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COMPOSITIONS IN THE FORM OF AN INJECTABLE AQUEOUS SOLUTION
COMPRISING AMYLIN, AN AMYLIN AGONIST RECEPTOR OR AN AMYLIN

ANALOG AND A CO-POLYAMINO ACID

[0001]  The invention relates to amylin injection therapies, amylin agonist receptor or to
an amylin analogue for the treatment of diabetes.

[0002]  The invention relates to a composition in the form of an injectable aqueous
solution, for which the pH is comprised from 6.0 to 8.0, comprising at least amylin, an
amylin agonist receptor or an amylin analogue and a co-polyamino acid bearing carboxylate
charges and hydrophobic radicals according to the invention and compositions comprising,
in addition, an insulin (excluding basal insulins for which the isoelectric point pl is
comprised from 5.8 to 8.5). The invention also relates to pharmaceutical formulations
comprising the compositions according to the invention. Finally, the invention also relates
to a use of co-polyamino acids bearing carboxylate charges and hydrophobic radicals
according to the invention, in order to stabilize compositions of amylin, of amylin agonist
receptors or of amylin analogue as well as amylin, amylin receptor agonist or amylin analog

compositions further comprising an insulin.

[0003] Diabetes type 1 is an autoimmune disease leading to the destruction of the
pancreas beta cells. These cells are known to produce insulin, the principal role of which is
to regulate the use of glucose in peripheral tissues (Gerich 1993, Control of glycaemia). As
a result, patients affected by type 1 diabetes suffer chronic hyperglycemia and must self-
administer exogenous insulin in order to control this hyperglycemia. Insulin therapy makes

it possible to drastically change the life expectancy of these patients. However, the control
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of glycemia provided by exogenous insulin is not optimal, in particular after ingesting a
meal. This is linked to the fact that these patients produce glucagon after ingesting a meal,
which leads to the release of a portion of the glucose stored in the liver, which is not the case
in a healthy person. This glucagon-mediated glucose production worsens the glycemia
regulation problem for these patients.

[0004] It has been demonstrated that amylin, another hormone produced by the beta cells
of the pancreas, and therefore also deficient in type 1 diabetes patients, plays a key role in
the regulation of post-prandial glycemia. Amylin, also known as “islet amyloid
polypeptide”, or IAPP, is a peptide of 37 amino acids which is stored and co-secreted with
insulin  (Schmitz 2004 Amylin Agonists). This peptide is described as blocking the
production of glucagon by the alpha cells of the pancreas. Thus, insulin and amylin have
complementary and synergistic roles, since insulin makes it possible to reduce the
concentration of glucose in the blood, while amylin makes it possible to reduce the entry of
endogenous glucose into the blood by inhibiting the production (secretion) of endogenous
glucagon.

[0005]  This problem of post-prandial glycemia regulation is quite similar for patients
with type 2 diabetes taken up with insulin insofar as their disease has led to a very significant
loss of their mass of beta cells and, as a result, of their ability to produce insulin and amylin.
[0006] Human amylin has properties which are not compatible with pharmaceutical
requirements in terms of solubility and stability (Goldsbury CS, Cooper GJ, Goldie KN,
Muller SA, Saafi EL, Gruijters WT, Misur MP, Engel A, Aebi U, Kistler J : Polymorphic
fibrillar assembly of human amylin. J Struct Biol 119:17-27, 1997). Amylin is known to
form amyloid fibrils which lead to the formation of plaques which are not soluble in water.
Even though it is a natural hormone, it was necessary to develop an analogue in order to

solve these solubility problems.
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[0007]  The physicochemical properties of amylin thus make its use impossible: amylin is
only stable for about fifteen minutes at acidic pH, and less than a minute at neutral pH.
[0008]  The company Amylin developed an amylin analogue, pramlintide, to moderate
the lack of stability of human amylin. This product, marketed under the name Symlin, was
approved in 2005 by the FDA for the treatment of type 1 and type 2 diabetics. It must be
administered subcutaneously three times a day, within an hour prior to the meal, in order to
improve control of post-prandial glycemia. This peptide is formulated at acidic pH and is
described as fibrillating when the pH of the solution is greater than 5.5. Analogue variants
are described in patent US 5.686.411.

[0009]  This analogue is thus not satisfactory in terms of stability when a formulation at
neutral pH is envisaged.

[00010] To date, there is no means making it possible to stabilize human amylin in order
to make a pharmaceutical product. However, it would be beneficial for patients to have
access to the human form of this physiological hormone. It would also be beneficial to be
able to formulate an analogue or agonist of pH neutral amylin receptor.

[00011] In addition, there would be an interest in being able to mix an aqueous amylin
solution, an amylin analogue, or an amylin agonist receptor, with a prandial insulin, since
these two products are to be administered before the meal. This would further make it
possible to mimic the physiology since these two hormones are co-secreted by the beta cells
in response to a meal in order to improve the control of post-prandial glycemia.

[00012] However, given the fact that solutions of prandial insulins have a pH that is close
to neutral for reasons of chemical stability, it is not possible to obtain an aqueous solution
that meets the pharmaceutical requirements in terms of solubility and stability.

[00013] For this reason, patent application US2016/001002 from ROCHE describes a

pump containing two separate reservoirs in order to make possible the co-administration of
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these two hormones with a single medical device. However, this patent does not solve the
problem of mixing these two hormones in solution which would make it possible to
administer them with conventional pumps already on the market which contain only one
reservoir.

[00014] Patent application W02013067022 from XERIS provides a solution to the
problem of amylin stability and to its compatibility with insulin by employing an organic
solvent instead of water. The absence of water seems to solve the stability problems, but the
use of an organic solvent poses problems in terms of long-term safety of use for diabetic
patients and also compatibility problems with standard medical devices, related to tubing,
connections and the plasticizers used.

[00015] Patent application W0O2007104786 from NOVO NORDISK describes a method
making it possible to stabilize a solution of pramlintide, which is an amylin analogue, and
of insulin by the addition of a phospholipid, derived from glycerophosphoglycerol, in
particular from dimyristoyl glycerophosphoglycerol (DMPG). However, this solution
requires the use of significant quantities of DMPG which can pose a problem with local
tolerance. Furthermore, DMPG leads to compositions presenting relatively poor physical
stabilities at 0-4°C, as described in the application W02018122278.

[00016] To the applicant’s knowledge, there is no satisfactory means which makes it
possible to combine a prandial insulin and human amylin, an amylin agonist receptor or an
amylin analogue in an aqueous solution, so as to be able to be administered with conventional

devices.

[00017] The acidic formulation pH and the rapid fibrillation are obstacles to obtain a

pharmaceutical formulation at neutral pH based on amylin andpramlintide, but also an
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obstacle to combine amylin or pramlintide with other pharmaceutical active ingredients, in

particular, peptides or proteins.

[00018] The applicant observed that, surprisingly, the co-polyamino acids according to the
invention stabilize compositions of amylin, of amylin agonist receptor or amylin analogue
at a pH from 6.0 to 8.0. In fact, compositions comprising amylin, amylin agonist receptor or
amylin analogue in combination with a co-polyamino acid according to the invention exhibit

an increased stability over time, which is of great interest for pharmaceutical development.

[00019] The applicant has also reported that co-polyamino acids according to the invention
make it possible, in addition, to obtain a composition comprising prandial insulin and
amylin, amylin agonist receptor or amylin analogue, with said composition being clear and

having an enhanced stability toward fibrillation.

[00020] A classical method for measuring the stabilities of proteins or peptides consists of
measuring the formation of fibrils using Thioflavin T, also called ThT. This method makes
it possible to measure the latency time before the formation of fibrils by measuring the
increase in fluorescence, and to do so under temperature and stirring conditions that make
an acceleration of the phenomenon possible. Compositions according to the invention have
a latency period before the formation of fibrils that is clearly greater than that of amylin, of

an amylin agonist receptor or of an amylin analogue at the pH of interest.

[00021] Compositions according to the invention have a physical stability, and possibly a

chemical stability, at the desired pH.



[00022] In one embodiment, the invention relates to a composition in the form of an
injectable aqueous solution, for which the pH is comprised from 6.0 to 8.0, comprising at
least:
a) Amylin, an amylin receptor agonist and an amylin analogue;
5 b) A co-polyamino acid bearing carboxylate charges and hydrophobic radicals Hy, said
co-polyamino acid being constituted of glutamic or aspartic units and said
hydrophobic radicals -Hy chosen among the radicals according to formula X as

defined below:

Horm){Gpo}fom oo fory o
.-

@ Formula X

10  In which

—  GpRis chosen among the radicals according to formulas VII, VII” or VII”:

* H H * O H
—N—R=N—" Formula ViI or * R—N—" Formula VII’ or
O O
*_”—RJ'I_* Formula VII’’;
15 - Identical or different GpG and GpH are chosen among the radicals according to

formulas XI or XI’;

N | P +— NH—G— NH—

N—" Formula XI " Formula XTI’
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— GpA is chosen among the radicals according to formula V111

*

Formula VIII

In which A’ is chosen among the radicals according to formulas VIII’, VIII’’ or VIII’

A4
\CO
/ A1_N_A2 A1—N A2 N A3
* I* |* _L
Formula VIIT Formula VIII> Formula VIII>”’

-GpL is chosen among the radicals according to formula XI1I

0O %
Ly

\

HN—" Formula XII

GpC is a radical according to formula 1X:

(@) 0]

d Formula IX;

—* indicate the attachment sites of the different groups bound by amide functions;

—ais an integer equaltoOorto 1 anda’=1ifa=0anda’=1, 2 or 3ifa=1;
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a’ is an integer equal to 1, to 2 or to 3;
b is an integer equal to 0 or to 1;
c is an integer equal to 0 or to 1, and if c is equal to O, then d is equal to 1 or to 2;
dis an integer equal to 0, to 1 or to 2;
e is an integer equal to 0 or to 1;
gisaninteger equalto 0,to 1, to 2, to 3, to 4, to 5 or to 6;
h is an integer equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6, and at least one of g, h or
| is different from O;
lis an integer equalto O orto l and I’ =1ifI=0and I’ =2 if | =1;
ris an integer equal to 0, 1 or to 2, and
s’ is an integer equal to 0 or to 1;
And if e is different from 0, then at least one of g, h or | is different from O;
Andifa=0,thenl|=0;
A, A;, Az and As identical or different, are linear or branched alkyl radicals
comprising from 1 to 8 carbon atoms and, optionally, substituted by a radical from a
saturated, unsaturated or aromatic ring;
B is a radical ether or polyether, unsubstituted, comprising from 4 to 14 carbon atoms
and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally comprising
an aromatic ring, comprising from 1 to 9 carbon atoms.
Cx is a monovalent, linear or branched, alkyl radical optionally comprising a cyclic
part, in which x indicates the number of carbon atoms, and:

= When the hydrophobic radical -Hy bears 1 -GpC, then 9 <x <25,

= When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x < 15,

= When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x < 13,
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= When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x <11,
= When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 < x
<11,

G is a linear or branched divalent alkyl radical of 1 to 8 carbon atoms, said alkyl
radical bearing one or more free carboxylic acid functions.
R is aradical chosen from the group consisting of a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms bearing one or more -CONH> functions
or an unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms
and 1 to 5 oxygen atoms.
The hydrophobic radicals -Hy according to formula X being bound to the PLG:

o via a covalent bond between a carbonyl of the hydrophobic radical -Hy and a
nitrogen atom borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function borne by the PLG and an acid function
borne by the precursor —Hy’ of the hydrophobic radical -Hy, and

o via a covalent bond between a nitrogen atom of the hydrophobic radical -Hy
and a carbonyl borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function of the precursor —Hy’ of the
hydrophobic radical -Hy and an acid function borne by the PLG.

The ratio M between the number of hydrophobic radicals and the number of glutamic
or aspartic unites being between 0 <M <0.5;

When several hydrophobic radicals are borne by a co-polyamino acid, then they are
identical or different,

The degree of polymerization DP in glutamic or aspartic units for the PLG chains is

comprised from 5 to 250;
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- Free carboxylic acids being in the form of an alkaline cation salt chosen from the

group consisting of Na*and K*.

[00023] Inone embodiment, the composition is characterized in that the composition does
not comprise basal insulin for which the isoelectric point pl is comprised from 5.8 to 8.5.
[00024] Inone embodiment, the composition is characterized in that the composition does
not comprise GLP-1, a GLP-1 analogue or GLP-1 receptors agonist, currently called GLP-1
RA.

[00025] Inone embodiment, the composition is characterized in that the composition does
not comprise either basal insulin, with an isoelectric point pl from 5.8 and 8.5, nor GLP-1, a

GLP-1 analogue or GLP-1 receptors agonist, currently called GLP-1 RA.

[00026] In one embodiment, the invention relates to a composition, free of basal insulin,
for which the isoelectric point pl is comprised from 5.8 to 8.5, in the form of an injectable
aqueous solution, for which the pH is comprised from 6.0 to 8.0, comprising at least:
a) Amylin, an amylin receptor agonist and an amylin analogue;
b) A co-polyamino acid bearing carboxylate charges and hydrophobic radicals Hy, said
co-polyamino acid being constituted of glutamic or aspartic units and said
hydrophobic radicals -Hy chosen among the radicals according to formula X as

defined below:

*%GpR)r (GpG)g (GpA)a {(GpL)I {(GpH)h GpC

12 Eormula X

in which
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— GpR is chosen among the radicals according to formulas VII, VII’ or VII”:

CHH R
—N—=R—=N—" Formula VIl or R—=N—" Formula VII’ or
O @)
*_”_RJ"_* Formula VII’’;
5
— ldentical or different GpG and GpH are chosen among the radicals according to
formulas XI or XI’;
i H
* * * —G_ NH—*
—“_G_N— Formula XI NH Formula XTI’
10 — GpA is chosen among the radicals according to formula VIlI
+—NH— A'—[NH—,
’ Formula VIII
In which A’ is chosen among the radicals according to formulas VIII’, VIII’’ or VIII’
Aq
\
15 * *
Formula VIIT Formula VIII* Formula VIII*’

— -GpL is chosen among the radicals according to formula XII



10

15

12

HN—" Formula XII,

GpC is a radical according to formula 1X:

(@) @)

d Formula IX;

* indicate the attachment sites of the different groups bound by amide functions;
ais an integer equaltoOorto 1l anda’=1,2 or 3 ifa=1;

a’ is an integer equal to 1, to 2 or to 3;

b is an integer equal to 0 or to 1;

c is an integer equal to 0 or to 1, and if c is equal to 0, then d is equal to 1 or to 2;
dis an integer equal to 0, to 1 or to 2;

e is an integer equal to 0 or to 1,

g is aninteger equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6;

h is an integer equal to 0,to 1, to 2, to 3,to 4, to 5 or to 6, and at least one of g, h or |
is different from O;

lis an integer equalto O orto l and I’ =1ifI=0and I’ =2 if | =1;

ris an integer equal to 0, 1 or to 2, and

s’ is an integer equal to 0 or to 1;

And if e is different from 0, then at least one of g, h or | is different from O;

Andifa=0,thenl=0;
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A, A1, A2 and As identical or different, are linear or branched alkyl radicals
comprising from 1 to 8 carbon atoms and, optionally, substituted by a radical from a
saturated, unsaturated or aromatic ring;
B is a radical ether or polyether, unsubstituted, comprising from 4 to 14 carbon atoms
and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally comprising
an aromatic ring, comprising from 1 to 9 carbon atoms.
Cx is a monovalent, linear or branched, alkyl radical optionally comprising a cyclic
part, in which x indicates the number of carbon atoms, and:

= When the hydrophobic radical -Hy bears 1 -GpC, then 9 <x <25,

= When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x < 15,

= When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x < 13,

= When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x <11,

= When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 < x

<I1l1,
G is a linear or branched divalent alkyl radical of 1 to 8 carbon atoms, said alkyl
radical bearing one or more free carboxylic acid functions.
R is aradical chosen from the group consisting of a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms bearing one or more -CONH; functions
or an unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms
and 1 to 5 oxygen atoms.
The hydrophobic radicals -Hy according to formula X being bound to the PLG:
o via a covalent bond between a carbonyl of the hydrophobic radical -Hy and a

nitrogen atom borne by the PLG, thus forming an amide function resulting
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from the reaction of an amine function borne by the PLG and an acid function
borne by the precursor —Hy’ of the hydrophobic radical -Hy, and
o via a covalent bond between a nitrogen atom of the hydrophobic radical -Hy
and a carbonyl borne by the PLG, thus forming an amide function resulting
5 from the reaction of an amine function of the precursor —Hy’ of the
hydrophobic radical -Hy and an acid function borne by the PLG.
- The ratio M between the number of hydrophobic radicals and the number of glutamic
or aspartic unites being between 0 <M <0.5;
- When several hydrophobic radicals are borne by a co-polyamino acid, then they are
10 identical or different,
- The degree of polymerization DP in glutamic or aspartic units for the PLG chains is
comprised from 5 to 250;
- Free carboxylic acids being in the form of an alkaline cation salt chosen from the
group consisting of Na*and K*.
15
[00027] By “alkyl radical” is meant a linear or branched carbon chain which does not
comprise a heteroatom.
[00028] The co-polyamino acid is a statistical co-polyamino acid in the chain of glutamic
and/or aspartic units.
20  [00029] Said co-polyamino acid bearing carboxylate charges and hydrophobic radicals Hy
is soluble in aqueous solution at a pH from 6.0 to 8.0, at a temperature of 25 °C and at a

concentration of less than 100 mg/ml.

[00030] The compositions in the form of an injectable aqueous solution according to the

25  invention are clear solutions. By “clear solution”, is meant compositions which meet the
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criteria described in the American and European pharmacopoeias regarding injectable
solutions. In the US pharmacopoeia, the solutions are defined in section <1151> referring
to injection (<1>) (referring to <788> according to USP 35 and specified in <788> according
to USP 35 and in <787>, <788> and <790> USP 38 (beginning with August 1, 2014),
according to USP 38). In the European pharmacopoeia, injectable solutions must meet the
criteria given in sections 2.9.19 ans 2.9.20.

[00031] By “soluble” is meant, suitable for the preparation of a clear solution, free of
particles, at a concentration of less than 100 mg/ml in distilled water at 25 °C.

[00032] By basal insulin with an isoelectric point from 5.8 to 8.5 is meant an insulin
insoluble at pH 7 and for which the duration of action is comprised from 8 to 24 hours, or
greater than 24 hours in standard diabetes models.

[00033] The * in formulas indicate the attachment sites of the various elements

represented.

[00034] In one embodiment, Hy comprises more than 30 carbon atoms.

[00035] In one embodiment, the composition according to the invention is characterized
in that Hy comprises from 15 to 100 carbon atoms.

[00036] In one embodiment, the composition according to the invention is characterized
in that Hy comprises from 30 to 70 carbon atoms.

[00037] In one embodiment, the composition according to the invention is characterized
in that Hy comprises from 40 to 60 carbon atoms.

[00038] In one embodiment, the composition according to the invention is characterized
in that Hy comprises from 20 to 30 carbon atoms.

[00039] In one embodiment, when a’ = 1, x is comprised from 11 to 25 (11 < x < 25).

Specifically, when x is comprised from 15 and 16 ( x= 15 or 16), thenr = 1 and R is an ether
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or polyether radical and when x is greater than 17 (x > 17), then r = 1 and R is an ether or
polyether radical.

[00040] In one embodiment, when a’ =2, x is comprised from 9 and 15 (9 <x < 15).
[00041] In one embodiment, the composition is characterized in that the pH is comprised
from 6.6 to 7.8.

[00042] In one embodiment, the composition is characterized in that the pH is comprised
from 7.0 to 7.8.

[00043] In one embodiment, the composition is characterized in that the pH is comprised

from 6.8 to 7.4.

[00044] In one embodiment, when r = 2, then the GpR group bound to the PLG is chosen
among the GpR according to formula VII.

[00045] In one embodiment, when r = 2, then the GpR group bound to the PLG is chosen
among the GpR according to formula VI1I and the second GpR is chosen among the GpR
according to formula VII”.

[00046] In one embodiment, when r = 2, then the GpR group bound to the PLG is chosen
among the GpR according to formula VII*’.

[00047] In one embodiment, when r = 2, then the GpR group bound to the PLG is chosen
among the GpR according to formula VII”” and the second GpR is chosen among the GpR

according to formula VII.

[00048] Inone embodiment, at least one of g, h or | is different from 0.
[00049] In one embodiment, at most one of g, h or | is different from 0.

[00050] In one embodiment, at least one of g and h is equal to 1.
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[00052]
[00053]

[00054]

17

In one embodiment,a=1and | = 1.
In one embodiment, if | = 0, at least one of g or h is equal to 0.
In one embodiment, if I =1, at least one of g and h is equal to 0.

In one embodiment, g = h =0, a =1, GpA is a radical according to formula

VIII with s> = 1 and A’ according to formula VIII’ or VIII”, and 1 = 1.

[00055]
[00056]
[00057]
[00058]
[00059]
[00060]
[00061]
[00062]
[00063]

[00064]

In one embodiment, at least one of g and h is equal to 1.
In one embodiment, a = 0.
In one embodiment, g+h>2.
In one embodiment, g is greater than or equal to 2 (g>2).
In one embodiment, h is greater than or equal to 2 (g>2).
In one embodiment, g+h>2 and 1 is equal to 0 (a=I=0).
In one embodiment, g+h>2 and b is equal to 0 (b=0).
In one embodiment, g or h is greater than or equal to 2 (g>2) and b is equal to 0.
In one embodiment, g+h>2, b is equal to 0 (b=0) and e is equal tol (e=1).

In one embodiment, g or h is greater than or equal to 2 (g>2) b is equal to 0 (b=0)

and e is equal tol (e=1).

[00065]

In one embodiment, said at least one hydrophobic radical -Hy is chosen among

the radicals according to formula X in which r = 2 according to formula Xc’, as defined

below:

*__GpRT—GpR——<GpGi;{GpAk:{*GpLh—%Gthr—GpC

'a Formula Xc¢’

in which GpRz is a radical according to formula VII.

*—N—R—=N—* Formula VII
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in which GpR, GpG, GpA, GpL, GpH, GpC, R, a, a’, g, h, 1 and I’ have the definitions
given above.
[00066] In one embodiment, said hydrophobic radical -Hy is chosen among the radicals

according to formula X in which r = 2 according to formula Xc’, as defined below:

5 [00067]

*—GpR—GpR (GpG)g (GpA)a {(GpL)I—%GpH)h— GpC |'

@' Formula Xc¢’

in which GpR1 is a radical according to formula VII”.

O @]
*_U_RJ'I_* Formula VII”’

[00068] In which GpR, GpG, GpA, GpL, GpH, GpC, R, a, a’, g, h, 1 and I’ have the
10  definitions given above.
[00069] In one embodiment, said hydrophobic radical -Hy is chosen among the radicals

according to formula X in which

- according to formula Xd as defined below.

*~<GpR>r—< GDG>Q—<GpA - (GpH)h— GpC

15 @ Formula Xd
in which
— GpR is chosen among the radicals according to formulas VII, VII’ or VII”:

H  H TRY
*—N—R—=N—" Formula VII or *—H_R—N—* Formula VII or

0] 0]
*_”_RJ'I_* Formula VII’’;
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GpG is chosen among the radicals according to formulas XI or XI’:

N—" Formula XI * Formula XTI’

GpA is chosen among the radicals according to formula VIII in which s’ = 1

represented by formula VIlla or formula VIII in which and s’ = 0 represented by

formula V1I1b:
O HN—*
* / o)
A1 H
HN—" Formula VlIla A1=N=" Eormula Vi
GpC is a radical according to formula 1X:
(@) O
N ¢
* - X
c N B
b O
e
d Formula IX;

* indicate the attachment sites of the different groups bound by amide functions;
ais aninteger equaltoOorto landa’=1"ifa=0anda’=1lora’=2ifa=1;
a’ is an integer equal to 1 or to 2 and;
o Ifa’isequal to 1 then a is equal to 0 or to 1 and GpA is a radical according
to formula VII1b and,
o Ifa’isequalto 2 thenaisequal to 1 and GpA is a radical according to formula
Vllla;

b is an integer equal to 0 or to 1;
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c is an integer equal to 0 or to 1, and if ¢ is equal to O, then d is equal to 1 or to 2;
dis an integer equal to 0, to 1 or to 2;
e is an integer equal to O or to 1,
g isaninteger equal to 0,to 1, to 2, to 3, to 4, to 5 or to 6;
h is an integer equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6, and at least one of g or h
is different from O;
ris an integer equal to 0, 1 or to 2, and
s’ is an integer equal to 0 or to 1;
And if e is different from 0, then at least one of g, h or | is different from O;
And ifa=0, then|=0;
A is a linear or branched alkyl radical comprising from 1 to 8 carbon atoms and,
optionally, substituted by a radical from a saturated, unsaturated or aromatic ring;
B is a radical ether or polyether, unsubstituted, comprising from 4 to 14 carbon atoms
and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally comprising
an aromatic ring, comprising from 1 to 9 carbon atoms.;
Cx is a monovalent, linear or branched, alkyl radical optionally comprising a cyclic
part, in which x indicates the number of carbon atoms, and:

= When the hydrophobic radical -Hy bears 1 -GpC, then 9 <x <25,

= When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x <15,

= When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x <13,

= When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x < 11,

=  When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 < x

<1I1l1,
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G is a alkyl radical of 1 to 8 carbon atoms, said alkyl radical bearing one or more
free carboxylic acid functions.

R is aradical chosen from the group consisting of a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms bearing one or more -CONH> functions
or an unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms
and 1 to 5 oxygen atoms.

The hydrophobic radical(s) Hy according to formula X being bound to the PLG:

o via a covalent bond between a carbonyl of the hydrophobic radical -Hy and a
nitrogen atom borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function borne by the PLG and an acid function
borne by the -Hy precursor of the hydrophobic radical, and

o via a covalent bond between a nitrogen atom of the hydrophobic radical -Hy
and a carbonyl borne by the PLG. thus forming an amide function resulting
from the reaction of an amine function of the -Hy precursor of the
hydrophobic radical and an acid function borne by the PLG.

The ratio M between the number of hydrophobic radicals and the number of glutamic
or aspartic unites being comprised from 0 <M <0.5;

When several hydrophobic radicals are borne by a co-polyamino acid, then they are
identical or different,

Free carboxylic acids being in the form of an alkaline cation salt chosen from the

group consisting of Na*and K*.

[00070] In one embodiment said hydrophobe -Hy is chosen among the radicals according

to formula X, as defined below, in which I= 0,
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- GpAis chosen among the radicals according to formula VIII in which s’ =1 and A’

is chosen among the radicals according to formulas VIII” or VIII’”;

*~<GpR>r—< GpG)g—(GpA : (GpH)h— GpC

' Formula Xd

5 inwhich

— GpR is chosen among the radicals according to formulas VII, VII’ or VII”:

H  H TRY
*—N—R—=N—" Formula VII or *—“—R—N—* Formula VII or
0] 0]
*_”_RJ'I_* Formula VII’’;

10
— GpG is chosen among the radicals according to formulas XTI or XI’:

N—" Formula XI * Formula XTI’

— GpA is chosen among the radicals according to formulas VIlic or VIIId :

AN H—
*_N[Sl
,
A’I_NOLIH_* |
/
*—NB] *_NB2
15 Ao—NaoH—* rormutaviiie A Na2H* ormula vinng;
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GpC is a radical according to formula IX:

(@) O

d Formula IX;

* indicate the attachment sites of the different groups bound by amide functions;
aisan integer equaltoOortol anda’=1ifa=0or2or3,ifa=1;
a’ is an integer equal to 2 or to 3 and;
o ifa’isequal to I then a is equal to 0 and
o ifa’isequal to 2 or 3, thenaisequal to 1 and GpA is a radical according to
formula Vllic or VIIId,;
b is an integer equal to 0 or to 1;
c is an integer equal to 0 or to 1, and if ¢ is equal to 0, then d is equal to 1 or to 2;
dis an integer equal to 0, to 1 or to 2;
e is an integer equal to 0 or to 1,
g is aninteger equal to 1, to 2, to 3, to 4, to 5 or to 6;
h is an integer equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6, and at least one of g or h
is different from O;
ris an integer equal to 0, 1 or to 2, and
s’ 1s an integer equal to 1;
And if e is different from 0, then at least one of g, h or | is different from 0;

Andifa=0,thenl=0;
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— Ai, A2, Ags, identical or different, are linear or branched alkyl radicals comprising

from 1 to 8 carbon atoms and, optionally, substituted by a radical from a saturated,

unsaturated or aromatic ring;

— Bisaradical ether or polyether, unsubstituted, comprising from 4 to 14 carbon atoms

and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally comprising

an aromatic ring, comprising from 1 to 9 carbon atoms.;

— Cxis a monovalent, linear or branched, alkyl radical optionally comprising a cyclic

part, in which x indicates the number of carbon atoms, and:

When the hydrophobic radical -Hy bears 1 -GpC, then 9 <x <25,
When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x < 15,
When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x < 13,
When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x <11,
When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 < x

<I1l1,

— The hydrophobic radical(s) Hy according to formula X being bound to the PLG:

ovia a covalent bond between a carbonyl of the hydrophobic radical and a

nitrogen atom borne by the PLG, thus forming an amide function resulting

from the reaction of an amine function borne by the PLG and an acid function

borne by the precursor -Hy’ of the hydrophobic radical, and

o via a covalent bond between a nitrogen atom of the hydrophobic radical and a

carbonyl borne by the PLG. thus forming an amide function resulting from

the reaction of an amine function of the -Hy precursor of the hydrophobic

radical and an acid function borne by the PLG.

— G is aalkyl radical of 1 to 8 carbon atoms, said alkyl radical bearing one or more

free carboxylic acid functions.
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R is aradical chosen from the group consisting of a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms bearing one or more -CONH> functions
or an unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms
and 1 to 5 oxygen atoms.
- the ratio M between the number of hydrophobic radicals and the number of glutamic
or aspartic unites being between 0 <M < 0.5;
- When several hydrophobic radicals are borne by a co-polyamino acid, then they are
identical or different,
- Free carboxylic acids being in the form of an alkaline cation salt chosen from the
group consisting of Na*and K*.
[00071] In one embodiment, r = 0 and the hydrophobic radical according to formula X is
bound to the PLG via a covalent bond between a carbonyl of the hydrophobic radical and a
nitrogen atom borne by the PLG, thus forming an amide function resulting from the reaction
of an amine function borne by the PLG precursor and an acid function borne by the precursor
Hy’ of the hydrophobic radical, and
[00072] In one embodiment, r = 1 and the hydrophobic radical according to formula X is
bound to the PLG:
= via a covalent bond between a nitrogen atom of the hydrophobic
radical and a carbonyl borne by the PLG. thus forming an amide
function resulting from the reaction of an amine function of the
precursor —Hy’ of the hydrophobic radical and an acid function borne
by the PLG, or
= via a covalent bond between a carbonyl of the hydrophobic radical

and a nitrogen atom borne by the PLG. thus forming an amide
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function resulting from the reaction of an acid function of the
precursor —Hy’ of the hydrophobic radical -Hy and an amine function

borne by the PLG.

5 [00073] Inone embodiment, if GpA is a radical according to formula VIlicand r =1 or 2,
then:
the GpC are bound, directly or indirectly, to N1 and Nrnand the PLG is bound,
directly or indirectly, via GpRto N , or
- the GpC are bound, directly or indirectly, to N, and Ny and the PLG is bound,
10 directly or indirectly, via GpR to N--; or
- the GpC are bound, directly or indirectly, to N-~ and Nrnand the PLG is bound,

directly or indirectly, via GpRto N .

[00074] Inone embodiment, if GpA is a radical according to formula VIlic and r = 0, then:

15 - the GpC are bound, directly or indirectly, to N and Ny and the PLG is bound,
directly or indirectly, to N~ ; or

- the GpC are bound, directly or indirectly, to N-~ and Nrnand the PLG is bound,
directly or indirectly, to N, ; or

- the GpC are bound, directly or indirectly, to N and N5, and the PLG is bound,

20 directly or indirectly, to N .

[00075] Inone embodiment, if GpA is a radical according to formula VIlid and r = 1 or 2,
then
- the GpC are bound, directly or indirectly, to N--, N and N and the PLG is bound

25 directly or indirectly, via GpR to N ; or
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- the GpC are bound, directly or indirectly, to Nrir1, N and N and the PLG, directly
or indirectly, is bound via GpR to N ; or

- the GpC are bound, directly or indirectly, to N ;, N, and N . and the PLG, directly
or indirectly, is bound via GpR to N--; or

- the GpC are bound, directly or indirectly, to N+, N+5 and N-- and the PLG is

bound, directly or indirectly, via GpR to N[

[00076] Inone embodiment, if GpA is a radical according to formula VIlId and r = 0, then
- the GpC are bound, directly or indirectly, to N, N, and N and PLG is bound
directly or indirectly, to N--; or
- the GpC are bound, directly or indirectly, to Nr, N-- and N~~- and PLG is bound
directly or indirectly, to N ;; or
- the GpC are bound, directly or indirectly, to N ,,[1, N, and N.__ and the PLG is
bound, directly or indirectly, toN,, ; or
the GpC are bound, directly or indirectly, to N, Ny and N and the PLG is bound,
directly or indirectly, to N ,
[00077] In one embodiment, said at least one hydrophobic radical -Hy is chosen among
the radicals according to formula X in which a = land a’ = 1 according to formula Xa, as

defined below:

* \ \ [/
A(GpR/r \GpG/g GpA—(GpL ) l\GpH)h GpC
" Formula Xa

in which GpA is a radical according to formula VIII and A’ is chosen among the radicals
according to formula VIII’ with s’ = 0 and GpA is a radical according to formula V1IIb.

