M+El}: 960.8).
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Molecule BA5

[000493] By a method similar to the one used for the premaraof molecule BA1,
applied to molecule B13 (24.4 g, 25.43 mmol), thsidue obtained after concentration under
vacuum is solubilized in dichloromethane (150 mihe organic phase is washed 2 times
with a 2 M aqueous sodium hydroxide solution (90)nficetonitrile (120 mL) is added, and
the dichloromethane is eliminated by concentratibreduced pressure. The medium is then
allowed to rest for 72 h, and a white solid is aled after filtration and rinsing with

acetonitrile, then drying at reduced pressure. ®peyation is repeated 4 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.§5M.80 (0.65H); 7.91 (0.35H); 8.03
(0.35H); 8.14-8.23 (0.35H).

LC/MS (ESI): 860.0; (calculated ([M+El}: 860.8).

Example BAG6: molecule BA6

Molecule B14: product obtained by coupling betweemolecule A26 and 2,3-
diaminopropionic acid

[000494] By a method similar to the one used for the prdmaraof molecule B1,

applied to molecule A26 (80.00 g, 245.78 mmol) atal 2,3-diaminopropionic

dihydrochloride (22.84 g, 129.04 mmol), a whiteidas obtained after recrystallization in

acetonitrile.

Yield: 69 g (78%)
'H NMR (DMSO-d6, ppm): 0.86 (6H); 1.08-1.38 (40H)40-1.55 (4H); 1.68-2.30 (12H);

3.16-3.66 (6H); 4.20-4.39 (3H); 7.67-8.31 (2H); AR(1H).
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LC/MS (ESI): 719.4; 741.5; (calculated ((M+9] 719.6; ((M+Na]): 741.6).

Molecule B15: product obtained by coupling betweemlecule B14 and Boc-
ethylenediamine

[000495] By a method similar to the one used for the prejpmaraof molecule A27,
applied to molecule B14 (32.00 g, 44.50 mmol) ituson in dichloromethane and to Boc-
ethylenediamine (8.56 g, 53.40 mmol), a colorlegsiso obtained after purification by

chromatography on silica gel (ethyl acetate, meaihan

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+El} 861.7).

Molecule BA6
[000496] By a method similar to the one used for the preparaof molecule BA5,
applied to molecule B15 (24.50 g, 28.45 mmol), aitevhsolid is 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+Ej}; 761.6).

Example BA7: molecule BA7

Molecule B16: product obtained by the reaction eetvN-(tert-butoxycarbonyl)-1.6-

diaminohexane and molecule B8
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[000497] By a method similar to the one used for the prejpmaraof molecule A27,
applied to molecule B8 (10 g, 13.14 mmol) and Rkb(tert-butoxycarbonyl)-1,6-
diaminohexane (3.41 g, 15.77 mmol) in dichloroma#taa white solid is obtained 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 (1pH)26-4.58 (3H); 4.67
(LH); 6.74 (1H); 7.34-7.49 (2H).

LC/MS (ESI): 959.9; (calculated ([M+E]} 959.8).

Molecule BA7

[000498] After a method similar to the one used for the prapon of molecule BAL,
applied to molecule B16 (10.5 g, 10.94 mmol), a 2aduieous NaOH solution is added
dropwise to the reaction medium cooled to O °C. Hgeieous phase is extracted with
dichloromethane, then the organic phase is washigde3 with a 5% aqueous NaCl solution.
After drying over NaSQ,, the organic phase is filtered, concentrated umdeuum and the

residue is recrystallized in acetonitrile.

Yield: 5.4 g (58%)
'H NMR (CDCk, ppm): 0.88 (6H); 1.19-2.40 (72H); 2.67 (2H); 330 (8H); 4.26-4.57
(3H); 6.71 (1H); 7.39-7.49 (2H).

LC/MS (ESI): 859.8; (calculated ([M+HJ: 859.7).

BB: Synthesis of the co-polyamino acids

Statistical co-polyamino acids of formulas VIl oH&
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No. co-polyamino acids bearing carboxylate chaegeshydrophobic radicals
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Part BB: synthesis of the co-polyamino acids

Example BB1: Co-polyamino acid BB1 - sodium polglutamate modified by molecule
BA2 and having a number average molecular weight)(®& 2400 g/mol

Co-polyamino acid BB1-1: poly-L-glutamic acid hagia relative number average molecular

weight (Mn) of 3860 g/mol originating from the patgrization ofy-benzyl-L-glutamateN-
carboxyanhydride initiated by hexylamine

[000499] v-Benzyl-L-glutamateN-carboxyanhydride (90.0 g, 342 mmol) is placed for
30 min under vacuum in a round-bottom flask drietbkehand in the oven, then anhydrous
DMF (465 mL) is introduced. The mixture is therrretd under argon until the dissolution is
complete, cooled to 4 °C, then hexylamine (1.8 md,mmol) is introduced rapidly. The
mixture is stirred between 4 °C and room tempeeator 2 days. The reaction mixture is then
heated at 65 °C for 4 h, cooled to room temperatthhen poured dropwise into cold
diisopropyl ether (6 L) under stirring. The whiteepipitate is recovered by filtration, washed
with diisopropyl ether (500 mL, then 250 mL), thémed under vacuum at 30 °C to yield a
poly(y-benzyl-L-glutamic) acid (PBLG).

[000500] A 33% hydrobromic acid solution (HBr) in acetic @35 mL, 0.77 mol) is
added dropwise to a solution of PBLG (42.1 g) ifiumroacetic acid (TFA, 325 mL) at 4 °C.
The mixture is stirred at room temperature for Z2Zhen poured dropwise onto a 1:1 (v/v)
mixture of diisopropyl ether and water under gstigri(1.6 L). After 1 h 30 of stirring, the
heterogeneous mixture is allowed to rest overnighe white precipitate is recovered by
filtration, washed with a 1:1 (v/v) mixture of digropyl ether and water (200 mL).

[000501] The solid obtained is then solubilized in wateiLjlby adjusting the pH to 7

by addition of a 10 N aqueous sodium hydroxide t&mhy then a 1 N aqueous sodium
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hydroxide solution. After solubilization, the thetical concentration is adjusted to 25 g/L
theoretical by addition of water to obtain a fimalume of 1.5 L.

