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INJECTABLE SOLUTION AT PH 7, COMPRISING AT LEAST ON E BASAL INSULIN
WHOSE PI IS BETWEEN 5.8 AND 8.5, A PRANDIAL INSULIN AND/OR A
GASTROINTESTINAL HORMONE, AND A COPOLYAMINO ACID BE ARING
CARBOXYLATE CHARGES AND HYDROPHOBIC RADICALS

[0001] The invention relates to the therapies by injectibimsulin(s) for treating diabetes.
[0002] The invention relates to physically stable composg in the form of an injectable
aqueous solution, the pH of which is from 6.0 t0, &omprising at least one basal insulin of
which the isoelectric point (pl) is from 5.8 to 8iB combination with a prandial insulin, or a
gastrointestinal insulin hormone, or a prandialiilsand a gastrointestinal hormone, and a co-
polyamino acid bearing carboxylate charges anddpftbsbic radicals.

[0003] Insulin therapy, or the therapy for diabetes byedtipn of insulin, has undergone
remarkable progress in recent years, in partictilanks to the development of novel insulins
which offer a better correction of the glycemiapaitients in comparison to human insulin, and
which make it possible to better simulate the phiggjical activity of the pancreas.

[0004] When type Il diabetes is diagnosed in a patiemgiagual treatment is instituted. First,
the patient takes oral antidiabetic drugs (OAD)hsas metformin. When the OAD alone are no
longer sufficient for regulating the glucose leiethe blood, a change in treatment must be made,
and, depending on the specificities of the patjedifferent combinations of treatments can be
instituted. For example, the patient can have atrirent based on a basal insulin of the insulin
glargine or insulin detemir type in addition to ¥B&D, and then, depending on the development
of the pathology, a treatment based on basal msuid on prandial insulin.

[0005] Moreover, today, in order to ensure the transigbthe treatments with OAD to a basal
insulin/prandial insulin treatment when the forntezatments are no longer able to control the
blood glucose level, the injection of analogs offGL RA is recommended.

[0006] The GLP-1 RA, standing for glucagon-like peptidericeptor agonists, are
insulinotropic peptides or incretins and belonghe family of the gastrointestinal hormones (or
gut hormones) which stimulate the secretion of linswhen the glycemia is too high, for
example, after a meal.

[0007] The gastrointestinal hormones (gut hormones) ae r&ferred to as satiety hormones.
They comprise, in particular, GLP-1 RA (glucagdkelipeptide-1 receptor agonist) and GIP
(glucose-dependent insulinotropic peptide), oxyrddaiin (a derivative of proglucagon), peptide
YY, amylin, cholecystokinin, pancreatic polypeptitfeP), ghrelin and enterostatin which have
peptide or protein structures. They also stimuthgesecretion of insulin, in response to glucose

and fatty acids, and, as such, they are poterdialidates for the treatment of diabetes.
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[0008] Among said gastrointestinal hormones, GLP-1 RA #rese that, to date, have
contributed the best results in the developmerdrofjs. They have made it possible for patients
suffering from type Il diabetes to lose weight wehdt the same time having a better control of
their glycemia.

[0009] Analogs or derivatives of GLP-1 RA have also beewetbped, in particular in order to
improve their stability.

[00010] Moreover, a diabetic patient, to cover his/her ydditsulin needs, currently has
available, in a simplified manner, two types ofuliss having complementary actions: the
prandial insulins (or so-called rapid-acting insg)i and the basal insulins (or so-called short-
acting insulins).

[00011] The prandial insulins allow a rapid management @imatization and/or storage) of the
glucose ingested in meals and snacks. The patiest self-administer an injection of a prandial
insulin before each ingestion of food, namely agpnately 2 to 3 injections per day. The
prandial insulins used the most are: human recoambimsulin, Novolo§ (insulin aspart from
NOVO NORDISK), Humalo§ (insulin lispro from ELI LILLY) and Apidr& (insulin glulisine
from SANOFI).

[00012] The basal insulins ensure the maintenance of tyweglic homeostasis of the patient
outside periods of food intake. They act essemtidy blocking the endogenous glucose
production (hepatic glucose). The daily dose ofabassulin generally corresponds to 40-50% of
the total daily insulin needs. Depending on theabamsulin used, this dose is administered in 1 or
2 injections distributed regularly over the couo$ehe day. The basal insulins used the most are
Levemif® (insulin detemir from NOVO NORDISK) and Lanfu@nsulin glargine from SANOFI).
[00013] For the sake of completeness it should be notedNR& (insulin NPH standing for
neutral protamine Hagedorn insulin; Humuline NPHhsulatar@) is the oldest basal insulin. This
formulation is the result of a precipitation of haminsulin (anionic at neutral pH) by a cationic
protein, the protamine. The microcrystals thus fedrare dispersed in an aqueous suspension and
dissolve slowly after subcutaneous injection. Thisv dissolution ensures a prolonged release of
the insulin. However, this release does not enauwenstant insulin concentration over time. The
release profile is bell-shaped and lasts only fidhio 16 hours. Therefore, said insulin is injected
twice daily. This basal insulin NPH here is muchsleffective than the modern basal insulins,
Levemif® and Lantu8. NPH is an intermediate-acting basal insulin.

[00014] The principle of NPH has evolved with the appeagaant the rapid insulin analogs
giving rise to so-called "premix" products that esffrapid action and intermediate action
simultaneously. NovoLog Mk (NOVO NORDISK) and Humalog Mk (ELI LILLY) are
formulations comprising a rapid insulin analog, Nwg® and Humalo§, complexed partially by

the protamine. These formulations thus contain ocigrstals of insulin analog, the action of
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which is referred to as intermediate, and, a portibinsulin that has remained soluble, the action
of which is rapid. These formulations indeed offes advantage of a rapid insulin, but they also
have the defect of NPH, that is to say a duratibaction limited to from 12 to 16 hours and a
"bell" shaped insulin release profile. However,stag@roducts make it possible for the patient to
self-administer a single injection of an intermeeliacting basal insulin together with a rapid-
acting prandial insulin. However, many patients itarreduce their number of injections.