O
H
*_|'|_A1—N

— " Formula VI11b
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and GpR, GpG, GpL, GpH, GpC, A1, 1, g, h, I and I’ have the definitions given
above.
[00078] In one embodiment, said at least one hydrophobic radical -Hy is chosen among
the radicals according to formula X in which a = 1 according to formula Xb, as defined

below:

“~{GpR}—{ GpG}—apa [(GpL) [(GpH) GpC
r o { T ;

@ Formula Xb
in which GpA is a radical according to formula VIII and A’ is chosen among the radicals

according to formula VIII’ with s’ = 1 and GpA is a radical according to formula Vllla.

O HN—*
/
* A1
HN—" Formula Vllla

And GpR, GpG, GpL, GpH, GpC, A1, a’, 1, g, h,1and I’ have the definitions given

above.

[00079] In one embodiment, said at least one hydrophobic radical -Hy is chosen among

the radicals according to formula X in which a = 1 as defined below:

*_(GpR>r {GPGY}—GpA {(GpL)I {(GpH)h GpC
9

'l a Formula Xb
in which GpA is a radical according to formula VIII and A is chosen among the radicals

according to formula VIII” with s’ = 1 and GpA is a radical according to formula VIlllc.

/A1—NMH *
* —N
Bl
My s
Ay—Na Formula VllIc
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And GpR, GpG, GpL, GpH, GpC, A1, Ao, 1, g, h, a’, 1 and I’ have the definitions

given above.

[00080] In one embodiment, said at least one hydrophobic radical -Hy is chosen among
the radicals according to formula X in which a = 1 as defined

below:

*‘éGpR)r {GpG}+—apA {(GpL)I {(GpH)h GpC
9

2 Eormula Xb

in which GpA is a radical according to formula VIII and A is chosen among the radicals

according to formula VIII”” with s’ = 1, and GpA is a radical according to formula V1Ilid.

}A1 NalH *
*_NBI
b
* —N
B2
\A N, ,H—=*
3 o2 Formula VIlId;

And GpR, GpG, GpL, GpH, GpC, A1, Az, As,a’, 1, g, h,1and I’ have the definitions
given above.
[00081] In one embodiment, said at least one hydrophobic radical -Hy is chosen among
the radicals according to formula X in which r = 1 according to formula Xc, as defined

below:

~—GpR (GpG)g (GpA)a {(GpL)I—%GpH)h— GpC

@' Formula Xc

in which GpR is a radical according to formula VII.
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* H H *
—N—R—=N—" Formula VII

And GpR, GpA, GpL, GpH, GpC, R, a, g, h,1,a’ and I’ have the definitions given

above.

5 [00082] In one embodiment, said at least one hydrophobic radical -Hy is chosen among
the radicals according to formula X in which r = 1 according to formula Xc, as defined

below:

*—GpR (GpG)g (GpA)a (Gpl_)I {(GpH)h GpC

') a Formula Xc

in which GpR is a radical according to formula VII’.

10
0]
* H *
R—N—" Formula VII’
And GpR, GpA, GpL, GpH, GpC, R, a, g, h,1,a’ and I’ have the definitions given
above.
15

[00083] In one embodiment, said at least one hydrophobic radical -Hy is chosen among
the radicals according to formula X in which r = 1 according to formula Xc, as defined

below:

*—GpR (GpG>g (GpA)a [(GpL)I {(GpH)h GpC

|

'] a Eormula Xc

20
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in which GpR is a radical according to formula VII”’.

o) o)
A gL~ Formula VII”’

And GpR, GpA, GpL, GpH, GpC, R, a, g, h,1,a’ and I’ have the definitions given

5 above.

[00084] In one embodiment, said at least one hydrophobic radical -Hy is chosen among

the radicals according to formula X as defined below:

" GpR)- (GpG)g (Goa)- {(GpL)I {(GpH)h GpC

'la Formula X

10  in which GpC is a radical according to formula IX in which e = 0 and GpC is a radical

0]
N c
* B/ X
b O

[00085] In one embodiment, said at least one hydrophobic radical -Hy is chosen among

according to formula IXa’.

Formula [Xa’

15 the radicals according to formula X as defined below:

*%GpR)r (GpG)g (GpA)a {(GpL)I {(GpH)h GpC

'la Formula X
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in which GpC is a radical according to formula IX in whiche =1, b =0and GpC is a radical

according to formula 1Xd’.

d Formula IXb’

[00086] In one embodiment, said at least one hydrophobic radical -Hy is chosen among

the radicals according to formula X as defined below:

"~ GeR}: (GpG)g (Goa)- {(GpL)I {(GpH)h GpC

1 Formula X
in which GpC is a radical according to formula IX in which e = 1 and GpC is a radical

10  according to formula IXd’.

) O

d Formula IXd’

[00087] In one embodiment, said at least one hydrophobic radical -Hy is chosen among
the radicals according to formula X in whichr, g, a, |, h are equal to 0, according to formula

15 Xd’ as defined below:

*

GpC Formula Xd’.
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[00088] In one embodiment, said at least one hydrophobic radical -Hy is chosen among
the radicals according to formula X in which r, g, a, I, h are equal to 0, according to formula

Xd’ as defined below:

*

GpPC Formula Xd’
5 inwhich GpC is a radical according to formula IX in whiche =0, b =0 and GpC is a radical

according to formula IXc’.

[00089] In one embodiment, the composition according to the invention is characterized
in that said hydrophobic radicals are chosen among the hydrophobic radicals according to

10  formula X in which GpA is a radical according to formula VIIIb, a’ =1 and 1= 0.

*~(GpR>r—( Gpe)g—(GpA)a—(GpH)h—epc

GpR, GpG, GpA, GpH, GpC, r, g, hand a have the definitions given above.

Formula Xe

15  [00090] In one embodiment, the composition according to the invention is characterized
in that said hydrophobic radicals are chosen among the hydrophobic radicals according to

formula X in which a’ =2 and a =1 and | = 0 represented by formula Xf below:

*~<GpR>r—<GpG>g—GpA (GpH)h— GpC

2 Formula Xf

20 GpR, GpG, GpA, GpH, GpC, r, g and h have the definitions given above.
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[00091] In one embodiment, the composition according to the invention is characterized
in that said hydrophobic radicals are chosen among the hydrophobic radicals according to

formula X in which h=0,1=0and I’ = 1 represented by formula Xg below:

*%GpR):—éGpG}g—prA)ijC]

5 4’ Formula Xg
GpR, GpG, GpA, GpC, r, g, aand a’ have the definitions given above.
[00092] In one embodiment, the composition according to the invention is characterized
in that said hydrophobic radicals are chosen among the hydrophobic radicals according to
formula X in which h =0, a’= 1 represented by formula Xh below:
*~+GpR+— GpG+— GpA}—GpC
10 ﬂé >r_< >g_< i t i Formula Xh

GpR, GpG, GpA, GpC, r, aand g have the definitions given above.

[00093] In one embodiment, the composition according to the invention is characterized
in that said hydrophobic radicals are chosen among the hydrophobic radicals according to

15 formula X in which h=0, a’ =2 and a = 1 represented by formula Xi below:

**{GpR)—( GpG)g— GpA—(GpC),
r

Formula Xi

GpR, GpG, GpA, GpC, rand g have the definitions given above.
[00094] In one embodiment, a=0.,
[00095] In one embodiment, h=1and g=0,

20  [00096] Inone embodiment,h=0andg =1,

[00097] Inone embodiment, r,=0,g=1and h=0.
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[00098] In one embodiment, r = 1 and GpR is chosen among the radicals according to
formula VII” or VII” and h = 0.

[00099] In one embodiment, r =1, g=0 and GpR is a radical according to formula VII’
and h =0.

[000100] In one embodiment, r =1, g = 0 and GpR is a radical according to formula VII’
and h=1.

[000101] In one embodiment, r=1, g=0, GpR is a radical according to formula VII’, GpA is
chosen among the radicals according to formula VIlla or VIlIb, and h = 0.

[000102] In one embodiment, r =1, g =0, GpR is a radical according to formula VII’, GpA
is chosen among the radicals according to formula VIIa’ or VIIIb and h = 1.

[000103] In one embodiment, r =1, g =0 and GpR is a radical according to formula VI,
GpA is a radical according to formula VIllaand h = 0.

[000104] In one embodiment, r=1, g=0, GpR is a radical according to formula VIT’, GpA is
a radical according to formula VIllaand h = 1.

[000105] Inone embodiment, r=1, g =0, GpR is a radical according to formula VII’, GpA
is a radical according to formula VIIIb and h = 0.

[000106] In one embodiment, r=1, g=0, GpR is a radical according to formula VII’, GpA

is a radical according to formula VIIIb and h = 1.

[000107] In one embodiment, r = 0 and GpA is chosen among the radicals according to
formulas Vllla and VIIIb.
[000108] In one embodiment, r = 0, g=0 and GpA is chosen among the radicals according

to formulas VIlla and VIIIb.
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[000109] Inone embodiment, r =0, GpA is chosen among the radicals according to formula

Villa and VIIIb and h=0.

[000110] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising from 2 to 12 carbon atoms.

[000111] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising from 2 to 6 carbon atoms.

[000112] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising from 2 to 6 carbon atoms.

[000113] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising from 2 to 4 carbon atoms.

[000114] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising from 2 to 4 carbon atoms.

[000115] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising 2 carbon atoms.

[000116] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in

which R is a divalent, linear alkyl radical comprising from 1 to 11 carbon atoms.
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[000117] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising from 1 to 6 carbon atoms.

[000118] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising from 2 to 5 carbon atoms and bearing
or more amide functions (-CONH2).

[000119] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a divalent, linear alkyl radical comprising from 2 to 5 carbon atoms and bearing
or more amide functions (-CONH2).

[000120] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a is a radical chosen from the group consisting of the radicals represented by the

formulas below:

/\/\[* Formula X1
*
7
7 NH,
*\/\/\[* Formula X2
7
7 NH,
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[000121] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a radical according to formula X1.

[000122] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a radical according to formula X2.

[000123] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formula X is a radical in which R is bound to the co-polyamino acid via
an amide function borne by the carbon in delta or epsilon position (or in position 4 or 5) with
respect to the amide function (-CONH2).

[000124] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is an unsubstituted linear ether or polyether radical comprising from 4 to 14 carbon
atoms and from 1 to 5 oxygen atoms.

[000125] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, X¢’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is an ether radical.

[000126] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is an ether radical comprising from 4 to 6 carbon atoms.

[000127] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in

which R is a divalent, linear alkyl radical comprising 6 carbon atoms.
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[000128] In one embodiment, the composition is characterized in that the hydrophobic

radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in

/\/O\/\*.

which R is an ether radical represented by formula *
[000129] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a polyether radical.

[000130] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a linear polyether radical comprising from 6 to 10 carbon atoms and from 2 to 3
oxygen atoms.

[000131] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a is a polyether radical chosen from the group consisting of the radicals

represented by the formulas below:

*\/\O/\/O\/\* Formula X3
*\/\/O\/\/\O/\/\* Formula X4
. o) o\/\/* Formula X5
N U W e
*\/\ /\/O\/\ /\/* Formula X6
(@ (@

[000132] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in

which R is a radical according to formula X3.
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[000133] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a radical according to formula X4.

[000134] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a is a polyether radical chosen from the group consisting of the radicals

represented by the formulas X5 and X6 below:

[000135] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which R is a polyether radical according to formula X5.

[000136] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in

which R is a polyether radical according to formula X6.

Formula X5

*\/\/O\/\O/\/O\/\/*

* * F la X6
\/\O/\/O\/\O/\/ ormula
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[000137] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which the GpG and/or GpH radical is according to formula XI” in which G is an alkyl radical

comprising 6 carbon atoms represented by formula Z below:

* *

O OH  Formula zZ

[000138] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, X¢’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which the GpG and/or GpH is comprised according to formula XI in which G is an alkyl

radical comprising 4 carbon atoms represented by formula Z below:

*
*

o OH  Formula Z’

[000139] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which the GpG and/or GpH radical is comprised according to formula XI in which G is an
alkyl radical comprising 4 carbon atoms represented by —(CH2)2-CH(COOH)-.

[000140] In one embodiment, the composition is characterized in that the hydrophobic

radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in



10

15

42

which the GpG and/or GpH radical is comprised according to formula XI which G is an alkyl
radical comprising 4 carbon atoms represented by -CH((CH2)2COOH)-.

[000141] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which the GpG and/or GpH radical is comprised according to formula XI in which G is an
alkly radical comprising 3 carbon atoms represented by formula —-CH2-CH-(COOH).
[000142] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which the GpG and/or GpH is comprised according to formula X1 in which G radical is an

alkly radical comprising 3 carbon atoms represented by-CH(CH2)COOH)-.

[000143] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xa, Xb, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a radical in
which GpA radical is comprised according to formula VIII and in which A1, A2 or Az is

chosen from the group consisting of the radicals represented by the formulas below:

* * * *
*\/*
H,C
CHj CH,
Formula Y2 Formula Y3
Formula Y1
* * % %
hd
CHs CHs
HsC CHs
Formula Y4
Formula Y5 Formula Y6
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* * * *
Formula Y7 Formula Y8 Formula Y9
Formula Y10

[000144] In one embodiment, the composition is characterized in that the hydrophobic

radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a

radical in which the radical GpC according to formula 1X

is chosen from the group

consisting of the radicals of formulas IXe, IXf or 1Xg represented below:

¢}
s o Formula IXe
L il e
%/N B~ X
ol
o
* 40 ,, Formula IXf
&N
ﬁ Formula 1Xg
*/\O\l
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[000145] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd,Xa, Xb, Xd',Xc, Xe, Xf, Xg, Xh and Xi is a radical
in which the radical GpC according to formula IX is chosen from the group consisting of
the radicals of formulas 1Xe, IXf or IXg, in which b is equal to 0, responding respectively

to formulas IXh, IXi and IXj represented below:

o O Formula IXh
/B
/—Cs
N
0 O Formula IXi
4 N,
N
O ,Cl) Formula IXj
* N/\CX

[000146] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd,Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a radical
in which the GpC radical responds to the formula IX or 1Xe, in which b = 0 and responds to

the formula IXh.

[000147] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc¢’, Xd,Xa, Xb, Xd’,Xc, Xe, Xf, Xg, Xh and Xi is a radical

in which Cx is chosen from the group consisting of the linear alkyl radicals.
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[000148] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd,Xa, Xb, Xd', Xc, Xe, Xf, Xg, Xh and Xi is a radical
in which Cx is chosen from the group consisting of the branched alkyl radicals.

[000149] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd,Xa, Xb, Xd’, Xc, Xd, Xe, Xf, Xg, Xh and Xi is a
radical in which Cx is chosen from the group consisting of the alkyl radicals comprising
from 19 to 14 carbon atoms.

[000150] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd,Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a radical

in which Cx is chosen from the group consisting of the radicals represented by the formulas

below:
*v\/\/\/\CHS X=9
NSNS x=11
e e U N CH, x=13

[000151] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a
radical in which Cx is chosen from the group consisting of the alkyl radicals comprising
from 15 to 16 carbon atoms.

[000152] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a
radical in which Cx is chosen from the group consisting of the radicals represented by the

formulas below:

*\/\/\/\/\/\/\/\CH3 X = 15
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[000153] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a
radical in which Cx is chosen from the group consisting of the radicals represented by the

formulas below:

*\/\/\/\/\/\/\)\
CH

[000154] In one embodiment, the composition is characterized in that the hydrophobic

3

radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a
radical in which Cx is chosen from the group consisting of the alkyl radicals comprising
from 17 and 25 carbon atoms.

[000155] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a
radical in which Cx is chosen from the group consisting of the alkyl radicals comprising
from 17 and 18 carbon atoms.

[000156] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd', Xc, Xe, Xf, Xg, Xh and Xi is a radical
in which Cx is chosen from the group consisting of the alkyl radicals represented by the

formulas below:

\/\/\/\/\/\/W\CHs X =17

[000157] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a
radical in which Cx is chosen from the group consisting of the alkyl radicals comprising

from 18 and 25 carbon atoms.
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[000158] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a
radical in which Cx is chosen from the group consisting of the alkyl radicals represented

by the formulas below:

RV O Y Ve T T X

19

NN NN NN NN NN [
CH;

21

[000159] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi in which
the GpC radical according to formula IX is chosen from the group consisting of the radicals
in which Cx is chosen from the group consisting of alkyl radicals comprising from 14 to 15
carbon atoms.

[000160] In one embodiment, the composition is characterized in that the hydrophobic
radical according to formulas X, Xc’, Xd, Xa, Xb, Xd’, Xc, Xe, Xf, Xg, Xh and Xi is a
radical in which GpC radical according to formula 1X is chosen from the group consisting
of the radicals in which Cx is chosen from the group consisting of the radicals represented

by the formulas below:

\/\/\/\/\/W\CHS x=15

[000161] In one embodiment, the co-polyamino acid is chosen from the co-polyamino acids
fro formula XXXb in which the hydrophobic radical -Hy is chosen from the group of
hydrophobic radicals according to formulas X, Xc’, Xd Xa, Xb, Xc, Xe, Xg et Xh in which

a’=1and 1’ =1 and GpC is a radical according to formula IXe.
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[000162] In one embodiment, the co-polyamino acid is chosen from the co-polyamino acids
fro formula XXXb in which the hydrophobic radical -Hy is chosen from the group of
hydrophobic radicals according to formulas X, Xc¢’, Xd , Xa, Xb, Xc, Xe, Xg et Xh in which
a’=1and 1’ =1 and GpC is a radical according to formula IX in which e = 0.

[000163] In one embodiment, the co-polyamino acid is chosen from the co-polyamino acids
fro formula XXXb in which the hydrophobic radical -Hy is chosen from the group of
hydrophobic radicals according to formulas X, Xc¢’, Xd , Xa, Xb, Xc, Xf, Xg et Xi in which
a’=2or 1’ =2 and GpC is a radical according to formula 1Xe.

[000164] In one embodiment, the co-polyamino acid is chosen from the co-polyamino acids
fro formula XXXb in which the hydrophobic radical -Hy is chosen from the group of
hydrophobic radicals according to formulas X, Xc¢’, Xd , Xa, Xb, Xc, Xf, Xg et Xi in which
a’=2and1’=2 and GpC is a radical according to formula X in which e = 0.

[000165] In one embodiment, the co-polyamino acid is chosen from the co-polyamino acids
fro formula XXXa in which the hydrophobic radical -Hy is chosen from the group of
hydrophobic radicals according to formulas X, X¢’, Xd , Xa, Xb, Xc, Xe, Xg et Xh in which
a’=1and I’ =1 and GpC is a radical according to formula IXe.

[000166] In one embodiment, the co-polyamino acid is chosen from the co-polyamino acids
according to formula XXXa in which the hydrophobic radical -Hy is chosen from the group
of hydrophobic radicals according to formulas X, X¢’, Xd , Xa, Xb, Xc, Xf, Xg et Xi in

which a’ =2 or I’ = 2 and GpC is a radical according to formula IXe.

[000167] In one embodiment, the co-polyamino acid is chosen from the group of co-
polyamino acids according to formula X, in which GpR is a radical according to formula
VII, GpH is a radical according to formula XI and GpC is a radical according to formula 1X

in whiche=1and b =0.
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[000168] In one embodiment, the co-polyamino acid is chosen from the group of co-
polyamino acids according to formula X, in which GpR is a radical according to formula
VII, GpH is a radical according to formula X1 and GpC is a radical according to formula IX

inwhiche=1andb=0and x=13.

[000169] In one embodiment, the co-polyamino acid is a poly-L-sodium glutamate,
modified at one of its extremities according to the formula represented below, described in

example B1.
Bl NaO (0] (o] ONa
o} o) OYCBHN
Ry NH NH I N
[NH || \/\NH | NH/\E>
n
(0] O
HN ° o OYCBHN
NaO ” N
| NH«E}
(o]

R1 = H or pyroglutamate

1=0.038, DP = 26

[000170] In one embodiment, the co-polyamino acid is a poly-L-sodium glutamate,
modified at one of its extremities according to the formula represented below, described in

example B18.
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B18 o ONa
Hﬁ/\ o)
H

" " /\/\/\

\fN N

H H

(6] m \i
Hy @)

i=0.15, DP (m + n) = 40

Hy =
O\ ONa
o
o} o \//C13H27
NH L |
by
(0]
=
07 oNa

R1 =H or pyroglutamate

[000171] In the formulas, the * indicate the attachment sites of the hydrophobic radicals to
the PLG or between the different groups GpR, GpG, GpA, GpL and GpC to form amide

functions.

[000172] The Hy radicals are attached to the PLG via amide functions.

[000173] The Hy, GpR, GpG, GpA, GpL and GpC radicals are each independently identical

or different from one residue to another.
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[000174] In one embodiment, the composition is characterized in that the co-polyamino

acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-

polyamino acids according to formula XXX below:

N

in which,

N
H

(@]
OoX
D (0]
H
N
R,
0 D\y/o

n
Hy Formula XXX

D represents, independently, either a -CH»- group (aspartic unit) of a -CH.-
CHa- group (glutamic unit),

Hy is a hydrophobic radical chosen among the hydrophobic radicals
according to formulas X,

R1 is a hydrophobic radical chosen among the hydrophobic radicals
according to formulas X in which r=0 or r=1 and GpR is a radical according
to formula VII” or VII’’, or a radical chosen from the group constituted by
an H, a linear acyl group in C2 to C10, a branched acyl group in C3 to C10,
a benzyl, an end “amino acid” unit and a pyroglutamate,

R is a hydrophobic radical chosen among the hydrophobic radicals
according to formulas X or an -NR’R”’, R’ and R’ radical, identical or

different, being chosen from the group consisting of H, the linear, branched
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or cyclic alkyls in C2 to C10, benzyl and said R’ and R alkyls which may
form together one or more carbon saturated, unsaturated and/or aromatic
rings and/or may comprise heteroatoms, chosen from the group consisting of
O, Nand S,

e X represents a H or a cationic entity chosen from the group comprising the
metallic cations;

e n+m represents The degree of polymerization DP of the co-polyamino acid,
that is the average number of monomeric units per co-polyamino acid chain

and 5 <n+m<250.

[000175] The co-polyamino acid bearing carboxylate charges and at least one hydrophobic

radical according to formula X may also be called “co-polyamino acid” in this description.

[000176] We call “statistical co-polyamino acid” a co-polyamino acid bearing corboxylate
charges and at least one hydrophobic radical a co-polyamino acid according to formula

XXXa.
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[000177] In one embodiment, the composition is characterized in that the co-polyamino
acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-
polyamino acids according to formulas XXX, in which R1 =R’1 and R2 = R’», according to

formula XXXa below:

)}
S
he

0]

5 Hy Formula XXXa
in which,

— m,n, X, D and Hy have the definitions given above,

—  R’iisaradical chosen from the group consisting of a H, a linear acyl
group in C2 to C10, a branched acyl group in C3 to C10, a benzyl, a terminal

10 “amino acid” unit and a pyroglutamate,

- R’ 2 is a hydrophobic radical chosen the group consisting of H, the
linear, branched or cyclic alkyls in C2 to C10, benzyl and said R’ and R”
alkyls which may form together one or more carbon saturated, unsaturated
and/or aromatic rings and/or may comprise heteroatoms, chosen from the

15 group consisting of O, N and S,
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[000178] We call “statistical co-polyamino acid” a co-polyamino acid bearing corboxylate
charges and at least one hydrophobic radical a co-polyamino acid according to formula
XXXDb.

[000179] In one embodiment, the composition is characterized in that the co-polyamino
acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-

polyamino acids according to formulas XXX, in which n = 0, according to formula XXXb

OX
D
R1 R,
N
H
m
(0]

in which m, X, D, R1 and R have the definitions given above and at least Ry or Rz is a

below:

Formula XXXb

hydrophobic radical according to formula X.

[000180] In one embodiment, the composition is characterized in that the co-polyamino
acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-
polyamino acids according to formula XXX, in which n = 0, according to formula XXXb
and R1 or Rz is a hydrophobic radical according to formula X.

[000181] In one embodiment, the composition is characterized in that the co-polyamino
acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-
polyamino acids according to formula XXXb in which R is a hydrophobic radical according

to formula X in whichr =0, orr =1 and GpR is comprised according to formula VII.
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[000182] In one embodiment, the composition is characterized in that the co-polyamino
acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-
polyamino acids according to formulas XXXb, in which R1 is a hydrophobic radical
according to formula X in which r =0 or r = 1 and GpR is comprised according to formula
VII™.

[000183] In one embodiment, the composition is characterized in that the co-polyamino
acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-
polyamino acids according to formula XXXb, in which Rz is a hydrophobic radical
according to formula X.

[000184] In one embodiment, the composition is characterized in that Ry is a radical chosen
from the group consisting of a linear acyl group in C> a C1o, a branched acyl group in Cz to
C10, a benzyl, an end “amino acid” unit and a pyroglutamate.

[000185] In one embodiment, the composition is characterized in that Ry is a radical chosen
from the group consisting of a linear acyl group in C2 a Cio, or a branched acyl group in Cs

to Cio.

[000186] In one embodiment, the composition is characterized in that the co-polyamino
acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-
polyamino acids according to formulas XXX, XXXa or XXXb, in which the D group is a —

CHoa- group (aspartic unit).

[000187] In one embodiment, the composition is characterized in that the co-polyamino
acid bearing carboxylate charges and hydrophobic radicals is chosen among the co-
polyamino acids according to formulas XXX, XXXa or XXXDb, in which the D group is a —

CH2-CHa2- group (glutamic unit).
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[000188] In one embodiment, the composition is characterized in that the M ratio between
the number of hydrophobic radicals and the number of glutamic or aspartic units is
comprised from 0.007 to 0.3.

[000189] In one embodiment, the composition is characterized in that the M ratio between
the number of hydrophobic radicals and the number of glutamic or aspartic units is
comprised from 0.01 to 0.3.

[000190] In one embodiment, the composition is characterized in that the M ratio between
the number of hydrophobic radicals and the number of glutamic or aspartic units is

comprised from 0.02 to 0.2.

[000191] In one embodiment, the composition according to the invention is characterized
in that n + m is comprised from 10 to 250.

[000192] In one embodiment, the composition is characterized in that n + m is comprised
from 10 to 200.

[000193] In one embodiment, the composition is characterized in that n + m is comprised
from 15 ato150.

[000194] In one embodiment, the composition is characterized in that n + m is comprised
from 15 to 100.

[000195] In one embodiment, the composition is characterized in that n + m is comprised
from 15 to 80.

[000196] In one embodiment, the composition is characterized in that n + m is comprised
from 15 to 65.

[000197] In one embodiment, the composition is characterized in that n + m is comprised

from 20 to 60.
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[000198] In one embodiment, the composition is characterized in that n + m is comprised
from 20 to 50.
[000199] In one embodiment, the composition is characterized in that n + m is comprised

from 20 to 40.

[000200] The invention also relates to a co-polyamino acid bearing carboxylate charges and
hydrophobic radicals Hy, said co-polyamino acid being constituted of glutamic or aspartic
units and said hydrophobic radicals -Hy chosen among the radicals according to formula X

as defined below:

*‘(GpR>r (GpG)g (GpA)a {(GpL)I—%GpH)h— GpC

10 e Formula X

in which
GpR is chosen among the radicals according to formulas VII, VII’ or VII”:

)

H H —H—R—H

*—N—R—=N—" Formula VIl or * N—" Formula VII or
0] @)
*_”_RJ'I_* Formula VII’’;

15

— ldentical or different GpG and GpH are chosen among the radicals according to

formulas XI or XI’;

O

N—" Formula XI * Formula XTI’

20
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- GpA is chosen among the radicals according to formulas VIII

*

Formula VIII

In which A’ is chosen among the radicals according to formulas VIII’, VIII’’ or VIII’

Aq

/CO A—N—A, A—N— A,—N— A,

* I* |* _L
Formula VIIT Formula VIII> Formula VIII>”’

— -GpL is chosen among the radicals according to formula XII

o) _x
Ly

\

HN—" Formula XII,

— GpC is aradical according to formula IX:

(0] O

d Formula IX;

—* indicate the attachment sites of the different groups bound by amide functions;

—ais an integer equaltoO orto 1 anda’=1,2 or3 ifa=1;
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-a’ is an integer equal to 1, to 2 or to 3;

-b is an integer equal to 0 or to 1;

-cis an integer equal to 0 or to 1, and if ¢ is equal to O, then d is equal to 1 or to 2;

—d is an integer equal to 0, to 1 or to 2;

—e is an integer equal to 0 or to 1;

—g is an integer equal to 0,to 1, to 2, to 3, to 4, to 5 or to 6;

-his an integer equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6, and at least one of g, h or
| is different from O;

-lis aninteger equalto O orto l and I’ =1ifI=0and I’ =2 if | =1;

-ris an integer equal to 0, 1 or to 2, and

-s’ is an integer equal to 0 or to 1;

- And if e is different from 0, then at least one of g, h or | is different from 0;

-And ifa=0, thenl=0;
A, A;, Az and As identical or different, are linear or branched alkyl radicals
comprising from 1 to 8 carbon atoms and, optionally, substituted by a radical from a

saturated, unsaturated or aromatic ring;

— Bisaradical ether or polyether, unsubstituted, comprising from 4 to 14 carbon atoms

and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally comprising

an aromatic ring, comprising from 1 to 9 carbon atoms.

— Cx is a monovalent, linear or branched, alkyl radical optionally comprising a cyclic

part, in which x indicates the number of carbon atoms, and:
= When the hydrophobic radical -Hy bears 1 -GpC, then 9 <x <25,
= When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x < 15,

= When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x < 13,
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= When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x <11,
= When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 < x
<11,

— Gisalinear or branched divalent alkyl radical of 1 to 8 carbon atoms, said alky! radical
bearing one or more free carboxylic acid functions.

— Ris aradical chosen from the group consisting of a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alky! radical
comprising from 1 to 12 carbon atoms bearing one or more -CONH: functions or an
unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms and 1 to
5 oxygen atoms.

— The hydrophobic radicals -Hy according to formula X being bound to the PLG:

o via a covalent bond between a carbonyl of the hydrophobic radical -Hy and a
nitrogen atom borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function borne by the PLG and an acid function
borne by the precursor —Hy’ of the hydrophobic radical -Hy, and

o via a covalent bond between a nitrogen atom of the hydrophobic radical -Hy
and a carbonyl borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function of the precursor —Hy’ of the
hydrophobic radical -Hy and an acid function borne by the PLG.

- The ratio M between the number of hydrophobic radicals and the number of glutamic
or aspartic unites being between 0 <M < 0.5;

- When several hydrophobic radicals are borne by a co-polyamino acid, then they are
identical or different,

- The degree of polymerization DP in glutamic or aspartic units for the PLG chains is

comprised from 5 to 250;
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- Free carboxylic acids being in the form of an alkaline cation salt chosen from the

group consisting of Na™ and K*.

5 [000201] The invention also relates to the precursor Hy’ of the hydrophobic radical -Hy

according to formula X’ as defined below:

H%GpR)Ir (GpG)g (c;pA)a {(GpL)I—%GpH)h— GpC

Il Formula X’

in which

GpR is chosen among the radicals according to formulas VII, VII’ or VII”:

* H H * O H
10 —N—R—=N—" Formula VII or * R—N—" Formula VII’ or
O O
*_LLRJ'I_* Formula VII’’;

— Identical or different GpG and GpH are chosen among the radicals according to
formulas XTI or XI’;

15

N—" Formula XI * Formula XTI’

- GpA is chosen among the radicals according to formula V11

Formula VIII
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In which A’ is chosen among the radicals according to formulas VIII’, VIII’* or VIII™”

A1
\CO
/ A—N—A, A—N—A;—N— A3
* I* |* L
Formula VIIT’ Formula VIII* Formula VIIIP”’
5
— -GpL is chosen among the radicals according to formula XII
O HN—*
* | /
A
HN—" Formula XII,
— GpC is aradical according to formula IX:
(0] O
NJ c
* - X
c N B
b O
e
d Formula IX;
10
— *indicate the attachment sites of the different groups bound by amide functions;
— aisanintegerequaltoOortolanda’=1,2or3 ifa=1;
- a’isaninteger equal to 1, to 2 or to 3;
- Dbisan integer equal to 0 or to 1;
15 - cisaninteger equal to 0 or to 1, and if c is equal to 0, then d is equal to 1 or to 2;

dis an integer equal to 0, to 1 or to 2;

e is an integer equal to O or to 1,
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g isan integer equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6;

- hisaninteger equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6, and at least one of g, h or

| is different from O;

- lisanintegerequaltoOortolandl’= Oand I’ =2 if 1 =1;

- risanintegerequalto 0, 1 orto 2, and

- s’ is an integer equal to 0 or to 1;

- And if e is different from 0, then at least one of g, h or | is different from O;
- Andifa=0,thenl=0;

- A, A, A2 and As identical or different, are linear or branched alkyl radicals

comprising from 1 to 8 carbon atoms and, optionally, substituted by a radical from a
saturated, unsaturated or aromatic ring;

— Bisaradical ether or polyether, unsubstituted, comprising from 4 to 14 carbon atoms
and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally comprising
an aromatic ring, comprising from 1 to 9 carbon atoms.

— Cx is a monovalent, linear or branched, alkyl radical optionally comprising a cyclic
part, in which x indicates the number of carbon atoms, and:

=  When the hydrophobic radical -Hy bears 1 -GpC, then 9 < x <25,

=  When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x < 15,

= When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x < 13,

= When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x <11,

= When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 < x
<1I1l1,

— G is a linear or branched divalent alkyl radical of 1 to 8 carbon atoms, said alkyl

radical bearing one or more free carboxylic acid functions.
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— Risaradical chosen from the group consisting of a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms bearing one or more -CONH> functions
or an unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms

5 and 1 to 5 oxygen atoms.