[000502] The solution is filtered through a 0.45-pum filtdren purified by ultrafiltration
against a 0.9% NacCl solution, then water untildbaductimetry of the permeate is less than
50 uS/cm.

[000503] The aqueous solution is then acidified by addiwdr87% hydrochloric acid
solution until the pH is 2. After 4 h of stirrinthe precipitate obtained is filtered, then dried
under vacuum at 30 °C to yield a poly-L-glutamiédalcaving a number average molecular

weight (Mn) of 3860 g/mol with respect to a polyetyylene standard (PEG).

Co-polyamino acid BB1

[000504] The co-polyamino acid BB-1 (10.0 g) is solubilizedDMF (700 mL) at 30-
40 °C, then cooled to 0 °C. The hydrochloride sélmolecule BA2 (2.95 g, 3.8 mmol) is
suspended in DMF (45 mL), and triethylamine (0.393@ mmol) is then added to this
suspension, then the mixture is heated slightlyeustirring until the dissolution is complete.
N-Methylmorpholine (NMM, 7.6 g, 75 mmol) in DMF (14L) and ethyl chloroformate
(ECF, 8.1 g, 75 mmol) are added to the solutionapolyamino acid at O °C. After 10 min
at 0 °C, the solution of molecule BA2 is added #relmedium is maintained at 30 °C for 1
h. The reaction medium is poured dropwise ontod later containing 15% by weight of
sodium chloride and HCI (pH 2), then it is allowtd rest overnight. The precipitate is
collected by filtration, washed by the sodium cldersolution at pH 2 (1 L) and dried under
vacuum for approximately 1 h. The white solid obéal is taken up in water (600 mL) and
the pH is adjusted to 7 by slow addition of a 1 dieous NaOH solution. The volume is
adjusted to 700 mL by addition of water. Afterréltion through a 0.45-um filter, the clear

solution obtained is purified by ultrafiltration @gst a 0.9% NaCl solution, then water until
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the conductimetry of the permeate is less than S@m. After discharging, the solution is

filtered through a 0.2-um filter and stored at 228

Dry extract: 19.7 mg/g

DP (estimated based df NMR): 23

Based orfH NMR: i = 0.05

The calculated average molecular weight of theaggmino acid BB1 is 4350 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 2400 g/mol.

Example BB2: Co-polyamino acid BB2 - sodium polglutamate modified by molecule
BA2 and having a number average molecular weigt)(& 4900 g/mol

[000505] A poly-L-glutamic acid having a number average roolar weight (Mn) of
4100 g/mol (5.0 g) obtained by a method similathi® one used for the preparation of the co-
polyamino acid BB1-1 is solubilized in DMF (205 ma) 30-40 °C, then maintained at this
temperature. In parallel, the hydrochloride saltnoblecule BA2 (1.44 g, 1.84 mmol) is
suspended in DMF (10 mL), and triethylamine (0.12.§4 mmol) is added, then the mixture
is heated slightly under stirring until the dissadn is complete. To the solution of co-
polyamino acid in DMF, NMM (3.7 g, 36.7 mmol), tselution of molecule BA2, then 2-
hydroxypyridineN-oxide (HOPO, 0.31 g, 2.76 mmol) are added suceelysiThe reaction
medium is then cooled to 0 °C, then EDC (0.53 g62nmol) is added and the temperature
of the medium is raised again to room temperatare3fh. The reaction medium is poured
dropwise onto 1.55 L of water containing 15% by gteiof NaCl and HCI (pH 2) under
stirring. At the end of the addition, the pH isdpeted to 2 with a 1 N HCI solution, and the
suspension is about to rest overnight. The pret#iis collected by filtration, then rinsed
with 100 mL of water. The white solid obtained issblved in 200 mL of water by slow

addition of a 1 N agueous NaOH solution until tikip 7 under stirring, then the solution is
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filtered through a 0.45-um filter. The clear sabatiobtained is purified by ultrafiltration
against a 0.9% NacCl solution, then water untildbaductimetry of the permeate is less than

50 uS/cm. The solution obtained is filtered throagh2-um filter and stored at 2-8 °C.

Dry extract: 16.3 mg/g

DP (estimated based oH NMR): 21

Based orfH NMR: i = 0.047

The calculated average molecular weight of the @ggmino acid BB2 is 3932 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 4900 g/mol.

Example BB3: Co-polyamino acid BB3 - sodium polglutamate modified by molecule
BA2 and having a number average molecular weight)(& 6400 g/mol

Co-polyamino acid BB3-1: poly-L-glutamic acid hagia humber average molecular weight

(Mn) of 17500 g/mol, originating from the polymeation of y-methyl-L-glutamateN-
carboxyanhydride initiated by L-leucinamide.

[000506] A poly-L-glutamic acid having a relative number eage weight (Mn) of
17500 g/mol at a methyl polymethacrylate stand&dNIA) is obtained by polymerization
of the y-methyl N-carboxyanhydride of glutamic acid usindelicinamide as initiator and
carrying out a deprotection of the methyl estersubyng a 37% hydrochloric acid solution
according to the method described in the patenicgipn FR-A-2 801 226.

[000507] By a method similar to the one used for the praparaof the co-polyamino
acid BB2, applied to the hydrochloride salt of nwile BA2 (3.23 g, 4.1 mmol) and to the
co-polyamino acid BB3-1 (11 g), a sodium poly-Liginate modified by molecule BA2 is

obtained.

Dry extract: 27.5 mg/g

DP (estimated based dH NMR): 34
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Based orfH NMR: li = 0.049
The calculated average molecular weight of the@ggmino acid BB3 is 6405 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 6400 g/mol.

Example BB4: co-polyamino acid BB4 - sodium polyglitamate modified by molecule
BA2 and having a number average molecular weigt)(@® 10500 g/mol

[000508] By a method similar to the one used for the praparaof the co-polyamino
acid BB2, applied to the hydrochloride salt of noolle BA2 (5 g, 6.35 mmol) and to a poly-
L-glutamic acid having a number average moleculaight Mn = 10800 g/mol (21.7 Q)
obtained by a method similar to the one used fergtreparation of the co-polyamino acid

BB1-1, a sodium poly-L-glutamate modified by molecBA2 is obtained.