[00015] The currently marketed basal insulins can be dlagsbased on the technical solution
that makes it possible to obtain the prolongedactnd, to date, two approaches are used.
[00016] The first approach, that of insulin detemirjnsvivo binding to albumin. This involves
an analog, soluble at pH 7, which comprises a shdgn of fatty acid (tetradecanoyl) bound at
position B29 whichjn vivo, allows this insulin to combine with albumin. fisolonged action is
primarily due to this affinity for albumin after lsoutaneous injection.

[00017] However, its pharmacokinetic profile cannot covelay, and as a result it is usually
used in two injections daily.

[00018] Another insulin which is soluble at pH 7 is insuflagludec marketed under the name of
Tresib&". It also comprises a side chain of fatty acid lwbtm the insulin (hexadecandioyk-
Glu).

[00019] The second approach, that of insulin glarginehés firecipitation at physiological pH.
Insulin glargine is an analog of human insulin ated by elongation of the C-terminal portion of
the B chain of human insulin by two arginine resslland by substitution of the asparagine
residue A21 with a glycine residue (US 5,656,722)e addition of two arginine residues was
intended to adjust the pl (isoelectric point) ofutin glargine at physiological pH, and, in this
manner, to make this analog of human insulin ingelin a physiological medium.

[00020] In addition, the substitution of A21 was intendedriake the insulin glargine stable at
acidic pH and to be able to formulate it in thenfiasf a solution which is an injectable solution at
acidic pH. During the subcutaneous injection, thsspge of insulin glargine from an acidic pH
(pH 4-4.5) to a physiological pH (neutral pH) causts precipitation under the skin. The slow
redissolution of the insulin glargine micropartkensures a slow and prolonged action.

[00021] The hypoglycemic effect of insulin glargine is Hgaconstant for a duration of 24
hours, which allows most of the patients to lirhigmselves to a single injection daily.

[00022] Insulin glargine is considered today to be the biasalin used the most.

[00023] However, the necessarily acidic pH of the formuolasi of basal insulins, the isoelectric
point of which is from 5.8 to 8.5, of the insulifaggine type can be a real disadvantage, since this
acidic pH of the formulation of insulin glarginersetimes causes pain to the patients during the
injection and especially it stops any formulatiomhvwother proteins, particularly with the prandial

insulins, since the latter are not stable at aquic The impossibility of formulating a prandial



10

15

20

25

30

35

insulin at acidic pH is due to the fact that, unttezse conditions, a prandial insulin undergoes a
secondary reaction of deamidation in position A&fijch does not allow it to meet the stability
requirements applicable to injectable drugs.

[00024] To date, in the applications WO 2013/021143 Al, V2013/104861 Al, WO
2014/124994 Al and WO 2014/124993 Al, it was detnates] that it was possible to solubilize
these basal insulins of the insulin glargine tythe,isoelectric point of which is from 5.8 to 828,
neutral pH, while at the same time maintaining &ulsibty differential between then-vitro
medium (which contains it) and tievivo medium (under the skin) independently of the pH.
[00025] In particular, the application WO 2013/104861 Akatéhes compositions in the form
of an injectable aqueous solution, the pH of whglirom 6.0 to 8.0, comprising at least (a) a
basal insulin, the isoelectric point pl of whichfiem 5.8 to 8.5, and (b) a co-polyamino acid
which bears carboxylate charges and which is sulesti with hydrophobic radicals.

[00026] These compositions of the prior art have the masadVantage that they are not
sufficiently stable to meet the specifications aggille to the pharmaceutical formulations.
[00027] In the examples of the experimental part of thesgmée patent application, it is
demonstrated that the compositions described, iiticpkar, in WO 2013/104861 Al present an
unsatisfactory stability over time.

[00028] Therefore, there is a need to find a solution whikes it possible to dissolve a basal
insulin of which the isoelectric point (pl) is from8 to 8.5, while preserving the basal profile
thereof after injection, but which also makes isgible to meet the standard physical stability
conditions for the pharmaceutical products baseithsulin.

[00029] Surprisingly, the applicant has found that the otygmino acids bearing carboxylate
charges and hydrophobic radicals according to tieention make it possible to obtain
compositions in the form of solutions which notymheet the requirements described in WO
2013/104861 A1, but which, in addition, are capaifleonferring an improved physical stability
to said composition without the need to increasegnantity of excipients used.

[00030] These performances never reached a priori aredditien, maintained when the basal
insulin of which the isoelectric point is from 5& 8.5, is combined in the composition with a
prandial insulin and/or a gastrointestinal hormone.

[00031] Thus, surprisingly, the affinity of the co-polyaraiacids according to the invention for
insulin glargine has been increased, in that it esak possible to obtain a solubilization and a
stabilization of the solutions of insulin glargiaé a [Hy]/[basal insulin] ratio below that of the
prior art; in addition, these results are obtaimétiout alteration, and even with an improvement,
of the propensity of insulin glargine to precip&aas is demonstrated in the experimental part.
[00032] This improvement of the affinity moreover makespissible to limit the level of

exposure to said excipients in the context of clortneatments.
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[00033] The co-polyamino acids bearing carboxylate charged hydrophobic radicals Hy
according to the invention present an excellenistasce to hydrolysis. This can be shown, in
particular, under accelerated conditions, for exatrpy hydrolysis tests at alkaline pH (pH 12).
[00034] In addition, forced oxidation tests, for examplette Fenton oxidation type, show that
the co-polyamino acids bearing carboxylate chaegeshydrophobic radicals Hy present a good
resistance to oxidation.
[00035] The invention thus relates to physically stable positions in the form of an injectable
aqueous solution, the pH of which is from 6.0 @, 8omprising at least:

a)one basal insulin, the isoelectric point (gliyvbich is from 5.8
to 8.5, and

b)a prandial insulin and/or a gastrointestinahtane, and

c)a co-polyamino acid bearing carboxylate chaegebat least one hydrophobic radical
of formula I.
[00036] In an embodiment, the invention relates to a coitiposin the form of an injectable
aqueous solution, the pH of which is from 6.0 @, 8omprising at least:

a)one basal insulin, the isoelectric point (glvhich is from 5.8 to 8.5, and

b)a prandial insulin, and

c)a co-polyamino acid bearing carboxylate chaegebat least one hydrophobic radical

of formula I.