— The hydrophobic radicals -Hy according to formula X being bound to the PLG:

o via a covalent bond between a carbonyl of the hydrophobic radical -Hy and a
nitrogen atom borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function borne by the PLG and an acid function

10 borne by the precursor —Hy’ of the hydrophobic radical -Hy, and

o via a covalent bond between a nitrogen atom of the hydrophobic radical -Hy
and a carbonyl borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function of the precursor —Hy’ of the
hydrophobic radical -Hy and an acid function borne by the PLG.

15 - The ratio M between the number of hydrophobic radicals and the number of glutamic
or aspartic unites being between 0 <M < 0.5;
- When several hydrophobic radicals are borne by a co-polyamino acid, then they are
identical or different,
- Free carboxylic acids being in the form of an alkaline cation salt chosen from the

20 group consisting of Na* and K",

[000202] Amylin, or islet amyloid polypeptide (IAPP), is a peptide hormone of 37 residues.
It is co-secreted with insulin from pancreatic beta cells in a ratio of about 100:1. Amylin

plays a role in glycemic regulation by halting the secretion of the endogen glucagon and by
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slowing down gastric emptying and supporting satiety, thus reducing post-prandial glycemic
excursions in blood sugar.

[000203] 1APP is taken up using a coding sequence of 89 residues. The amyloid polypeptide
Proislet (prolAPP, proamylin, proislet protein) is produced in the pancreatic beta cells in the
form of a 67 amino acids deRSO pro-peptide, 7404 Dalton, and undergoes post-translational
modifications comprising protease cleavage in order to produce amylin.

[000204] In this application, amylin as cited refers to the compounds described in the
patents US 5,124,314 and US 5,234,906.

[000205] By “analogue”, when it is used to refer to a peptide or a protein, is meant a peptide
or a protein in which one or more amino acid residues constituting the primary sequence
have been substituted by other amino acid residues and/or in which one or more constituting
amino acid residues have been added. The percentage of homology allowed for this
definition of an analogue is 50%. In the case of amylin, an analogue may, for example, be
derived from the primary amylin amino acid sequence by substituting one or more natural
or non-natural or peptidomimetic acids.

[000206] By “derived”, when used in reference to a peptide or a protein, is meant a peptide
or a protein or an analogue chemically modified by a substitute which is not present in the
cited peptide or protein or analogue, that is, a peptide or a protein which was modified by
creation of covalent bonds, in order to introduce non-amino acid type substitutes.

[000207] An amylin receptor agonist refers to a compound which imitates one or more
characteristics of the action of amylin.

[000208] Amylin derivatives are described in the article, Yan et al., PNAS, vol. 103, no. 7,
p. 2046-2051, 2006.

[000209] In one embodiment, the substitute is chosen from the group consisting of fatty

chains.
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[000210] Amylin analogues are described in patents US 5,686,411, US 6,114,304 or US
6,410,511.

[000211] Inone embodiment, the composition is characterized in that the amylin, the amylin
receptor agonist or amylin analogue is amylin.

[000212] In one embodiment, the amylin receptor agonist is amylin.

[000213] In one embodiment, the composition is characterized in that the amylin analogue
or the amylin receptor agonist is pramlintide(Symlin®) marketed by the company
ASTRAZENECA AB.

[000214] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor
agonist or amylin analogue are greater than or equal to 1.

[000215] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor
agonist or amylin analogue are comprised from 1.5 to 75.

[000216] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor
agonist or amylin analogue are comprised from 1.8 to 50.

[000217] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor
agonist or amylin analogue are comprised from 2 to 35.

[000218] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor
agonist or amylin analogue are comprised from 2.5 to 30.

[000219] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor
agonist or amylin analogue are comprised from 3 to 30.

[000220] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor
agonist or amylin analogue are comprised from 3.5 to 30.

[000221] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor

agonist or amylin analogue are comprised from 4 to 30.
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[000222] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor

agonist or amylin analogue are comprised from 5 to 30.

[000223] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor

agonist or amylin analogue are comprised from 7 to 30.

[000224] In one embodiment, the co-polyamino acid/amylin molar ratios, amylin receptor

agonist or amylin analogue are comprised from 9 to 30.

[000225] In one embodiment, the co-polyamino acid/amylin molar ratios are

from 3 to 75.

[000226] In one embodiment, the co-polyamino acid/amylin molar ratios are

from 7 to 50.

[000227] In one embodiment, the co-polyamino acid/amylin molar ratios are

from 10 to 30.

[000228] In one embodiment, the co-polyamino acid/amylin molar ratios are

from 15 to 30

[000229] In one embodiment, the
comprised from 1.5 to 75.
[000230] In one embodiment, the
comprised from 2 to 50.
[000231] In one embodiment, the
comprised from 3 to 30.
[000232] In one embodiment, the
comprised from 4 to 30.
[000233] In one embodiment, the

comprised from 5 to 30.
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[000234] In one embodiment, the co-polyamino acid/pramlintide molar ratios are

comprised from 8 to 30.

[000235] In one embodiment, the co-polyamino acid/pramlintide molar ratios are

comprised from 10 to 30.

[000236] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 1.5 to 150.
[000237] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 1.8 to 100.
[000238] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 2 to 70.
[000239] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 2.5 to 60.
[000240] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 3 to 60.
[000241] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 3.5 to 60.
[000242] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 4 to 60.
[000243] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 5 to 60.
[000244] In one embodiment, the hydrophobic radical Hy /amylin
receptor agonist or amylin analogue are comprised from 7 to 60.
[000245] In one embodiment, the hydrophobic radical Hy /amylin

receptor agonist or amylin analogue are comprised from 9 to 60.

molar

molar

molar

molar

molar

molar

molar

molar

molar

molar

ratios,

ratios,

ratios,

ratios,

ratios,

ratios,

ratios,

ratios,

ratios,

ratios,

amylin

amylin

amylin

amylin

amylin

amylin

amylin

amylin

amylin

amylin



10

15

20

69

[000246] In one embodiment, the hydrophobic radical Hy / amylin molar ratios
comrpised from 5 to 60.

[000247] In one embodiment, the hydrophobic radical Hy / amylin molar ratios
comprised from 10 to 60.

[000248] In one embodiment, the hydrophobic radical Hy / amylin molar ratios
comprised fromare comprised from 15 to 60.

[000249] In one embodiment, the hydrophobic radical Hy / pramlintide molar ratios
comprised fromare comprised from 1.5 to 60.

[000250] In one embodiment, the hydrophobic radical Hy / pramlintide molar ratios
comprised fromare comprised from 2 to 60.

[000251] In one embodiment, the hydrophobic radical Hy / pramlintide molar ratios
comprised from 3 to 60.

[000252] In one embodiment, the hydrophobic radical Hy / pramlintide molar ratios
comprised from 4 to 60.

[000253] In one embodiment, the hydrophobic radical Hy / pramlintide molar ratios
comprised from 5 to 60.

[000254] In one embodiment, the hydrophobic radical Hy / pramlintide molar ratios
comprised from 8 to 60.

[000255] In one embodiment, the hydrophobic radical Hy / pramlintide molar ratios

comprised from 10 to 60.

are
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[000256] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor

agonist or amylin analogue are comprised from 1.0 to 70.
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[000257] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor
agonist or amylin analogue are comprised from 1.2 to 45.
[000258] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor
agonist or amylin analogue are comprised from 1.3 to 30.
[000259] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor
agonist or amylin analogue are comprised from 1.7 to 27.
[000260] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor
agonist or amylin analogue are comprised from 2.0 to 27.
[000261] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor
agonist or amylin analogue are comprised from 2.3 to 27.
[000262] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor
agonist or amylin analogue are comprised from 2.7 to 27.
[000263] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor
agonist or amylin analogue are comprised from 3.3 to 27.
[000264] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor
agonist or amylin analogue are comprised from 4.7 to 27.
[000265] In one embodiment, the co-polyamino acid/amylin mass ratios, amylin receptor

agonist or amylin analogue are comprised from 6.0 to 27.

[000266] In one embodiment, the co-polyamino acid/amylin mass ratios are comprised from
2.0 to 67.
[000267] Inone embodiment, the co-polyamino acid/amylin mass ratios are comprised from
4.7 10 27.
[000268] In one embodiment, the co-polyamino acid/amylin mass ratios are comprised from

6.7 to 27.
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[000269] In one embodiment, the co-polyamino acid/amylin mass ratios are comprised from

10 to 27.

[000270] In one embodiment, the co-polyamino acid/pramlintide mass ratios are comprised
from 1.0 to 67.
[000271] In one embodiment, the co-polyamino acid/pramlintide mass ratios are comprised
from 1.3 to 45.
[000272] In one embodiment, the co-polyamino acid/pramlintide mass ratios are comprised
from 2.7 to 27.
[000273] In one embodiment, the co-polyamino acid/pramlintide mass ratios are comprised
from 3.3 to 27.
[000274] In one embodiment, the co-polyamino acid/pramlintide mass ratios are comprised
from 5.3 to 27.
[000275] In one embodiment, the co-polyamino acid/pramlintide mass ratios are comprised

from 6.7 to 27.

[000276] In one embodiment, the composition is characterized in that it also comprises
insulin.

[000277] In one embodiment, the composition is characterized in that the insulin is a
prandial insulin. Prandial insulins are soluble at pH 7.

[000278] Prandial insulin designates a so-called rapid or “regular” insulin.

[000279] So-called rapid prandial insulins are insulins which must meet the needs triggered
by the ingestion of proteins and glucides during a meal; they must act in less than 30 minutes.

[000280] In one embodiment, the so-called “regular” prandial insulin is human insulin.
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[000281] In one embodiment, the prandial insulin is recombinant human insulin as
described in European and American pharmacopoeias.
[000282] Human insulin is, for example, marketed under the brands Humulin® (ELI

LILLY) and Novolin® (NOVO NORDISK).

[000283] So-called rapid (fast acting) prandial insulins are insulins that are obtained by
recombination and for which the primary sequence has been modified to reduce their
duration of action.

[000284] In one embodiment, the so-called fast acting prandial insulins are chosen from the
group comprising insulin lispro (Humalog®), insulin glulisine (Apidra®) and insulin aspart
(NovoLog®).

[000285] In one embodiment, the prandial insulin is insulin lispro.

[000286] In one embodiment, the prandial insulin is insulin glulisine.

[000287] In one embodiment, the prandial insulin is insulin aspart.

[000288] The insulins recommended by the pharmacopoeias for the insulins are presented

in the table below with their corresponding amounts in mg:

Insulin Pharmacopoeia EP 8.0 (2014) Pharmacopoeia US - USP38 (2015)

Aspart 1U =0.0350 mg insulin aspart 1 USP = 0.0350 mg insulin aspart

Lispro 1U =0.0347 mg insulin lispro 1 USP = 0.0347 mg insulin lispro

Human 1UI = 0.0347 mg human insulin 1 USP = 0.0347 mg human insulin

[000289] In the case of insulin glulisine, 100U = 3.49 mg of insulin glulisine (according to

“Annex 1 - Summary of product characteristics” relative to ADIPRA®).
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[000290] Nevertheless, in the rest of the text, U is systematically used indifferently for the
quantities and concentrations of all insulins. The respective, corresponding values in mg are
those given above for values expressed in U, Ul or USP.

[000291] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is comprised from 240 to 3000 uM (40 to 500 U/mL).
[000292] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is comprised from 600 to 3000 uM (100 to 500 U/mL).
[000293] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is comprised from 600tod 2400 uM (100 to 400 U/mL).
[000294] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is comrpised from 600 to 1800 uM (100 to 300 U/mL).
[000295] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is comprised from 600 to 1200 uM (100 to 200 U/mL).
[000296] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is 600 uM (100 U/mL).

[000297] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is 1200 uM (200 U/mL).

[000298] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is 1800 uM (300 U/mL).

[000299] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is 2400 uM (400 U/mL).

[000300] In one embodiment, it relates to a pharmaceutical formulation characterized in
that the concentration of insulin is 3000 uM (500 U/mL).

[000301] In one embodiment, the co-polyamino acid/amylin molar ratio, amylin receptor

agonist or amylin analogue is greater than or equal to 1..
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[000302] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 1.5 to 75.
[000303] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 1.8 to 50.
[000304] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 2 to 35.
[000305] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 2.5 to 30.
[000306] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 3 to 30.
[000307] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 3.5 to 30.
[000308] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 4 to 30.
[000309] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 5 to 30.
[000310] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 7 to 30.
[000311] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios, amylin receptor agonist or amylin analogue are comprised from 9 to 30.
[000312] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
molar ratios are comprised from 5 to 75.

[000313] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin

molar ratios are comprised from 10 to 50.
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[000314] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin

molar ratios are comrpised from 15 to 30.

[000315] In one embodiment, the co-polyamino acid/pramlintide molar ratio is greater than

or equal to 1.

[000316] In one embodiment, comprising prandial

acid/pramlintide molar ratios are comprised from 1.5 to 75.

[000317] In one embodiment, comprising prandial
acid/pramlintide molar ratios are comprised from 2 to 50.
[000318] In one embodiment, comprising prandial
acid/pramlintide molar ratios are comprised from 3 to 30.
[000319] In one embodiment, comprising prandial
acid/pramlintide molar ratios are comprised from 4 to 30.
[000320] In one embodiment, comprising prandial
acid/pramlintide molar ratios are comprised from 5 to 30.
[000321] In one embodiment, comprising prandial
acid/pramlintide molar ratios are comprised from 8 to 30.
[000322] In one embodiment, comprising prandial

acid/pramlintide molar ratios are comprised from 10 to 30.
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[000323] In one embodiment, comprising prandial insulin, the hydrophobic radical

Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 1.5

to 150.
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[000324] In one embodiment, comprising prandial insulin, the hydrophobic radical
Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 1.8
to 100.

[000325] In one embodiment, comprising prandial insulin, the hydrophobic radical
Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 2
to 70.

[000326] In one embodiment, comprising prandial insulin, the hydrophobic radical
Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 2.5
to 60.

[000327] In one embodiment, comprising prandial insulin, the hydrophobic radical
Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 3
to 60.

[000328] In one embodiment, comprising prandial insulin, the hydrophobic radical
Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 3.5
to 60.

[000329] In one embodiment, comprising prandial insulin, the hydrophobic radical
Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 4
to 60.

[000330] In one embodiment, comprising prandial insulin, the hydrophobic radical
Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 5
to 60.

[000331] In one embodiment, comprising prandial insulin, the hydrophobic radical
Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 7

to 60.
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[000332] In one embodiment, comprising prandial insulin, the

hydrophobic

radical

Hy/amylin, amylin receptor agonist or amylin analogue molar ratios are comprised from 9

to 60.

[000333] In one embodiment, comprising prandial insulin, the
Hy/amylin molar ratios are comprised from 5 to 60.

[000334] In one embodiment, comprising prandial insulin, the
Hy/amylin molar ratios are comprised from 10 to 60.

[000335] In one embodiment, comprising prandial insulin, the
Hy/amylin molar ratios are comprised from 15 to 60.

[000336] In one embodiment, comprising prandial insulin, the
Hy/pramlintide molar ratios are comprised from 1.5 to 60.

[000337] In one embodiment, comprising prandial insulin, the
Hy/pramlintide molar ratios are comprised from 2 to 60.

[000338] In one embodiment, comprising prandial insulin, the
Hy/pramlintide molar ratios are comprised from 3 to 60.

[000339] In one embodiment, comprising prandial insulin, the
Hy/pramlintide molar ratios are comprised from 4 to 60.

[000340] In one embodiment, comprising prandial insulin, the
Hy/pramlintide molar ratios are comprised from 5 to 60.

[000341] In one embodiment, comprising prandial insulin, the
Hy/pramlintide molar ratios are comprised from 8 to 60.

[000342] In one embodiment, comprising prandial insulin, the

Hy/pramlintide molar ratios are comprised from 10 and 60.
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[000343] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 1.0 to 70.
[000344] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 1.2 to 45.
[000345] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 1.3 to 30.
[000346] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 1.7 to 27.
[000347] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 2.0 to 27.
[000348] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 2.3 to 27.
[000349] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 2.7 to 27.
[000350] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 3.3 to 27.
[000351] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,
amylin receptor agonist or amylin analogue mass ratios are comprised from 4.7 to 27.
[000352] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin,

amylin receptor agonist or amylin analogue mass ratios are comprised from 6.0 to 27.

[000353] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
mass ratios are comprised from 3.3 to 67.
[000354] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin

mass ratios are comprised from 6.6 to 27.
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[000355] In one embodiment, comprising prandial insulin, the co-polyamino acid/amylin
mass ratios are comprised from 10 to 27.

[000356] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 1.0 to 67.

[000357] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 1.2 to 45.

[000358] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 1.3 to 27.

[000359] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 1.7 to 27.

[000360] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 2.0 to 27.

[000361] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 2.3 to 27.

[000362] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 2.7 to 27.

[000363] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 3.3 to 27.

[000364] In one embodiment, comprising prandial insulin, the co-polyamino
acid/pramlintide mass ratios are comprised from 4.7 to 27.

[000365] In one embodiment, comprising prandial insulin, the co-polyamino

acid/pramlintide mass ratios are comprised from 6.0 to 27.

[000366] Furthermore, it is particularly advantegeous to combine amylin, an amylin

receptor agonist or an amylin analogue, in combination or not with a prandial insulin, with
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GLP-1, GLP-1 analogues, GLP-1 receptor agonists, which are commonly called GLP-1 RA.
This specifically makes it possible to potentiate the effect of insulin and is recommended in
certain types of diabetes treatment.

[000367] In one embodiment, the GLP-1, GLP-1 analogues or GLP-1 RA are called “fast
acting”. By “fast acting” is meant GLP-1s, GLP-1 analogues or GLP-1RAs for which the
apparent elimination half-life after subcutaneous injection in humans is less than 8 hours, in
particular, less than 5 hours, preferentially less than 4 hours, or even less than 3 hours, such
as, for example, exenatide and lixisenatide.

[000368] In one embodiment, GLP-1s, GLP-1 analogues or GLP-1RAs are chosen from the
group consisting of exenatide or Byetta®(ASTRA-ZENECA), lixisenatide or Lyxumia®
(SANOFI), their analogues or derivatives and their pharmaceutically acceptable salts.
[000369] In one embodiment, the GLP-1, GLP-1 analogue or GLP-1RA is exenatide or
Byetta®, their analogues or derivatives and their pharmaceutically acceptable salts.
[000370] In one embodiment, the GLP-1, GLP-1 analogue or GLP-1RA is lixisenatide or

Lyxumia®, their analogues or derivatives and their pharmaceutically acceptable salts.

[000371] In one embodiment, the concentration of exenatide, its analogues or derivatives
and their pharmaceutically acceptable salts are comprised within an interval from 0.01 to 1.0
mg per 100 U of insulin.

[000372] In one embodiment, the concentration of exenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.01 to 0.5 mg per 100 U of insulin.
[000373] In one embodiment, the concentration of exenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.02 to 0.4 mg per 100 U of insulin.
[000374] In one embodiment, the concentration of exenatide, its analogues or derivatives

and their pharmaceutically acceptable salts is from 0.03 to 0.3 mg per 100 U of insulin.
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[000375] In one embodiment, the concentration of exenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.04 to 0.2 mg per 100 U of insulin.
[000376] In one embodiment, the concentration of exenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.04 to 0.15 mg per 100 U of insulin.
[000377] In one embodiment, the concentration of lixisenatide, its analogues or derivatives
and their pharmaceutically acceptable salts are comprised from within an interval from 0.01
to 1 mg per 100 U of insulin.

[000378] In one embodiment, the concentration of lixisenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.01 to 0.5 mg per 100 U of insulin.
[000379] In one embodiment, the concentration of lixisenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.02 to 0.4 mg per 100 U of insulin.
[000380] In one embodiment, the concentration of lixisenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.03 to 0.3 mg per 100 U of insulin.
[000381] In one embodiment, the concentration of lixisenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.04 to 0.2 mg per 100 U of insulin.
[000382] In one embodiment, the concentration of lixisenatide, its analogues or derivatives
and their pharmaceutically acceptable salts is from 0.04 to 0.15 mg per 100 U of insulin.
[000383] In one embodiment, the compositions according to the invention are executed by
mixing solutions of amylin and commercial solutions of GLP-1, GLP-1 analogue or GLP-1
RA receptors agonist in volume ratios included in an interval from 10/90 to 90/10, in the

presence of a co-polyamino acid.

[000384] In one embodiment, the composition according to the invention is free of a

prandial insulin.
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[000385] In one embodiment, the composition according to the invention does not comprise

GLP-1, a GLP-1 analogue or GLP-1 receptors agonist, currently called GLP-1 RA.

[000386] The invention also relates to compositions which also comprise ionic species, said
ionic species making it possible to improve the stability of the compositions.

[000387] The invention also relates to the use of ionic species chosen from the group of
anions, cations and/or zwitterions to improve the physical-chemical stability of the
compositions.

[000388] In one embodiment, the ionic species comprise more than 10 carbon atoms.
[000389] Said ionic species are chosen from the group of anions, cations and/or zwitterions.
By zwitterion is meant a species bearing at least one positive charge and at least one negative
charge on two non-adjacent atoms.

[000390] Said ionic species are used alone or in mixture and preferably in mixture.
[000391] In one embodiment, the anions are chosen among organic anions.

[000392] In one embodiment, the organic anions comprise less than 10 carbon atoms.
[000393] In one embodiment, the organic anions are chosen from the group consisting of
acetate, citrate and succinate.

[000394] In one embodiment, the anions are chosen among anions of mineral origin.
[000395] In one embodiment, the anions of mineral origin are chosen from the group
consisting of sulfates, phosphates and halides, specifically the chlorides.

[000396] In one embodiment, the cations are chosen among organic cations.

[000397] In one embodiment, the organic cations comprise less than 10 carbon atoms.
[000398] In one embodiment, the organic cations are chosen from the group consisting of
ammoniums, for example, 2-Amino-2-(hydroxymethyl)propane-1,3-diol, where the amine

is in ammonium form.
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[000399] In one embodiment, the cations are chosen among cations of mineral origin.
[000400] In one embodiment, the cations of mineral origin are chosen from the group
consisting of zinc, in particular Zn?* and the alkaline metals, in particular Na* et K*.
[000401] In one embodiment, the zwitterions are chosen among zwitterions of organic
origin.

[000402] In one embodiment, the zwitterions are chosen among the amino acids.

[000403] In one embodiment, the amino acids are chosen among the alphatic amino acids
in the group consisting of glycine, alanine, valine, isoleucine and leucine.

[000404] In one embodiment, the amino acids are chosen among the cyclic amino acids in
the group consisting of proline.

[000405] In one embodiment, the amino acids are chosen among the hydroxyl or sulfur
amino acids in the group consisting of cysteine, serine, threonine and methionine.
[000406] In one embodiment, the amino acids are chosen among the aromatic amino acids
in the group consisting of phenylaline, tyrosine and tryptophane.

[000407] In one embodiment, the amino acids are chosen among the amino acids for which
the carboxyl function of the lateral chain is amidified in the group consisting of asparagine
and glutamine.

[000408] In one embodiment, the zwitterions of organic origin are chosen from the group

consisting of amino acids with an un-charged lateral chain.

[000409] In one embodiment, the zwitterions of organic origin are chosen from the group
consisting of the diacids or acidic amino acids.
[000410] In one embodiment, the amino acids are chosen from the group consisting of

glutamic acid and aspartic acid, optionally in the form of salts.
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[000411] In one embodiment, the zwitterions of organic origin are chosen from the group
consisting of basic amino acids, or so-called cationic amino acids.

[000412] In one embodiment, the so-called “cationic” amino acids are chosen among
arginine, histidine and lysine, in particular arginine and lysine.

[000413] Very particularly, the zwitterions comprising as many negative charges as positive
charges and therefore, an overall nil charge at the isoelectric point and/or at a pH from 6.0
to 8.0.

[000414] Said ionic species are introduced into the compositions in the form of salts. The
introduction of these may be done in solid form before putting them into solution in the
compositions, or in the form of solution, in particular, of concentrated solution.

[000415] Forexample, cations of mineral origin are added in the form of salts chosen among
sodium chloride, zinc chloride, sodium phosphate, sodium sulfate, etc.

[000416] For example, anions of organic origin are added in the form of salts chosen among
sodium citrate or sodium potassium or sodium acetate.

[000417] For example, amino acids are added in the form of salts chosen among arginine
hydrochloride, histidine hydrochloride or in non-salt form such as, for example, histidine or
arginine.

[000418] In one embodiment, the total molar concentration of ionic species in the
composition is greater than or equal to 10 mM.

[000419] In one embodiment, the total molar concentration of ionic species in the
composition is greater than or equal to 20 mM.

[000420] In one embodiment, the total molar concentration of ionic species in the
composition is greater than or equal to 30 mM.

[000421] In one embodiment, the total molar concentration of ionic species in the

composition is greater than or equal to 50 mM.
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[000422] In one embodiment, the total molar
composition is greater than or equal to 75 mM.
[000423] In one embodiment, the total molar
composition is greater than or equal to 100 mM.
[000424] In one embodiment, the total molar
composition is greater than or equal to 200 mM.
[000425] In one embodiment, the total molar
composition is greater than or equal to 300 mM.
[000426] In one embodiment, the total molar
composition is greater than or equal to 500 mM.
[000427] In one embodiment, the total molar
composition is greater than or equal to 600 mM.
[000428] In one embodiment, the total molar
composition is greater than or equal to 700 mM.
[000429] In one embodiment, the total molar
composition is greater than or equal to 800 mM.
[000430] In one embodiment, the total molar
composition is greater than or equal to 900 mM.
[000431] In one embodiment, the total molar

composition is less than or equal to 1000 mM.

[000432] In one embodiment, the total molar
composition is less than or equal to 1500 mM.
[000433] In one embodiment, the total molar

composition is less than or equal to 1200 mM.
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[000434] In one embodiment, the total molar
composition is less than or equal to 1000 mM.
[000435] In one embodiment, the total molar
composition is less than or equal to 900 mM.
[000436] In one embodiment, the total molar
composition is less than or equal to 800 mM.
[000437] In one embodiment, the total molar
composition is less than or equal to 700 mM.
[000438] In one embodiment, the total molar
composition is less than or equal to 600 mM.
[000439] In one embodiment, the total molar
composition is less than or equal to 500 mM.
[000440] In one embodiment, the total molar
composition is less than or equal to 400 mM.
[000441] In one embodiment, the total molar
composition is less than or equal to 300 mM.
[000442] In one embodiment, the total molar
composition is less than or equal to 200 mM.
[000443] In one embodiment, the total molar

composition is less than or equal to 100 mM.

[000444] In one embodiment, the total molar
composition is comprised from 10 to 1000 mM.
[000445] In one embodiment, the total molar

composition is comprised from 20 to 1000 mM.
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[000446] In one embodiment, the total molar
composition is comprised from 30 to 1000 mM.

[000447] In one embodiment, the total molar
composition is comprised from 50 to 1000 mM.

[000448] In one embodiment, the total molar
composition is comprised from 75 to 1000 mM.

[000449] In one embodiment, the total molar
composition is comprised from 100 to 1000 mM.
[000450] In one embodiment, the total molar
composition is comprised from 200 to 1000 mM.
[000451] In one embodiment, the total molar
composition is comprised from 300 to 1000 mM.
[000452] In one embodiment, the total molar
composition is comprised from 400 to 1000 mM.
[000453] In one embodiment, the total molar
composition is comprised from 500 to 1000 mM.
[000454] In one embodiment, the total molar
composition is comprised from 600 to 1000 mM.
[000455] In one embodiment, the total molar
composition is comprised from 10 to 900 mM.

[000456] In one embodiment, the total molar
composition is comprised from 20 to 900 mM.

[000457] In one embodiment, the total molar

composition is comprised from 30 to 900 mM.
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[000458] In one embodiment, the total molar
composition is comprised from 50 to 900 mM.
[000459] In one embodiment, the total molar
composition is comprised from 75 to 900 mM.
[000460] In one embodiment, the total molar
composition is comprised from 100 to 900 mM.
[000461] In one embodiment, the total molar
composition is comprised from 200 to 900 mM.
[000462] In one embodiment, the total molar
composition is comprised from 300 to 900 mM.
[000463] In one embodiment, the total molar
composition is comprised from 400 to 900 mM.
[000464] In one embodiment, the total molar
composition is comprised from 500 to 900 mM.
[000465] In one embodiment, the total molar
composition is comprised from 600 to 900 mM.
[000466] In one embodiment, the total molar
composition is comprised from 10 to 800 mM.
[000467] In one embodiment, the total molar
composition is comprised from 20 to 800 mM.
[000468] In one embodiment, the total molar
composition is comprised from 30 to 800 mM.
[000469] In one embodiment, the total molar

composition is comprised from 50 to 800 mM.
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[000470] In one embodiment, the total molar
composition is comprised from 75 to 800 mM.
[000471] In one embodiment, the total molar
composition is comprised from 100 to 800 mM.
[000472] In one embodiment, the total molar
composition is comprised from 200 to 800 mM.
[000473] In one embodiment, the total molar
composition is comprised from 300 to 800 mM.
[000474] In one embodiment, the total molar
composition is comprised from 400 to 800 mM.
[000475] In one embodiment, the total molar
composition is comprised from 500 to 800 mM.
[000476]
composition is comprised from 600 to 800 mM.
[000477] In one embodiment, the total molar
composition is comprised from 10 to 700 mM.
[000478] In one embodiment, the total molar
composition is comprised from 20 to 700 mM.
[000479] In one embodiment, the total molar
composition is comprised from 30 to 700 mM.
[000480] In one embodiment, the total molar
composition is comprised from 50 to 700 mM.
[000481] In one embodiment, the total molar

composition is comprised from 75 to 700 mM.
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[000482] In one embodiment, the total molar
composition is comprised from 100 to 700 mM.
[000483] In one embodiment, the total molar
composition is comprised from 200 to 700 mM.
[000484] In one embodiment, the total molar
composition is comprised from 300 to 700 mM.
[000485] In one embodiment, the total molar
composition is comprised from 400 to 700 mM.
[000486] In one embodiment, the total molar
composition is comprised from 500 to 700 mM.
[000487] In one embodiment, the total molar
composition is comprised from 600 to 700 mM.
[000488] In one embodiment, the total molar
composition is comprised from 10 to 600 mM.
[000489] In one embodiment, the total molar
composition is comprised from 20 to 600 mM.
[000490] In one embodiment, the total molar
composition is comprised from 30 to 600 mM.
[000491] In one embodiment, the total molar
composition is comprised from 50 to 600 mM.
[000492] In one embodiment, the total molar
composition is comprised from 75 to 600 mM.
[000493] In one embodiment, the total molar

composition is comprised from 100 to 600 mM.
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[000494] In one embodiment, the total molar
composition is comprised from 200 to 600 mM.
[000495] In one embodiment, the total molar
composition is comprised from 300 to 600 mM.
[000496] In one embodiment, the total molar
composition is comprised from 400 to 600 mM.
[000497] In one embodiment, the total molar
composition is comprised from 500 to 600 mM.
[000498] In one embodiment, the total molar
composition is comprised from 10 to 500 mM.
[000499] In one embodiment, the total molar
composition is comprised from 20 to 500 mM.
[000500] In one embodiment, the total molar
composition is comprised from 30 to 500 mM.
[000501] In one embodiment, the total molar
composition is comprised from 50 to 500 mM.
[000502] In one embodiment, the total molar
composition is comprised from 75 to 500 mM.
[000503] In one embodiment, the total molar
composition is comprised from 100 to 500 mM.
[000504] In one embodiment, the total molar
composition is comprised from 200 to 500 mM.
[000505] In one embodiment, the total molar

composition is comprised from 300 to 500 mM.

concentration

concentration

concentration

concentration

concentration

concentration

concentration

concentration

concentration

concentration

concentration

concentration

of

of

of

of

of

of

of

of

of

of

of

of

ionic

ionic

ionic

ionic

ionic

ionic

ionic

ionic

ionic

ionic

ionic

ionic

species

species

species

species

species i

species

species

species

species

species

species

species i

in

in

the

the

the

the

the

the

the

the

the

the

the

the



10

15

20

92

[000506] In one embodiment, the total molar
composition is comprised from 400 to 500 mM.
[000507] In one embodiment, the total molar
composition is comprised from 10 to 400 mM.
[000508] In one embodiment, the total molar
composition is comprised from 20 to 400 mM.
[000509] In one embodiment, the total molar
composition is comprised from 30 to 400 mM.
[000510] In one embodiment, the total molar
composition is comprised from 50 to 400 mM.
[000511] In one embodiment, the total molar
composition is comprised from 75 to 400 mM.
[000512] In one embodiment, the total molar
composition is comprised from 100 to 400 mM.
[000513] In one embodiment, the total molar
composition is comprised from 200 to 400 mM.
[000514] In one embodiment, the total molar
composition is comprised from 300 to 400 mM.
[000515] In one embodiment, the total molar
composition is comprised from 10 to 300 mM.
[000516] In one embodiment, the total molar
composition is comprised from 20 to 300 mM.
[000517] In one embodiment, the total molar

composition is comprised from 30 to 300 mM.
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[000518] In one embodiment, the total molar
composition is comprised from 50 to 300 mM.
[000519] In one embodiment, the total molar
composition is comprised from 75 to 300 mM.
[000520] In one embodiment, the total molar
composition is comprised from 100 to 300 mM.
[000521] In one embodiment, the total molar
composition is comprised from 200 to 300 mM.
[000522] In one embodiment, the total molar
composition is comprised from 10 to 200 mM.
[000523] In one embodiment, the total molar
composition is comprised from 20 to 200 mM.
[000524] In one embodiment, the total molar
composition is comprised from 30 to 200 mM.
[000525] In one embodiment, the total molar
composition is comprised from 50 to 200 mM.
[000526] In one embodiment, the total molar
composition is comprised from 75 to 200 mM.
[000527] In one embodiment, the total molar
composition is comprised from 100 to 200 mM.
[000528] In one embodiment, the total molar
composition is comprised from 10 to 100 mM.
[000529] In one embodiment, the total molar

composition is comprised from 20 to 100 mM.
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[000530] In one embodiment, the total molar
composition is comprised from 30 to 100 mM.
[000531] In one embodiment, the total molar
composition is comprised from 50 to 100 mM.
[000532] In one embodiment, the total molar
composition is comprised from 75 to 100 mM.
[000533] In one embodiment, the total molar
composition is comprised from 10 to 75 mM.
[000534] In one embodiment, the total molar
composition is comprised from 20 to 75 mM.
[000535] In one embodiment, the total molar
composition is comprised from 30 to 75 mM.
[000536] In one embodiment, the total molar
composition is comprised from 50 to 75 mM.
[000537] In one embodiment, the total molar
composition is comprised from 10 to 50 mM.
[000538] In one embodiment, the total molar
composition is comprised from 20 to 50 mM.
[000539] In one embodiment, the total molar

composition is comprised from 30 to 50 mM.
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[000540] In one embodiment, said ionic species are present in a concentration from 5 to 400

mM.