Dry extract: 28.2 mg/g

DP (estimated based dH NMR): 65

Based ortH NMR: i = 0.04

The calculated average molecular weight of the aggmino acid BB4 is 11721
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 10500 g/mol.

Example BB5: Co-polyamino acid BB5 - sodium polglitamate capped at one of its ends
by an acetyl group and modified by molecule BA2 &agting a number average molecular
weight (Mn) of 3600 g/mol

Co-polyamino_acid BB5-1: poly-L-glutamic acid hagim Mn of 3700 g/mol originating

from the polymerization of y-benzyl-L-glutamate N-carboxyanhydride initiated by

hexylamine and capped at one of its ends by arylagretup.
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[000509] y-Benzyl-L-glutamate N-carboxyanhydride (100.0 g,03&mol) is placed
under vacuum for 30 minutes in a round-bottom fldsied beforehand in the oven, then
anhydrous DMF (250 mL) is introduced. The mixtusethen stirred under argon until the
dissolution is complete, cooled to 4 °C, then hamyhe (2.3 mL, 17 mmol) is introduced
rapidly. The mixture is stirred between 4 °C andmotemperature for 2 days, then
precipitated in diisopropyl ether (3.4 L). The ppitate is recovered by filtration, washed
two times with diisopropyl ether (225 mL), then attito yield a white solid which is
dissolved in 450 mL of THF. To this solutioN,N-diisopropylethylamine (DIPEA, 31 mL,
176 mmol), then acetic anhydride (17 mL, 176 mmaod) added successively. After one night
of stirring at room temperature, the solution isigal slowly into diisopropyl ether (3 L) over
a duration of 30 min and under stirring. After dftstirring, the precipitate is filtered, washed
two times with diisopropyl ether (200 mL), thenattiunder vacuum at 30 °C to yield a
poly(y-benzyl-L-glutamic) acid capped at one of its ebgsin acetyl group.

[000510] A 33% hydrobromic acid solution (HBr) in acetic @¢R35 mL, 1.34 mol) is
added dropwise to a solution of capped co-polyanaom (72 g) in trifluoroacetic acid
(TFA, 335 mL) at 4 °C. The mixture is stirred abno temperature for 3 h 30, then poured
dropwise onto a 1:1 (v/v) mixture of diisopropyhet and water under stirring (4 L). After 2
h of stirring, the heterogeneous mixture is allowedest overnight. The white precipitate is
recovered by filtration, washed with a 1:1 (v/v)xtare of diisopropyl ether and water (340
mL) then with water (340 mL). The solid obtainedth®n solubilized in water (1.5 L) by
adjusting the pH to 7 by addition of a 10 N aquesadium hydroxide solution, then a 1 N
agueous sodium hydroxide solution. After solubti@a, the theoretical concentration is
adjusted to 20 g/L theoretical by addition of waterobtain a final volume of 2.1 L. The
solution is filtered through a 0.45-um filter, thearified by ultrafiltration against a 0.9%

NacCl solution, then water until the conductimetfittie permeate is less than 50 uS/cm. The
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solution of co-polyamino acid is then concentratedil a final volume of 1.8 L is obtained.
The aqueous solution is then acidified by addité87% hydrochloric acid solution until the
pH is 2. After 4 h of stirring, the precipitate alsted is filtered, washed with water (330 mL),
then dried under vacuum at 30 °C to yield a polghitamic acid having a number average

molecular weight (Mn) of 3700 g/mol with respecttpolyoxyethylene standard (PEG).

Co-polyamino acid BB5

[000511] By a method similar to the one used for the prdparaof the co-polyamino
acid BB2, applied to the hydrochloride salt of noolle BA2 (6.92 g, 8.8 mmol) and to the
co-polyamino acid BB5-1 (30.0 g), a sodium polylutgmate capped at one of its ends by

an acetyl group and modified by molecule BA2 isamid.

Dry extract: 29.4 mg/g

DP (estimated based dH NMR): 23

Based ortH NMR: i = 0.042

The calculated average molecular weight of the @ggmino acid BB5 is 4302 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3600 g/mol.

Example BB6: Co-polyamino acid BB6 - sodium polglitamate capped at one of its ends
by an acetyl group and modified by molecule BA2 &agting a number average molecular
weight (Mn) of 4100 g/mol

[000512] By a method similar to the one used for the prdparaof the co-polyamino
acid BB2, applied to the hydrochloride salt of noole BA2 (5.8 g, 7.4 mmol) and to a poly-
L-glutamic acid having a number average molecukeight Mn = 3800 g/mol (25 g) obtained

by a method similar to the one used for the pramaraf the co-polyamino acid BB5-1 using
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ammonia instead of hexylamine, a sodium poly-Laytuate capped at one of its ends by an

acetyl group and modified by molecule BA2 is obgain

Dry extract: 27.6 mg/g

DP (estimated based dH NMR): 24

Based orfH NMR: i = 0.04

The calculated average molecular weight of the @ggmino acid BB6 is 4387 g/mol.

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

Example BB7:Co-polyamino acid BB7 - sodium poly-lttgmate modified by molecule
BA2 and having a number average molecular weigt)(& 4200 g/mol

[000513] By a method similar to the one used for the prdparaof the co-polyamino
acid BB2, applied to the hydrochloride salt of noolie BA2 (7.07 g, 9.0 mmol) and to a
poly-L-glutamic acid having a number average mdecweight Mn = 3600 g/mol (30.0 g)
obtained by a method similar to the one used fergfreparation of the co-polyamino acid

BB1-1, a sodium poly-L-glutamate modified by molecBA2 is obtained.

Dry extract: 28.3 mg/g

DP (estimated based dH NMR): 22

Based orfH NMR: i = 0.042

The calculated average molecular weight of the @ggmino acid BB7 is 4039 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 4200 g/mol.

Example BB8: co-polyamino acid BB8 - sodium polyglitamate modified by molecule
BA2 and having a number average molecular weigt)(® 5200 g/mol
[000514] By a method similar to the one used for the prdparaof the co-polyamino

acid BB2, applied to the hydrochloride salt of noolie BA2 (0.85 g, 1.1 mmol) and to a
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poly-L-glutamic acid having a number average mdicweight Mn = 4100 g/mol (5.0 g)
obtained by a method similar to the one used fergfreparation of the co-polyamino acid

BB1-1, a sodium poly-L-glutamate modified by moliecBA2 is obtained.