[00037] In an embodiment, the invention relates to a coitipoasin the form of an injectable
aqueous solution, the pH of which is from 6.0 @, 8omprising at least:
a)one basal insulin, the isoelectric point (plfich is from 5.8 to 8.5, and
b)a gastrointestinal hormone, and
c)a co-polyamino acid bearing carboxylate chargesat least one hydrophobic radical
of formula 1.
[00038] In an embodiment, the invention relates to a coitipasin the form of an injectable
aqueous solution, the pH of which is from 6.0 @, 8omprising at least:
a)one basal insulin, the isoelectric point (plfich is from 5.8 to 8.5, and
b)a prandial insulin and a gastrointestinal hormamel
c)a co-polyamino acid bearing carboxylate chargebkat least one hydrophobic radical
of formula I.
[00039] In an embodiment, said co-polyamino acid bearingbaeylate charges and
hydrophobic radicals Hy consists of glutamic oraasip units, and said hydrophobic radicals Hy

are radicals of the following formula I:
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—GpR is a radical: of formula Il or II":
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—GpA is a radical of formula 111 or II";
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—GpC is a radical of formula IV:

0 0
N c
* N B~ X
bo
d

—Hy comprises more than 30 carbon atoms,

V;

—the * indicate the sites of attachment of theedéht groups bound by amide functions;
—a is a whole number equal to 0 or 1;
—b is a whole number equal to 0 or 1;
—p is a whole number equal to 1 or 2, and
0 ifpisequaltol,then ais equal to 0 or 1 ap\@ a radical of formula III',
and
o ifpisequalto 2, then ais equal to 1 and Gpa iadical of formula llI;
—c is a whole number equal to 0 or 1, and, ifegsal to 0, then d is equal to 1 or 2;
—d is a whole number equal to 0, to 1 or 2;
—r is a whole number equal to 0 or 1, and
o if ris equal to O, then the hydrophobic radicalfafmula | is bound to the
polyamino acid via a covalent bond between a caibohthe hydrophobic
radical and a nitrogen atom in N-terminal positafrnthe co-polyamino acid,
thus forming an amide function originating from theaction of an amine
function in N-terminal position of the precursortb& co-polyamino acid and
an acid function borne by the precursor of the dgtobic radical, and
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o ifris equal to 1, then the hydrophobic radicafaimula | is bound to the co-
polyamino acid:
= via a covalent bond between a nitrogen atom offtydrophobic radical
and a carbonyl of the co-polyamino acid, thus foigran amide function
originating from the reaction of an amine functiginthe precursor of the
hydrophobic radical and an acid function bornehsy grecursor of the co-
polyamino acid, or
= via a covalent bond between a carbonyl of the Ipfaobic radical and a
nitrogen atom in N-terminal position of the co-payino acid, thus
forming an amide function originating from the reac of an acid
function of the precursor of the hydrophobic rabllarad an amine function
in N-terminal position borne by the precursor a to-polyamino acid;
—-R is a radical selected from the group consisting o
o a linear or branched divalent alkyl radical comipgs if GpR is a radical of formula
Il, from 2 to 12 carbon atoms, or, if GpR is a cadliof formula II', from 1 to 11
carbon atoms;
o a linear or branched divalent alkyl radical comipgs if GpR is a radical of formula
Il, from 2 to 11 carbon atoms, or, if GpR is a cadliof formula II', from 1 to 11
carbon atoms, said alkyl radical bearing one oren@ONH functions, and
0 an un-substituted ether or polyether radical cosmpgi from 4 to 14 carbon atoms
and from 1 to 5 oxygen atoms;
—A'is a linear or branched alkyl radical comprisiram 1 to 6 carbon atoms;
—B is a linear or branched alkyl radical, optiopadmprising an aromatic ring, comprising
from 1 to 9 carbon atoms;
—C, is a linear or branched monovalent alkyl radigalwhich x indicates the number of
carbon atoms, and:
oif pisequal to 1, x is from 11 to 25 (¥lx < 25);
o if pis equal to 2, x is from 9 to 15 £Ox < 15),
—the ratio i between the number of hydrophobicaadi and the number of glutamic or
aspartic units being between 0<0.5;
—when several hydrophobic radicals are borne by-potyamino acid, then they are
identical or different,
—the degree of polymerization DP in glutamic oraasp units is from 5 to 250;
—the free acid functions being in the form of & sélan alkaline cation selected from the

group consisting of Naand K.
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[00040] The pH of the compositions according to the invamtis from 6.0 to 8.0, preferably
from 6.6 to 7.8, or more preferably from 6.8 t0.7.6

[00041] Said co-polyamino acid bearing carboxylate chamed hydrophobic radicals Hy is
soluble in an aqueous solution at a pH from 6 tocaBa temperature of 25 °C, and at a
concentration of less than 60 mg/mL.

[00042] "Physically stable composition" is understood toameompositions that satisfy the
criteria of the visual inspection described in tEmropean, American and International
Pharmacopoeias, that is to say compositions whiettlear and contain no visible particles, but
which are also colorless.

[00043] "Injectable aqueous solution” is understood to ms&alntions of which the solvent is
water, which meet the conditions of the EP and b&Racopoeias.