[000541] In one embodiment, said ionic species are present in a concentration from 5 to 300

mM.
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mM.
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mM.
[000545]
mM.
[000546]
mM.
[000547]
mM.
[000548]
mM.
[000549]
400 mM.
[000550]
300 mM.
[000551]
200 mM.
[000552]
100 mM.
[000553]

75 mM.

95

In one embodiment, said ionic species are present in a concentration from 5 to 200

In one embodiment, said ionic species are present in a concentration from 5 to 100

In one embodiment, said ionic species are present in a concentration from 5 to 75

In one embodiment, said ionic species are present in a concentration from 5 to 50

In one embodiment, said ionic species are present in a concentration from 5 to 25

In one embodiment, said ionic species are present in a concentration from 5 to 20

In one embodiment, said ionic species are present in a concentration from 5 to 10

In one embodiment, said ionic species are present in a concentration from 10 to

In one embodiment, said ionic species are present in a concentration from 10 to

In one embodiment, said ionic species are present in a concentration from 10 to

In one embodiment, said ionic species are present in a concentration from 10 to

In one embodiment, said ionic species are present in a concentration from 10 to
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[000554]
50 mM.

[000555]
25 mM.

[000556]
20 mM.

[000557]
300 mM.
[000558]
200 mM.
[000559]
100 mM.
[000560]
75 mM.

[000561]
50 mM.

[000562]
25 mM.

[000563]
300 mM.
[000564]
200 mM.
[000565]

100 mM.

96

In one embodiment, said ionic species are present in a concentration from 10 to

In one embodiment, said ionic species are present in a concentration from 10 to

In one embodiment, said ionic species are present in a concentration from 10 to

In one embodiment, said ionic species are present in a concentration from 20 to

In one embodiment, said ionic species are present in a concentration from 20 to

In one embodiment, said ionic species are present in a concentration from 20 to

In one embodiment, said ionic species are present in a concentration from 20 to

In one embodiment, said ionic species are present in a concentration from 20 to

In one embodiment, said ionic species are present in a concentration from 20 to

In one embodiment, said ionic species are present in a concentration from 50 to

In one embodiment, said ionic species are present in a concentration from 50 to

In one embodiment, said ionic species are present in a concentration from 50 to
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[000566] In one embodiment, said ionic species are present in a concentration from 50 to
75 mM.

[000567] Regarding cations of mineral origin and, in particular, Zn?*, its molar
concentration in the composition may be comprised from 0.25 to 20 mM, in particular, from
0.25 to 10 mM or from 0.25 to 5 mM.

[000568] In one embodiment, the composition comprises zinc.

[000569] In one embodiment, the composition comprises from 0.2 to 2mM of zinc.
[000570] In one embodiment, the composition comprises NaCl.

[000571] In one embodiment, the composition comprises from 10 to 250 mM of NacCl..
[000572] In one embodiment, the composition comprises from 15 to 200 mM of NaCl..
[000573] In one embodiment, the composition comprises from 20 to 150 mM of NaCl..

[000574] In one embodiment, the composition comprises from 25 to 100 mM of NaCl..

[000575] In one embodiment, the compositions according to the invention also comprise
zinc salts in a concentration from 0 to 500 uM per 100 U of insulin.
[000576] In one embodiment, the compositions according to the invention also comprise
zinc salts in a concentration from 0 to 400 uM per 100 U of insulin.
[000577] In one embodiment, the compositions according to the invention also comprise
zinc salts in a concentration from 0 to 300 uM per 100 U of insulin.
[000578] In one embodiment, the compositions according to the invention also comprise
zinc salts in a concentration from 0 to 200 uM per 100 U of insulin.
[000579] In one embodiment, the compositions according to the invention also comprise

zinc salts in a concentration from 0 to 100 uM per 100 U of insulin.
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[000580] In one embodiment, the compositions according to the invention also comprise

buffers.

[000581] In one embodiment, the compositions according to the invention comprise buffers
in a concentration from 0 to 100 mM.

[000582] In one embodiment, the compositions according to the invention comprise buffers
in a concentration from 15 to 50 mM.

[000583] In one embodiment, the compositions according to the invention comprise a
buffer chosen from the group consisting of a phosphate buffer, Tris
(trishydroxymethylaminomethane), and sodium citrate.

[000584] In one embodiment, the buffer is sodium phosphate.

[000585] In one embodiment, the buffer is Tris (trishydroxymethylaminomethane).

[000586] In one embodiment, the buffer is sodium citrate.

[000587] In one embodiment, the compositions according to the invention also comprise
preservatives.

[000588] In one embodiment, the preservatives are chosen from the group consisting of m-
cresol and phenol, alone or in mixture.

[000589] In one embodiment, the concentration of preservatives is comprised from 10 to 50
mM.

[000590] In one embodiment, the concentration of preservatives is comprised from 10 to 40
mM.

[000591] In one embodiment, the compositions according to the invention also comprise a

surfactant.
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[000592] In one embodiment, the tensioactive is chosen from the group consisting of
propylene glycol and polysorbate.

[000593] The compositions according to the invention also comprise additives such as
tonicity agents.

[000594] In one embodiment, the tonicity agents are chosen from the group consisting of
glycerin, sodium chloride, mannitol and glycine.

[000595] Compositions according to the invention may also comprise all of the excipients
in compliance with the pharmacopoeias and compatible with the insulins used at customary

concentrations.

[000596] The invention also relates to a pharmaceutical formulation according to the
invention characterized in that it is obtained by drying and/or lyophilization.

[000597] In the case of local and systemic releases, the envisaged routes of administration
are intravenous, subcutaneous, intradermal or intramuscular.

[000598] Transdermal, oral, nasal, vaginal, ocular, mouth and pulmonary means of

administration are also envisaged.

[000599] The invention also relates to a pump, implantable or transportable, comprising a
composition according to the invention.
[000600] The invention also relates to the use of a composition according to the invention

intended to be placed in an implantable or transportable pump.

[000601] The invention also relates to formulations at a pH from 6.0 to 8.0, comprising
amylin, an amylin agonist receptor or an amylin analogue and a co-polyamino acid according

to the invention.
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[000602] The invention also relates to single-dose formulations at a pH from 6.0 to 8.0
comprising amylin, an amylin agonist receptor or an amylin analogue, a co-polyamino acid
according to the invention and a GLP-1, a GLP-1 analogue or a GLP-1 RA as defined above.
[000603] The invention also relates to formulations at a pH from 6.6 to 7.8, comprising
amylin, an amylin agonist receptor or an amylin analogue and a co-polyamino acid according
to the invention.

[000604] The invention also relates to single-dose formulations at a pH from 6.6 to 7.8,
comprising amylin, an amylin agonist receptor or an amylin analogue and a co-polyamino
acid according to the invention, and a prandial insulin as defined above.

[000605] The invention also relates to formulations a a pH from 6.6 to 7.6, comprising
amylin, an amylin agonist receptor or an amylin analogue and a co-polyamino acid according
to the invention.

[000606] The invention also relates to single-dose formulations at a pH from 6.6 to 7.6,
comprising amylin, an amylin agonist receptor or an amylin analogue and a co-polyamino
acid according to the invention, and a prandial insulin as defined above.

[000607] In one embodiment, the single-dose formulations also comprise a co-polyamino
acid as defined above.

[000608] In one embodiment, the formulations are in the form of an injectable solution.
[000609] The preparation of a composition according to the invention offers the advantage
of being able to be prepared by simply mixingan aqueous solution of amylin, an amylin
agonist receptor or an amylin analogue, and a co-polyamino acid bearing carboxylate
charges and at least one hydrophobic radical according to the invention, in agueous solution
or in lyophilized form. If necessary, the pH of the preparation is adjusted to a pH from 6.0

to 8.0.
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[000610] The preparation of a composition according to the invention offers the advantage
of being able to be prepared by simply mixing an aqueous solution of amylin, an amylin
agonist receptor or an amylin analogue, prandial insulin and a co-polyamino acid bearing
carboxylate charges and at least one hydrophobic radical according to the invention, in
aqueous solution or in lyophilized form. If necessary, the pH of the preparation is adjusted
to a pH from 6.0 to 8.0.

[000611] In one embodiment, the mixture of prandial insulin and co-polyamino acid is
concentrated by ultrafiltration.

[000612] If necessary, the composition of the mixture is adjusted with excipients such as
glycerin, m-cresol, zinc chloride and polysorbate (Tween®) by the addition of concentrated
solutions of these excipients to the mixture. If necessary, the pH of the preparation is adjusted

to a pH from 6.0 to 8.0.

[000613] In one embodiment, the compositions are characterized in that said compositions
have a stability measured by ThT greater than that of a reference composition comprising
amylin, an amylin receptor agonist and an amylin analogue, but not comprising a co-

polyamino acid bearing carboxylate charges and hydrophobic radicals Hy.

[000614] In one embodiment, the compositions are characterized in that said compositions
have a stability measured in ThT greater than that of a reference composition comprising
amylin receptor agonist and an amylin analogue; in combination with an insulin but not

comprising a co-polyamino acid bearing carboxylate charges and hydrophobic radicals Hy.

[000615] In one embodiment, the compositions are characterized in that said compositions

have a stability measured by ThT greater than that of a reference composition comprising
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amylin, an amylin receptor agonist and an amylin analogue, in combination with a GLP-1, a
GLP-1 analogue or a GLP-1 receptor agonist, but not comprising a co-polyamino acid
bearing carboxylate charges and hydrophobic radicals Hy.

[000616] In one embodiment, the compositions are characterized in that said compositions
have a stability measured by ThT greater than that of a reference composition comprising
amylin, an amylin receptor agonist and an amylin analogue, with a GLP-1, a GLP-1 analogue
or a GLP-1 receptor agonist, but not comprising a co-polyamino acid bearing carboxylate

charges and hydrophobic radicals Hy.

[000617] The invention also relates to the use of a co-polyamino acid bearing carboxylate
charges and hydrophobic radicals Hy to stabilize a composition comprising amylin receptor

agonist and an amylin analogue.

[000618] The invention also concerns a use of a co-polyamino acid bearing carboxylate
charges and hydrophobic radicals Hy to stabilize a composition comprising amylin receptor
agonist and an amylin analogue and a prandial insulin, and possibly a GLP-1, a GLP-1
analogue or a GLP-1 receptor agonist.

[000619] The invention also concerns a method for stabilization of a composition amylin,
and amylin receptor agonist and an amylin analogue or a method for stabilizing a
composition comprising amylin receptor agonist and an amylin analogue and a prandial

insulin, and possibly a GLP-1, a GLP-1 analogue or a GLP-1 receptor agonist.

[000620] The following examples describe this application without, however, being

limitative.
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Description of the Figures:

Figure 1:

[000621] This figure graphically represents the determination of the latency time (LT) by
fluorescent monitoring of Thioflavin T, on a curve with the value of the fluorescence on the

ordinate axis (in u.a., arbitrary units) and the time in minutes on the abscissa.
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Part A - Synthesis of intermediate hydrophobic Hyd for obtaining the radicals -Hy .
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Example Al: molecule Al

Molecule 1: Product obtained by the reaction between Fmoc-Lys(Fmoc)-OH and the resin
2-Cl-trityl chloride.

[000622] To a suspension of Fmoc-Lys(Fmoc)-OH (7.32 g, 12.40 mmol) in
dichloromethane (60 mL) at room temperature is added DIPEA (4.32 mL, 24.80 mmol).
After complete solubilization (10 min), the solution obtained is poured onto the resin 2-Cl-
trityl chloride previously washed in dichloromethane (100-200 mesh, 1% DVB, 1.24
mmol/g) (4.00 g, 4.96 mmol), After stirring for 2 hours at room temperature, HPLC grade
methanol (0.8 mL/g resin, 3.2 mL) is added and the medium is stirred at room temperature
for 15 minutes. The resin is filtered, successively washed with dichloromethane (3 x 60 mL),
DMF (2 x 60 mL), dichloromethane (2 x 60 mL), isopropanol (1 x 60 mL) and

dichloromethane (3 x 60 mL).
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Molecule 2: Product obtained by the reaction between molecule 1 and a 80:20

DMF/piperidine mixture.

[000623] Molecule 1, previously washed with DMF, is taken up with a 80:20
DMF/piperidine mixture (60 mL). After 30 minutes of stirring at room temperature, the resin
is filtered, successively washed with DMF (3 x 60 mL), isopropanol (1 x 60 mL) and

dichloromethane (3 x 60 mL).

Molecule 3: Product obtained by the reaction between molecule 2 and a Fmoc-Glu(OtBu)-
OH.

[000624] To a suspension of Fmoc-Glu(OtBu)-OH (10.55 g, 24.80 mmol) and of 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (HATU, 9.43 g, 24.80 mmol) in a mixture 1:1 DMF/dichloromethane
(60 mL) isadded DIPEA (8.64 mL, 49.60 mmol). After complete solubilization, the solution
obtained is poured onto molecule 2. After 2 hours of stirring at room temperature, the resin
is filtered, successively washed with  DMF (3 x 60 mL), isopropanol (1 x 60 mL) and

dichloromethane (3 x 60 mL).

Molecule 4: Product obtained by the reaction between molecule 3 and a 50:50
DMF/morpholine mixture.

[000625] Molecule 3, previously washed with DMF, is taken up with a 50:50
DMF/piperidine mixture (60 mL). After 1 hour 15 minutes of stirring at room temperature,
the resin is filtered, successively washed with DMF (3 x 60 mL), isopropanol (1 x 60 mL)

and dichloromethane (3 x 60 mL).
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Molecule 5: Product obtained by the reaction between molecule 4 and molecule 11.
[000626] Molecule 5 is obtained using a process similar to that used for molecule 3, applied

to molecule 4 and to molecule 11 (8.07 g, 24.80 mmol) in DMF (60 mL).

Molecule 6: Product obtained by the reaction between molecule 5 and a 80:20
dichloromethane/1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) mixture.

[000627] Molecule 5 is taken up with a 80:20 dichloromethane/1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP) (60 mL) mixture. After 20 minutes of stirring at room temperature, the resin
is filtered and washed with dichloromethane (2 x 60 mL). The solvents are evaporated under
reduced pressure. Two co-evaporations are then carried out on the residue with
dichloromethane (60 mL) then with diisopropylether (60 mL). The product is purified by
chromatography on silica gel (dichloromethane, methanol). A white solid of molecule 6 is
obtained.

Yield: 2.92 g (52% in 6 steps)

RMN *H (CDsOD, ppm) : 0.90 (6H); 1.22-2.47 (88H); 3.13-3.25 (2H); 3.45-3.76 (4H); 4.24-
4.55 (5H).

LC/MS (ESI+) : 1131.9 (calculated ([M+H]") : 1131.8).

Molecule 7: Product obtained by the reaction between molecule 6 and N-Boc
ethylenediamine.

[000628] To a solution of molecule 6 (2.82 g, 2.49 mmol) in Me-THF (20 mL) at room
temperature are successively added N-hydroxybenzotriazole (HOBt, 496 mg, 3.24 mmol)
and N-Boc ethylenediamine (BocEDA, 440 mg, 2.74 mmol). The mixture is cooled to 0 °C
then (3-dimethylaminopropyl)-N’-ethylcarbodiimide (EDC, 621 mg, 3.24 mmol)

hydrochloride is added. The medium is stirred for 15 minutes at 0 °C then for 18 h at room
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temperature. The organic phase is diluted with dichloromethane (30 mL) and washed with a
saturated NH4CI aqueous solution (2 x 20 mL), a saturated NaHCO3 aqueous solution (2 x
20 mL), and a saturated NaCl aqueous solution (2 x 20 mL). The organic phase is dried over
Na>SOs, filtered and concentrated under reduced pressure. A white solid of molecule 7 is
obtained after recrystallization in acetontrile

Yield: 2.47 g (78%)

RMN 'H (CDCls, ppm) : 0.87 (6H); 1.09-1.77 (77H); 1.84-2.49 (20H); 2.99-3.83 (10H);
4.16-4.25 (1H); 4.27-4.47 (4H); 5.68 (0.1H); 5.95-6.08 (0.9H); 6.91-7.14 (2H); 7.43-7.57
(1H); 7.68-7.78 (1H); 8.22-8.35 (1H).

LC/MS (ESI+) : 1273.9 (calculated ([M+H]") : 1273.9).

Molecule Al

[000629] To a solution of molecule 7 (2.47 g, 1.94 mmol) in dichloromethane (20 mL) at
room temperature is added a solution of 4 N HCI in dioxane (7.27 mL) then the medium is
stirred for 16 hours at room temperature. After concentration under reduced pressure, co-
evaporation and washing with diisopropylether, a white solid of molecule Al in the form of
a HCl salt is obtained. This solid is solubilized in water (100 mL) then the pH is adjusted to
7 by the addition of an aqueous solution of NaOH 1 N. The solution is lyophilized and the
lyophilisate is dried by co-evaporation in the toluene. A white solid of molecule Al is
obtained.

Yield: 1.64 g (80%)

RMN 'H (CD,0D, ppm): 0.90 (6H); 1.15-2.59 (70H); 3.06-3.86 (10H); 4.19-4.43 (5H).

LC/MS (ESI+) : 1061.8 (calculated ([M+H]") : 1061.8).
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Example A2: molecule A2

Molecule 8: Product obtained by the coupling between myristic acid and methyl-L-
glutamate.

[000630] To a solution of myrisitic acid (35.0 g, 153.26 mmol) in tetrahydrofurane (THF)
(315 mL) at room temperature are successively added N-hydroxysuccinimide (NHS, 17.81
g, 154.79 mmol) and N,N-dicyclohexylcarboxydiimide (DCC, 31.94 g, 154.79 mmol). The
medium is stirred for 48 hours while raising the temperature to room temperature, filtered
on the sinter filter, then added to a solution of methyl-L-glutamate (24.95 g, 154,.9 mmol)
and N,N-diisopropylethylamine (DIPEA, 99.0 g, 766.28 mmol) in water (30 mL). The
reaction medium is stirred at 20 °C for 48 hours then concentrated under reduced pressure.
Water (200 mL) is added and the mixture obtained is taken up by the successive addition of
ethyl acetate (AcOEt, 100 mL) then a 5% aqueous solution of Na2COz (50 mL). The aqueous
phase is then washed again with AcOEt (100 mL), acidified by the addition of an aqueous
solution of 10% HCI and the product is extracted with dichloromethane (DCM, 3 x 150 mL).
The organic phase is dried over NaxSOs, filtered and concentrated under reduced pressure.
A white solid of molecule 8 is obtained.

Yield: 47.11 g (84%)

RMN H (CDCls, ppm) : 0.87 (3H); 1.07-1.66 (22H); 2.02-2.11 (1H); 2.18-2.36 (3H); 2.39-
2.47 (1H); 2.50-2.58 (1H); 3.69 (3H); 4.54-4.59 (1H); 6.62 (1H); 8.26 (1H).

LC/MS (ESI+) : 372.2 (calculated ([M+H]*) : 372.3).

Molecule 9: Product obtained by the coupling between molecule 8 and methyl-L-glutamate.
[000631] Using a process similar to that used for the preparation of molecule 8 and applied
to molecule 8 (35.0 g, 94.21 mmol) and to methyl-L-glutamate (15.33 g, 95.15 mmol), a

white solid of molecule 9 is obtained after recrystallization in acetonitrile
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Yield: 24.0 g (49%)

RMN *H (DMSO-d6, ppm): 0.85 (3H); 1.06-1.51 (22H); 1.70-1.94 (3H); 1.96-2.15 (3H);
2.29-2.40 (4H); 3.58 (3H); 3.58 (3H); 4.16-4.22 (1H); 4.25-4.32 (1H); 7.93 (1H); 8.16 (1H);
12.66 (1H).

LC/MS (ESI+) : 515.3 (calculated ([M+H]") : 515.3).

Molecule 10: Product obtained by the reaction between molecule 9 and N-Boc
ethylenediamine.

[000632] To a suspension of molecule 9 (24.0 g, 46.63 mmol) in DCM (285 mL) at 0 °C
are successively added HOBt (714 mg, 46.66 mmol), BocEDA (8.97 g, 55.96 mmol) in
solution in DCM (25 mL) then EDC (9.83 g, 51.30 mmol). The medium is stirred for 1 hour
at 0 °C then for 18 h at room temperature. The organic phase is washed with a saturated
NaHCO3 aqueous solution (2 x 300 mL), an aqueous solution of 1 N HCI (2 x 300 mL), a
saturated NaCl aqueous solution (500 mL). Methanol (40 mL) is added, the organic phase
is dried over NaxSOs, filtered and concentrated under reduced pressure. A white solid of
molecule 10 is obtained after recrystallization in acetonitrile

Yield: 27.15 g (89%)

RMN H (CDCls, ppm) : 0.87 (3H); 1.07-1.68 (22H); 1.42 (9H); 1.97-2.18 (4H); 2.22-2.31
(2H); 2.35-2.55 (4H); 3.19-3.29 (2H); 3.30-3.38 (2H); 3.66 (3H); 3.68 (3H) ; 4.34-4.41 (1H);
4.42-4.48 (1H); 5.54 (1H); 6.99-7.18 (2H) 7.56 (1H).

LC/MS (ESI+) : 657.4 (calculated ([M+H]") : 657.4).
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Molecule A2

[000633] To a solution of molecule 10 (27.15 g, 41.33 mmol) in a DCM/methanol mixture
(410 mL) at 0 °C is added a solution of 4 N HCI in dioxane (51.7 mL) then the medium is
stirred for 2 hours at 0 °C, then 16 hours at room temperature. After concentration under
reduced pressure, co-evaporation in methanol (2 x 150 mL), a white solid of molecule A2 in
the form of a hydrochloride salt is obtained after recrystallization in acetontrile.

Yield: 23.2 g (95%)

RMN 'H (DMSO-d6, ppm) : 0.85 (3H); 1.05-1.52 (22H); 1.71-1.85 (2H); 1.87-2.03 (2H);
2.07-2.18 (2H); 2.24-2.37 (4H); 2.84 (2H); 3.24-3.38 (2H); 3.58 (3H); 3.58 (3H); 4.17-4.24
(2H); 7.95-8.08 (5H); 8.14 (1H).

LC/MS (ESI+) : 557.3 (calculated ([M+H]*) : 557.4).

Example A3: molecule A3

Molecule 11: Product obtained by the reaction between myristoyl chloride and L-proline.

[000634] To a solution of L-proline (300.40 g, 2.61 mol) in aqueous 2 N soda (1.63 L) at0
°C is slowly added 1 h myristoyl chloride (322 g, 1.30 mol) in solution in dichloromethane
(DCM, 1.63 L). After this addition, the reaction medium is raised to 20 °C over 3 h, then
stirred for 2 h. The mixture is cooled to 0 °C then a 37% HCI aqueous solution (215 mL) is
added over 15 minutes. The reaction medium is stirred for 1 hour from 0 °C to 20 °C. The
organic phase is separated, washed with a 10% HCI aqueous solution (3 x 430 mL), a
saturated NaCl aqueous solution (430 mL), dried over Na>SOQsa, filtered through cotton, then
concentrated under reduced pressure. The residue is solubilized in heptane (1.31 L) at 50 °C,

then the solution is progressively cooled to room temperature. After priming crystallization
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using a glass rod, the medium is heated again at 40 °C for 30 minutes, then returned to room
temperature over 4 hours. A white solid is obtained after filtration on sintered filter, washing
with heptane (2 x 350 mL) and drying under reduced pressure.

Yield: 410 g (97%)

RMN H (CDCls, ppm): 0.88 (3H); 1.28(20H); 1.70 (2H); 1.90 -2.10(3H); 2.36 (2H);
2.51(1H); 3.47 (1H); 3.56(1H); 4.61 (1H).

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

Molecule 12: Product obtained by the coupling between molecule 11 and methyl-L-

glutamate.

[000635] Using a process similar to that used for the preparation of molecule 8 and applied
to molecule 11 (30.0 g, 92.17mmol) and to methyl-L-glutamate (15.60 g, 96.78 mmol), a
white solid of molecule 12 is obtained after recrystallization in refluxing acetone, cooling to
room temperature and filtration on sintered filter. The filtrate is evaporated and the residue
is precipitated in acetone, as above, with this operation being repeated 3 times.

Yield: 15.5 g (36%)

RMN 'H (DMSO-d6, ppm) : 0.85(3H); 1.07-1.37 (20H); 1.40-1.50 (2H); 1.71-2.27 (8H);
2.30-2.40 (2H); 3.28-3.54 (12H); 3.58 (1.3H); 3.59 (1.7H); 4.14-4.28 (1H); 4.28-4.37 (1H);
8.06 (0.55H); 8.33 (0.45H); 12.64 (1H).

LC/MS (ESI+) : 469.2 (calculated ([M+H]") : 469.3).
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Molecule 13: Product obtained by the reaction between molecule 12 and N-Boc
ethylenediamine.

[000636] Using a process similar to that used for the preparation of molecule 10 and applied
to molecule 12 (15.5 g, 33.05mmol) and to methyl-L-glutamate (5.83 g, 36.36 mmol), a
white solid of molecule 13 is obtained after recrystallization in acetontrile

Yield: 19.8 g (83%)

RMN 'H (DMSO-d6, ppm) : 0.85 (3H); 1.07-1.55 (22H); 1.37 (9H); 1.69-2.19 (7H); 2.22-
2.36 (3H); 2.91-3.17 (4H); 3.28-3.60 (5H); 4.11-4.18 (0.7H); 4.20-4.28 (1H); 4.38-4.42
(0.3H); 6.74 (1H); 7.64 (0.7H); 7.87 (0.7H); 7.98 (0.3H); 8.22 (0.3H).

LC/MS (ESI+) : 611.4 (calculated ([M+H]") : 611.4).

Molecule A3

[000637] Using a process similar to that used for the preparation of molecule A2 and applied
to molecule 13 (16.8 g, 27.50 mmol), a white solid of molecule A3 in the form of a
hydrochloride salt is obtained after recrystallization in acetontrile

Yield: 13.5 g (90%)

RMN *H (DMSO-d6, ppm) : 0.85 (3H); 1.08-1.52 (22H); 1.70-2.37 (10H); 2.80-2.90 (2H);
3.22-3.62 (4H); 3.57 (3H); 4.15-4.28 (1.75H); 4.41-4.44 (0.25H); 7.81-8.13 (4.5H); 8.24-
8.29 (0.25H) 8.33-8.39 (0.25H).

LC/MS (ESI+) : 511.3 (calculated ([M+H]") : 511.4).
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Example A4: Molecule A4

Molecule 14: Product obtained by the reaction between lauroyl chloride and L-proline
[000638] Using a process similar to that used for the preparation of molecule 11 and applied
to lauroyl chloride (27.42 g, 685.67 mmol) and to L-proline (60.0 g, 247.27 mmol), a white
solid of molecule 14 is obtained.

Yield: 78.35 g (96%)

RMN 'H (CDCls, ppm): 0.87 (3H); 1.26(16H); 1.70 (2H); 1.90 -2.10(3H); 2.35 (2H);
2.49(1H); 3.48 (1H); 3.56(1H); 4.60 (1H).

LC/MS (ESI+) : 298.1 (calculated ([M+H]") : 298.2).

Molecule 15: Product obtained by the coupling between molecule 14 and methyl-L-
glutamate.

[000639] Using a process similar to that used for the preparation of molecule 8 and applied
to molecule 14 (34.64 g, 116.46 mmol) and to methyl-L-glutamate (19.14 g, 118.79 mmol),
a white solid of molecule 15 is obtained after recrystallization in acetontrile

Yield: 37.28 g (73%)

RMN 'H (CDCls, ppm) : 0.85 (3H); 1.08-1.42 (16H); 1.54-1.06 (2H); 1.80-2.47 (10H); 3.42-
3.80 (2H); 3.65 (2.55H); 3.67 (0.45H); 4.37-4.40 (0.15H); 4.51-4.58 (0.85H); 4.58 -
4.67(1H); 7.26 (0.15H) 7.65(0.85H); 8.06 (1H).

LC/MS (ESI+) : 441.1 (calculated ([M+H]") : 441.3).
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Molecule 16: Product obtained by the reaction between molecule 15 and N-Boc
ethylenediamine.

[000640] Using a process similar to that used for the preparation of molecule 10 and applied
to molecule 15 (37.30 g, 84.66 mmol) and to methyl-L-glutamate (14.92 g, 93.13 mmol), a
white solid of molecule 16 is obtained after recrystallization in acetontrile

Yield: 43.10 g (87%)

RMN H (DMSO-d6, ppm) : 0.85 (3H); 1.08-1.53 (18H); 1.37 (9H); 1.70-2.36 (10H); 2.91-
3.60 (9H); 4.11-4.18 (0.7H); 4.21-4.28 (1H); 4.38-4.42 (0.3H); 6.38 (0.1H); 6.74 (0.9H);
7.65 (0.7H); 7.87 (0.7H); 7.99 (0.3H); 8.22 (0.3H).

LC/MS (ESI+) : 583.4 (calculated ([M+H]") : 583.4).

Molecule A4

[000641] Using a process similar to that used for the preparation of molecule A2 and applied
to molecule 16 (43.10 g, 73.96 mmol), a white solid of molecule A4 in the form of a
hydrochloride salt is obtained after recrystallization in acetontrile

Yield: 31.90 g (83%)

RMN 'H (DMSO-d6, ppm) : 0.85 (3H); 1.05-1.37 (16H); 1.39-1.52 (2H); 1.70-2.37 (10H);
2.29-2.91 (2H); 3.20 -3.62 (7H); 4.16-4.29 (1.7H); 4.42-4.46 (0.3H); 7.86-8.18 (4.6H); 8.32
(0.3H); 8.40 (0.3H).

LC/MS (ESI+) : 483.2 (calculated ([M+H]") : 483.3).
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Example A5: molecule A5

Molecule 17: Product obtained by the reaction between 1-amino-4,7,10-trioxa-13-tridecane
amine and tert-butyl phenylcarbonate.

[000642] To a solution of 1-amino-4,7,10-trioxa-13-tridecane amine and (112.29 g, 509.71
mmol) in ethanol (510 mL) at 80 °C is added, drop by drop, tert-butyl phenylcarbonate
(49.50 g, 254.86 mmol). The reaction medium is stirred at 80 °C for 3 hours 30 minutes
then concentrated under reduced pressure. The residue is solubilized in water (250 mL), the
pH is adjusted to 2.3 with a 37% HCI solution, and the mixture is extracted with methyl
tert-butylether (MTBE, 2 x 150 mL). The aqueous phase is basified to pH 12.6 by the
addition of a solution of 2 N NaOH and extracted with DCM (3 x 250 m>). The organic
phase is washed with an aqueous solution of 1 N NaOH (1 x 100 mL), a saturated NaCl
aqueous solution (100 mL), dried over Na,SOa, filtered and concentrated under reduced
pressure. A yellow oil of molecule 17 is obtained.

Yield: 54.4 g (67%)

RMN 'H (CDCls, ppm) : 1.40 -1.58 (11H); 1.73-1.81 (4H); 2.80-2.84 (2H); 3.20-3.70 (14H);
5.11 (1H).

LC/MS (ESI+) : 321.2 (calculated ([M+H]") : 321.2).

Molecule 18: Product obtained by the coupling between molecule 12 and molecule 17.

[000643] Using a process similar to that used for the preparation of molecule 10 and applied
to molecule 12 (20.46 g, 43.66 mmol) and to molecule 17 (16.79 g, 52.39 mmol), a white
wax of molecule 18 is obtained after purification by flash chromatography (eluent: DCM,
methanol), solubilization of the residue in DCM (300 mL), washings of the organic phase

with an aqueous solution of NaHCO3 (2 x 150 mL), an aqueous solution of 10% HCI (2 x
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150 mL), a saturated NaCl aqueous solution (2 x 150 mL), dried over Na>SOs and
concentrated under reduced pressure.

Yield: 30.15 g (90%)

RMN H (DMSO-d6, ppm) : 0.85 (3H); 1.09-1.52 (31H); 1.55 -1.67 (4H); 1.69-2.36 (10H);
2.91-2.98 (2H); 3.02-3.17 (2H); 3.28-3.61 (17H); 4.12-4.17 (0.7H); 4.20-4.28 (1H); 4.39 -
4.42(0.3H); 6.37 (0.1H); 6.71 (0.9H); 7.59 (0.7H); 7.85 (0.7H); 7.94 (0.3H); 8.21 (0.3H).

LC/MS (ESI+) : 771.4 (calculated ([M+H]") : 771.5).