Dry extract: 28.6 mg/g

DP (estimated based oH NMR): 21

Based orfH NMR: i = 0.026

The calculated average molecular weight of the @ggmino acid BB8 is 3620 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 5200 g/mol.

Example BB9: co-polyamino acid BB9 - sodium polglitamate modified by molecule
BA3 and having a number average molecular weight)(® 4700 g/mol

[000515] By a method similar to the one used for the prdparaof the co-polyamino
acid BB2, applied to the hydrochloride salt of nooie BA3 (3.05 g, 3.6 mmol) and to a
poly-L-glutamic acid having a number average mdkcweight Mn = 4100 g/mol (10.0 g)
obtained by a method similar to the one used fergfreparation of the co-polyamino acid

BB1-1, a sodium poly-L-glutamate modified by moliecBA3 is obtained.

Dry extract: 28.6 mg/g

DP (estimated based oH NMR): 26

Based orfH NMR: i = 0.05

The calculated average molecular weight of the @ggmino acid BB9 is 4982 g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 4700 g/mol.

Example BB10: co-polyamino acid BB10 - sodium pbhglutamate modified by molecule

BA3 and having a number average molecular weight)(® 4200 g/mol
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[000516] By a method similar to the one used for the prdparaof the co-polyamino

acid BB2, applied to the hydrochloride salt of noolie BA3 (1.90 g, 2.3 mmol) and to a
poly-L-glutamic acid having a number average mdcweight Mn = 3500 g/mol (10.0 g)
obtained by a method similar to the one used fergfreparation of the co-polyamino acid

BB1-1, a sodium poly-L-glutamate modified by molecBA3 is obtained.

Dry extract: 25.9 mg/g

DP (estimated based dH NMR): 22

Based orfH NMR: i = 0.029

The calculated average molecular weight of the aggmino acid BB10 is 3872
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 4200 g/mol.

Example BB11: Co-polyamino acid BB11 - sodium pbbglutamate capped at one of its
ends by an acetyl group and modified by moleculedB#d having a number average
molecular weight (Mn) of 3900 g/mol

[000517] By a method similar to the one used for the praparaof the co-polyamino
acid BB2, applied to the hydrochloride salt of nooile BA4 (2.21 g, 2.2 mmol) and to a
poly-L-glutamic acid having a number average welght= 3700 g/mol (10 g) obtained by a
method similar to the one used for the preparatidine co-polyamino acid BB5-1, a sodium
poly-L-glutamate capped at one of its ends by aetyhgroup and modified by molecule

BA4 is obtained.

Dry extract: 28.1 mg/g
DP (estimated based dH NMR): 22

Based orfH NMR: i = 0.032
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The calculated average molecular weight of the aggmino acid BB11 is 4118
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3900 g/mol.

Example BB12: Co-polyamino acid BB12 - sodium pbiglutamate capped at one of its
ends by an acetyl group and modified by molecule3B#d having a number average
molecular weight (Mn) of 3900 g/mol

[000518] By a method similar to the one used for the prdparaof the co-polyamino
acid BB2, applied to the hydrochloride salt of noole BA3 (1.9 g, 2.3 mmol) and to a poly-
L-glutamic acid having a number average weight M8660 g/mol (10 g) obtained by a
method similar to the one used for the preparatiboo-polyamino acid BB5-1, a sodium
poly-L-glutamate capped at one of its ends by astyhagroup and modified by molecule

BA3 is obtained.

Dry extract: 26.7 mg/g

DP (estimated based oH NMR): 23

Based ortH NMR: i = 0.03

The calculated average molecular weight of the @ggmino acid BB12 is 4145
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 3900 g/mol.

Example BB13: co-polyamino acid BB13 - sodium pbiglutamate modified by molecule
BA1 and having a number average molecular weight)(®& 2800 g/mol

[000519] By a method similar to the one used for the praparaof the co-polyamino
acid BB1, applied to the hydrochloride salt of noole BA1 (3.65 g, 5 mmol) and to a poly-

L-glutamic acid having a number average molecukigint Mn = 3600 g/mol (10 g) obtained
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by a method similar to the one used for the pramaraf the co-polyamino acid BB1-1, a

sodium poly-L-glutamate modified by molecule BAloistained.

Dry extract: 25.6 mg/g

DP (estimated based dH NMR): 25

Based orfH NMR: i = 0.08

The calculated average molecular weight of the @ggmino acid BB13 is 5253
g/mol.

HPLC aqueous-SEC (calibrant PEG): Mn = 2800 g/mol.

Part C:
The glucagon used is human glucagon originatingnfi@ peptide synthesis process. It

originates from the company Bachem (reference 48747

Example C1: Solution of Glucagon at 2 mg/mL

[000520] Powdered glucagon (80 mg) is introduced into a 45ftask. A 0.003 N
aqueous hydrochloric acid solution (40 mL) is add€de glucagon powder is mixed by
repeated inversions of the tube until the dissolutf the glucagon is complete. The solution

of glucagon at 2 mg/mL is then filtered through emforane (0.22 pm).

Example C2: Solution of Glucagon at 4 mg/mL

[000521] Powdered glucagon (160 mg) is introduced into ambflask. A 0.006 N
aqgueous hydrochloric acid solution (40 mL) is add€de glucagon powder is mixed by
repeated inversions of the tube until the dissolutf the glucagon is complete. The solution

of glucagon at 4 mg/mL is then filtered through emforane (0.22 pm).
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Example C3: Solution of Glucagon at 6 mg/mL

[000522] Powdered glucagon (240 mg) is introduced into amd5flask. A 0.01 N
aqueous hydrochloric acid solution (40 mL) is add€de glucagon powder is mixed by
repeated inversions of the tube until the dissotutif the glucagon is complete. The solution

of glucagon at 6 mg/mL is then filtered through emfrane (0.22 um).

Example C4: Solution of Glucagon at 10 mg/mL

[000523] Powdered glucagon (400 mg) is introduced into amd5flask. A 0.01 N
aqueous hydrochloric acid solution (40 mL) is add€de glucagon powder is mixed by
repeated inversions of the tube until the dissotutif the glucagon is complete. The solution

of glucagon at 10 mg/mL is then filtered througm@mbrane (0.22 pm).