[00044] "Co-polyamino acid consisting of glutamic or aspaunits" is understood to mean
noncyclic linear chains of glutamic acid or asmga#gcid units bound to one another by peptide
bonds, said chains having a C-terminal part comeding to the carboxylic acid of one end, and
an N-terminal part corresponding to the amine efdther end of the chain.

[00045] "Soluble" is understood to mean capable of enaliliegpreparation of a clear solution
which is free of particles at a concentration gkléhan 60 mg/mL in distilled water at 25 °C.
[00046] "Alkyl radical" is understood to mean a linear orafiched carbon chain which
comprises no heteroatom.

[00047] The co-polyamino acid is a statistical co-polyamaeid in the chain of the glutamic
and/or aspartic units.

[00048] In the formulas, the * indicate the sites of attaehts of the different elements
represented.

[00049] In an embodiment, the composition according toitiwention is characterized in that
Hy comprises more than 30 carbon atoms.

[00050] In an embodiment, the composition according toitiwention is characterized in that
Hy comprises from 30 to 70 carbon atoms.

[00051] In an embodiment, when p = 1, x is from 11 to 2b{X < 25). In particular, when x is
from 15 to 16 (x = 15 or 16), then r = 1 and R nisether or polyether radical, and, when x is
greater than 17 (x 17), thenr = 1 and R is an ether or polyetheicedd

[00052] In an embodiment, when p = 2, x is from 9 to 15 §6< 15).

[00053] In an embodiment, the composition according toitivention is characterized in that
said hydrophobic radicals are selected from thedpfbbic radicals of formula | in which p =1,

represented by the following formula V:

*—(GpR )r—fepA)a— GpC
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formula V

GpR, GpA, GpC, r and a have the definitions gigbove.
[00054] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulaivwhich r is equal to 1 (r = 1), and a is equal to
0(@=0).
[00055] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularMwhich r is equalto 1 (r = 1) and ais equal to 1
(a=1).
[00056] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularMwhich GpR is a radical of formula II.
[00057] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularMwhich GpR is a radical of formula Il, in which
R is a divalent linear alkyl radical comprisingrft® to 12 carbon atoms.
[00058] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulanAvhich GpR is a radical of formula Il in which
R is a divalent alkyl radical comprising from 2&a@arbon atoms.
[00059] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulanAvhich GpR is a radical of formula Il in which
R is a divalent linear alkyl radical comprisingfr® to 6 carbon atoms.
[00060] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulanAvhich GpR is a radical of formula Il in which
R is a divalent alkyl radical comprising from 24@arbon atoms.
[00061] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formularMwhich GpR is a radical of formula Il in which
R is a divalent linear alkyl radical comprisingrft@® to 4 carbon atoms.
[00062] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulanAvhich GpR is a radical of formula Il in which
R is a divalent alkyl radical comprising 2 carbdoonas.
[00063] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formularMwhich GpR is a radical of formula Il in which
R is a divalent alkyl radical comprising 6 carbdoonas.
[00064] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularMwhich GpR is a radical of formula II'.
[00065] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formularMwhich GpR is a radical of formula 1I' in which

R is a divalent linear alkyl radical comprisingritd. to 11 carbon atoms.
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[00066] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulandvhich GpR is a radical of formula II' in which

R is a divalent alkyl radical comprising from 1&aarbon atoms.

[00067] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulanAvhich GpR is a radical of formula Il or II', in
which R is a divalent alkyl radical comprising frarto 5 carbon atoms and bearing one or more
amide functions (-CONEJ.

[00068] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularmwhich GpR is a radical of formula II' or Il, in
which R is a divalent linear alkyl radical compnigifrom 2 to 5 carbon atoms and bearing one or
more amide functions (-CONM

[00069] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularfMwhich GpR is a radical of formula Il or II" in
which R is a radical selected from the group caimgjof the radicals represented by the formulas

below:

* Formula X1
Z
NH,
* * Formula X2
7
O NH,

[00070] In an embodiment, the composition is characterirethat the hydrophobic radical of
formula V in which GpR is a radical of formula It B" in which R is a radical of formula X1.
[00071] In an embodiment, the composition is characterinethat the hydrophobic radical of
formula V in which GpR is a radical of formula If &', in which R is a radical of formula X2.
[00072]

[00073] In an embodiment, the composition according toitiwention is characterized in that
the radical R is bound to the co-polyamino acidanaamide function borne by the carbon in delta
or epsilon position (or in position 4 or 5 with pest to the amide function (-CONH

[00074] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulanAvhich GpR is a radical of formula Il or II', in
which R is an unsubstituted linear ether or polgetiadical comprising from 4 to 14 carbon atoms

and from 1 to 5 oxygen atoms.
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[00075] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulanAvhich GpR is a radical of formula Il or II', in
which R is an ether radical.

[00076] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulanAvhich GpR is a radical of formula Il or II', in
which R is an ether radical comprising from 4 tca@bon atoms.

[00077] In an embodiment, the composition according toitiwention is characterized in that

the hydrophobic radical is a radical of formulan/which GpR is a radical of formula Il or II' in

which R is an ether radical represented by the mm/\/o\/\*, of formula X7.
[00078] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formularfmwhich GpR is a radical of formula Il or II', in
which R is a polyether radical.

[00079] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularfmwhich GpR is a radical of formula Il or II', in
which R is a linear polyether radical comprisingnfr 6 to 10 carbon atoms and from 2 to 3
oxygen atoms.