Molecule A5

[000644] Using a process similar to that used for the preparation of molecule A2 and applied
to molecule 18 (30.0 g, 38.91 mmol), a white solid of molecule A5 in the form of a
hydrochloride salt is obtained after solubilization of the residue in water (500 mL) and
lyophilization.

Yield: 25.2 g (91%)

RMN 'H (DMSO-d6, ppm) : 0.85 (3H); 1.06-1.37 (20H); 1.39-1.52 (2H); 1.58-1.66 (2H);
1.70-2.37 (12H); 2.78 -2.85 (2H); 3.01-3.15 (2H); 3.31 -3.62, (17H); 4.11-4.17 (0.7H); 4.19
-4.27(1H); 4.41-4.44 (0.3H); 7.63-7.71 (0.7H); 7.90 -8.24(4H); 8.28-8.35 (0.3H);

LC/MS (ESI+) : 671.4 (calculated ([M+H]*) : 671.5).

Example A7: molecule A7

Molecule 21: Product obtained by the coupling between molecule 11 and L-lysine.
[000645] Using a process similar to that used for the preparation of molecule 8 and applied
to molecule 11 (133.00 g, 408.61 mmol) and to L-lysine (31.36 g, 214.52 mmol), a white

solid of molecule 21 is obtained after crystallization 2 times in acetone.
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Yield: 106.50 g (68%)

RMN *H (DMSO-ds, ppm): 0.85 (6H); 1.26 (40H); 1.35-1.50 (6H); 1.50-2.10 (10H); 2.10-
2.25 (4H); 3.01 (2H); 3.31- 3.55 (4H); 4.10-4.40 (3H); 7.68 (0.6H); 7.97 (LH); 8.27 (0.4H);
12.50 (1H).

LC/MS (ESI): 761.8 (calculated ([M+H]") : 762.1).

Molecule 22: Product obtained by the coupling between molecule 21 and methyl N-Boc-L-
lysinate.

[000646] Using a process similar to that used for the preparation of molecule 10 and applied
to molecule 21 (43.00 g, 56.50 mmol) in solution in THF and to methyl N-Boc-L-lysinate
hydrochloride (20.12 g, 67.79 mmol), a transparent solid of molecule 22 is obtained and used
without further purification.

Yield: 55.80 g (98%)

RMN H (DMSO-d6, ppm) : 0.86 (6H); 1.08-2.03 (64H); 1.37 (9H); 2.07-2.30 (4H); 2.84-
3.09 (4H); 3.29-3.57 (4H); 3.58-3.65 (3H); 4.14-4.43 (4H); 6.40 (0.1H); 6.74 (0.9H); 7.69
(0.6H); 7.82 (0.6H); 7.95-8.06 (1H); 8.11-8.20 (0.4H); 8.26 (0.4H).

LC/MS (ESI): 1003.8 (calculated ([M+H]*) : 1003.8).

Molecule 23: Product obtained by the saponification of molecule 23.

[000647] A solution of molecule 22 (55.80 g, 55.61 mmol) in a mixture of 1:1 THF/water
(370 mL) at 0 °C is taken up by slow addition of aLiOH solution (2.00 g, 83.41 mmol) in
water (185 mL). After 16 hours of stirring at 0 °C, the medium is concentrated under reduced
pressure and the residue is redissolved in water (500 mL). DCM (500 mL) is added, the
heterogeneous mixture is cooled to 10 °C and acidified by the addition of an aqueous solution

of 10% HCI to pH 1. The aqueous phase is extracted with DCM (2 x 300 mL), the combined
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organic phases are washed with a saturated NaCl aqueous solution (2 x 300 mL), dried over
Na>SOs, filtered and concentrated under reduced pressure. A white solid of molecule 23 is
obtained after crystallization in acetone.

Yield: 46.10 g (84%)

RMN H (pyridine-d6, ppm) : 0.85 (6H); 1.05-2.03 (67H); 2.07-2.61 (10H); 3.12-3.93 (8H);
4.54-4.93 (2H); 4.98-5.16 (2H); 7.35 -7.45 (1H); 8.34-8.63 (1H); 8.94 -9.41 (2H).

LC/MS (ESI): 989.8 (calculated ([M+H]") : 989.8).

Molecule A7

[000648] To a solution of molecule 23 (12.00 g, 12.13 mmol) in dichloromethane (40 mL)
at 0 °C is added a solution of 4 N HCI in dioxane (15.20 mL) then the medium is stirred for
15 hours at 0 °C and 5 hours at room temperature. The reactant mixture is concentrated under
reduced pressure, the residue is solubilized in a mixture of DCM (120 mL) and 2 N NaOH
(60 mL). After separation of the phases, the organic phase is washed by a solution of 2 N
NaOH (60 mL), dried over Na,SO4 and concentrated under reduced pressure.

Yield: 10.90 g (98%)

RMN 'H (DMSO-d6, ppm) : 0.86(6H); 1.05-2.27 (70H); 2.45-2.52 (2H); 2.90-3.58 (6H);
3.67-3.76 (1H); 4.02 -4.10 (0.6H); 4.11-4.17 (0.4H); 4.20 -4.26 (0.6H); 4.30-4.39 (1h); 4.42-
4.46 (0.4H); 7.29 -7.42(1H); 7.71-7.80 (0.6H); 7.97-8.05 (0.6H); 8.10-8.24 (0.4H); 8.33-
8.45 (0.3H);

LC/MS (ESI): 887.7 (calculated ([M-H]): 887.7).
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Example A5a: molecule A5a

Molecule 3a: Product obtained by the reaction between Fmoc-Lys(Fmoc)-OH and the resin
2-Cl-trityl chloride.

[000649] To a suspension of Fmoc-Lys(Fmoc)-OH (7.32 g, 12.40 mmol) in DCM (60 mL)
at room temperature is added DIPEA (4.32 mL, 24.80 mmol). After complete solubilization
(10 min), the solution obtained is poured onto the resin 2-Cl-trityl chloride (100-200 mesh,
1% DVB, 1.24 mmol/g) (4.00 g, 4.96 mmol) previously washed with DCM in a reactor
suited for peptide synthesis on a solid medium. After stirring for 2 hours at room
temperature, HPLC grade methanol (0.8 mL/g resin, 3.2 mL) is added and the medium is
stirred at room temperature for 15 minutes. The resin is filtered, successively washed with
DCM (3 x 60 mL), DMF (2 x 60 mL), DCM (2 x 60 mL), isopropanol (1 x 60 mL) and

DCM (3 x 60 mL).

Molecule 4a: Product obtained by the reaction between molecule 3a and a 80:20
DMF/piperidine mixture.

[000650] Molecule 3a, previously washed with DMF, is taken up with a 80:20
DMF/piperidine mixture (60 mL). After 30 minutes of stirring at room temperature, the resin
is filtered, successively washed with DMF (3 x 60 mL), isopropanol (1 x 60 mL) and DCM

(3 x60 mL).

Molecule 5a: Product obtained by reaction between molecule 4a and 8-acid (9-
Fluorenylmethyloxycarbonyl-amino)-3,6-dioxaoctanoic (Fmoc-O20c-OH).

[000651] To a suspension of Fmoc- O20c--OH (9.56 g, 24.80 mmol) and of 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide

hexafluorophosphate (HATU, 9.43 g, 24.80 mmol) in a mixture 1:1 DMF/ DCM (60 mL) is
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added DIPEA (8.64 mL, 49.60 mmol). After complete solubilization, the solution obtained
Is poured onto molecule 4a. After 2 hours of stirring at room temperature, the resin is filtered,
successively washed with DMF (3 x 60 mL), isopropanol (1 x 60 mL) and dichloromethane

(3x 60 mL).

Molecule 6a: Product obtained by the reaction between molecule 5a and a 80:20
DMF/piperidine mixture.
[000652] Using a process similar to that used for molecule 4a, applied to molecule 5a,

molecule 6a is obtained.

Molecule 7a: Product obtained by the reaction between molecule 6a and lauric acid.
[000653] Molecule 7a is obtained using a process similar to that used for molecule 5a,
applied to molecule 6a and lauric acid (4.97 g, 24.80 mmol) in DMF (60 mL), molecule 7a

is obtained.

Molecule 8a: Product obtained by the reaction between molecule 7a and a 80:20
dichloromethane/1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) mixture.

[000654] Molecule 7a is taken up with a 80:20 dichloromethane/1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP) (60 mL) mixture. After 20 minutes of stirring at room temperature, the resin
is filtered and washed with dichloromethane (2 x 60 mL). The solvents are evaporated under
reduced pressure. Two co-evaporations are then carried out on the residue with
dichloromethane (60 mL) then with diisopropylether (60 mL). A white solid of molecule 8a

Is obtained after recrystallization in acetontrile
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Yield: 2.63 g (66% in 6 steps)

RMN 'H (CDCls, ppm) : 0.87 (6H); 1.09-1.66 (40H); 1.77-1.98 (2H); 2.13-2.29 (4H); 3.24-
3.75 (18H); 3.95-4.07 (4H); 4.65-4.70 (1H); 6.23-6.37 (1H); 6.39-6.62 (1H); 6.74-6.91 (1H);
7.38-7.54 (1H).

LC/MS (ESI): 801.6 (calculated ([M+H]") : 801.6).

Molecule 9a: Product obtained by the reaction between molecule 8a and N-Boc
ethylenediamine.

[000655] To a solution of molecule 8a (2.63 g, 3.29 mmol) in chloroform (20 mL) at room
temperature are successively added HOBLt (654 mg, 4.27 mmol) and BocEDA( 580 mg, 3.62
mmol). The mixture is cooled to 0 °C then EDC (819 mg, 4.27 mmol) is added. The medium
is stirred for 15 minutes at 0 °C then for 18 h at room temperature. The organic phase is
washed with a saturated NH4Cl aqueous solution (2 x 10 mL), a NaHCO3 saturated aqueous
solution (2 x 10 mL), and a saturated NaCl aqueous solution (2 x 10 mL). The organic
phase is dried over Na»SOyg, filtered and concentrated under reduced pressure. A white solid
of molecule 9a is obtained after purification by chromatography on silica gel (eluent:

dichloromethane, methanol).

Yield: 2.37 g (76%)
RMN !H (CDCls, ppm) : 0.87 (6H); 1.08-1.47 (34H); 1.43 (9H); 1:48-170 (7H); 1.78-1.87
(1H); 2.14-2.25 (4H); 3.16-3.71 (22H); 3.92-4.04 (4H); 4.47-4.52 (1H); 5.33(1H); 6.10 (1H);

6.65-7.01 (1H); 7.11-7.30 (2H); 7.47-7.63 (1H).



10

15

20

25

127

Molecule A5a

[000656] To a solution of molecule 9a (2.37 g, 2.51 mmol) in dichloromethane (50 mL) at
room temperature is added a solution of 4 N HCI in dioxane (6.3 mL) then the medium is
stirred for 2 hours at room temperature. After concentration under reduced pressure, the
residue is solubilized in dichloromethane (50 mL) then washed with an aqueous solution of
1 N NaOH (2 x 12.5 mL) and a saturated NaCl aqueous solution (25 mL). The organic
phase is dried over Na>SOg, filtered and concentrated under reduced pressure. A white solid

of molecule A5a is obtained after recrystallization in acetontrile

Yield: 1.57 g (74%)

RMN H (CDCls, ppm) : 0.87 (6H); 1.08-1.43 (34H); 1.48 -1.71 (7H); 1:74-1.93 (3H); 2.14-
2.25 (4H); 2.79-2.86 (2H); 3.17-3.71 (20H); 3.93-4.05 (4H); 4.47-4.54 (1H): 6.08 -6.29
(1H); 6.84-7.01 (1H); 7.15-7.32 (2H); 7.50-7.64 (1H).

LC/MS (ESI): 843.6 (calculated ([M+H]") : 843.7).

Example A6a: molecule A6a

Molecule 10a: Product obtained by the hydrogenation of retinoic acid.

[000657] A solution of retinoic acid (19.0 g, 63.24 mmol) in methanol (450 mL) in the
presence of 10% palladium on carbon (1.99) is placed in a hydrogen atmosphere (1 atm) at
room temperature. After overnight, the reaction medium is filtered on sintered filter then the

filtrate is concentrated under reduced pressure. A colorless oil of molecule 10a is obtained.

Yield: 19.50 g (99%)
RMN *H (CDCls, ppm) : 0.45-2.01 (35H); 2.10-2.17 (1H): 2.33-2.38 (1H); 11.14 (1H).

LC/MS (ESI): 309.3 (calculated ([M- H]") : 309.3).
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Molecule 11a: Product obtained by the reaction between Boc-1-amino-4,7,10-trioxa-13-
tridecane amine and molecule 10a.

[000658] Using a process similar to that used for the preparation of molecule 9a applied to
molecule 10a (19.3 g, 62.15 mmol) and to BocTOTA (23.9 g, 74.58 mmol), an orange oil of

molecule 11a is obtained.

Yield: 37.05 g (97%)
RMN *H (CDCls, ppm) : 0.43-1.71 (49H); 2.13-2.17 (1H); 3.17-3.24 (2H); 3.32 -3.39 (2H);
3.51-3.66 (12H); 4.77 (0.1H); 4.94 (0.9H); 6.13 (0.9H); 6.29 (0.1H).

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

Molecule A6a
[000659] Using a process similar to that used for the preparation of molecule A5a applied

to molecule 11a (34.9 g, 56.94 mmol), an orange oil of molecule A6a is obtained.

Yield: 28.5 g (97%)
RMN 'H (CDCls, ppm) : 0.41-1.96 (42H); 2.13 (1H); 2.78 (2H); 3.31 -3.36(2H); 3.53 (4H);
3.55-3.58 (4H); 3.60-3.63 (4H); 6.43 (1H).

LC/MS (ESI): 513.5 (calculated ([M+ H]") : 513.5).

Example A8 : Molecule A8

Molecule 15a: Product obtained by the reaction between decanoic acid and L-leucine.
[000660] Using a process similar to that used for the preparation of molecule 8 and applied
to decanoic acid (8.77 g, 50.94 mmol) and to L-leucine (7.00 g, 53.36 mmol), a white solid

of molecule 15a is obtained.
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Yield: 9.17 g (66%)
RMN H (DMSO-d6, ppm) : 0.82 -0.89 (9H); 1.18-1.65 (17H); 2.04-2.14 (2H); 4.19-4.23
(1H); 7.98(1H); 12.40 (1H).

LC/MS (ESI): 286.2 (calculated ([M+H]") : 286.2).

Molecule 16a: Product obtained by the reaction between molecule 15a and L-lysine
methylic ester.

[000661] To a solution of molecule 15a (9.16 g, 32.11 mmol) in THF (160 mL) are
successively added triethylamine (8.12 g, 80.27 mmol) and 2-(1H-benzotriazol-1-yl)-
1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU) and the medium is stirred for 30
minutes at room temperature. Dichlorhydride methyl ester of L-lysine (3,.g, 16.86 mmol) is
added and the reaction medium is stirred for 3 hours, then concentrated under reduced
pressure. The residue is diluted with AcOEt (200 mL), the organic phase is filtered and
washed with an aqueous solution of 1 N HCI, then with water, dried over Na;SOa, filtered
and concentrated under reduced pressure. A white solid of molecule 16a is obtained after

trituration of the residue in acetontrile

Yield: 7.33 g (66%)

RMN H (DMSO-d6, ppm) : 0.80 -0.91 (18H); 1.06-1.72 (38H); 2.03-2.16 (4H); 2.91-3.07
(2H); 3.60(1. 15H); 3.61 (1.85H); 4.13-4.28 (2H); 4.33 -4.44 (1H); 7.79-7.92 (3H); 8.13 -
8.26 (1H).

LC/ MS(ESI) 695.7 (calculated ([M+H]") : 695.6).
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Molecule 17a: Product obtained by the saponification of molecule 16a.

[000662] To asolution of molecule 16a (7.33 g, 10.55 mmol) in a THF/methanol/water (105
mL) mixture is added LiOH (505.13 mg, 21.09 mmol) a 0 °C, then the medium is stirred for
20 hours at room temperature and concentrated under reduced pressure. The aqueous phase
is acidified with a solution of 1 N HCI to pH 1 and the solid formed is filtered, washed with

water and dried under reduced pressure resulting in a white solid of molecule 17a.

Yield: 7.09 g (99%)
RMN H (DMSO-d6, ppm) : 0.80-0.89 (18H); 1.18-1.73 (40H); 2.03-2.16 (4H); 2.91-3.05
(2H); 4.03-4.13 (1H); 4.21 -4.27 (1H); 4.31-4.40 (1H); 7.79 -8.02 (4H).

LC/MS (ESI): 681.7 (calculated ([M+H]") : 681.6).

Molecule 18a: Product obtained by the reaction between molecule 17a and N-Boc

ethylenediamine.
[000663] Using a process similar to that used for the preparation of molecule 16a applied to
molecule 17a (7.09 g, 10.41 mmol) and to N-Boc ethylenediamine(1.83 g, 11.45 mmol), a

white solid of molecule 18a is obtained after trituration in acetontrile

Yield: 6.64 g (77%)
RMN !H (DMSO-d6, ppm) : 0.80-0.91 (18H); 1.15-1.73 (49H); 2.03-2.18 (4H); 2.92-3.13
(6H); 4.05 -4.30 (3H); 6.71-6.83 (1H); 7.69 -8.23 (5H).

LC/MS (ESI): 824.0 (calculated ([M+H]") : 823.7).
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Molecule A8

[000664] Using a process similar to that used for the preparation of molecule A5a and
applied to molecule 18a (3.00 g, 3.64 mmol), without basic washing, a beige solid of
molecule A8 in the form of a hydrochloride salt is obtained after co-evaporation, 4 times, of

the residue in methanol.

Yield: 2.66 g (96%)
RMN H (DMSO-d6, ppm) : 0.80 -0.91 (18H); 1.15-1.76 (40H); 2.03-2.19 (4H); 1.78-2.89
(2H); 2.91-3.07 (2H); 3.22-3.37 (2H); 4.08 -4.14 (1H); 4.17-4.28 (2H); 7.81 -8.36 (8H).

LC/MS (ESI): 723.7 (calculated ([M+H]") : 723.6).

Example A9: Molecule A9

Molecule 19a: Methyltetradecanoic-13 acid

[000665] Magnesium chips (5.50 g, 226.3 mmol) is introduced into an oven-dried three-
neck round-bottom flask under argon The magnesium is covered with anhydrous THF (25
mL) and several drops of 1-bromo-2-methylpropane are added at room temperature to
initiate the reaction. After observing an exotherm and a slight turbidity of the medium, the
rest of 1-bromo-2-methylpropane (28.42 g, 207 mmol) diluted with THF (60 mL) is added,
drop-by-drop over 1 hour while the temperature of the medium remains stable from 65 to 70
°C. The reaction medium is then heated by refluxing for 2 hours.

[000666] In a three-neck round-bottom flask under argon, to a solution of CuCl (280 mg,
2.83 mmol), dissolved in N-methylpyrrolidone (NMP) previously distilled at 0 °C, is added,
drop-by-drop, a solution of bromoundecanoic-11 acid (25 g, 94.27 mmol) dissolved in THF
(60 mL). Then, to this solution is added, drop-by-drop, the solution of organomagnesium,

slightly hot, diluted in THF (50 mL) so as to maintain the temperature of the medium below
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25 °C. The mixture is then stirred at room temperature for 16 hours. The medium is cooled
to 0 °C and the reaction is stopped by slow addition of an aqueous solution of 1 N HCI to
pH 1 (300 mL) and the medium is extracted with hexane (100 mL) and ethyl acetate (2 x 75
mL). After washing the organic phase with an aqueous solution of 1 N HCI (100 mL), water
(100 mL) and drying over Na>SQg, the solution is filtered and concentrated under vacuum ,
resulting in a brown solid. After purification by flash chromatography (cyclohexand, ethyl

acetate), a white solid is obtained.

Yield: 18.1 g (79%)
RMN 'H (CDCls, ppm) : 0.87 (6H); 1.11-1.18 (2H); 1.20-1.38 (16H); 1.51(1H); 1.63 (2H);

2.35 (2H).

Molecule 20: Product obtained by the reaction between molecule 19a and L-leucine.

[000667] To a solution of molecule 19a (18.05 g, 74.46 mmol) in THF (745 mL) at room
temperature are successively added DCC (14.63 g, 70.92 mmol) and NHS (8.16 g, 70.92
mmol). After 40 hours of stirring at room temperature, the medium is cooled to 0 °C for 20
minutes, filtered on a sintered filter. L-leucine (9.77 g, 74.46 mmol), DIPEA (86 mL) and
water (150 mL) are added to the filtrate. After 20 hours of stirring at room temperature, the
medium is diluted with an aqueous solution saturated with NaHCO3 (200 mL). The aqueous
phase is washed with ethyl acetate (2 x 200 mL) and acidified with an aqueous solution of
HCI 2 N to pH 1. The precipitate is filtered, rinsed thoroughly with water and dried under
vacuum at 50 °C. The solid is triturated 3 times in pentane, sonicated, then filtered, resulting

in a white solid.
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Yield: 18.8 g (75%)
RMN H (CDCls, ppm): 0.86 (6H); 0.96 (6H); 1.12-1.18 (2H); 1.20 -1.78(22H); 2.24 (2H);
4.58-4.63 (1H); 5.89 (1H).

LC/MS (ESI): 356.2 (calculated ([M+H]"): 356.6).

Molecule 21a: Product obtained by the reaction between molecule 20 and Boc-

tri(ethyleneglycol)diamine.

[000668] To a solution of molecule 20 (16.7 g, 46.97 mmol) in THF (235 mL) at room
temperature are added DIPEA (20.3) and TBTU. After stirring for 20 minutes, the Boc-
tri(ethyleneglycol)diamine (14 g, 56.36 mmol) is added. After stirring at room temperature
for 5 hours, the mixture is concentrated under vacuum . The residue is removed with ethyl
acetate (500 mL) washed with a saturated NaHCO3 aqueous solution (3 x 200 mL), an
aqueous solution of 1 N HCI (3 x 200 mL), and a saturated NaCl aqueous solution (3 x 200
mL). After drying over over NaxSOs, filtration and concentration under vacuum, the residue
is purified by flash chromatography (cyclohexane, ethyl acetate, methanol), resulting in a

colorless oil.

Yield: 23.5 g (85%)
RMN H (CDCls, ppm): 0.86 (6H); 0.93 (6H); 1.10-1.17 (2H); 1.19-1.08 (31H); 2.18 (2H);
3.23-3.65 (12H); 4.41-4.56 (1H); 5.12-5.47 (1H); 5.99-6.11 (0.75H); 6.48-6.65 (1H); 7.30-

7.40 (0.25H).

Molecule A9
[000669] Using a process similar to that used for the preparation of molecule A5a, applied

to molecule 21a (23.46 g, 40.04 mmol) without basic washing, the residue obtained after
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concentration under vacuum is triturated in an acetonitrile/acetone mixture. The supernatant
is removed and the pasty residue is dried under vacuum. The residue is then triturated in
acetone (150 mL) and the white solid of molecule A9 in the form of a hydrochloride salt is

filtered, rinsed in acetone, then dried under vacuum.

Yield: 13.0 g (64%)
RMN H (DMSO-d6, ppm) : 0.79 -0.90 (12H); 1.09-1.61 (24H); 2.03-2.17 (2H); 2.92-2.98
(2H); 3.15- 3.23 (2H); 3.40 (2H); 3.50-3.58 (4H); 3.61 (2H);4.30-4.23 (1H); 7.88 -8.14 (5H).

LC/MS (ESI): 486.4 (calculated ([M-]"): 486.8).

Example A10: Molecule A10

Molecule 22a: Product obtained by the reaction between octanoyl chloride and L-proline.
[000670] Using a process similar to that used for the preparation of molecule 11 and applied
to octanoyl chloride (150.0 g, 0.922 mol) and to L-proline (212.3 g, 1.844 mol), a colorless
oil of molecule 22a is obtained after washing the organic phase with a 10% HCI aqueous
solution (3 x 300 mL), a saturated NaCl aqueous solution (300 mL), drying over NaxSOa,
filtration through cotton, concentration under reduced pressure, then the residue is purified

by flash chromatography (eluent: DCM, MeOH).

Yield: 134 g (60%)
RMN !H (CDCIs, ppm): 0.87 (3H); 1.10-1.52 (8H); 1.57-1.74 (2H); 1.79-2.52 (6H); 3.37-
3.67 (2H); 4.37-4.42 (0.07H); 4.53-5.63 (0.93H); 9.83 (1H).

LC/MS (ESI): 242.1 (calculated ([M+ H]"): 242.2).



10

15

20

135

Molecule 23a: Product obtained by the coupling between molecule 22a and L-lysine.

[000671] To a solution of molecule 22a (132 g, 0.547 mol) in THF (924 mL) cooled to a
temperature below 5 °C are successively added NHS (66.1 g, 0.574 mol) and DCC (118.5 g,
0.574 mol). After 21 hours of stirring, the precipitate is removed by precipitation and the
filtrate is added over 30 minutes to a solution of L-lysine (41.98 g, 0.287 mol) in a mixture
of deionized water (82 mL) DIPEA (476 mL, 2.735 mol) at 15 °C. After 23 hours of stirring
at room temperature, the reaction medium is concentrated under reduced pressure resulting
in an oily residue which is diluted in water (1.3 L). The aqueous phase is washed twice with
AcOEt (2 x 0.5 L), cooled to a temperature below 10 °C, acidified by the addition of a
solution of 6 N HCI(120 mL) to reach a pH of 1, then extracted 3 times with DCM (3 x 0.6
L). The organic phases are combined, washed with a saturated solutionof NaCl (0.6 L), dried
over Na>SOq4 then concentrated under reduced pressure. The foam obtained is taken up with
acetone (240 mL) under reflux for 2 hours. After a night at 10 °C, pentane (240 mL) is added
drop-by-drop. After 1 hour of stirring, the precipitate is recovered by filtration under
vacuum, washed with a 1:1 mixture of pentane and acetone (150 mL), then dried under

vacuum.

Yield: 83.9 g (52%)
RMN !H (CDCls, ppm): 0.87 (6H); 1.06-1.78 (25H); 1.80-2.41 (13H); 2.80-3.72 (6H);
4.30 -4.39 (0.15H); 4.46-4.70 (2,.85H); 7.84 (1H); 7.93 (1H).

LC/MS (ESI): 593.5 (calculated ([M+ H]"): 593.4).
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Molecule 24: Product obtained by the reaction between molecule 23a and L-lysine methyl
ester.

[000672] To molecule 23a (76.26 g, 0.129 mol) are successively added HOPO (3.57 g, 32.1
mmol), dihydrochloride LysOMe (15.0 g, 64.3 mmol) and EDC (34.53 g, 0.18 mol) then
DMF (600 mL) previously cooled to 5 °C is added. After dissolution, triethylamine (43.9
mL, 0.315 mol) is added drop-by-drop while maintaining the temperature below 5 °C for 2
hours after the end of the addition. After overnight at room temperature, the reaction medium
is poured on a water/ice mixture (2 kg) and DCM (0.5 L). After 15 minutes of stirring, the
phases are separated. The aqueous phase is extracted with DCM (2 x 0.4 L). The organic
phases are combined, washed with a solution of 1N HCI (0.5 L) then with a saturated NaCl
solution(0.5 L), dried over Na>SOg, concentrated under reduced pressure, then the residue is

purified by flash chromatography (eluent: DCM, MeOH).

Yield: 56.7 g (67%)
RMN *H (CDCls, ppm): 0.87 (12H); 1.10-2.40 (82H); 2.86-3.72 (17H); 4.16-4.60 (7H);

6.83-8.01 (6H).

Molecule A10

[000673] A solution of molecule 24 (4.0 g, 3.05 mmol) in ethylenediamine (30 mL) is
heated at 50 °C overnight. The reaction medium is then diluted with  methyl-
tetrahydrofuranne, then the organic phase is washed 4 times with a saturated NaCl solution
(4 x 30 mL) then twice with water (2 x 50 mL) before being dried over Na;SOs then
concentrated under reduced pressure. The residue is solubilized in refluxing acetonitrile for

30 minutes, then the solution is cooled to room temperature while stirring overnight. The
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white precipitate is then recovered by filtration under vacuum, washed with cold acetonitrile

(2 x 20 mL) then dried under vacuum.

Yield: 3.0 g (74%)
RMN H (CDCIs, ppm): 0.87 (12H); 1.09-2.37 (84H); 2.74-4.56 (25H); 6.85 -8.00 (7H).

LC/MS (ESI): 1338.0 (calculated ([M+ H]"): 1338.0).

Example A11l: Molecule A1l

[000674] Molecule Al1 is obtained by the conventional method of peptide synthesis in solid
phase (SPPS) on 2-chlorotrityle chloride (CTC) (40.0 g, 1.16 mmol/g) resin.

[000675] Grafting of the first Fmoc-Lys(Fmoc)-OH (1.5 equivalents) amino acid is
performed in DCM (10V), in the presence of DIPEA (3.0 equivalents). Sites which did not
react are capped with methanol (0.8 mL/g resin) at the end of the reaction.

The couplings of protected amino acids Fmoc-Glu(OtBu)-OH (2.5 equivalents), Fmoc-Pro-
OH (2.5 equivalents) and myristic acid (2.5 equivalents) are carried out in DMF (10V), in
the presence of HATU (2.5 equivalents) and DIPEA (3.7 equivalents).

The protective Fmoc groups are removed using a solution of 80:20 DMF/piperidine (10 V).
The product is cleaved from resin using a solution of 80:20 DCM/HFIP (10 V).

After concentration under reduced pressure, the residue is purified by chromatography on

silica gel (dichloromethane, methanol).

Yield: 56.5 g (65%)
RMN H (CD3OD, ppm) : 0.90 (6H); 1.22-2.53 (140H); 3.12-3.25 (2H); 3.43-3.80 (4H);
4.17-4.54 (9H).

LC/MS (ESI+) : 1894.5 (calculated ([M+H]"): 1894.2).
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Example A12: Molecule A12

Molecule 25: Product obtained by the hydrogenation of farnesol.

[000676] To a solution of farnesol (60.00 g, 269.82 mmol) in THF (1200 mL) under argon
is added platinum oxide (PtO2, 613 mg, 2.70 mmol) and the medium is placed under 1 atm
of dihydrogen then stirred for 6 hours at room temperature. After filtration through celite
and rinsing in THF, a black oil of molecule 25 is obtained after concentration under reduced
pressure. This compound is used without additional purification.

Yield: 61.60 g (100%)

RMN H (CDCls, ppm) : 0.85 (3H); 0.87 (6H); 0.90 (3H)1.01-1.43 (15H); 1.47-1.66 (3H);

3.62 -3.76 (2H).

Molecule 26: Product obtained by the oxidation of molecule 25.

[000677] To a solution of molecule 25 (61.60 g, 269.68 mmol) in a dichloroethane/water
(1350 mL/1080 mL) mixture are successively added tetrabutylammonium bromide (46.95
g, 145.63 mmol), acetic acid (416 mL, 7.28 mol) then KMnQO4 (127.85 g, 809.04 mmol) by
small fractions while maintaining the temperature between 11 and 13 °C. The reaction
medium is then stirred for 4 hours 30 minutes, refluxing, cooled to 0 °C then acidified to pH
1 with a 37% HCI solution (50 mL). NaxSOs (186.94 g) is added progressively while
maintaining the temperature between 0 and 10 °C and the medium is stirred until it becomes
completely colorless. The medium is acidified to pH 1 with a 37% HCI solution , then water
(500 mL) and DCM (500 mL) are added. The phases are separated and the aqueous phase is
extracted with DCM (2 x 500 mL). The combined organic phases are washed with an
aqueous solution of 10% HCI (400 mL), water (2 x 400 mL), a saturated NaCl aqueous

solution (400 mL), dried over Na2SO4, filtered and concentrated under reduced pressure. A
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yellow oil of molecule 26 is obtained after purification by flash chromatography (eluent:
cyclohexane, AcOEt).

Yield: 54.79 g (84%)

RMN H (CDCls, ppm) : 0.85 (3H); 0.87 (6H); 0.97 (3H); 1.03-1.43 (13H); 1.52 (1H); 1.91
-2.01 (1H); 2.11-2.18 (1H); 2.32 -2.39 (1H).

LC/MS (ESI-): 241.3 (calculated ([M-H]): 241.2).

Molecule 27: Product obtained by the coupling between molecule 26 and methyl-L-
prolinate.

[000678] To a solution of molecule 26 (54.70 g, 225.66 mmol) in DCM (1500 mL) at 0 °C
are successively added HOBt (3.46 g, 22.57 mmol), DIPEA (117.92, 676.97 mmol), methyl
L-prolinate hydrochloride (56.05 g, 338.49 mmol) then EDC (64.89 g, 338.49 mmol). The
reaction mixture is stirred at 0 °C for 1 hour then at room temperature for 18 hours. The
medium is then diluted with DCM (1000 mL.), then washed by a saturated NaHCO3 aqueous
solution (2 x 1 L), a aqueous solution of 1 N HCI (2 x 1000 mL) and an aqueous solution
of NaCl (2 x 1000 mL). The organic phase is dried over Na;SOs, filtered and concentrated
under reduced pressure, resulting in a yellow oil of molecule 27 which is used without further
purification.

Yield: 77.15 g (97%)

RMN H (DMSO-ds, ppm): 0.79 -0.89 (12H); 0.98 -1.43 (13H); 1.51 (1H); 1.70-2.32 (7H);
3.33-3.42 (0.4H); 3.46-3.57 (1.6H); 3.59 (2.4H); 3.67 (0.6H); 4.23-4.32 (0.8H); 4.53-4.62
(0.2H).

LC/MS (ESI+) : 354.2 (calculated ([M+H]") : 354.3).
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Molecule 28: Product obtained by the saponification of molecule 27.