[000524] Tests were carried out to verify whether the polyenacids make it possible
to solubilize the glucagon, and the minimum con@itn of co-polyamino acid necessary to

solubilize the glucagon was determined.

Example CA2: Compositions of co-polyamino acid ABatl variable concentrations and
glucagon concentration of 1 mg/mL.

[000525] X' mg of co-polyamino acid AB21 were weighed onragsion scale, and 2

mL of a 10 mM phosphate buffer solution comprisingresol (46 mM), glycerol (548 mM)

were added. The composition is stirred until diggoh of the co-polyamino acid, then the

solution is filtered through a membrane (0.22 pm).
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[000526] 2 mL of a glucagon solution as prepared in Exanmdleare mixed at 2 mL of

the solution of co-polyamino acid as prepared apading to a composition comprising X
mg/mL of co-polyamino acid and 1 mg/mL of glucagon.

[000527] A visual inspection was carried out to determineethir or not a clear

solution was obtained. The result of the minimumasmtration is presented in Table 5.

Example CA4: Composition of co-polyamino acid BBRvariable concentrations and a
glucagon concentration of 1 mg/mL.

[000528] In the same manner as described in Example CA2paositions comprising X
mg/mL of co-polyamino acid BB2 and 1 mg/mL of glgoa are prepared.

[000529] A visual inspection was carried out to determineethir or not a clear

solution was obtained. The result of the minimumasmtration is presented in Table 5.

Example CA6: Composition of co-polyamino acid BBOvariable concentrations and a
glucagon concentration of 1 mg/mL.
[000530] In the same manner as described in Example CA2paositions comprising X

mg/mL of co-polyamino acids BB9 and 1 mg/mL of glgon are prepared.

A visual inspection was carried out to determineethiler or not a clear solution was obtained.

The result of the minimum concentration is presginelable 5.
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Example Co-polyamino acid  Minimum concentrationm(g/mL) of co-
polyamino acid (in mg/mL) for the
solubilization of human glucagon (1

mg/mL)
CA2 AB21 <1.25
CA4 BB2 <0.82
CA6 BB9 <125

Table 5: Minimum concentration of co-polyamino a¢id mg/mL) for the solubilization of

human glucagon (1 mg/mL).

Concentration series were prepared with co-polyananids according to the invention,
leading to the obtention of the following stabléusions.

Example CB2: Solution of co-polyamino acid AB1 &trhg/mL and of glucagon at 1 mg/mL
[000531] 60 mg of co-polyamino acid AB1 are weighed on aisien scale and added

to 2 mL of a 10 mM phosphate buffer solution corsipgg m-cresol (46 mM), glycerol (548
mM). The composition is stirred until dissolutiohtbe co-polyamino acid, then the solution
is filtered through a membrane (0.22 pm).

[000532] 2 mL of a glucagon solution as prepared in Exangleare mixed with 2 mL
of the solution of co-polyamino acid AB1 as preghedove. Then three samples of 1 mL

each of this solution are prepared and placed wstdédc conditions at 37 °C.

Example CB3: Solution of co-polyamino acid AB5 étrhg/mL and of glucagon at 1 mg/mL
[000533] 40 mg of co-polyamino acid AB5 are weighed on aisien scale, and 2 mL
of a 10 mM phosphate buffer solution comprising masol (46 mM), glycerol (548 mM) are
added. The composition is stirred until dissolutdrthe co-polyamino acid, then the solution
is filtered through a membrane (0.22 pum).

[000534] 2 mL of a glucagon solution as prepared in Exangdeare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.
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Example CB4: Solution of co-polyamino acid AB7 a6 8ng/mL and of glucagon at 1
mg/mL

[000535] 34.4 mg of co-polyamino acid AB7 are weighed onrecgion scale, and 2
mL of a 10 mM phosphate buffer solution comprisingresol (46 mM), glycerol (548 mM)
are added. The composition is stirred until dissofuof the co-polyamino acid, then the
solution is filtered through a membrane (0.22 pum).

[000536] 2 mL of a glucagon solution as prepared in Exangleare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.

Example CB8: Solution of co-polyamino acid BB2 ah§/mL and of glucagon at 1 mg/mL
[000537] 32 mg of co-polyamino acid BB2 are weighed on a&igien scale and added
to 2 mL of a 10 mM phosphate buffer solution cormsipgg m-cresol (46 mM), glycerol (548
mM). The composition is stirred until dissolutiohtbe co-polyamino acid, then the solution
is filtered through a membrane (0.22 pm).

[000538] 2 mL of a glucagon solution as prepared in Exangdeare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.

Example CB9: Solution of co-polyamino acid BB5 ah§/mL and of glucagon at 1 mg/mL

[000539] 36 mg of co-polyamino acid BB5 are weighed on aigien scale and added
to 2 mL of a 10 mM phosphate buffer solution cormsipig m-cresol (46 mM), glycerol (548
mM). The composition is stirred until dissolutiohtbe co-polyamino acid, then the solution

is filtered through a membrane (0.22 pum).
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[000540] 2 mL of a glucagon solution as prepared in Exangleare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.

Example CB10: Solution of co-polyamino acid BB71&4 mg/mL and of glucagon at 1
mg/mL

[000541] 61.6 mg of co-polyamino acid BB7 are weighed onrecigion scale and
added to 2 mL of a 10 mM phosphate buffer soluomprising m-cresol (46 mM), glycerol
(548 mM). The composition is stirred until dissabat of the co-polyamino acid, then the
solution is filtered through a membrane (0.22 pm).

[000542] 2 mL of a glucagon solution as prepared in Exangleare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.

Example CB11: Solution of co-polyamino acid BB87a6 mg/mL and of glucagon at 1
mg/mL

[000543] 30.4 mg of co-polyamino acid BB8 are weighed onrecigion scale and
added to 2 mL of a 10 mM phosphate buffer soluomprising m-cresol (46 mM), glycerol
(548 mM). The composition is stirred until dissabut of the co-polyamino acid, then the
solution is filtered through a membrane (0.22 pum).