[00080] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical of formula V in which Gp&ai radical of formula Il or II', in which R is a

polyether radical selected from the group congisththe radicals represented by the formulas

below:
e~ O~ Formula X3
G N T Sl Formula X4
G NN A~~~ Formula X5
o}
* 0] * Formula X6

[00081] In an embodiment, the composition is characterinethat the hydrophobic radical of
formula V in which GpR is a radical of formula It B, in which R is a radical of formula X3.
[00082] In an embodiment, the composition is characterirethat the hydrophobic radical of
formula V in which GpR is a radical of formula If &', in which R is a radical of formula X4.
[00083] In an embodiment, the composition is characterinethat the hydrophobic radical of
formula V in which GpR is a radical of formula It B, in which R is a radical of formula X5.
[00084] In an embodiment, the composition is characterirethat the hydrophobic radical of
formula V in which GpR is a radical of formula If &', in which R is a radical of formula X6.
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[00085]
[00086] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical of formula V in which Gp&Ra radical in which R is a polyether radical

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

Formula X5

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

Formula X6

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

[00087] In an embodiment, the composition is characterirethat the hydrophobic radical of
formula V in which GpR is a radical of formula fl which R is a polyether radical of formula X5.
[00088] In an embodiment, the composition is characterinethat the hydrophobic radical of
formula V in which GpR is a radical of formula H which R is a polyether radical of formula X6.
[00089] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulandwhich a is equal to 0 (a = 0) and r is equal to O
(r=0).

[00090] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical is a radical of formulan/which a is equal to 1 (a = 1), and the radical

GpA of formula III' is selected from the group cmting of the radicals represented by the
formulas below:
*v* * * * *
Formula Y1
Hs;C
CHj CHj
Formula Y2 Formula Y3
*Y* * * * *
CHj CHs
Formula Y4 CH4
H;C
Formula Y5 Formula Y6
*j/* *I*
H,C H3C CH;
Formula Y7 Formula Y8
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[00091] In an embodiment, the composition is characterinetiat the hydrophobic radical is a
radical of formula V in which a is equal to 1 (al¥} and the radical GpA of formula IlI' is a
radical of formula Y1.

[00092] In an embodiment, the composition is characterimetiat the hydrophobic radical is a
radical of formula V in which a is equal to 1 (al¥} and the radical GpA of formula IlI' is a
radical of formula Y2.

[00093] In an embodiment, the composition is characterimetiat the hydrophobic radical is a
radical of formula V in which a is equal to 1 (d)and the radical GpA of formula III' is a radical
of formula Y3.

[00094] In an embodiment, the composition is characterimetiat the hydrophobic radical is a
radical of formula V in which a is equal to 1 (d)and the radical GpA of formula III' is a radical
of formula Y4.

[00095] In an embodiment, the composition is characterimetiat the hydrophobic radical is a
radical of formula V in which a is equal to 1 (d)Fand the radical GpA of formula llI' is a radical
of formula Y5.

[00096] In an embodiment, the composition is characterinettiat the hydrophobic radical is a
radical of formula V in which a is equal to 1 (d)and the radical GpA of formula III' is a radical
of formula Y6.

[00097] In an embodiment, the composition is characterimetiat the hydrophobic radical is a
radical of formula V in which a is equal to 1 (d)rand the radical GpA of formula llI' is a radical
of formula Y7.

[00098] In an embodiment, the composition is characterinettiat the hydrophobic radical is a
radical of formula V in which a is equal to 1 (dFand the radical GpA of formula llI' is a radical
of formula Y8.

[00099] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radia#isformula IVa, Vb or IVc represented
hereafter:

0] Formula IVa
VY
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[000100] In an embodiment, the composition according toitiwention is characterized in that

Formula IVb

Formula IVc

the hydrophobic radical is a radical of formulanwhich the radical GpC is of formula IVa.

[000101] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radic&l®ormula 1Va, IVb or IVc in which b is equal

to 0, having formulas IVd, IVe and IVf, respectiyetepresented hereafter:

//O O\ Formula IvVd
. Y
N
O O Formula IVe
Ny \/\—cX
N
0 0 Formula IVf
*JI\OJKCX

[000102] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularMwhich the radical GpC corresponds to formula
IV or IVa in which b = 0, and corresponds to foraniVd.

[000103] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formularMwhich the radical GpC of formula IV in which
b = 1 is selected from the group consisting of rdicals in which B is an amino acid residue

selected from the group consisting of the radicgpgesented by the formulas below:
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[000104]
* * * *
*v*
Formula Y1 HaC
CHg CHj
Formula Y2 Formula Y3
*Y* * * * *
CHj CHs
Formula Y4 CH4
H3;C
Formula Y5 Formula Y6
*j/* *ji* * *
HsC HsC CHg
Formula Y7 Formula Y8
Formula Y9

[000105] In an embodiment, the composition according toitiwention is characterized in that

the hydrophobic radical is a radical of formulanMwhich the radical GpC of formula corresponds
to formula IV or IVa in which b = 1, is selecteaifn the group consisting of the radicals in which
B is an amino acid residue selected from the gansisting of the radicals represented by the

formulas below:

* * * *
HaC
CHsg
Formula Y3 Formula Y9

[000106] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radidgalsvhich Cx is selected from the group

consisting of the linear alkyl radicals.
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[000107] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of radicals Imclv Cx is selected from the group consisting of
the branched alkyl radicals.

[000108] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of radicals Imcl Cx is selected from the group consisting of
the radicals comprising from 11 to 14 carbon atoms.

[000109] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of radicals friclv Cx is selected from the group consisting of
the radicals represented by the formulas below:

D G P g g\ x=11
CH,
N~ N N TS TN T x=13
CHs

[000110] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radigalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising fromtd5L6 carbon atoms.

[000111]In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radidgalsvhich Cx is selected from the group
consisting of the radicals represented by the ftambelow:

\\V//A\\V//\\\///\\\//”\\v//N\\¢//\\\//”\\CH3 x=15

[000112] In an embodiment, the composition according toitiwention is characterized in that

the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radidgalsvhich Cx is selected from the group
consisting of the radicals represented by the ftambelow:

CHs3 X=16

[000113]In an embodiment, the composition according toitivention is characterized in that

3

the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
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selected from the group consisting of the radidgalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising fromtd725 carbon atoms.

[000114] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radidalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising fromtb718 carbon atoms.