[000679] To a solution of molecule 27 (77.15 g, 218.22 mmol) in a mixture of THF/MeOH
1:1 (1454 mL) at 0 °C is added, drop-by-drop, a solution of LiOH (7.84 g, 327.33 mmol) in
water (727 mL). The reaction mixture is stirred at 0 °C for 18 hours, then at room temperature
for 5 hours. Organic solvents are evaporated under reduced pressure. Water (500 mL), an
aqueous solution of 10% HCI (200 mL) and DCM (800 mL) are added and the phases are
separated. The aqueous phase is extracted with DCM (2 x 1 L). The organic phases are
combined, washed with water (500 mL), an aqueous solution of NaCl (500 mL), dried over
Na>SOs, filtered and concentrated under reduced pressure, resulting in a yellow oil of
molecule 28 which is used without further purification.

Yield: 71.72 g (97%)

RMN 'H (DMSO-ds, ppm): 0.73-0.95 (12H); 0.95-1.42 (13H); 1.51 (1H); 1.65-2.32 (7H);
3.24-3.64 (2H); 4.13-4.28 (0.8H); 4.37-4.50 (0.2H); 12.44 (1H).

LC/MS (ESI+) : 340.2 (calculated ([M+H]") : 340.3).

Molecule A12

[000680] Molecule A12 is obtained by the conventional method of peptide synthesis in solid
phase (SPPS) on 2-chlorotrityle chloride (CTC) (34.5 g, 1.16 mmol/g) resin.

[000681] Grafting of the diamine ethylene (10.0 equivalents) is carried out in DCM (10V),
in the presence of DIPEA (10.0 equivalents). Sites which did not react are capped with
methanol (0.8 mL/g resin) at the end of the reaction.

[000682] The couplings of protected amino acids Fmoc-Lys(Fmoc)-OH (1.5 equivalents),
Fmoc-Glu(OMe)-OH (3.0 equivalents) and molecule 28 (3.0 equivalents) are carried out in
a 1:1 DCM/DMF mixture (10V), in the presence of HATU (1.0 equivalent with respect with

respect to the acid) and DIPEA (2.0 equivalents with respect to the acid).
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[000683] The protective Fmoc groups are withdrawn using a solution of 80:20
DMF/piperidine (10 V) (after coupling with lysine) or a solution of morpholine at 50% in
DMF (after coupling with glutamic acids).

[000684] The product is cleaved from resin using a solution of 50:50 DCM/TFA (10 V).
After evaporation,the residue is solubilized in MeTHF (450 mL) and the organic phase is
washed with a saturated NaHCO3 aqueous solution (3 x 450 mL) and a saturated NaCl
aqueous solution (200 mL). After drying over Na2SO4, the organic phase is filtered,
concentrated under reduced pressure and the residue is purified by chromatography on silica
gel (dichloromethane, methanol, NH4OH).

Yield: 13.95 g (31% in 7 steps).

RMN H (DMSO-ds, ppm): 0.73 -0.91 (24H); 0.96 -2.41 (56H); 2.72 (2H); 2.89-3.10 (2H);
3.15-3.26 (2H); 3.26-3.51(4H); 3.57 (3H); 3.58 (3H); 3.99-4.50 (5H) 6.07 (2H); 7.59 -8.39
(5H).

LC/MS (ESI+) : 1118.2 (calculated ([M+H]") : 1117.8).

Example A13: Molecule A13

Molecule 29: Product obtained by polymerization of y-benzyl-L-glutamate

N-carboxyanhydride initiated by N-Boc-ethylenediamine.

[000685] In a reactor, y—benzyl-L-glutamate N-carboxyanhydride (39.44 g, 149.82 mmol)
is solubilized in DMF (81 mL) at 25 °C. The mixture is then stirred until complete dissolved,
cooled to -10 °C, then a solution of BocEDA (6.00 g, 37.45 mmol) in DMF (7 mL) is
introduced rapidly. The reaction medium is stirred at 0 °C for 3 hours, then a solution of HCI
in 1.4 dioxane (3.33 M, 11.8 mL, 39.29 mmol) is added. The reaction medium is stirred at

room temperature, then poured an MeOH/IPE solution (125 mL/495 mL) cooled with an ice
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bath. After 65 hours of stirring at room temperature, the precipitate is filtered on sintered
filtered, washed with IPE (2 x 90 mL) and dried at 30 °C under reduced pressure.

Yield: 21.71 g (54%)

DP (estimated according to RMN *H) : 4.9

The average calculated molar mass of molecule 29 in the form of a hydrochloride salt is
1270.9 g/mol.

RMN 1H (DMSO-d6, ppm) : 1.35 (9H); 1.72-2.09 (9.8H); 2.23-2.60 (9.8H); 2.86-3.19 (4H);
3.85 (1H); 4.14-4.52 (3.9H); 4.86-5.23 (9.8H); 6.33-6.85 (1H); 7.09-7.55 (24.5H); 7.88-8.42

(6.9H); 8.67 (1H).

Molecule 30: Product obtained by the coupling between myristoyl chloride and molecule 29.
[000686] After solubilization of molecule 29 in the form of a hydrochloride sale (12.46 g,
9.80 mmol) in DCM (115 mL), the solution is cooled to 0 °C. The following are then added
in succession: triethylamine (2.35 g, 23.24 mmol) and a solution of myristoyl chloride (3.16
g, 12.79 mmol) in DCM (16 mL). The reaction medium is stirred at 0 °C for 4 h then at
[room] temperature for 2 hours before being poured onto IPE (920 mL). After 14 hours of
stirring at room temperature, the precipitate is filtered, washed with EtOH (2 x 145 ml, then
100 mL) and dried at 30 °C under reduced pressure.

Yield: 9.77 g (69%)

DP (estimated according to RMN H) : 5.1

The average calculated molar mass of molecule 30 is 1488.7 g/mol.

RMN H (CDCls, ppm) : 0.87 (3H); 1.07-1.51 (29H); 1.51-1.64 (2H); 1.80-2.75 (22.4H);

2.98-3.73 (4H); 3.84-4.50 (5.1H); 4.86 -5.32 (10.2H); 5.71-6.47 (1H); 6.72 -8.38 (31.6H).
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Molecule A13

[000687] To asolution of molecule 30 (4.70 g, 3.16 mmol) in DCM (31 mL) at 0°C is added
TFA (31 mL). The reaction medium is stirred at 0 °C for 2 hours then concentrated under
reduced pressure and at room temperature. The residue is returned to DCM (100 mL), then
dry concentrated under reduced pressure and at room temperature. The residue is solubilized
in DCM (100 mL) and washed with an aqueous solution of carbonate buffer at pH = 10.4
(326 mL, then 2 x 200 mL) then with an aqueous solution of HCI (0.1 N, 2 x 200 mL). The
organic solution is dried over Na>SOs, filtered, then dry concentrated at 40°C under reduced
pressure.

Yield: 3.96 g (88%)

DP (estimated according to RMN *H) : 5.2

The average calculated molar mass of molecule A13 in the form of a hydrochloride salt is
1446.9 g/mol.

RMN *H (TFA-d, ppm) : 0.91(3H); 1.17-1.47 (20H); 1.60-1.74 (2H); 1.99-2.78 (22.8H);

3.41-4.05 (4H); 4.62 -4.83 (5.2H); 5.05-5.35 (10.4H); 6.99 -8.02 (26H).

Example Al4: Molecule Al14

Molecule 31: Product obtained by the reaction between molecule 14 and Boc-
ethylenediamine.

[000688] Using a process similar to that used for the preparation of molecule 10 and applied
to molecule 14 (12.00 g, 40.35 mmol) and to BocEDA (7.76 g, 48.42 mmol), a colorless oil

of molecule 31 is obtained and used without further purification.
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Yield: 17.40 g (94%)

RMN *H (CDCls, ppm): 0.86(3H); 1.11 -1.68 (18H); 1.41 (9H); 1.80-2.38 (6H); 3.06-3.35
(4H); 3.37-3.49 (1H); 3.51-3.73 (1H); 4.26-4.31 (0.1H); 4.45 -4.52 (0.9H); 4.91-5.19 (1H);
6.97(0.1H); 7.23 (0.9H).

LC/MS (ESI+) : 440.4 (calculated ([M+ H]"): 440.3).

Molecule A14

[000689] Using a process similar to that used for the preparation of molecule A2 and applied
to molecule 31 (8.85 g, 20.13 mmol), in solution in DCM, a white solid of molecule A14 is
obtained after basic washing, concentration under reduced pressure, then recrystallization in

acetontrile

Yield: 6.53 g (96%)

RMN 'H (DMSO, ppm): 0.85(3H); 1.07 -1.56 (20H); 1.68-2.03 (4H); 2.09-2.29 (2H); 2.50-
2.58 (2H); 2.96-3.11 (2H); 3.21-3.59 (2H); 4.17-4.21 (0.65H); 4.25 -4.29 (0.35H);
7.68(0.65H); 8.00 (0.35H)

LC/MS (ESI): 340.3 (calculated ([M+ H]"): 340.3).

3).

Examples A15: Molecule A15

[000690] Molecule A15 is obtained by the conventional method of peptide synthesis in solid
phase (SPPS) on 2-chlorotrityle chloride (CTC) (16.0 g, 1.16 mmol/g) resin.

[000691] Grafting of the diamine ethylene (20.0 equivalents) is performed in DCM (10V).

Sites which did not react are capped with methanol (0.8 mL/g resin) at the end of the reaction.
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[000692] The couplings of protected amino acids Fmoc-Lys(Fmoc)-OH (3.0 equivalents),
Fmoc-Glu(OBn)-OH (4.0 equivalents) and molecule 11 (3.0 equivalents) are done ina DCM
(10V) (Lys and molecule 11 couplings), or a 1:1 DCM/DMF mixture (10V), in the presence
of HATU (1.0 equivalent with respect to the acid) and DIPEA mixture (1.5 equivalents with
respect to the acid).

[000693] The protective Fmoc groups are removed using a solution of 80:20
DMF/piperidine (10 V) (after coupling with lysine) or a solution of DBU at 1% in DMF
(after coupling with glutamic acids)

[000694] The product is cleaved from resin using a solution of 50:50 DCM/TFA (10 V).
After concentration,the residue is solubilized in ethyl acetate (400 mL) and the organic phase
is washed with an aqueous solution of carbonate buffer at pH 10 (1 M) (2 x 400 mL), then a
saturated NaCl aqueous solution (400 mL). After drying over Na2SO4, the organic phase
is filtered, concentrated under reduced pressure and the residue is purified by
chromatography on silica gel (dichloromethane, methanol, NH4OH), then by
recrystallization in acetonitrile.

Yield: 16.20 g (70% in 7 steps).

RMN *H (DMSO-ds, ppm): 0.85(6H); 1.11-2.57 (72H); 2.50-5.57 (2H); 2.90-3.08 (4H);
3.36-3.61 (4H); 4.06 -4.43 (5H); 5.08 (4H); 7.27-7.40 (10H); 7.51 -8.31 (5H).

LC/MS (ESI+): 1242.0 (calculated ([M+H]"): 1241.9).

Example A16 : Molecule A16
Molecule 32: Product obtained by SPPS
[000695] Molecule 32 is obtained by the conventional method of peptide synthesis in solid

phase (SPPS) on 2-chlorotrityle chloride (CTC) (50.0 g, 1.14 mmol/g) resin.
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[000696] Grafting of the first Fmoc-Glu(OtBu)-OH (1.3 equivalents) amino acid is
performed in DCM (10V), in the presence of DIPEA (2.6 equivalents). Sites which did not
react are capped with methanol (0.8 mL/g resin) at the end of the reaction.

[000697] The couplings of protected amino acids Fmoc-Glu(OtBu)-OH (1.3 equivalents),
and molecule 11 (3.0 equivalents) are done in a DMF (10V), in the presence of HATU (1.0
equivalent with respect to the acid) and DIPEA (1.5 equivalents with respect to the acid).
[000698] The protective Fmoc groups are withdrawn using a solution of 80:20
DMF/piperidine (10 V).

[000699] The product is cleaved from resin using a solution of 80:20 DCM/HFIP (10 V).
[000700] After concentration under reduced pressure, the residue is purified by trituration
in diisopropylether.

Yield: 35.78 g (90%)

RMN H (CDCls, ppm): 0.88(3H); 1.19 -1.35 (20H); 1.43(9H); 1.44 (9H); 1.55-1.67 (2H);
1.90-2.46 (14H); 3.46-3.54 (1H); 3.63-3.71 (1H); 4.33-4.40 (1H); 4.43-4.52 (2H)
7.35(0.05H); 7.40 (0.05H); 7.63(0.95H); 7.94 (0.95H).

LC/MS (ESI+): 696.4 (calculated ([M+H]"): 696.5).

Molecule 33: Product obtained by the reaction between molecule 32 and N-CBz
ethylenediamine

[000701] Using a process similar to that used for the preparation of molecule 7 and applied
to molecule 32 (30.0 g, 43.11 mmol) and to N-CBz ethylenediamine hydrochloride
(CBzEDA-HCI, 11.93 g, 51.73 mmol), and in the presence of DIPEA (15.0 mL, 86.22 mmol)

a beige solid of molecule 33 is obtained. It is used without additional purification.
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Yield: 37.6 g (100%)

RMN H (CDCls, ppm): 0.88(3H); 1.19 -1.34 (20H); 1.42(9H); 1.44 (9H); 1.52-2.54 (16H);
3.16-3.70 (6H); 4.08-4.15 (1H); 4.19-4.25 (1H); 4.43-4.53 (1H); 5.00 (1H); 5.08(1H): 6.56
(1H); 7.00 (1H); 7.24-7.37 (5H); 7.59(1H); 8.41 (1H).

LC/MS (ESI+): 872.5 (calculated ([M+H]"): 872.6).

Molecule A16

[000702] To asolution of molecule 33 (37,.6 g, 43.11 mmol) in methanol (376 mL) is added
Pd/Al203 (3.76 g) under an atmosphere of argon. The mixture is placed under a hydrogen
atmosphere (7 bar) and stirred at room temperature for 72 hours. After P4 filtration of the
catalyst on P4filter, then through an Omnipore 0.2 um PTFE hydrophilic membrane, the
filtrate is evaporated under reduced pressure, resulting in molecule A16 in the form of a
sticky oil.

Yield: 31.06 g (98%)

RMN H (CDCls, ppm) : 0.88(3H); 1.19 -1.35 (20H); 1.43(9H); 1.46 (9H); 1.56-1.67 (2H);
1.92-2.12 (6H); 2.24-2.54(8H); 2.71 (2H); 2.90 (2H); 3.22-3.32 (1H); 3.42-3.51 (1H); 3.55-
3.64 (1H); 3.73 -3.81(1H); 4.13 -4.21 (1H); 4.26 -4.33 (1H); 4.39 -4.48(1H); 7.10 (1H);
7.71(1H); 8.45 (1H).

LC/MS (ESI+) : 738.5 (calculated ([M+H]™): 738.5).

Molecule A17
[000703] Molecule A17 is obtained by the conventional method of peptide synthesis in solid

phase (SPPS) on 2-chlorotrityle chloride (CTC) (64.66 g, 1.16 mmol/g) resin.
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[000704] Grafting of the diamine ethylene (10.0 equivalents) is performed in DCM (10V),
in the presence of DIPEA (10.0 equivalents). Sites which did not react are capped with
methanol (0.8 mL/g resin) at the end of the reaction.

[000705] The couplings of protected amino acids Fmoc-Glu(OtBu)-OH (1.5 equivalents),
and molecule 28 (1.5 equivalents) are done in a 1:1 DCM/DMF  (10V) mixture for the
coupling of glutamic acid, or in DMF (10V), for the coupling of molecule 28, in the presence
of HATU (1.0 equivalent with respect to the acid) and DIPEA (2.0 equivalents with respect
to the acid).

[000706] The protective Fmoc groups are removed using a solution of 50:50
DMF/morpholine (10 V).

[000707] The product is cleaved from resin using a solution of 50:50 DCM/TFA (10 V).
After evaporation,the residue is solubilized in MeTHF (500 mL) and the organic phase is
washed with a 5% aqueous solution of Na2CO3 (3 x 250 mL), then the aqueous phases are
extracted with MeTHF (1 x 150 mL). The combined organic phases are dried over Na2SO4
and filtered. A HCI solution in MeOH (1.25 M) is added, then the medium is concentrated
under reduced pressure. The residue is purified on silica gel (dichloromethane, methanol),
resulting in the hydrochloride salt of molecule A17 in the form of a light brown solid.
Yield: 12.48 g (30% in 5 steps).

RMN H (DMSO-ds, ppm): 0.76 -0.90(12H); 0.97-1.41 (13H); 1.45-1.55 (1H); 1.68-2.40
(11H); 2.77-2.92 (2H); 3.20 -3.64 (4H); 3.57 (3H); 4.15-4.49 (2H); 7.90 -8.48 (5H).

LC/MS (ESI+) : 525.5 (calculated ([M+H]"): 525.4).
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Example A18: Molecule A18

Molecule 34: Product obtained by the hydrogenation of phytol.

[000708] To a solution of phytol (260.00 g, 878.78 mmol) in ethanol (1.25 L) under argon
is added Raney Nickel at 50% in water (30.75g, 175.36 mmol). The medium is placed under
1 bar of dihydrogen, then stirred for 8 hours at room temperature. After filtration on a pad
of celite/silica/celite and rinsing in ethanol, a colorless oil of molecule 34 is obtained after

concentration under reduced pressure.

Yield: 261.40 g (quant.)
RMN 'H (CDCls, ppm) : 0.84 (6H); 0.86 (6H); 0.89 (3H)1.00-1.46 (22H); 1.46-1.68 (3H);

3.61-3.73 (2H).

Molecule 35: Product obtained by the oxidation of molecule 34.
[000709] Using a process similar to that used for the preparation of molecule 26 applied to

molecule 34 (29.00 g, 97.13 mmol), a yellow oil of molecule 35 is obtained.

Yield: 28.70 g (94%)

RMN *H (CDCls, ppm) : 0.84 (6H); 0.86 (6H); 0.97 (3H): 1.00-1.41 (20H); 1.52 (1H): 1.96

(1H); 2.14 (1H); 2.35 (1H); 11.31 (1H).

LC/MS (ESI): 311.1 (calculated ([M- H]"): 311.3).
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Molecule 36: Product obtained by the coupling between molecule 35 and methyl-L-
prolinate.

[000710] Using a process similar to that used for the preparation of molecule 27 applied to
molecule 35 (18.00 g, 57.59 mmol), and to methyl-L-prolinate (14.31 g, 86.39 mmol), a

yellow oil of molecule 36 is obtained.

Yield: 23.20 g (95%)
RMN H (DMSO-ds, ppm): 0.78 -0.89(15H); 0.97-1.43 (20H): 1.43-1.56 (1H); 1.70-1.96
(4H); 1.96-2.32 (3H); 3.33 -3.56 (2H); 3.59 (0.6H); 3.67(2.4H): 4.27 (0.8H); 4.57 (0.2H).

LC/MS (ESI): 424.4 (calculated ([M+ H]"): 424.4).

Molecule 37: Product obtained by the saponification of molecule 36.
[000711] Using a process similar to that used for the preparation of molecule 28 applied to

molecule 36 (21.05 g, 49.68 mmol), a yellow oil of molecule 37 is obtained.

Yield: 20.40 g (99%)
RMN *H (DMSO-ds, ppm): 0.77 -0.91(15H); 0.97-1.43 (20H); 1.43-1.56 (1H); 1.67-1.96
(4H); 1.96-2.29 (3H); 3.26 -3.56 (2H); 4.20 (0.8H); 4.41 (0.2H).

LC/MS (ESI): 410.3 (calculated ([M+H]"): 410.4).

Molecule A18

[000712] Molecule A18 is obtained by the conventional method of peptide synthesis in solid
phase (SPPS) on 2-chlorotrityle chloride (CTC) (26.72 g, 1.16 mmol/g) resin.

[000713] Using a process similar to that used for the preparation of molecule Al17, applied

to 4,7,10-trioxa-1,13-tridecanediamine (TOTA, 68.30 g, 310.0 mmol), to Fmoc-Glu(OMe)-
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OH (23.77 mmol, 62.00 mmol) and to molecule 37 (19.04 g, 46.50 mmol), a yellow oil of
molecule A18 in hydrochloride form is obtained.

Yield: 5.53 g (23% in 5 steps).

RMN H (DMSO-ds, ppm): 0.76 -0.89(15H); 0.97-2.38 (36H); 2.77-2.87 (2H); 3.00-3.17
(3H); 3.32 -3.54 (13H); 3.57 (3H); 4.09 -4.18 (0.75H); 4.20 -4.29 (1H); 4.39-4.47 (0.25H);
7.63 -8.36 (5H).

LC/MS (ESI+): 755.7 (calculated ([M+H]"): 755.6).

Examples A19: Molecule A19
[000714] Molecule A19 is synthesized in the same way as molecule A16, by using molecule

14 instead of molecule 11 during the SPPS stage.

Overall yield (3 stages): 32.6 g (81%)

RMN H (CDCls, ppm) : 0.88(3H); 1.20 -1.35 (16H); 1.43(9H); 1.46 (9H); 1.56-1.68 (2H);
1.93-2.11 (6H); 2.24 -2.55(10H); 2.85 (2H); 3.19-3.29 (1H); 3.38-3.48 (1H); 3.55-3.64 (1H)
3.74 -3.82(1H); 4.14 -4.21 (1H); 4.25 -4.32 (1H); 4.41 -4.50(1H); 7.03 (1H); 7.69(1H); 8.42
(1H).

LC/MS (ESI): 710.4 (calculated ([M+H]*): 710.5).

Example A20: Molecule A20

[000715] Molecule A20 is obtained by the conventional method of peptide synthesis in solid
phase (SPPS) on 2-chlorotrityle chloride (CTC) (40.00 g, 1.16 mmol/g) resin.

[000716] Grafting of the diamine ethylene (20.0 equivalents) is performed in DCM (10V).

Sites which did not react are capped with methanol (0.8 mL/g resin) at the end of the reaction.
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[000717] The couplings of protected amino acids Fmoc-Lys(Fmoc)-OH (1.5 equivalents),
Fmoc-Glu(OtBu)-OH (2.5 equivalents) and molecule 11 (2.5 equivalents) are carried out in
DMF (10 V), in the presence of HATU (1.0 equivalent with respect to the acid) and DIPEA
(1.5 equivalents with respect to the acid).

[000718] The protective Fmoc groups are removed using a solution of 80:20
DMF/piperidine (10 V).

[000719] The product is cleaved from resin using a solution of 50:50 DCM/TFA (10 V).
After evaporation, the residue is solubilized in water (600 mL), the pH of the solution is
adjusted to 7 by the addition of a solution of NaOH 5 N, then the product is lyophilized. The
lyophilisate is purified by column chromatography on silica gel (dichloromethane, methanol,
NH40H), resulting in molecule A20 in the form of a white solid.

[000720] Yield: 24.6 g (50% in 7 steps).

RMN H (MeOD-d4, ppm): 0.90(6H); 1.18-2.45 (68H); 2.45-2.60 (2H); 3.05-3.11 (2H);
3.11-3.19 (1H); 3.23 -3.33 (1H); 3.43 -3.66 (4H); 3.82-3.94 (2H); 4.10 -4.51 (5H).

LC/MS (ESI+): 1061.9 (calculated ([M+H]*): 1061.8).
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Part B - Synthesis of the hydrophobic co-polyamino acids

) Co-polyamino acids according to formulas XXX, XXXa, XXXb
No. CO-POLYAMINO ACIDS BEARING CARBOXYLATE
CHARGES AND HYDROPHOBIC RADICALS
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Co-polyamino acid B1: Sodium poly-L-glutamate modified at one of its extremities by
molecule Al and having a number average molar mass (Mn) of 2800 g/mol

[000721] Inapreviously oven-dried flask, y—benzyl-L-glutamate N-carboxyanhydride (8.95
g, 34 mmol) is solubilized in anhydrous DMF (34 mL). The mixture is cooled to 4 °C, then
a solution of molecule Al (1.64 g, 1.55 mmol) in chloroform (6.6 mL) is quickly introduced.
The mixture is stirred between 4 °C and room temperature for 68 hours, then heated to 65
°C for 2 hours. Half of the solvent is distilled under reduced pressure, then the reaction
medium is cooled to room temperature and poured drop-by-drop into diisopropylether (300
mL) while stirring. The white precipitate is recovered by filtration, washed with
diisopropylether (5 x 50 mL), then dried under reduced pressure at 30 °C in order to obtain
a white solid. The solid (7.9 g) is diluted in TFA (30 mL), and a solution of 33%
hydrobromic acid (HBr) in acetic acid (21 mL, 120 mmol) is then added, drop-by-drop, at 0
°C. The solution is stirred for 2 hours at room temperature, then poured, drop-by-drop over
a 1:1 mixture (v/v) of diisopropylether/water while stirring (360 mL). After stirring for 2
hours, the heterogeneous mixture is allowed to rest overnight. The white precipitate is
recovered by filtration, washed successively with IPE (2 x 30 mL) then with water (2 x 30
mL). The solid obtained is solubilized in water (200 mL) while adjusting the pH to 7 by
adding a 1 N aqueous soda solution. Water (65 mL) is added. The mixture is filtered through
a 0.45 um filter, then purified by ultrafiltration against a 0.9% NaCl solution, then by water
until the conductimetry of the permeate is less than 50 uS/cm. The co-polyamino acid is then
concentrated to about theoretical 25 g/L, the pH is adjusted to 7 and the aqueous solution is
filtered by 0.2 pum. This solution is diluted with water and acetone in order to obtain a
solution at 12 g/L containing 30% acetone by mass, then it is filtered by activated carbon
filter (3M R53SLP). The acetone is distilled (40 °C, 100 mbar) and the solution is purified

by ultrafiltration against a 0.9% NaCl solution, then water, until the conductrimetry of the
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permeate is less than 50 uS/cm. The co-polyamino acid solution is then concentrated and the
pH is adjusted to 7. The aqueous solution is filtered through 0.2 um and stored at 4 °C.
Dry extract: 17.8 mg/g

DP (estimated according to RMN *H) : 26

According to RMN *H : i =0.038

The average calculated molar mass of Co-polyamino acid B1 is 4994 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 2800 g/mol

Co-polyamino acid B2: Sodium poly-L-glutamate modified by molecule A2, the esters
of which are saponified and having a number average molar mass (Mn) of 5200 g/mol
Co-polyamino acid B2-1: poly-L-glutamic acid resulting from the polymerization of y—
benzyl-L-glutamate N-carboxyanhydride initiated by hexylamine

[000722] In a jacketed reactor, y—benzyl-L-glutamate N- carboxyanhydride (500 g, 1.90
mol) is solubilized in anhydrous DMF (1100 mL). The mixture is then stirred until
completely dissolved, cooled to 0 °C, then hexylamine (6.27 mL, 47.5 mmol) is quickly
introduced. The mixture is stirred at 0 °C for 5 h, between 0 °C and 20 °C for 7 h, then at
20 °C for 7 h. The reaction medium is then heated to 65 °C for 2 h, cooled to 55 °C and
methanol (3300 mL) is introduced over 1 h 30. The reaction mixture is then cooled to 0 °C
and stirred for 18 hours. The white precipitate is recovered by filtration, washed with
diisopropylether (2 x 800 mL) then dried under reduced pressure at 30 °C resulting in a
poly(gamma-benzyl-L-glutamic) acid (PBLG).

[000723] To a solution of PBLG (180 g) in N,N-dimethylacetamide (DMAc, 450 mL) is
added Pd/Al203 (36 g) under an argon atmosphere. The mixture is placed under a hydrogen
atmosphere (10 bar) and stirred at 60 °C for 24 hours. After cooling to room temperature and

Filtration of the catalyst on sintered P4, then filtration through Omnipore 0.2 um PTFE
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hydrophilic membrane, a solution of water at pH 2 (2700 mL) is dripped drop-by-drop on
the DMAC solution, over a period of 45 minutes and while stirring. After 18 hours of stirring,
the white precipitate is recovered by filtration, washed with water (4 x 225 mL), then dried

under reduced pressure at 30 °C

Co-polyamino acid B2

[000724] Co-polyamino acid B2-1 (15.0 g) is solubilized in DMF (230 mL) at 40 °C, then
N-methylmorpholine (NMM, 11.57 g, 114.4 mmol) is added. At the same time, molecule
A2 in the form of a hydrochloride salt (10.17 g, 17.2 mmol) is put into suspension in DMF
(250 mL) and triethylamine (2.39 mL, 17.2 mmol) is added, then the mixture is slightly
heated while stirring, until completely dissolved. To the co-polyamino acid solution, cooled
to 25 °C, are added, in succession, the solution of molecule A2, of N-oxide 2-
hydroxypyridine (HOPO, 3.81 g, 34.3 mmol) then EDC (6.58 g, 34.3 mmol). The reaction
medium is stirred at 25 °C for 2 h, filtered through a 0.2 mm fabric filter et and dripped
drop-by-drop over 2.6 L of water containing 15% NaCl solutionand HCI (pH 2) while
stirring. At the end of the addition, the pH is readjusted to 2 with a solution of 1 N HCI, and
the suspension is allowed to rest overnight. The precipitate is collected, then rinsed with 2
x 100 mL of water. The white solid obtained is solubilized in 1.2 L of water by the slow
addition of an aqueous solution of 1 N NaOH until pH 7, while stirring, then the solution is
filtered through a 0.45 um filter. Ethanol (30% by mass) is added, then the solution is filtered
through an activated carbon filter (3M R53SLP). The solution of 10 N NaOH is slowly
added, while stirring, until pH 13, then the mixture is left stirring for 2 hours. After
neutralization to pH 7 by the addition of a 37% HCI solution , the clear solution obtained is
purified by ultrafiltration against a 0.9% solution of NaCl, then water, until the

conductimetry of the permeate is less than 50 uS/cm. The co-polyamino acid solution is then
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concentrated and the pH is adjusted to 7. The aqueous solution is filtered through 0.2 pm
and stored at 4 °C.

Dry extract: 22.6 mg/g

DP (estimated according to RMN *H) : 40

According to RMN 'H :i=0.15

The average calculated molar mass of Co-polyamino acid B2 is 9301 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 5200 g/mol.

Co-polyamino acid B3: sodium poly-L-glutamate modified by molecule A3, the ester
of which is saponified and having a number average molar mass (Mn) of 4900 g/mol

[000725] Co-polyamino acid B2-1 (12.0 g) is solubilized in DMF (92 mL) at 40 °C, then
N-methylmorpholine (NMM, 9.25 g, 91.5 mmol) is added. At the same time, a solution of
molecule A3 in the form of a hydrochloride salt (7.51 g, 13.7 mmol) and of N,N-
diisopropylethylamine (DIPEA, 2.39 mL, 13.7 mmol) in DMF (27 mL) is prepared. To the
co-polyamino acid solution, cooled to 25 °C, are added, in succession, the solution of
molecule A3, of N-oxide 2-hydroxypyridine (HOPO, 3.05 g, 27.4 mmol). The mixture is
cooled to 0 °C then EDC (5.26 g, 27.4 mmol) is added. After 5 minutes at 0 °C, the reaction
medium is stirred at 25 °C for 2 h, filtered through a 0.2 mm fabric filter and dripped drop-
by-drop over 950 mL of water containing 15% NaCl solution and HCI (pH 2) while stirring.
At the end of the addition, the pH is readjusted to 2 with a solution of 1 N HCI, and the
suspension is allowed to rest overnight. The precipitate is collected, then rinsed 3 x 100 mL
of water. The solid obtained is solubilized in 1 L of water by the slow addition of an aqueous
solution of NaOH 1 N until pH 7, while stirring. Once completely solubilized, the pH is
adjusted to pH 12 over 2 hours then to pH 13 over 1 hour by the addition of a 10 N NaOH

solution. After neutralization to pH 7 by the addition of a 37% HCI solution, this solution is
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diluted with water and ethanol in order to obtain a 12 g/L solution containing 30% ethanol
by mass, then it is filtered through an activated carbon filter(3M R53SLP). The solution is
filtered through a 0.45 pm filter, then purified by ultrafiltration against a 0.9% NaCl
solution, until the conductimetry of the permeate is less than 50 uS/cm. The co-polyamino
acid solution is then concentrated and the pH is adjusted to 7. The aqueous solution is filtered
through 0.2 um and stored at 4 °C.

Dry extract: 20.6 mg/g

DP (estimated according to RMN *H) : 40

According to RMN H :i=0.15

The average calculated molar mass of Co-polyamino acid B3 is 8977 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 4900 g/mol.

Co-polyamino acid B4: sodium poly-L-glutamate modified by molecule A4, the ester of
which is saponified and having a number average molar mass (Mn) of 4700 g/mol
[000726] Using a process similar to that used for the preparation of co-polyamino acid B3
applied to a hydrochloride salt of molecule A4 (7.12 g, 13.7 mmol) and to co-polyamino
acid B2-1 (12.0 g), a sodium poly-L-glutamate modified by molecule A4 for which the ester
is saponified is obtained.

Dry extract: 19.4 mg/g

DP (estimated according to RMN *H) : 40

According to RMN *H : i =0.15

The average calculated molar mass of Co-polyamino acid B4 is 8809 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 4700 g/mol.
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Co-polyamino acid B5: sodium poly-L-glutamate modified by molecule A5, the ester
of which is saponified and having a number average molar mass (Mn) of 5400 g/mol
[000727] Using a process similar to that used for the preparation of co-polyamino acid B3
applied to a hydrochloride salt of molecule A5 (9.71 g, 13.7 mmol) and to co-polyamino
acid B2-1 (12.0 g), a sodium poly-L-glutamate modified by molecule A5 for which the ester
is saponified is obtained.