[000544] 2 mL of a glucagon solution as prepared in Exangleare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.
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Example CB12: Solution of co-polyamino acid BB94a8 mg/mL and of glucagon at 1
mg/mL

[000545] 17.2 mg of co-polyamino acid BB9 are weighed onrecision scale and
added to 2 mL of a 10 mM phosphate buffer soluomprising m-cresol (46 mM), glycerol
(548 mM). The composition is stirred until dissabat of the co-polyamino acid, then the
solution is filtered through a membrane (0.22 pum).

[000546] 2 mL of a glucagon solution as prepared in Exangdeare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.

Example CB13: Solution of co-polyamino acid BB115a8® mg/mL and of glucagon at 1
mg/mL

[000547] 23.6 mg of co-polyamino acid BB11 are weighed oprecision scale and
added to 2 mL of a 10 mM phosphate buffer soluomprising m-cresol (46 mM), glycerol
(548 mM). The composition is stirred until dissabat of the co-polyamino acid, then the
solution is filtered through a membrane (0.22 pum).

[000548] 2 mL of a glucagon solution as prepared in Exangdeare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.

Example CB14: Solution of co-polyamino acid BB118a6 mg/mL and of glucagon at 1
mg/mL
[000549] 34.4 mg of co-polyamino acid BB11 are weighed oprecision scale and

added to 2 mL of a 10 mM phosphate buffer soluomprising m-cresol (46 mM), glycerol
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(548 mM). The composition is stirred until dissabat of the co-polyamino acid, then the
solution is filtered through a membrane (0.22 pm).

[000550] 2 mL of a glucagon solution as prepared in Exangdeare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.

Example CB25: Solution of co-polyamino acid AB2186 mg/mL and of glucagon at 1
mg/mL

[000551] 34.4 mg of co-polyamino acid AB21 are weighed oprecision scale and
added to 2 mL of a 10 mM phosphate buffer solutiomprising m-cresol (46 mM), glycerol
(548 mM). The composition is stirred until dissabat of the co-polyamino acid, then the
solution is filtered through a membrane (0.22 pm).

[000552] 2 mL of a glucagon solution as prepared in Exangdeare mixed with 2 mL
of the solution of co-polyamino acid as preparedvab Then three samples of 1 mL each of

this solution are prepared and placed under statiditions at 37 °C.

Part C' - counter-example formulations

[000553] The cetyltrimethylammonium bromide (CTAB) originat'om the company
Sigma-Aldrich (ref A6909).

[000554] The dodecyl maltoside (DDM) originates from the gamy Sigma-Aldrich

(ref: D4641).

[000555] The name (MPEG-DSPE 2000) originates from the campaterchim (ref:

KV5081).
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[000556]

Combi-Block (ref: QE-2488).

[000557]

The myristoyl lysophosphatidyl choline (LMPC) ongies from the company

In a manner similar to the composition described Brample CA2,

compositions CEC1 to CEC10 are also prepared inaaner so as to obtain the desired

concentrations (Table 6d).

Compositions| Glucagon Products of the| concentration| Phosphate buffer| pH
(mg/mL) prior art (mg/mL) (mM)

CEC1 1 CTAB 0.3 2 7.13
CEC: 1 CTAB 15.7 2 7.14
CEC: 1 CTAB 39.2 2 7.1€
CEC/ 1 DDM 0.4 2 ND
CEC5 1 DDM 3.2 2 7.15
CEC6 1 DDM 10.7 2 7.34
CEC7 1 PEG-DSPE 2.4 2 7.20
CECS8 1 PEG-DSPE 10.9 2 7.12
CEC9 1 LMPC 0.4 2 ND
CEC10 1 LMPC 2.1 2 7.13

Table 6d: compositions of glucagon at 1 mg/mL at ‘fHR in the presence of commercial

products at different concentrations.

Part D: STABILITY

Example D1: Physical stability of compositions ofgolyamino acid/glucagon

[000558]

The visual inspection of the samples placed unidicsconditions at 37 °C is

carried out at 0, 7, 14 and 21 days at 37 °C ireotd detect the appearance of visible

particles or turbidity. This inspection is carriedt according to the recommendations of the

European Pharmacopoeia (EP 2.9.20): the samplesuéjected to illumination of at least

2000 lux and are observed on a white backgroundaabkck background. When particles
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are visible in at least 2 of the 3 samples, thepmsition is considered unstable. Thus, stable
means that on the day of inspection at least 2 lkemmyere free of particles.

[000559] The results of the visual inspections are repdrigte following Table 7.
[000560] The study of the physical stabilities of the composs of Examples CB2 to
CEC9 described in the table below was carried ouvaumes of 1 mL of composition in

flasks having a capacity of 3 mL (Adelphi - ref: BON2RDLS1).

Example Co- Glucagon| Exenatide L- Stable | Stable | Stable
Polyamino | (mg/mL) | (mg/mL) | methionine at at14 | at21l
acid and (mg/mL) | 7days| days days
product of the
prior art
(mg/mL)
CB2 AB1 (15) 1 0 0 yes no no
CB3 AB5 (10) 1 0 0 yes yes yes
CB4 AB7 (8.6) 1 0 0 yes yes yes
CB8 BB2 (8) 1 0 0 yes yes yes
CB9 BB5 (9) 1 0 0 yes yes no
CB10 BB7 (15.4) 1 0 0 yes yes yes
CB11 BB8 (7.6) 1 0 0 yes no no
CB12 BB9 (4.3) 1 0 0 yes yes yes
CB13 BB11 (5.9) 1 0 0 yes yes no
CB14 BB11 (8.6) 1 0 0 yes yes yest
CB25 AB21 (8.6) 1 0 0 yes yes yes
CB26 AB24 (6.1) 1 0 0 yes yes yes
CB27 AB24 (3.0) 1 0 0 yes yes yes
CB30 AB25 (6.7) 1 0 0 yes yes yes
CB31 AB28(6.9) 1 0 0 yes yes -
CEC1 CTAB (0.3) 1 0 0 No - -
CEC6 DDM (10.7) 1 0 0 No - -
CEC7 mPEG-DSPE 1 0 0 No - -
(2.4)
CEC9 LMPC (0.4) 1 0 0 No - -