[000115] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radigalsvhich Cx is selected from the group

consisting of the alkyl radicals represented byftlmulas below:

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

[000116] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radidgalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising fromtd®5 carbon atoms.

[000117]In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radigalsvhich Cx is selected from the group

consisting of the alkyl radicals represented byfthmulas below:

\/\/\/\/\/\/\/\/\/\CHg x=19

x=21

CH,

[000118] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula v which the radical GpC of formula IV is
selected from the group consisting of the radigalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising fromtd8L9 carbon atoms

[000119] In an embodiment, the composition according toitivention is characterized in that
said hydrophobic radicals of formula | are seledtedh the hydrophobic radicals of formula | in

which a =1 and p = 2, represented by the followorgula VI:
*~+GpR +—GpA—{ GpC
opr}-cpa—{cpc)
Formula VI

in which

GpR, GpA, GpC, r and a have the definitions giabave.
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[000120] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaihich GpR is a radical of formula II.
[000121]In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulaifwhich GpR is a radical of formula Il in which
R is a divalent linear alkyl radical comprisingfi@® to 12 carbon atoms.

[000122] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaifvwhich GpR is a radical of formula Il in which
R is a divalent alkyl radical comprising from 28a@arbon atoms.

[000123] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaifWwhich GpR is a radical of formula Il in which
R is a divalent linear alkyl radical comprisingrfr@® to 6 carbon atoms.

[000124] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulaiWiwhich GpR is a radical of formula Il in which
R is at least one alkyl radical comprising 2 tcadbon atoms.

[000125] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaifwhich GpR is a radical of formula Il in which
R is a divalent linear alkyl radical comprisingrfr@® to 4 carbon atoms.

[000126] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaiWiwhich GpR is a radical of formula Il in which
R is a divalent linear alkyl radical comprising&tgon atoms.

[000127] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaiwhich GpR is a radical of formula II'.
[000128] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula MIwhich GpR is a radical of formula II' in
which R is a divalent linear alkyl radical compmigifrom 1 to 11 carbon atoms.

[000129] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula MIwhich GpR is a radical of formula II' in
which R is a divalent alkyl radical comprising frdmo 6 carbon atoms.

[000130] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaiWiwhich GpR is a radical of formula Il or II', in
which R is a divalent alkyl radical comprising frarto 5 carbon atoms and bearing one or more
amide functions (-CONH2).

[000131] In an embodiment, the composition according toitiwention is characterized in that

the hydrophobic radical is a radical of formulaiNiwhich GpR is a radical of formula Il or II', in
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which R is a divalent linear alkyl radical compnigifrom 2 to 5 carbon atoms and bearing one or
more amide functions (-CONH2).

[000132] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaiNiwhich GpR is a radical of formula Il or II' in

which R is a radical selected from the group cdimgj<of the radicals represented by the formulas

below:
* Formula X1
Z
NH,
* * Formula X2
2
O NH,

[000133] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulailiwhich the amine function of the GpR radical
involved in the formation of the amide function wiibinds said GpR radical to the co-polyamino
acid is borne by a carbon in delta or epsilon pmsi{or in position 4 or 5) with respect to the
amide function (-CONH2).

[000134] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulaiNiwhich GpR is a radical of formula Il or II', in
which R is an unsubstituted linear ether or polgetiadical comprising from 4 to 14 carbon atoms
and from 1 to 5 oxygen atoms.

[000135] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaiNiwhich GpR is a radical of formula Il or II' in
which R is an ether radical.

[000136] In an embodiment, the composition according toitivention is characterized in that
the ether radical R is a radical comprising froto 4 carbon atoms.

[000137] In an embodiment, the composition according toitivention is characterized in that

the ether radical i’é/\/o\/\* , formula X7.

[000138] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulaiNiwhich GpR is a radical of formula Il or II', in
which R is a polyether radical.

[000139] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical is a radical of formulaiWiwhich GpR is a radical of formula Il or II', in
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which R is a linear polyether radical comprisingnfr 6 to 10 carbon atoms and from 2 to 3
oxygen atoms.

[000140] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formulaiNiwhich GpR is a radical of formula Il or II' in
which R is a linear polyether radical selected fittva group consisting of the radicals represented

by the formulas below:

e~~~ Formula X3

*\/\/O \/\/\O T~ T Formula X4

NN NN A~~~ Formula X5
o)

* o] * Formula X6

[000141] In an embodiment, the composition is characterimetiat the hydrophobic radical is a
radical of formula VI in which GpR is a radical f@imula Il or II'in which R is a linear polyether
radical of formula X3.

[000142] In an embodiment, the composition is characterimetiat the hydrophobic radical is a
radical of formula VI in which GpR is a radical formula Il or II' in which R is a linear polyether
radical of formula X4.

[000143] In an embodiment, the composition is characteriaetiat the hydrophobic radical is a
radical of formula VI in which GpR is a radical f@imula Il or II'in which R is a linear polyether
radical of formula X5.

[000144] In an embodiment, the composition is characterimetiat the hydrophobic radical is a
radical of formula VI in which GpR is a radical f@fmula Il or II'in which R is a linear polyether
radical of formula X6.

[000145] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula MIwhich the radical GpA of formula Il is

selected from the group consisting of the radio&fermulas Illa and IlIb represented hereafter:

(@] Formula llla

HN
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(@] Formula llib

HN
N

O Formula llic

Ir=

/NH

[000146] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula iIwhich the radical GpA of formula Il is a
radical of formula Illb represented hereafter:

(0] Formula llib
NH
AN

HN

*

[000147] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula iIwhich the radical GpA of formula Il is a
radical of formula llic.

[000148] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula ¥l which the radical GpC of formula IV is
selected from the group consisting of the radicdl§ormulas 1Va, Vb and IVc represented

hereafter:
N /O Formula 1V,
| NH C
N B~ *
b
O
* (@]
— o Formula 1\,
NH
N B~ Cx
b o}
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9] 0] Formula I\,

[000149] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formulaiWwhich the radical GpC is of formula IVa.