Dry extract: 20.8 mg/g

DP (estimated according to RMN *H) : 40

According to RMN H :i=0.15

The average calculated molar mass of Co-polyamino acid B5 is 9939 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 5400 g/mol.

Co-polyamino acid B7: sodium poly-L-glutamate modified at one of its extremities by
molecule A7 and having a number average molar mass (Mn) of 2500 g/mol

[000728] Using a process similar to that used for the preparation of co-polyamino acid B1
applied to molecule A7 (2.50 g, 2.74 mmol) and to y—benzyl-L-glutamate
N-carboxyanhydride (15.89 g, 60.4mmol), a sodium poly-L-glutamate modified at one of its
extremities by molecule A7 is obtained.

Dry extract: 20.3 mg/g

DP (estimated according to RMN *H) : 26

According to RMN H : i = 0.038

The average calculated molar mass of Co-polyamino acid B7 is 3893 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 2500 g/mol
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Co-polyamino acid B13: sodium poly-L-glutamate modified at one of its extremities by
molecule Al1 for which the esters are deprotected and having a number average molar
mass (Mn) of 3000 g/mol

[000729] In a jacketed reactor, y—benzyl-L-glutamate N- carboxyanhydride (24.50 g, 93.05
mmol) is solubilized in anhydrous DMF (55 mL). The mixture is then stirred until
completely dissolved, cooled to 0 °C, then hexylamine (0.56 mL, 4.23 mmol) is quickly
introduced. The mixture is stirred at 0 °C for48 h then the following are added in succession:
a solution of molecule A11 (9,.g, 5.08 mmol) in DMF (50 mL), HOPO (564 mg, 5.08 mmol)
and EDC (973 mg, 5.08 mmol). The reaction medium is stirred at 0 °C for 1 h, between 0
°C and 20 °C for 2 h, then at 20 °C for 16 h. This solution is then run into a 1:1 H.O/MeOH
mixture (10 V) at room temperature while stirring. After 4 hours, the white precipitate is
recovered by filtration, washed with diisopropyl ether (2 x 100 mL), water (2 x 100 mL) and
a 1:1 H>O/MeOH mixture (2 x 100 mL), then dried under reduced pressure.

[000730] The solid obtained is solubilized in TFA (220 mL) and stirred at room temperature
for 2 hours 30 minutes. This solution is then poured in water (10V) at room temperature
while stirring. After 2 hours 30 minutes of stirring, the white precipitate is recovered by
filtration, washed with water (2 x 200 mL), then dried under reduced pressure.

[000731] The solid obtained is solubilized in N,N-dimethylacetamide (DMAc, 210 mL) is
added Pd/Al203 (2.1 g) under an argon atmosphere. The mixture is placed under a hydrogen
atmosphere (6 bar) and stirred at 60 °C for 24 hours. After cooling to room temperature and
filtration of the catalyst on sintered P4, then filtration through Omnipore 0.2 um PTFE
hydrophilic membrane, a solution of water at pH 2 containing 15% NaCl (6 V) is dripped
drop-by-drop on the DMAC solution, over a period of 45 minutes while stirring. After 18
hours of stirring, the white precipitate is recovered by filtration, washed with water, then

dried under reduced pressure. The solid obtained is solubilized in water (600 mL) while
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adjusting the pH to 7 by the addition of a 1N aqueous soda solution. The pH is then adjusted
to pH12 and the solution is stirred for 1 hour. After neutralization to pH 7, the solution is
filtered through 0.2 um, diluted with ethanol in order to obtain a solution containing 30%
by mass of ethanol, then filtered through an activated carbon filter (3M R53SLP). The
solution is filtered through a 0.45 um filter, then purified by ultrafiltration against a 0.9%
NaCl solution, until the conductimetry of the permeate is less than 50 uS/cm. The co-
polyamino acid solution is then concentrated and the pH is adjusted to 7. The aqueous
solution is filtered through 0.2 um and stored at 4 °C.

Dry extract: 23.5 mg/g

DP (estimated by RMN H) = 24 therefore i = 0.042

The average calculated molar mass of Co-polyamino acid B13 is 5377 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 3000 g/mol.

Co-polyamino acid B14: sodium poly-L-glutamate modified at one of its extremities by
molecule A12 for which the esters are deprotected and having a number average molar
mass (Mn) of 3300 g/mol

Co-polyamino acid B14-1: poly-L-benzylglutamate modified at one of its extremities by

molecule A12.

[000732] In a previously oven-dried flask, y—benzyl-L-glutamate N-carboxyanhydride
(50.00 g, 189.39 mmol) is solubilized in anhydrous DMF (65 mL). The mixture then stirred
until completely dissolved, cooled to 0 °C, then a solution of molecule A12 (9.65 g, 8.63
mmol) in DMF (50 mL) is quickly introduced. The mixture is stirred from 0 °C to room
temperature for 2 hours, then heated to 65 °C for 2 hours. The reaction medium is cooled to

room temperature and poured drop-by-drop into diisopropylether (1.8 mL) while being
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stirred. The white precipitate is recovered by filtration, washed two times with

diisopropylether, then dried under vacuum at 30 °C in order to obtain a white solid.

Co-polyamino acid B14

[000733] Co-polyamino acid B14-1 is solubilized in DMAc( 250 mL) then Pd/Al>Os3 (5.0
g) is added under an argon atmosphere. The mixture is placed under a hydrogen atmosphere
(10 bar) and stirred at 60 °C for 24 hours. After cooling to room temperature and filtration
of the catalyst on sintered P4, then filtration through Omnipore 0.2 um PTFE hydrophilic
membrane, a solution of water at pH 2 (6 V) is dripped drop-by-drop on the DMACc solution,
over a period of 45 minutes while stirring. After 18 hours of stirring, the white precipitate is
recovered by filtration, washed with water, then dried under reduced pressure. The solid
obtained is solubilized in water (1.25 L) while adjusting the pH to 7 by the addition of a 1N
aqueous soda solution. The pH is then adjusted to pH 13 and the solution is stirred for 3
hours. After neutralization to pH 7, the solution is filtered through 0.2 um, diluted with
ethanol in order to obtain a solution containing 30% by mass of ethanol, then filtered through
an activated carbon filter (3M R53SLP). The solution is filtered through a 0.45 um filter,
then purified by ultrafiltration against a 0.9% NaCl solution, until the conductimetry of the
permeate is less than 50 uS/cm. The co-polyamino acid solution is then concentrated and the
pH is adjusted to 7. The aqueous solution is filtered through 0.2 um and stored at 4 °C.
Dry extract: 25.7 mg/g

DP (estimated by RMN H) = 24 therefore i = 0.042

The average calculated molar mass of Co-polyamino acid B14 is 4720 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 3300 g/mol.
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Co-polyamino acid B15: sodium poly-L-glutamate modified by molecule A13 for which
the esters are deprotected and having a number average molar mass (Mn) of 4400
g/mol

[000734] Using a process similar to that used for the preparation of co-polyamino acid B3
applied to a hydrochloride salt of molecule A13 (3.39 g, 2.34 mmol) and to co-polyamino
acid B2-1 (2.04 g), with a saponification step at pH 13 for 5 hours in a mixture containing
30% by mass of ethanol, a sodium poly-L-glutamate modified by molecule A13 for which
the esters are deprotected is obtained.

Dry extract: 15.7 mg/g

DP (estimated according to RMN *H) : 40

According to RMN H :i=0.15

The average calculated molar mass of Co-polyamino acid B15 is 12207 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 4400 g/mol.

Co-polyamino acid B17: sodium poly-L-glutamate modified at one of its extremities by
molecule A15 for which the esters are deprotected and having a number average molar
mass (Mn) of 1000 g/mol

[000735] Using a process similar to that used for the preparation of co-polyamino acid B14
applied to molecule Al15 (10.85 g, 8.74 mmol) and to y-benzyl-L-glutamate
N-carboxyanhydride (23.00 g, 87.37mmol), with a saponification step at pH 12 for 2 hours,
a sodium poly-L-glutamate modified at one of its extremities by molecule A15, for which

the esters are deprotected is obtained.
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Dry extract: 23.9 mg/g

DP (estimated according to RMN *H) : 10

According to RMN *H : i =0.1

The average calculated molar mass of Co-polyamino acid B17 is 2576 g/mol.

Aqueous HPLC-SEC (PEG calibrating): Mn = 1000 g/mol.

Co-polyamino acid B18: sodium poly-L-glutamate modified by molecule A16 for which
the esters are deprotected and having a number average molar mass (Mn) of 5000
g/mol

[000736] Using coupling similar to that used for the preparation of co-polyamino acid B3
applied to molecule A16 (31.06 g, 42.08 mmol) and to co-polyamino acid B2-1 (36.80 g), a
beige solid id obtained after the acid precipitation step. This solid is diluted in TFA (100
g/L) and the mixture is stirred at room temperature for 3 hours. The solution is then dripped
drop-by-drop over water (3V) while stirring. After 16 hours of stirring, the precipitate is
recovered by filtration, then washed with water. The solid obtained is solubilized in water
while adjusting the pH to 7 by the addition of a 10 N aqueous soda solution. Once
solubilization is complete, the pH is adjusted to pH 12 over 1 hour by the addition of a 1N
solution of NaOH. After neutralization to pH 7 by the addition of a solution of 1N HCI, the
product is purified by a process similar to that used for the preparation of co-polyamino acid
B3 (charcoal filtration and ultrafiltration). A sodium poly-L-glutamate modified by molecule

A16 for which the esters are deprotected is obtained.
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Dry extract: 28.2 mg/g

DP (estimated according to RMN *H) : 40

According to RMN 'H :i=0.15

The average calculated molar mass of Co-polyamino acid B18 is 9884 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 5000 g/mol.

Co-polyamino acid B19: sodium poly-L-glutamate modified by molecule A17 for which
the esters are deprotected and having a number average molar mass (Mn) of 4900
g/mol

[000737] Using a process similar to that used for the preparation of co-polyamino acid B3
applied to a hydrochloride salt of molecule A17 (7.35 g, 13.09 mmol) and to co-polyamino
acid B2-1 (11.45 g), with a saponification step at pH 13 for 3 hours in a mixture containing
30% by mass of ethanol, a sodium poly-L-glutamate modified by molecule A17 for which
the esters are deprotected is obtained.

Dry extract: 25.7 mg/g

DP (estimated according to RMN *H) : 40

According to RMN 'H : i =0.15

The average calculated molar mass of Co-polyamino acid B19 is 9062 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 4900 g/mol.

Co-polyamino acid B20: sodium poly-L-glutamate modified by molecule A18 for which
the esters are deprotected and having a number average molar mass (Mn) of 5800
g/mol

[000738] Using a process similar to that used for the preparation of co-polyamino acid B3

applied to a hydrochloride salt of molecule A18 (5.43 g, 6.86 mmol) and to co-polyamino
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acid B2-1 (6.00 g), with a saponification step at pH 13 for 3 hours in a mixture containing
30% by mass of ethanol, a sodium poly-L-glutamate modified by molecule A18 for which
the esters are deprotected is obtained.

Dry extract: 22.0 mg/g

DP (estimated according to RMN *H) : 40

According to RMN 'H :i=0.15

The average calculated molar mass of Co-polyamino acid B20 is 10444 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 5800 g/mol.

Co-polyamino acid B21: sodium poly-L-glutamate modified by molecule A19 for which
the esters are deprotected and having a number average molar mass (Mn) of 5000
g/mol

[000739] Using a process similar to that used for the preparation of co-polyamino acid B18
applied to molecule A19 (32.64 g, 45.97 mmol) and to co-polyamino acid B2-1 (40.20 g),
a sodium poly-L-glutamate modified by molecule A19 for which the ester is saponified is
obtained.

Dry extract: 26.2 mg/g

DP (estimated according to RMN *H) : 40

According to RMN 'H : i =0.15

The average calculated molar mass of Co-polyamino acid B21 is 9716 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 5000 g/mol.

Co-polyamino acid B22: sodium poly-L-glutamate modified at one of its extremities by

molecule A20 and having a number average molar mass (Mn) of 1900 g/mol
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[000740] Using a process similar to that used for the preparation of co-polyamino acid B14
applied to molecule A20 (13.28 g, 12.51 mmol) in CHCI3 (53 mL) and to y—benzyl-L-
glutamate N-carboxyanhydride (72.46 g, 275.2 mmol ), in DMF (270 mL), with a
saponification step at pH 12 for 1 hour 30 minutes, a sodium poly-L-glutamate modified at
one of its extremities by molecule A20, is obtained.

Dry extract: 27.3 mg/g

DP (estimated according to RMN *H) : 20

According to RMN H : i =0.05

The average calculated molar mass of Co-polyamino acid B22 is 4087 g/mol.

Aqueous HPLC-SEC (PEG calibrating): Mn = 1900 g/mol.
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Co-polyamino acids according to formulas XXX and XXXb

No.

CO-POLYAMINO ACIDS BEARING CARBOXYLATE CHARGES

AND HYDROPHOBIC RADICALS

B7

NaO (6]

O
I
" ENH NH\/\NHW TAO/\/ TSN C My,

/\/O\/\NH CyiHos
i = 0.042, DP (m) = 24

R1 = H or pyroglutamate

B8

NaO o}

H3C

RlENH NH_ O O™
[Fm g , M CH

i = 0.043, DP (m) = 23

R1 = H or pyroglutamate

B10

NaO o
= CH,

i =0.032, DP (m) = 31

R1 = H or pyroglutamate
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Bll NaO 40
I
T S T NHMM/Y s
" H,C (6] CHs
CHs3
1 =0.034, DP (m) = 29
R1 = H or pyroglutamate
B12

3

i = 0.042, DP (m) = 24

R1 = H or pyroglutamate
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Co-polyamino acid B7’: sodium poly-L-glutamate modified at one of its extremities by
molecule A5a and having a number average molar mass (Mn) of 2600 g/mol

Co-polyamino acid B7” -1: poly-L-benzylglutamate modified at one of its extremities by

molecule Aba.

[000741] Inapreviously oven-dried flask, y—benzyl-L-glutamate N-carboxyanhydride (10.1
g, 38.4 mmol) is solubilized in anhydrous DMF (19 mL). The mixture then stirred until
completely dissolved, cooled to 0 °C, then a solution of molecule A5a (1.47 g, 1.74 mmol)
in chloroform (3.7 mL) is quickly introduced. The mixture is stirred from 0 °C and room
temperature for 2 hours, then heated to 65 °C for 2 hours. The reaction medium is cooled to
room temperature and poured drop-by-drop into diisopropylether (0.29 L) while being
stirred. The white precipitate is recovered by filtration, washed two times with
diisopropylether (5 x 50 mL), then dried under vacuum at 30 °C in order to obtain a white

solid.

Co-polyamino acid B7’

[000742] Co-polyamino acid B7°-1 (8.33 g, 33.0 mmol) is diluted in trifuloroacetic (TFA,
132 mL), then the solution is cooled to 4 °C. A 33% HBr solution in acetic acid (92.5 mL,
0.528 mol) is then added drop-by-drop. The mixture is stirred at room temperature for 2
hours, then poureddrop-by-drop over a 1:1 mixture (v/v) of diisopropylether and water while
stirring (0.8L). After stirring for 2 hours, the heterogeneous mixture is allowed to rest
overnight. The white precipitate is recovered by filtration, washed with IPE (2 x 66 mL) then
with water (2 x 66 mL). The solid obtained is then solubilized in water (690 mL) while
adjusting the pH to 7 by the addition of a 1 N aqueous soda solution. After solubilization,
the theoretical concentration is adjusted to theoretical 20 g/L by the addition of water (310

mL), the solution is filtered through a 0.45 um filter, then purified by ultrafiltration against



10

15

20

181

a solution of NaCl 0.9%, then water until the conductimetry of the permeate is less than 50

pS/cm. The solution obtained is filtered through 0.2 um and stored at 2 -8 °C.

Dry extract: 17.3 mg/g

DP (estimated according to RMN !H) : 24

According to RMN H : i =0.042

The average calculated molar mass of co-polyamino acid B7’ is 4430 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 2600 g/mol.

Example B8: co-polyamino acid B8 - sodium poly-L-glutamate modified at one of its
extremities by molecule A6a and having a number average molar mass (Mn) of 2400
g/mol

Co-polyamino acid B8-1: poly-L-benzylglutamate modified at one of its extremities by

molecule A6.

[000743] In a previously oven-dried flask, y—benzyl-L-glutamate N-carboxyanhydride
(19.0 g, 72.2 mmol) is solubilized in anhydrous DMF (19 mL). The mixture then stirred until
completely dissolved, cooled to 0 °C, then a solution of molecule A6a (1.68 g, 3.28 mmol)
in chloroform (3.7 mL) is quickly introduced. The mixture is stirred from 0 °C to room
temperature for 2 hours, then heated to 65 °C for 2 hours. The reaction medium is cooled to
room temperature and poured drop-by-drop into diisopropylether (0.29 mL) while being
stirred. The white precipitate is recovered by filtration, washed two times with
diisopropylether (5 x 50 mL), then dried under vacuum at 30 °C in order to obtain a white

solid.
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Co-polyamino acid B8

[000744] Using a process similar to that used for the preparation of co-polyamino acid B7’
applied to co-polyamino acid B8-1 (14.6 g, 61.5 mmol), a sodium poly-L-glutamate
modified at one of its extremities by molecule A6a is obtained.

Dry extract: 21.3 mg/g

DP (estimated according to RMN *H) : 23

According to RMN H : i = 0.043

The average calculated molar mass of Co-polyamino acid B8 is 3948 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 2400 g/mol.

Co-polyamino acid B10: sodium poly-L-glutamate modified at one of its extremities by

molecule A8 and having a number average molar mass (Mn) of 3100 g/mol

Co-polyamino acid B10-1: poly-L-benzylglutamate modified at one of its extremities by
molecule A8.

[000745] Into a suitable container are introduced, in succession, hydrochloride salt of
molecule A8 (2.308 g, 3.04 mmol), chloroform (120 mL), molecular sieve 4 A (1.5 g), as
well as the ion exchange resin Amberlite IRN 150 (1.5 g). After stirring from 1 hour on
rollers, the medium is filtered and the resin is rinsed with chloroform. The mixture is
evaporated, then co-evaporated with toluene. The residue is solubilized in anhydrous DMF
(40 mL) in order to be used directly in the polymerization reaction.

[000746] In a previously oven-dried flask, y—benzyl-L-glutamate N-carboxyanhydride
(20.0 g, 76.0 mmol) is solubilized in anhydrous DMF (19 mL). The mixture then stirred until
completely dissolved, cooled to 0 °C, then a solution of molecule A8, previously prepared,
in chloroform (3.7 mL) is quickly introduced. The mixture is stirred from 0 °C to room

temperature for 2 hours, then heated to 65 °C for 2 hours. The reaction medium is cooled to
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room temperature and poured drop-by-drop into diisopropylether (0.29 mL) while being
stirred. The white precipitate is recovered by filtration, washed two times with
diisopropylether (5 x 50 mL), then dried under vacuum at 30 °C in order to obtain a white

solid.

Co-polyamino acid B10

[000747] Using a process similar to that used for the preparation of co-polyamino acid B7’
applied to co-polyamino acid B10-1 (15.2 g, 60.8 mmol), a sodium poly-L-glutamate
modified at one of its extremities by molecule A8 is obtained.

Dry extract: 34.1 mg/g

DP (estimated according to RMN *H) : 31

According to RMN *H : i =0.032

The average calculated molar mass of Co-polyamino acid B10 is 5367 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 3100 g/mol.

Example B11: co-polyamino acid B11 - sodium poly-L-glutamate modified at one of its
extremities by molecule A9 and having a number average molar mass (Mn) of 3000
g/mol

Co-polyamino acid B11-1: poly-L-benzylglutamate modified at one of its extremities by

molecule A9.

[000748] In an appropriate container are introduced successively, hydrochloride salt of
molecule A9 (2.023 g, 3.87 mmol), chloroform (120 mL), molecular sieve 4 A (1.5 g), as
well as the ion exchange resin Amberlite IRN 150 (1.5 g). After stirring 1 hour on rollers,

the medium is filtered and the resin is rinsed with chloroform. The mixture is evaporated,
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then co-evaporated with toluene. The residue is solubilized in anhydrous DMF (40 mL) in
order to be used directly in the polymerization reaction.

[000749] Using a process similar to that used for the preparation of co-polyamino acid
B8-1 applied to the solution of molecule A9 prepared previously and to y—benzyl-L-

glutamate N-carboxyanhydride (25.5 g, 96.8 mmol), co-polyamino acid B11-1 is obtained.

Co-polyamino acid B11

[000750] Using a process similar to that used for the preparation of co-polyamino acid B7’
applied to co-polyamino acid B11-1 (18.4 g, 77.3 mmol), a sodium poly-L-glutamate
modified at one of its extremities by molecule A9 is obtained.

Dry extract: 28.0 mg/g

DP (estimated according to RMN *H) : 29

According to RMN H : i =0.034

The average calculated molar mass of Co-polyamino acid B11 is 4828 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 3000 g/mol.

Co-polyamino acid B12: sodium poly-L-glutamate modified at one of its extremities by
molecule A10 and having a number average molar mass (Mn) of 2700 g/mol

Co-polyamino acid B12-1: poly-L-benzylglutamate modified at one of its extremities by

molecule A10.
[000751] Using a process similar to that used for the preparation of co-polyamino acid B10-
1 applied to molecule A10 (3.0 g, 2.24 mmol) and to y—benzyl-L-glutamate

N-carboxyanhydride (12.99 g, 49.3 mmol), co-polyamino acid B12-1 is obtained.
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Co-polyamino acid B12

[000752] Using a process similar to that used for the preparation of co-polyamino acid B7’
applied to co-polyamino acid B12-1 (13.2 g, 48.0 mmol), a sodium poly-L-glutamate
modified at one of its extremities by molecule A10 is obtained.

Dry extract: 13.2 mg/g

DP (estimated according to RMN !H) : 24

According to RMN H : i =0.042

The average calculated molar mass of Co-polyamino acid B12 is 4924 g/mol.

Organic HPLC-SEC (PEG calibrating) : Mn = 2700 g/mol.

Part C: Compositions

Example C1: Preparation of a 0.6 mg/mL pramlintide solution containing m-cresol (29 mM)

and glycerin (174 mM) at pH 6.6

[000753] A 5 mg/mL concentrated solution of pramlintide is prepared by dissolving
pramlintide in powder form purchased from Ambiopharm. This solution is added to a
concentrated solution of excipients (m-cresol, glycerin) in order to obtain the aimed final

composition. The pH is adjusted to 6.6 by adding NaOH/HCI.

Example C1-1: Preparation of a 0.9 mg/mL pramlintide solution containing m-cresol (29
mM) and glycerin (174 mM) at pH 6.6.

[000754] By means of a similar protocol to that described in example Cla 0.9 mg/mL
pramlintide solutioncontaining m-cresol (29 mM) and glycerin (174 mM) at pH 6.6 is

obtained. The solution is clear.
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Example C2: Preparation of a 0.6 mg/mL pramlintide solution containing co-polyamino acid

B3, m-cresol (29 mM) and glycerin (174 mM) at pH 6.6

[000755] A concentrated solution of co-polyamino acid B3 and excipients is prepared by
adding concentrated solutions of excipients (m-cresol, glycerin) to a concentrated solution
of co-polyamino acid B3.

[000756] A5 mg/mL concentrated solution of pramlintideat pH 4 and of excipients is added
to this concentrated solution of co-polyamino acid B3 in order to obtain the final

compositions C2-1 to C2-5 (table 1). The pH is adjusted to 6.6 by additng NaOH/HCI.

Solution Ratio Concentration in co- Visual appearance
B3/pramlintide polyamino acid B3 of the solution
mol/mol mg/mL mM
C1 - - - Clear
C2-1 1.0 1.4 0.15 Clear
C2-2 15 2.0 0.23 Clear
C2-3 2.0 2.7 0.30 Clear
C2-4 3.0 4.1 0.46 Clear
C2-5 5.0 6.8 0.76 Clear

Table 1: Compositions and visual appearance of solutions of pramlintide at pH 6.6 at

different concentrations in co-polyamino acid B3.
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Example C3 : Preparation of a 0.6 mg/mL pramlintide solution containing different co-

polyamino acids according to the invention, m-cresol (29 mM) and glycerin (174 mM) at

pH 6.6

[000757] Using a protocol similar to that described in example C2, 0.6 mg/mL pramlintide

solutions 0.6 mg/mL pramlintide solutions containing different co-polyamino acids
according to the invention, m-cresol (29 mM) and glycerin (174 mM) at pH 7.4 are obtained

(tables 2 and 2a).
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Solution | Co-polyamino | Concentration in Ratio Visual
acid co-polyamino co-polyamino appearance

acid acid/pramlintide of the

mg/mL mM mol/mol solution

C3-1 Bl 2.3 0.46 3 Clear

C3-2 B2 1.4 0.15 1 Clear

2.8 0.3 2 Clear

C3-3 B4 2.7 0.3 2 Clear

4 0.46 3 Clear

53 0.61 4 Clear

C3-19 Bl 1.87 0.45 3 Clear

C3-20 B1 3.73 0.91 6 Clear

C3-21 Bl 10 2.45 16 Clear

C3-22 B13 4.09 0.76 5 Clear

C3-23 B13 6.5 1.22 8 Clear

C3-24 B14 5.74 1.22 8 Clear

C3-25 B14 7.17 1.52 10 Clear

C3-26 B17 1.96 0.76 5 Clear

C3-27 B17 2.35 0.91 6 Clear

C3-28 B18 1.58 0.16 1.1 Clear

C3-29 B18 2.36 0.24 1.6 Clear

C3-30 B19 1.38 0.15 1 Clear

C3-31 B19 2.07 0.23 1.5 Clear
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C3-32 B20 2.3 0.23 15 Clear
C3-33 B20 3 0.3 2 Clear
C3-34 B15 7.4 0.61 4 Clear
C3-35 B21 3.1 0.3 2 Clear
C3-36 B22 4.4 1.06 7 Clear

Table 2: Compositions and visual appearance of 0.6 mg/mL pramlintide solutions at pH 6.6

in the presence of different co-polyamino acids.

Solution Co- Concentration Ratio Visual
polyamino in co- co-polyamino appearance

acid polyamino acid acid/pramlintide of the

mg/mL | mM mol/mol solution

C3-5 B8 6 1.51 10 Clear

9 2.27 15 Clear

C3-7 B10 8.2 1.52 10 Clear

C3-18 B11l 7.3 1.5 10 Clear

Table 2a: Compositions and visual appearance of 0.6 mg/mL pramlintide solutions at pH 6.6

in the presence of different co-polyamino acids.
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Example C8: Preparation of 0.6 mg/mL pramlintide solutions containing different co-

polyamino acids according to the invention, m-cresol (29 mM) and glycerin (174 mM),

NaCl and optionally, zinc chloride at pH 6.6

[000758] A concentrated solution of co-polyamino acid according to the invention and
excipients is prepared by adding concentrated solutions of excipients (m-cresol, glycerin,
NaCl, zinc chloride) to a concentrated solution of co-polyamino acid according to the
invention.

[000759] A5 mg/mL concentrated solution of pramlintide at pH 4 and of excipients is added
to this concentrated solution of co-polyamino acid according to the invention in order to
obtain the final compositions C8-5 to C8-15 (tables 2b and 2c¢). The pH is adjusted to 6.6 by

adding NaOH/HCI.
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4.8 1.22
C8-5 B8 8 100 - Clear
4.8 1.22
C8-6 B8 8 100 1 Clear
C8-7 B11 7.3 15 10 100 - Clear
C8-8 B11 7.3 15 10 100 1 Clear
C8-9 B10 8.2 15 10 100 Clear
C8- B10 10 100 1 Clear
1.5
10 8.2

Table 2b: Compositions and visual appearance of 0.6 mg/mL pramlintide solutions at pH 6.6
in the presence of different co-polyamino acids according to the invention, of sodium

chloride and, optionally, of zinc chloride.
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mg/m | mM (mM) | (mM)
L

C8-11 Bl 1.87 | 0.45 3 25 - Clear
C8-12 Bl 3.1 0.76 5 25 - Clear
C8-13 B13 4.1 0.76 5 50 0.229 Clear
C8-14 B13 409 | 0.76 5 50 - Clear
C8-15 B17 1.96 | 0.76 5 25 - Clear
C8-16 B17 235 | 091 6 25 - Clear

Table 2c: Compositions and visual appearance of 0.6 mg/mL pramlintide solutions at pH 6.6
in the presence of different co-polyamino acids according to the invention, of sodium

chloride and, optionally, of zinc chloride.

Example C4 : Preparation of a 0.6 mg/mL pramlintide solution and of 100 IU/mL human

insulin containing m-cresol (29 mM) and glycerin (174 mM) and zinc chloride (229 uM) at

pH 6.6.

[000760] The 5 mg/mL concentrated solution of pramlintide described in C1 is added to a
concentrated solution of excipients (m-cresol, glycerin, zinc chloride). A 500 IU/mL human
insulin solution is prepared by dissolving human insulin in powder form purchased from

Amphastar.. This solution is added to a concentrated solution of pramlintide and of
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excipients in order to obtain the target final composition. The pH is adjusted to 6.6 by adding

NaOH/HCI.

Example C5: Preparation of a 0.6 mg/mL pramlintide solution and 100 IU/mL human

insulin containing co-polyamino acid B3, m-cresol (29 mM) and glycerin (174 mM) and

zinc chloride (229uM) at pH 6.6

[000761] A concentrated solution of co-polyamino acid B3 and excipients is prepared by
adding concentrated solutions of excipients (m-cresol, glycerin, zinc chloride) to a
concentrated solution of co-polyamino acid B3.

[000762] A5 mg/mL concentrated solution of pramlintide at pH 4, then a 500 1U/mL human
insulin solution are added to the concentrated solution of co-polyamino acid B3 and
excipients in order to obtain the final target composition (table 3). The pH is adjusted to 6.6
by adding NaOH/HCI.

Solutions C4 and C5-1 to C5-5 are prepared according to the protocol above.



10

194

= Y=

3 c 2 o
c = T g o 8 5
S S 2 =2 T s =
= I c o o D =
= o 5 5§ @ © 2 3

o = £ c o g
w © ™ o (&) (%]
¥ o O c_g =

mol/mol mg/mL mM é’

C4 - - - Turbid
C5-1 1.0 1.4 0.15 Clear
C5-2 1.5 2.0 0.23 Clear
C5-3 2.0 2.7 0.30 Clear
C5-4 3.0 4.1 0.46 Clear
C5-5 5.0 6.8 0.76 Clear

Table 3: Compositions and visual appearance of 0.6 mg/mL pramlintide solutions and human

insulin at pH 6.6 at different concentrations in co-polyamino acid B3.

Example C6 : Preparation of a 0.6 mg/mL pramlintide solution and 100 1U/mL human

insulin containing different co-polyamino acids according to the invention, m-cresol (29

mM) and glycerin (174 mM) and zinc chloride (229uM) at pH 6.6

[000763] Using a process similar to example C5, a 0.6 mg/mL pramlintide solution and 100

IU/mL human insulin containing a co-polyamino acid according to the invention, m-cresol

(29 mM) and glycerin (174 mM) and zinc chloride (229uM) at pH 6.6 is obtained.

[000764] Solutions C6-1 and C6-11 (Tables 4 and 4a) are prepared according to the above

protocol.
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mg/mL | mM mol/mol E
C6-1 B7 2.4 0.6 4 Clear
C6-2 Bl 3.8 0.76 5 Clear
6.1 1.22 8 Clear
C6-3 B2 1.4 0.15 1 Clear
2.8 0.3 2 Clear
4.2 0.45 3 Clear
Cb6-4 B4 2.7 0.3 2 Clear
4 0.45 3 Clear
6.7 0.75 5 Clear
C6-6 Bl 10 2.45 16 Clear
C6-7 B20 3 0.3 2 Clear
C6-8 B15 7.4 0.61 4 Clear
C6-9 B18 3.2 0.32 21 Clear
C6-10 B21 3.1 0.3 2 Clear
C6-11 B22 4.4 1.06 7 Clear

Table 4: Compositions and visual appearance of 0.6 mg/mL pramlintide solutions and 100

IU/mL human insulin at pH 6.6 in the presence of different co-polyamino acids.
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C6-4° B8 4.8 1.2 8 Clear
C6-5 B7’ 3.4 0.77 5 Clear
6.7 1.51 10 Clear

Table 4a: Composition and visual appearance of the solution of pramlintide at 0.6 mg/mL

and 100 1U/mL human insulin at pH 6.6 in the presence of different co-polyamino acids.

Example C10 : Preparation of a 0.6 mg/mL pramlintide solution and 100 IU/mL human

insulin containing co-polyamino acid B8, m-cresol (29 mM) and glycerin (174 mM), and

varied contents of sodium chloride and zinc chloride.

[000765] A concentrated solution of co-polyamino acid B8 and excipients is prepared by
adding concentrated solutions of excipients (m-cresol, glycerin, sodium chloride, zinc
chloride) to a concentrated solution of co-polyamino acid B8.

[000766] A5 mg/mL concentrated solution of pramlintide at pH 4, then a 500 IU/mL human
insulin solution are added to this concentrated solution of co-polyamino acid B8 and
excipients in order to obtain the final target composition. The pH is adjusted to 6.6 by adding

NaOH/HCI.
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[000767] Solutions C10-6 and C10-7 are prepared according to the protocol above.

s g @ 8
=) c © 2 = E 5
s '% g o E = = i) § 5
s |2 5 E £ S 5 & |2 |8 3
S | E g = |T 8 & = |83 2
8 |3 s 2 8 3 Z2 5
(=3 @) Q @ S
S mg/mL | mM (mM) | (mM)
C10-
1.22
6 B8 4.8 8 100 -* Clear
C10-
1.22
7 B8 4.8 8 100 1* Clear

Table 4b: Compositions and visual appearance of 0.6 mg/mL pramlintide solutions and 100
IU/mL human insulin at pH 6.6 in the presence of different co-polyamino acids, and
different concentrations of sodium chloride and zinc chloride.