163



CEC10| LPMC(2.1) 1 0 0 No - -

" - " means not observed
Table 7: Results of the visual inspections of cosimpns comprising a co-polyamino acid

and glucagon

Example D2: Chemical stability of compositions ofmolyamino acid/glucagon

[000561] An RP-HPLC method adapted based on the USP ingingctvas used to
determine the concentration of glucagon and otiégradation products. This method was
used in order to evaluate the chemical stabilitythef glucagon of the compositions. The

HPLC conditions are as follows:

-Column: 4.6 x 150 mm, C-18

-Mobile phase A: Solution S/acetonitrile 80/20 {y/golution S being a 150 mM
potassium dihydrogenophosphate solution in watejusted 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

[000562] The recovery was measured on samples at 7, 14 hchys at 37 °C under

static conditions. The chemical stability datat isd@o say the glucagon recovery obtained by

RP-HPLC, is presented in the following Table 8.
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[000563]

below was carried out on compositions in flasks(lL of composition in flask having a

The study of the chemical stabilities of the conifpmss described in the table

capacity of 3 mL (Adelphi - ref: VCDIN2RDLS1)).

Exampl Co- Glucago| Exenatid L- Recover| Recover| Recover
e Polyamin n e methionine| yat7 | yatl4 | yat2l
oacid | (mg/mL | (mg/mL | (mg/mL days days days
(mg/mL) ) )

CB4 AB7 1 0 0 >95 >90 > 85
(8.6)

CB8 BB2 (8) 1 0 0 - >90 >90

CB10 BB7 1 0 0 >95 >90 -
(15.4)

CB14 BB11 1 0 0 >95 >90 >90
(8.6)

CB25 AB21 1 0 0 - >90 >85
(8.6)

CB30 AB25 1 0 0 - >90 -
(6.7)

CEC2 CTAB 1 0 0 - <50

" - " means not measured

Table 8: Measurements of recovery of compositiomsgrising a co-polyamino acid and

glucagon
[000564] Principle
[000565] The poor stability of a peptide can lead to therfation of amyloid fibrils

defined as ordered macromolecular structures. Thggetures can possibly result from the

formation of gel within the sample.
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[000566] The test of monitoring the fluorescence of ThioifaV (ThT) is used in order
to analyze the physical stability of the solutiofkioflavin is a small molecule probe that has
a characteristic fluorescence signature when dito fibrils of the amyloid type (Naiki et al.

(1989) Anal. BioChem. 177, 244-249, LeVine (1999%thbds. Enzymol. 309, 274-284).

[000567] This method makes it possible to monitor the foramaof fibrils for low ThT
concentrations within undiluted solutions. This moring is carried out under accelerated

stability conditions: under stirring and at 37 °C.

[000568] Experimental conditions

[000569] The samples are prepared just before the starhefnteasurement. The
preparation of each composition is described inakgociated example. Thioflavin T was
added to the composition from a concentrated ssmtktion so as to induce a negligible

dilution of the composition. The concentration diidflavin T in the composition is 40 puM.

[000570] A volume of 150 uL of the composition was introdddeto a well of a 96-
well plate, then 2.7 pL of concentrated ThT solutwas introduced. Each composition was
analyzed in three tests (triplicate) conducted oe @late. The plate was sealed with
transparent film in order to prevent the evaporatibthe composition.

[000571] This plate was then placed into the enclosureéte reader (EnVision 2104
Multilabel, Perkin Elmer). The temperature was tated at 37 °C, and a lateral stirring at

960 rpm with amplitude 1 mm was carried out.

A reading of the fluorescence intensity in eachlwes carried out with an excitation

wavelength of 442 nm and an emission wavelengéd88fnm over time.
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The fibril formation process manifests itself istaong increase in fluorescence after a delay

referred to as lag time.

[000572] The lag time is determined visually, taking intansigeration the time when

the fluorescence signal starts to increase sigmiflg above the baseline.

[000573] The lag time value reported corresponds to the aaeerof the lag time

measurements conducted on three wells.

[000574] The lag time results obtained are presented itethle below.

[000575] The results are presented in Table 9 below

. Latency time in hours
| Glucagon Concenf[ratlon
Composition BC by weight
mg/mL
mg/mL
CB26 1 AB24 6.1 >68
CB30 1 AB25 6.7 >68
CB31 1 AB28 6.9 >63
CEC7 1 MPEG-DSPE 2.4 2.6
CEC¢ 1 LMPC 0.4 3.7

Table 9: results of the latency times obtained wh#n compositions of co-polyamino acid or

commercial products in the presence of 1 mg/mUwaéagon.

[000576] The latency times obtained with the compositions@polyamino acid in the

presence of glucagon are higher than those ofaitmuiations of commercial products in the

presence of glucagon.
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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 chamyed hydrophobic radicals Hy,
said co-polyamino acid consisting of glutamic guaic units, and said hydrophobic radicals

Hy being radicals of the following formula I:

*—%GpR HGpA)j GpC)p
r

Formula |

in which

—GpR is a radical of formula II:

H H
*—N—R—N—"]|;

—GpA is a radical of formula Ill or llI":

O %
A

O
\ I H
HN—"111 or * A=N—"r;

—GpC is a radical of formula IV:
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—the * indicate the sites of attachment of the edéht groups bound by amide
functions;
—a is a whole 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 ifpisequalto 1, thenais equalto O or 1l apd@ a radical of formula IlI',
and

o ifpisequalto 2, then ais equal to 1 and Gpa iadical of formula Ill;

—c is a whole number equal to O or 1, and, ifegsal to O, then d is equal to 1 or 2;
—d is a whole number equal to 0, to 1 or 2;
—r is a whole number equal to 0 or 1, and
o if ris equal to O, then the hydrophobic radicaffaimula | is bound to the
co-polyamino acid via a covalent bond between abarayl of the
hydrophobic radical and a nitrogen atom in the idateal position of the co-
polyamino acid, thus forming an amide function oraging from the
reaction of an amine function in N-terminal positiof the precursor of the
co-polyamino acid and an acid function borne by precursor of the
hydrophobic radical, and
o if ris equal to 1, then the hydrophobic radicafafmula | is bound to the

co-polyamino acid:
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* via a covalent bond between a nitrogen atom ofhierophobic radical
and a carbonyl of the co-polyamino acid therefaseming an amide
function originating from the reaction between anirge function of the
precursor of the hydrophobic radical and an acittion borne by the
precursor of the co-polyamino acid, or