[000150] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula MIwhich the radical GpC of formula IV is
selected from the group consisting of the radical®rmula 1Va, 1Vb or IVc in which b is equal

to 0, corresponding to the formulas IVd, IVe and, Ispectively, represented hereafter:

/O O\ Formula 1V
N/
N
O O Formula IV,
— N,
N
(@] (0] Formula I
*JKO/U\CX

[000151] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula Ml which the radical GpC corresponds to
formula IV or IVa in which b=0, and it correspontdsformula 1Vd.

[000152] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula ¥l which the radical GpC of formula IV is
selected from the group consisting of the radigalsvhich Cx is selected from the group
consisting of the linear alkyl radicals comprisingm 9 to 15 carbon atoms.

[000153] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula ¥l which the radical GpC of formula IV is
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selected from the group consisting of the radidalsvhich Cx is selected from the group
consisting of the branched alkyl radicals compgdiom 9 to 15 carbon atoms.

[000154] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula MIwhich the radical GpC of formula IV is
selected from the group consisting of the radidgalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising 9 orcE®bon atoms.

[000155] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula ¥l which the radical GpC of formula IV is
selected from the group consisting of the radigalsvhich Cx is selected from the group

consisting of the radicals represented by the ftambelow:

I G G N x=9
CHj

[000156] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula ¥l which the radical GpC of formula IV is
selected from the group consisting of the radidgalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising fromtb115 carbon atoms.

[000157] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula ¥l which the radical GpC of formula IV is
selected from the group consisting of the radidgalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising fromtd113 carbon atoms.

[000158] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical is a radical of formula MIwhich the radical GpC of formula IV is
selected from the group consisting of the radigalsvhich Cx is selected from the group

consisting of the radicals represented by the ftambelow:

[000159] In an embodiment, the composition according toitiwention is characterized in that
the hydrophobic radical is a radical of formula Ml which the radical GpC of formula IV is
selected from the group consisting of the radidgalsvhich Cx is selected from the group
consisting of the alkyl radicals comprising 14 &érchrbon atoms.

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

the hydrophobic radical is a radical of formula ¥l which the radical GpC of formula IV is
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selected from the group consisting of the radidalsvhich Cx is selected from the group
consisting of the radicals represented by the ftambelow:

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

[000161] In formulas |, V and VI, the * indicate the site$ attachment of the hydrophobic
radicals to the co-polyamino acid. The radicals &g attached to the co-polyamino acid via
amide functions.
[000162] In formulas Il and II', the * indicate, from lefbtright, respectively, the sites of
attachment of GpR:
-to the co-polyamino acid and
-to GpAifa=1,orto GpCifa=0.

[000163] In formulas Il and 1II', the * indicate, from lefto right, respectively, the sites of
attachment of GpA:

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

-to GpC.
[000164] In formula 1V, the * indicates the site of attachmef GpC:

-to GpAifa=1,GpRifr=1anda=0, or to ttepolyamino acid ifr=0and a = 0.
[000165] All the attachments between the different groupRGEBpA and GpC are amide
functions.
[000166] The radicals Hy, GpR, GpA, GpC and D are each iaddently identical or different
from one residue to the other.
[000167] When the co-polyamino acid comprises one aspartit ar several aspartic units,
it/they can undergo structural rearrangements.
[000168] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid which bears carboxylate absuand hydrophobic radicals is selected from

the co-polyamino acids of the following formula VII

3
L
he
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Formula VII

oD represents, independently, either a ;Chroup (aspartic unit) or a -
CH,-CH,- group (glutamic unit),

eHy is a hydrophobic radical selected from the hpthabic radicals of
formula I, V or VI, in which r =1 and GpR is a iedl of Formula Il,

*R; is a hydrophobic radical selected from the hydoigt radicals of
formula I, V or VI in which r = 0 or r = 1 and GpR a radical of Formula
II', or a radical selected from the group consgsiifi H, a C2 to C10 linear
acyl group, a C4 to C10 branched acyl group, bereykrminal "amino
acid" unit and a pyroglutamate,

*R, is a hydrophobic radical selected from the hydaoijb radicals of
formula |, V or VI in which r = 1 and GpR is a radl of Formula Il, or an -
NR'R" radical, R' and R" which are identical orfeient being selected
from the group consisting of H, the C2 to C10 lineabranched or cyclic
alkyls, benzyl, and said alkyl R' and R" togethptianally forming one or
more saturated, unsaturated and/or aromatic caibga and/or optionally
comprising heteroatoms selected from the groupistmg of O, N and S;
X represents a cationic entity selected from theugrcomprising the
alkaline cations;

en + m represents the degree of polymerization DEhefco-polyamino
acid, that is to say the average number of monamits per co-polyamino

acid chain, and 5 n + m< 250.

[000169] In an embodiment, the composition according toitlvention is characterized in that,

when the co-polyamino acid comprises aspartates,utiiten the co-polyamino acid can, in

addition, comprise monomer units of formula Vllidéor VIII':

0 (4 0l Hy
] 0
N * M *
\%H \%H

Formula VIII Formula VIII'

[000170] "Co-polyamino acid with statistical grafting" is et to denote a co-polyamino acid

bearing carboxylate charges and at least one higdlop radical, a co-polyamino acid of formula

Vila.
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[000171] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the

co-polyamino acids of formulas VII, in which, R R} and R = R}, of following formula Vlla:

3
L
b

0]