*Composition comprising 0.23 mM of ZnCl> from the solution of human insulin.

Results of visual observations of the mixture and of ThT fibrillation measurements.
Principle

[000768] The poor stability of a peptide may lead to the formation of amyloid fibrils defined
as ordered, macromolecular structures. These may possibly result in the formation of gel in
the sample.

[000769] The follow-up test of fluorescence of thioflavin T (ThT) is used to analyze the

physical stability of solutions. Thioflavin is a small probe molecule with a characteristic
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fluorescence signature when it bonds to amyloid type fibrils (Naiki et al. (1989) Anal.
BioChem. 177, 244-249 ; LeVine (1999) Methods. Enzymol. 309, 274-284).

[000770] This method makes it possible to monitor the formation of fibrils for low
concentrations of ThT in undiluted solutions. This monitoring is carried out under

accelerated, stable conditions while stirring and at 37 °C..

Experimental Conditions

[000771] The samples are prepared just before the beginning of measurement. The
preparation of each composition is described in the related example. Thioflavin T was added
to the composition from a parent solution concentrated in order to induce negligible dilution
of the composition. The concentration of Thioflavin T in the composition is 2 uM.
[000772] A volume of 150 pL of the composition was introduced into one of the well of a
96-well tray. Each composition was analyzed using three tests (triplicate) in the same tray.
The tray was sealed by a transparent film in order to prevent evaporation of the composition.
[000773] This tray was then placed in the enclosure ofa tray reader (EnVision 2104
Multilabel, Perkin Elmer). The temperature was set at 37 °C, and lateral stirring of 960 rpm
with 1 mm of amplitude was started.

[000774] A reading of the intensity of fluorescence in each well was carried out with an
excitation wave length of 442 nm, and an emission wave length of 482 nm, over time.
[000775] The fibrillation process is manifested by a strong increase in fluorescence after a
period called the latency time.

[000776] For each well, this period was determined graphically as the intersection between
the fluorescence signal baseline and the slope of the fluorescence curve as a function of time

determined during the initial strong increase in fluorescence. The value of the recorded
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[000777] An example of a graphic determination is represented in figure 1.

[000778] This figure graphically represents the determination of the latency time (LT) by

fluorescent monitoring of Thioflavin T, on a curve with the value of the fluorescence on the

ordinate axis (in u.a., arbitrary units) and the time in minutes on the abscissa.

Example CA1: Stability of solutions at 0.6 mg/mL of pramlintide at pH 6.6 in the presence

of co-polyamino acidB3 at different concentrations

Solution Ratio Concentration in co- Latency time
B3/pramlintide polyamino acid B3 (h)
mol/mol mg/mL mM
C1 - - - 1

C2-1 1.0 14 0.15 >19
C2-2 15 2.0 0.23 >60
C2-3 2.0 2.7 0.30 >60
C2-4 3.0 4.1 0.46 >60
C2-5 5.0 6.8 0.76 >60

Table 5: Measurement of latency time by ThT of solutions C1 and C2-1 and C2-5.
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[000779] The solution of pramlintide at pH 6.6 (C1) without co-polyamino acid has a short
latency time; the latency times of the solutions containing co-polyamino acid B3 are higher.

Example CA2: Stability of 0.6 mg/mL pramlintide solutions at pH 6.6 in the presence of

different co-polyamino acids.

Solution | Co-polyamino | Concentration Ratio Latency

acid in co- co-polyamino time

polyamino acid/pramlintide (h)

acid
mg/mL | mM mol/mol

C3-1 Bl 2.3 0.46 3 >3
C3-2 B2 1.4 0.15 1 >20
2.8 0.3 2 >40

C3-3 B4 2.7 0.3 2 >15
4 0.46 3 >20

5.3 0.61 4 >40

C3-25 B14 5.74 1.22 8 >25
C3-26 7.17 1.52 10 >60
C3-28 B18 1.58 | 0.16 1.1 >25
C3-29 2.36 0.24 1.6 >60
C3-30 B19 1.38 | 0.15 1 >15
C3-31 207 | 0.23 1.5 >80
C3-32 B20 2.3 0.23 1.5 >50
C3-33 3 0.3 2 >80

5 Table 6: Measurement of latency time by ThT of compositions and C3-1 and C3-33.
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[000780] The solution of pramlintide at pH 6.6 (C1) without co-polyamino acid has a short

latency time. The co-polyamino acids according to the invention make it possible to obtain

latency times greater than 3 hours under the conditions tested.

Example CA2a: Stability of 0.6 mg/mL pramlintide solutions in the presence of different co-

polyamino acids, m-cresol (29 mM) and glycerin (174 mM), and different contents of NaCl

and zinc chloride at pH 6.6

o £ g
£ c £ S £ £
= e o e = — N =]
S 2IE 28 28 |8 |2 |z ¢
5 2 s 8 * 8 &8 (& |N &g
5 3 & 8 3 2 4
o @) ©
(2]
mg/m | mM (mM) | (mM)
L
C3-5 B8 9 2.27 15 - - 4<t<6
C3-5 6.0 151 - - <2
B8 10
4.8 1.22
C8-5 B8 8 100 >20
4.8 1.22
C8-6 B8 8 100 1 >20
C3-18 B11l 7.3 1.5 10 - - <1
C8-7 B11 7.3 1.5 10 100 - >8
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mg/m | mM (mM) | (mM)
L
C8-8 B11 7.3 1.5 10 100 1 >10
C3-7 B10 8.2 1.52 10 - - <5
C8-9 B10 8.2 1.5 10 100 >20
C8-10 B10 8.2 1.5 10 100 1 >20

Table 6a: Measurement of latency time by ThT of compositions C3-7, C3-5, C3-18 and C8-
5 to C8-10.

[000781] The solution of pramlintide at pH 6.6 (C1) without co-polyamino acid has a short
latency time; the latency times of the solutions containing co-polyamino acids according to
the invention in the presence of sodium chloride or of sodium chloride and zinc chloride are

higher.
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Example CA2b: Stability of 0.6 mg/mL pramlintide solutions in the presence of different

co-polyamino acids, m-cresol (29 mM) and glycerin (174 mM), and different contents of

NaCl and zinc chloride at pH 6.6

2 § £ o 2 2

= = = = —_ =
S > S5 | 5 S|8 > « % Q > =
= g ® |8 2 ®|& g 5 |Z& |N g
2 |3 & 8 & 3 <
n ©) ©) c © &

mg/mL | mM (mM) | (mM)
C3- Bl 1.87 0.45 3 - - <6
19
C3- B1 3.73 |091 6 - - <24
20
C8- B1 1.87 |0.45 3 25 - >12
11
C8- Bl 3.1 0.76 5 25 - >60
12
C3- B13 409 |0.76 5 - - <15
22
C8- B13 4.1 0.76 5 50 0.229 >70
13
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mg/mL | mM (mM) | (mM)
C3- B17 1.96 0.76 5 - - <30
26
C3- B17 2.35 0.91 6 - - <60
27
C8- B17 1.96 0.76 5 25 - >35
15
C8- B17 2.35 0.91 6 25 - >75
16

Table 6b: Measurement of latency time by ThT of compositions C3-19, C3-27 and C8-11 to

C8-16.

[000782] The solution of pramlintide at pH 6.6 (C1) without co-polyamino acid has a short
latency time; the latency times of the solutions containing co-polyamino acids according to

the invention in the presence of sodium chloride or of sodium chloride and zinc chloride are

higher.

Example CA3: Compositions and visual appearance of 0.6 mg/mL pramlintide solutions and

100 IU/mL human insulin at pH 6.6 in the presence of co-polyamino acid B3 at different

concentrations




10

205

Solution Ratio Concentration in co- Latency time
B3/pramlintide polyamino acid B3 (h)
mol/mol mg/mL mM

C4 - - - *
C5-2 1.5 2.0 0.23 >2
C5-3 2.0 2.7 0.30 >4
C5-4 3.0 4.1 0.46 >4
C5-5 5.0 6.8 0.76 >9

Table 7: Measurement of latency time by ThT of compositions and C5-1 and C5-5.

*means that the solution is turbid.

[000783] A 0.6 mg/mL pramlintide solution and 100 IU/mL human insulin at pH 6.6
without co-polyamino acid (C4) is turbid. Clear 0.6 mg/mL pramlintide solutions and of
human insulin 100 IU/mL at pH 6.6 in the presence of co-polyamino acid B3 have latency
times greater than 0.5 hour at a B3/pramlintide molar ratio of 1 and may be greater than 4

hours for B3/pramlintide molar ratios greater than 2.
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Example CA4: Stability of 0.6 mg/mL pramlintide solutions and 100 IU/mL human insulin

at pH 6.6 in the presence of different co-polyamino acids

Solution | Co-polyamino | Concentration in Ratio Latency

acid co-polyamino co-polyamino time

acid acid/pramlintide (h)
mg/mL mM mol/mol

C6-1 B7 24 0.6 4 >10
C6-2 Bl 3.8 0.76 5 >4
6.1 1.22 8 >6
C6-3 B2 2.8 0.3 2 >3
4.2 0.45 3 >5
C6-4 B4 2.7 0.3 2 >3
6.7 0.75 5 >4

Table 8: Measurement of latency time by ThT of compositions C6-1to C6-4 and C6-5.

Solution | Co-polyamino | Concentration Ratio Latency
acid in co- co-polyamino time
polyamino acid/pramlintide (h)
acid
mg/mL | mM mol/mol
C6-5 B7’ 3.4 0.77 5 >2
6.7 1.51 10 >5
Co6-4’ B8 4.8 1.2 8 2>t>1

Table 8a: Measurement of latency time by ThT of compositions and C6-5 and C6-4
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[000784] The solution of pramlintide and human insulin at pH 6.6(C4) is turbid. The co-
polyamino acids according to the invention make it possible to obtain latency times greater

than 1 hour under the conditions tested.

Example CA7: Preparation of a 0.6 mg/mL pramlintide solution and 100 1U/mL human

insulin containing co-polyamino acid B8, m-cresol (29 mM) and glycerin (174 mM), and

varied contents of sodium chloride and zinc chloride.

D .- 2 2
2 2 £ s = | = = ®
c o 5 > ZT|8 8 E |O o £
S = S @ 8|8 = ¢ < c =
= = 3 Q o o o Z, N >
= S S Q9 e 3 — e <
3 = S5 2 8 G 2
S mg/mL | mM (mM) | (mM)
Coe-4’ B8 4.8 1.2 8 - -* <2
1.22
C10-6 B8 4.8 8 100 | 0.23 >8
1.22
C10-7 B8 4.8 8 100 1.2* >9

Table 14b: Measurement of latency time by ThT of compositions C6-4 and C10-6 to C10-7

*Composition comprising 0.23 mM of ZnCl, from the solution of human insulin.

[000785] The solution of pramlintide and human insulin at at pH 6.6 (C4) is turbid. The
addition of zinc chloride containing B8 makes it possible to significantly increase the latency

time compared to that obtained with the solution C6-4’ with no zinc salt.
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CB: Stability study of compositions according to the invention.

Visual inspection procedure:

[000786] Three mL vials or cartridges filled with 1mL of formulation are visually inspected
in order to detect the appearance of visible particles or of turbidity. This inspection is carried
out according to the recommendations of European Pharmacopoeia (EP 2.9.20): the vials are
subjected to lighting of at least 2000 Lux and are observed in front of a white background
and of a black background. The number of weeks or months of stability corresponds to the
duration beginning at which the solutions contain visible particles or are turbid.

[000787] These results are in agreement with the US pharmacopoeia (USP <790>).

Example CB1: Physical stability in vial and cartridge at 30 °C of solutions of pramlintide at

0.9 ma/mL and at 0.6 ma/mL in the presence of co-polyamino acid, m-cresol (29 mM) and

glycerin (174 mM) at pH 6.6.

[000788] Solutions C1, C1-1, C8-14 and C3-21 are filtered (0.22 um). 1 mL of solution is
introduced into 3 mL glass cartridges by auto-injecting stylus and into 3 mL glass vials. The
cartridges and vials are placed in an oven at 30 °C in stasis and are then observed every 2

weeks.
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Cl-1 - - 0.9 <7 <2
C1l - - 0.6 <7 -
C3- Bl 0.6 - >12
10
21
C8- B13 0.6 >9 >9
4.09
14

Table 15: Results of physical stabilities in cartridge at 30 °C of pramlintide composition at

0.6 mg/mL in the presence of co-polyamino acid B1 and B13.

[000789] The pramlintide solutions at 0.9 mg/mL and 0.6 mg/mL at pH 6.6 have a physical
stability in vial less than 7 weeks at 30 °C. The physical stability in cartridge of the
pramlintide solution at 0.9 mg/mL, pH 6.6 is less than 2 weeks.

[000790] The pramlintide solution at 0.6 mg/mL at pH 6.6 in the presence of co-polyamino
acid B1 has a physical stability at 30 °C greater than 12 weeks in cartridge.

[000791] The pramlintide solution at 0.6 mg/ml at pH 6.6 in the presence of co-polyamino

acid B13 has a physical stability at 30 °C greater than 9 weeks in cartridge and in vial.
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Example CB2: Physical stability in vial and cartridge at 30 °C of 0.6 mg/mL pramlintide

solutions and of insulin 100 IU/mL at pH 6.6 in the presence of co-polyamino acid B1 B20,

m-cresol (29 mM) and glycerin (174 mM) and zinc (229 uM) at pH 6.6.

[000792] Solutions C6-6 and C6-7 are filtered (0.22 um). 1 mL of solution is introduced

into 3 mL glass cartridges by auto-injecting stylus and into 3 mL glass vials. The cartridges

10

and vials are placed in an oven at 30 °C in stasis and are then observed every 2 weeks.

Solution | Co-polyamino acid | Concentration in Stability Stability

co-polyamino acid ohysical ohysical

mg/mb mg/mL 30 °C in 30 °C in

vial cartridge

(week) (week)
C4 - - * *
C6-6 Bl 10 >12 >12

C6-7 B20 3 >9 -

*solution turbid since preparation.

Table 16: Results of physical stabilities in vial and cartridge at 30 °C of pramlintide

compositions at 0.6 mg/mL. Insulin 100 IU/mL in the presence of co-polyamino acid 6.6.

[000793] The solution of pramlintide at 0.6 mg/mL and 100 IU/mL human insulin at pH

6.6 is turbid.
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[000794] The pramlintide solution at 0.6 mg/ml and of 100 IU/mL human insulin at pH 6.6
in the presence of co-polyamino acid B1 has a physical stability at 30 °C greater than 12
weeks in vial and greater than 12 weeks in cartridge.

[000795] The pramlintide solution at 0.6 mg/mL and of 100 IU/mL human insulin at pH
6.6 in the presence of co-polyamino acid B20 has a physical stability at 30 °C greater than

9 weeks in cartridge.

Example CB3: Physical stability in cartridge at 37 °C of 0.6 mg/mL pramlintide solutions in

the presence of a co-polyamino acid, m-cresol (29 mM) and glycerin (174 mM) at pH 6.6.

[000796] The solution C3-21 is filtered (0.22 um). 1 mL of solution is introduced into 3 mL
self-injection pen glass cartridgesinto 3 mL self-injection pen glass cartridges . The
cartridges are placed in an oven at 37 °C under static conditions and are then observed every

2 weeks.

Solution | Co-polyamino acid | Concentration in | Concentration Stability
co-polyamino acid pramlintide physical
mg/mL (mg/mL) 37°Cin
cartridge
(week)
C3-21 Bl 10 0.6 >9

Table 17: Results of physical stabilities in cartridge at 37 °C of 0.6 mg/mL pramlintide

composition in the presence of co-polyamino acid.
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[000797] The 0.6 mg/mL pramlintide solution at pH 6.6 in the presence of co-polyamino

acid B1 has a physical stability at 37 °C greater than 9 weeks in cartridge.

Example CB4: Physical stability in and cartridge at 37 °C of 0.6 mg/mL pramlintide

solutions and of 100 IU/mL insulin in the presence of co-polyamino acid, m-cresol (29 mM)

and glycerin (174 mM) and zinc (229 yuM) at pH 6.6.

[000798] Solutions C6-6 and C6-7 are filtered (0.22 um). 1 mL of solution is introduced
into 3 mL self-injection pen glass cartridges . The cartridges are placed in an oven at 37 °C

under static conditions and are then observed every 2 weeks.

Solution Co-polyamino acid Concentration in co- Stability
polyamino acid .

physical

mg/mL 37°Cin

cartridge

(week)

C1 - _ *
C6-6 Bl 10 >9
C6-7 B20 3 >3

*solution turbid since preparation.
Table 18: Results of physical stabilities in cartridge at 37 °C of 0.6 mg/mL pramlintide

composition in the presence of co-polyamino acid.
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[000799] The 0.6 mg/mL pramlintide solution and 100 IU/mL human insulin at pH 6.6 is

turbid.

The 0.6 mg/mL pramlintide solution at pH 6.6 in the presence of co-polyamino acid has a

5 physical stability at 37 °C greater than 3 weeks in cartridge.
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CLAIMS

5 1. Composition in the form of an injectable aqueous solution, for which the pH is comprised
from 6.0 to 8.0, comprising at least:
a) amylin, an amylin receptor agonist or an amylin analogue;
b) a co-polyamino acid bearing carboxylate charges and hydrophobic radicals Hy, said
co-polyamino acid being constituted of glutamic or aspartic units and said
10 hydrophobic radicals Hy chosen among the radicals according to formula X as

defined below:

*‘(GpR>r (GpG)g (GpA)a {(GpL)I—%GpH)h— GpC

@ Formula X
in which

GpR is chosen among the radicals according to formulas VII, VII’ or VII”:

H  H TRY
15 *—N—R—=N—" Formula viI or AL g —N— Formula VII” or
@) O
*_”_RJ'I_* Formula VII’’;

— ldentical or different GpG and GpH are chosen among the radicals according to
formulas XI or XI’;

20

N—" Formula XI * Formula XTI’
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- GpA is chosen among the radicals according to formula V111

*

Formula VIII

In which A’ is chosen among the radicals according to formulas VIII’, VIII’* or VIII”

5
A
\CO
/ A—N—A, A—N—A—N—A;
* '* |* -L
Formula VIII Formula VIII* Formula VI’
— -GpL is chosen among the radicals according to formulas XII
O HN—*
. | /
A
10 HN—" Formula XII
— GpC is aradical according to formula IX:
(@) O
NJ c
* - X
c N B
b O
e
d Formula IX;
— *indicate the attachment sites of the different groups bound by amide functions;
15 — aisanintegerequaltoOortolanda’=1ifa=0anda’=1,2or 3ifa=1,

- a’isaninteger equal to 1, to 2 or to 3;
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- bisaninteger equal to 0 or to 1;

- cisaninteger equal to 0 or to 1, and if c is equal to 0, then d is equal to 1 or to 2;
— disan integer equal to 0, to 1 or to 2;

— eisaninteger equal to O or to 1;

— gisaninteger equal to 0,to 1,to 2,t0 3, to 4, to 5 or to 6;

- hisan integer equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6, and at least one of g, h or

| is different from O;

- lisanintegerequaltoOorto landI’=11ifl =0andI’=2if =1,

- risanintegerequalto 0, 1 orto 2, and

- s’ is an integer equal to 0 or to 1;

- And if e is different from 0, then at least one of g, h or | is different from O;
- Andifa=0,thenl=0;

- A, A, A2 and As identical or different, are linear or branched alkyl radicals

comprising from 1 to 8 carbon atoms and, optionally, substituted by a radical from a
saturated, unsaturated or aromatic ring;
- B is a radical ether or polyether, unsubstituted, comprising from 4 to 14 carbon
atoms and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally
comprising an aromatic ring, comprising from 1 to 9 carbon atoms.
- Cx isamonovalent, linear or branched, alkyl radical optionally comprising a cyclic
part, in which x indicates the number of carbon atoms, and:
. When the hydrophobic radical -Hy bears 1 -GpC, then 9 <x <25,
. When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x < 15,
. When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x < 13,

. When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x <11,



10

15

20

25

217

. When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 <x <11,
—  Giisalinear or branched divalent alkyl radical of 1 to 8 carbon atoms, said alkyl
radical bearing one or more free carboxylic acid functions,
- R is a radical chosen from the group consisting of a divalent, linear or branched
alkyl radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms bearing one or more -CONH> functions
or an unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms and
1 to 5 oxygen atoms,
—  The hydrophobic radical(s) -Hy according to formula X being bound to the PLG:
o via a covalent bond between a carbonyl of the hydrophobic radical -Hy and a
nitrogen atom borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function borne by the PLG and an acid function
borne by the precursor -Hy’ of the hydrophobic radical -Hy, and
o via a covalent bond between a nitrogen atom of the hydrophobic radical -Hy
and a carbonyl borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function of the precursor -Hy’ of the

hydrophobic radical -Hy and an acid function borne by the PLG,

- The ratio M between the number of hydrophobic radicals and the number of glutamic

or aspartic units being between 0 <M < 0.5;

- When several hydrophobic radicals are borne by a co-polyamino acid, then they are

identical or different,

- The degree of polymerization DP in glutamic or aspartic units for the PLG chains is

comprised from 5 to 250;

- Free carboxylic acids being in the form of an alkaline cation salt chosen from the

group consisting of Na*and K*.
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2. Composition according to claim 1, characterized in that the co-polyamino acid bearing

carboxylate charges and hydrophobic radicals is chosen among the co-polyamino acids

according to formula XXX below:

in which,

D

H
N

o)
)\ox
R1\f
N
H
m
o)

Hy Formula XXX

D represents, independently, either a -CH»- group (aspartic unit) or a -CH.-
CHa- group (glutamic unit),

Hy is a hydrophobic radical chosen among the hydrophobic radicals
according to formulas X,

R:1 is a hydrophobic radical chosen among the hydrophobic radicals
according to formula X in which r=0 or r=1 and GpR is a radical according
to formula VII” or VII’’, or a radical chosen from the group consisting of a
H, a linear acyl group in C2 to C10, a branched acyl group in C3 to C10, a
benzyl, a terminal “amino acid” unit and a pyroglutamate,

R is a hydrophobic radical chosen among the hydrophobic radicals

according to formula X or an -NR’R”’ radical, R’ and R’’, identical or
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different, being chosen from the group consisting of H, the linear, branched
or cyclic alkyls in C2 to C10, benzyl and said R’ and R” alkyls may together
form one or more saturated, unsaturated and/or aromatic rings and/or may
comprise heteroatoms, chosen from the group consisting of O, N and S,

e X represents a H or a cationic entity chosen from the group comprising the
metallic cations;

e n+m represents The degree of polymerization DP of the co-polyamino acid,
that is the average number of monomeric units per co-polyamino acid chain

and 5 <n+m<250.

3. Composition according to any one of the preceding claims, characterized in that the co-
polyamino acid bearing carboxylate charges and hydrophobic radicals is chosen among the
co-polyamino acids according to formula XXX, in which R = R’1 and R2 = R’2, according

to formula XXXa below:

)}
A
hd

0]

Hy Formula XXXa
in which,

— m, n, X, D and Hy as defined in claim 2,
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- R’1is aradical chosen from the group consisting of a H, a linear acyl group in C2
to C10, a branched acyl group in C3 to C10, a benzyl, a terminal “amino acid” unit and a
pyroglutamate,

- R’z is a -NR’R”’ radical, R’ and R”’, identical or different, being chosen in the
group consisting of H, the linear, branched or cyclic alkyls in C2 to C10, benzyl and said
R’ and R” alkyls may together form one or more saturated, unsaturated and/or aromatic

rings and/or may comprise heteroatoms, chosen from the group consisting of O, N and S.
4. Composition according to any one of claims 1 or 2, characterized in that the co-

polyamino acid bearing carboxylate charges and hydrophobic radicals is chosen among the

co-polyamino acids according to formulas XXX, in which n =0, according to formula XXXb

OX
D
R1 R,
N
H
m
0]

in which m, X, D, R1 and R: as defined in claim 2 and at least R1 or R is a hydrophobic

below:

Formula XXXb

radical according to formula X.

5. Composition according to any one of the preceding claims, characterized in that the co-

polyamino acid/amylin, amylin receptor agonist or amylin analogue molar ratio is greater

than or equal to 1.
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6. Composition according to any one of the preceding claims, characterized in that the

amylin, amylin receptor agonist or amylin analogue is amylin.

7. Composition according to any one of the preceding claims, characterized in that the

amylin, amylin receptor agonist or amylin analogue is pramlintide.

8. Composition according to any one of the preceding claims, characterized in that it also

comprises a prandial insulin.

9. Composition according to any one of the preceding claims, characterized in that the co-

polyamino acid/insulin ratio is greater than or equal to 1.

10. Composition according to any one of claims 1 to 9, characterized in that said
compositions have a stability measured by ThT greater than that of a reference composition
comprising amylin, an amylin receptor agonist and an amylin analogue, but not comprising

a co-polyamino acid bearing carboxylate charges and Hy hydrophobic radicals.

11. Co-polyamino acid bearing carboxylate charges and hydrophobic radicals Hy, said co-
polyamino acid being constituted of glutamic or aspartic units and said hydrophobic radicals

Hy chosen among the radicals according to formula X as defined below:

*%GDR)r (GpG)g (GpA)a {(GpL)I {(GpH)h GpC |'

@ Formula X

in which
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GpR is chosen among the radicals according to formulas VII, VII’ or VII”:

)

H H H
*—=N—R—=N—" Formula VIl or *_“_R_N_* Formula VII’ or
O O
AL gL Formula VII*’;
5 — ldentical or different GpG and GpH are chosen among the radicals according to

formulas XI or XI’;

N—" Formula XI * Formula XTI’

- GpA is chosen among the radicals according to formula V111

10

NH— A'—[NH—]-

S

*

Formula VIII

In which A’ is chosen among the radicals according to formulas VIII’, VIII’’ or VIII”’

Aq

\CO
/ A—N—A, A1—T—A2—N—A3
* '* * -L

15 Formula VIIT’ or Formula VIII’> or Formula VIII’”’
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— -GpL is chosen among the radicals according to formulas XII

O %
Ly

\

HN—" Formula X1,

— GpC is aradical according to formula IX:

(0] O

d Formula IX;

- * indicate the attachment sites of the different groups bound by amide functions;
- aisanintegerequaltoOortolanda’=1ifa=0anda’=1,2o0r 3 ifa=1,

- a’ is an integer equal to 1, to 2 or to 3;

- b is an integer equal to 0 or to 1;

- c is an integer equal to 0 or to 1, and if ¢ is equal to O, then d is equal to 1 or to 2;
- dis an integer equal to 0, to 1 or to 2;

- e isaninteger equal to 0 or to 1;

- g isaninteger equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6;

- hisaninteger equal to 0,to 1, to 2, to 3, to 4, to 5 or to 6, and at least one of g, h or
| is different from O;

- lisanintegerequaltoOortoland’=1ifl=0and I’=2 if1=1;

- risaninteger equal to 0, 1 or to 2, and

- s’ is an integer equal to 0 or to 1;
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- And if e is different from 0, then at least one of g, h or | is different from O;

- Andifa=0,thenl=0;

- A, A1, A2 and As identical or different, are linear or branched alkyl radicals
comprising from 1 to 8 carbon atoms and, optionally, substituted by a radical from a
saturated, unsaturated or aromatic ring;

- B is a radical ether or polyether, unsubstituted, comprising from 4 to 14 carbon
atoms and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally comprising
an aromatic ring, comprising from 1 to 9 carbon atoms,
- Cx isamonovalent, linear or branched, alkyl radical optionally comprising a cyclic
part, in which x indicates the number of carbon atoms, and:

= When the hydrophobic radical -Hy bears 1 -GpC, then 9 <x <25,

= When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x < 15,

=  When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x < 13,

=  When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x < 11,

= When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 < x

<11,

- G is a linear or branched divalent alkyl radical of 1 to 8 carbon atoms, said alkyl
radical bearing one or more free carboxylic acid functions,
- R is a radical chosen from the group consisting of a divalent, linear or branched
alkyl radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alkyl
radical comprising from 1 to 12 carbon atoms bearing one or more -CONH> functions or
an unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms and 1 to
5 oxygen atoms,

- The hydrophobic radicals -Hy according to formula X being bound to the PLG:
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o via a covalent bond between a carbonyl of the hydrophobic radical -Hy and a
nitrogen atom borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function borne by the PLG and an acid function
borne by the precursor -Hy’ of the hydrophobic radical -Hy, and

5 o via a covalent bond between a nitrogen atom of the hydrophobic radical -Hy
and a carbonyl borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function of the precursor -Hy’ of the
hydrophobic radical -Hy and an acid function borne by the PLG,

- The ratio M between the number of hydrophobic radicals and the number of glutamic
10 or aspartic units being between 0 <M < 0.5;
- When several hydrophobic radicals are borne by a co-polyamino acid, then they are
identical or different,
- The degree of polymerization DP in glutamic or aspartic units for the PLG chains is
comprised from 5 to 250;
15 - Free carboxylic acids being in the form of an alkaline cation salt chosen from the

group consisting of Na*and K*.

12. Precursor Hy’ of the hydrophobic radical -Hy according to formula X’ as defined below:

H%GpR)r (Gpe)g (GpA)a {(GpL)I {(GDH)h GpC |'

20 & Formula X’

in which
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GpR is chosen among the radicals according to formulas VII, VII’ or VII”:

)

H H H
*—=N—R—=N—" Formula VIl or *_“_R_N_* Formula VII’ or
O O
AL gL Formula VII*’;
5 - Identical or different GpG and GpH are chosen among the radicals according to

formulas XI or XI’;

N—" Formula XI * Formula XTI’

- GpA is chosen among the radicals according to formula V111

10
s—NH— A’ [NH ];
*
Formula VIII
In which A’ is chosen among the radicals according to formulas VIII’, VIII’* or VIII”
Aq
\CO

/ A—N—A, A—N—A—N—A;

* '* |* _L
15 Formula VIIT’ or Formula VIII’’ or Formula VIII">?

-GpL is chosen among the radicals according to formulas X1I
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HN—" Formula XII,

GpC is a radical according to formula 1X:

(@) 0]

d Formula IX;

* indicate the attachment sites of the different groups bound by amide functions;
ais an integer equalto O orto 1 anda’=1ifa=0anda’=1,2or 3ifa =1,

a’ is an integer equal to 1, to 2 or to 3;

b is an integer equal to 0 or to 1;

c is an integer equal to 0 or to 1, and if c is equal to 0, then d is equal to 1 or to 2;
dis an integer equal to 0, to 1 or to 2;

e is an integer equal to O or to 1,

g is an integer equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6;

his an integer equal to 0, to 1, to 2, to 3, to 4, to 5 or to 6, and at least one of g, h or
| is different from O;

lis an integer equalto O orto l and I’=1ifI=0and I’=2 if 1 =1;

ris an integer equal to 0, 1 or to 2, and

s’ 1s an integer equal to O or to 1;

And if e is different from 0, then at least one of g, h or | is different from 0;

Andifa=0,thenl=0;
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- A, A, A2 and As identical or different, are linear or branched alkyl radicals

comprising from 1 to 8 carbon atoms and, optionally, substituted by a radical from a

saturated, unsaturated or aromatic ring;

— Bisaradical ether or polyether, unsubstituted, comprising from 4 to 14 carbon atoms

and 1 to 5 oxygen atoms, or a linear or branched alkyl radical, optionally comprising

an aromatic ring, comprising from 1 to 9 carbon atoms,

— Cxis a monovalent, linear or branched, alkyl radical optionally comprising a cyclic

part, in which x indicates the number of carbon atoms, and:

When the hydrophobic radical -Hy bears 1 -GpC, then 9 <x <25,
When the hydrophobic radical -Hy bears 2 -GpC, then 9 <x < 15,
When the hydrophobic radical -Hy bears 3 -GpC, then 7 <x < 13,
When the hydrophobic radical -Hy bears 4 -GpC, then 7 <x <11,
When the hydrophobic radical -Hy bears at least 5 -GpC, then 6 < x

<I1l1,

- G is a linear or branched divalent alkyl radical of 1 to 8 carbon atoms, said alkyl

radical bearing one or more free carboxylic acid functions,

- R is a radical chosen from the group consisting of a divalent, linear or branched

alkyl radical comprising from 1 to 12 carbon atoms, a divalent, linear or branched alkyl

radical comprising from 1 to 12 carbon atoms bearing one or more -CONH_ functions or

an unsubstituted ether or polyether radical comprising from 4 to 14 carbon atoms and 1

to 5 oxygen atoms,

- The hydrophobic radical(s) -Hy according to formula X being bound to the PLG:

o via a covalent bond between a carbonyl of the hydrophobic radical -Hy and a

nitrogen atom borne by the PLG, thus forming an amide function resulting
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from the reaction of an amine function borne by the PLG and an acid function
borne by the precursor -Hy’ of the hydrophobic radical -Hy, and
o via a covalent bond between a nitrogen atom of the hydrophobic radical -Hy
and a carbonyl borne by the PLG, thus forming an amide function resulting
from the reaction of an amine function of the precursor -Hy’ of the
hydrophobic radical -Hy and an acid function borne by the PLG,
- The ratio M between the number of hydrophobic radicals and the number of glutamic
or aspartic units being between 0 <M <0.5;
- When several hydrophobic radicals are borne by a co-polyamino acid, then they are
identical or different,
- Free carboxylic acids being in the form of an alkaline cation salt chosen from the

group consisting of Na*and K*.

13. Use of ionic species chosen from the group of anions, cations and/or zwitterions to

improve the physical-chemical stability of the compositions.