» via a covalent bond between a carbonyl of the Iphiobic radical and a
nitrogen atom in N-terminal position of the co-patyino acid therefore
forming an amide function originating from the rgac of an acid
function of the precursor of the hydrophobic ratiemd an amine
function in N terminal position borne by the prestur of the co-

polyamino acid,;

—R is a radical selected from the group consistiing

0 a linear or branched divalent alkyl radical compgs if GpR is a radical of
formula Il, from 2 to 12 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, said alladlical bearing one or more
-CONH2 functions, and

0 an unsubstituted ether or polyether radical conmgisrom 4 to 14 carbon

atoms and from 1 to 5 oxygen atoms;

—A is a linear or branched alkyl radical comprisiram 1 to 6 carbon atoms;

—B is a linear or branched alkyl radical, optiopatiomprising an aromatic ring,
comprising from 1 to 9 carbon atoms;

—Cs is a linear or branched monovalent alkyl radigalyhich x indicates the number
of carbon atoms, and:

o ifpisequalto 1, xisfrom 11 to 25 (¥Ix < 25);
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o ifpisequalto 2, xisfrom9 to 15 {Ox < 15),

—the ratio i between the number of hydrophobicaaldi and the number of glutamic
or aspartic units being between 0<0.5;

—when several hydrophobic radicals are borne bg-potyamino acid, then they are
identical or different,

—the degree of polymerization DP in glutamic oraasp units is from 10 to 250;

—the free acid functions being in the form of & sélan alkaline cation selected from

the group consisting of Nand K.
2. The composition according to Claim 1, characteriretthat said hydrophobic radicals

are selected from the hydrophobic radicals of fdariun which p = 1, represented by the

following formula V:
*—~+GpR ++GpAT— GpC
foon ooy
formula V
GpR, GpA, GpC, r and a have the definitions giveove.
3. The composition according to Claim 1, characteriretthat said hydrophobic radicals

are selected from the hydrophobic radicals of fdamun which a = 1 and p = 2, represented

by the following formula VI:
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‘+GpR )r—GpA~{ Gpc)2

Formula VI

in which

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

4. The composition according to any one of the prewediaims, characterized in that

the co-polyamino acid bearing carboxylate chargeshyydrophobic radicals is selected from

the co-polyamino acids of the following formula il

o)
)\ox
D
H
N

R'>

0
R'1
N
H n
0 D\’/O
Hy

Formula Vlla

in which,

* D represents, independently, either a >Cgroup (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 Forianl,
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e X represents an H or a cationic entity selectethfthe group comprising the metal
cations;

* n + m represents the degree of polymerization Dfhe co-polyamino acid, that is
to say the average number of monomer units pendai 5< n + m< 250; R'1 is a radical
selected from the group consisting of H, a C2 t0 @iear acyl group, a C4 to C10 branched
acyl group, benzyl, a terminal "amino acid" unidanpyroglutamate,

* R'2 is a -NR'R" radical, R" and R", which are itiesd or different, being selected
from the group consisting of H, the C2 to C10 lineabranched or cyclic alkyls, benzyl, and
said alkyl R' and R" together optionally formingeoar more saturated, unsaturated and/or
aromatic carbon rings and/or optionally comprisimgteroatoms, selected from the group

consisting of O, N and S.
5. The composition according to Claim 4, characterizedthat co-polyamino acid

bearing carboxylate charges and hydrophobic chaigeslected from the co-polyamino

acids of formulas VII in which R= R} and R = R of the following formula Vlla:

)

)\ox
D
H
N

RI1T
N
H
m
D

o)
n
o) \~’/O
Hy

R',

Formula Vlla
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in which

—m, n, X, D and Hy have the definitions given ahove

—R is a radical selected from the group consistingdpfa C2 to C10 linear acyl
group, a C4 to C10 branched acyl group, benzyleraihal "amino acid" unit and a
pyroglutamate,

—-R% is a -NR'R" radical, R' and R", which are idenitioa different, being selected
from the group consisting of H, the C2 to C10 lineabranched or cyclic alkyls, benzyl, and
said alkyl R' and R" together optionally formingeoar more saturated, unsaturated and/or
aromatic rings and/or optionally comprising hetéooss, selected from the group consisting

of O, Nand S.

6. The composition according to any one of Claims Z,tcharacterized in that the co-
polyamino acid bearing carboxylate charges anddplavbic radicals is selected from the co-
polyamino acids of formula VII or Vlla in which that least one co-polyamino acid is

selected from the co-polyamino acids in which grBuis a —CH- group (aspartic unit).

7. The composition according to any one of Claims Z,tcharacterized in that the co-
polyamino acid bearing carboxylate charges anddpfurbic radicals is selected from the co-
polyamino acids of formulas VII or Vlla in which éhat least one co-polyamino acid is
selected from the co-polyamino acids in which graups a group —CHCH,- (glutamic

unit).

8. The composition according to any one of the prewediaims, characterized in that
the concentration of co-polyamino acid bearing oaylate charges and hydrophobic radicals

is at most 40 mg/mL.
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9. The composition according to any one of the prewgdiaims, characterized in that

the concentration of human glucagon is from 0.25 tog/mL.

10. The composition according to any one of the prewgdiaims, characterized in that

the molar ratio [hydrophobic radical]/[human gluoayis less than 15.

11. The composition according to any one of the preggdlaims, characterized in that it

comprises, in addition, a polyanionic compound.

12.  The composition according to any one of the preggdlaims, characterized in that it

comprises, in addition, a zinc salt.

13.  The composition according to any one of the preggdlaims, characterized in that it

comprises, in addition, a gastrointestinal hormone.

14. The composition according to Claim 13, characterize that the gastrointestinal
hormone is selected from the group consisting oénexde, liraglutide, lixisenatide,
albiglutide and dulaglutide, their analogs or datives and their pharmaceutically acceptable

salts thereof.

15. The composition according to any one of Claims A8 &4, characterized in that the

concentration of gastrointestinal hormone is withiminterval from 0.01 to 10 mg/mL.
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