Formula Vlla
in which
—m, n, X, D and Hy have the definitions given ahove
—R’ is a radical selected from the group consistingHpfa C2 to C10 linear acyl
group, a C4 to C10 branched acyl group, benzyd¢rmihal "amino acid” unit and a
pyroglutamate,
—R5 is a -NR'R" radical, R" and R" which are identioaldifferent being selected
from the group consisting of H, the C2 to C10 linea branched or cyclic alkyls,
benzyl, and said alkyl R' and R" together option&irming one or more saturated,
unsaturated and/or aromatic carbon rings and/aorgdty comprising heteroatoms
selected from the group consisting of O, N and S.
[000172] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hyasradical of formula V.
[000173] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hy hismula V and GpC is a radical of formula
vd.
[000174] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hya$ formula V and GpC is a radical of formula
IVd in which x = 19.
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[000175] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hyasradical of formula VI.
[000176] In an embodiment, the composition according toitiwention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hyasradical of formula VI in which r = 1.
[000177]In an embodiment, the composition according toitiwention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hyasradical of formula VI in which r = 1, and for
GpC, b =0.
[000178] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hya$ formula VI and GpC is a radical of formula
Ivd.
[000179] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargesteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hy & formula VI, and GpC is a radical of
formula IVd and r = 1.
[000180] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula Vlla, in which Hya$ formula VI and GpC is a radical of formula
IVd in which x is from 11 to 15.
[000181] "Co-polyamino acid with defined grafting” denotes ca-polyamino acid bearing
carboxylate charges and at least one hydrophotlicaiaa co-polyamino acid of formula Vllb.
[000182] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIl in which n = 0 fafllowing formula Vlib:

o

OX

D
R1\f )ﬁ‘/‘/RZ
N
H
m
O

Formula Vlib
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in which m, X, D, R and R have the definitions given above and at leastoRR, is a
hydrophobic radical of formula |, V or VI.
[000183] In an embodiment, the composition according toitiwention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb, in which R1 21Rof formula VIIb':

o

OX

R

Irz

Formula VIIb'
in which m, X, D, R and R have the definitions given above and at legsisRa hydrophobic
radical of formula |, V or VI.
[000184] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargesteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb, in which,R R, of formula VIIb":
0]

OX
D
Nf )\WR'Z
N
H
m
o

in which m, X, D, R and R; have the meanings given above and at leass R hydrophobic

Formula VIIb"

radical of formula |, V or VI.

[000185] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIl in which n = 0 fafrmula VIIb and R1 or R2 is a hydrophobic
radical of formula |, V or VI.

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

the co-polyamino acid bearing carboxylate chargesteydrophobic radicals is selected from the
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co-polyamino acids of formula VIib or VIIb" in whicR, is a hydrophobic radical of formula I, V
or VIinwhichr=0orr=1 and GpR is of Formula

[000187] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb or VIIb" in whicR; is a hydrophobic radical of formula VI
and GpR is of formula II'.

[000188] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb or VIIb" in whicR; is a hydrophobic radical of formula VI
and GpR is of formula 1I' and GpC is of formula IVa

[000189] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb or VIIb" in whicR; is a hydrophobic radical of formula VI
and GpR is of formula 1l' and GpC is of formula Lvd

[000190] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargesteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb or VIIb' in wHicR, is a hydrophobic radical of formula I, V
or VI in whichr=1 and GpR is of formula Il.

[000191] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIlib' in which, & a hydrophobic radical of formula V in which r
=1 and GpR is of Formula Il and a = 0.

[000192] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIlib' in which, & a hydrophobic radical of formula V in which r
=1, GpRis of Formula Il and a = 0 and GpC isarhfula IVa or IVc.

[000193] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb' in which, s a hydrophobic radical of formula V in which r
=1, GpRis of Formula Il and a = 0 and GpC isahfula IVa.

[000194] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargesteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb' in which, s a hydrophobic radical of formula V in which r
=1, GpRis of Formula Il and a = 0 and GpC isarhfula IVc.

[000195] In an embodiment, the composition according toitivention is characterized in that

the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
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co-polyamino acids of formula VIIb' in which, & a hydrophobic radical of formula V in which r
=1, GpR is of Formula Il and a = 0 and GpC isafifula IVd or IVf. In an embodiment, the
composition according to the invention is charaeeg in that the co-polyamino acid bearing
carboxylate charges and hydrophobic radicals scgadl from the co-polyamino acids of formula
VIIb' in which R; is a hydrophobic radical of formula V in which r1=GpR is of Formula Il and
a =0 and GpC is of formula IVvd.

[000196] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VIIb' in which, s a hydrophobic radical of formula V in which r
=1, GpR is of formula Il and a = 0 and GpC isaffiula IVf.

[000197] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formulas VIIb' in which, B a hydrophobic radical of formula VI in which
r=1and GpR is of Formula Il and a = 1.

[000198] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargesteydrophobic radicals is selected from the
co-polyamino acids of formulas VIIb' in which, B a hydrophobic radical of formula VI in which
r=1, GpRis of Formula Il, a =1 and GpC is afnfaila 1Va or 1Vd.

[000199] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formulas VIIb' in which, B a hydrophobic radical of formula VI in which
r=1, GpRis of Formula Il, a =1 and GpC is afrfoila 1Vd.

[000200] In an embodiment, the composition according toitiwention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formulas VIIb' in which, B a hydrophobic radical of formula VI in which
r=1, GpRis of Formula ll, a =1 and GpC is afnfoila IVd, with x = 11.

[000201] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formulas VIIb' in which, B a hydrophobic radical of formula VI in which
r=1, GpRis of Formula ll, a =1 and GpC is afnfoila IVd, with x = 13.

[000202] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargesteydrophobic radicals is selected from the
co-polyamino acids of formulas VIIb' in which, B a hydrophobic radical of formula VI in which
r=1, GpRis of Formula ll, a =1 and GpC is afnfoila IVd with x = 15.
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[000203] In an embodiment, the composition is characteriredhat the co-polyamino acid

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

following formula XX:

in which,

o)

).
o
he

formula XX

eD represents, independently, either a ;Cgtoup (aspartic unit) or a -GHCH,- group
(glutamic unit),

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

*R; is a hydrophobic radical selected from the hydodyt radicals of formula I, V or
VIin whichr=0orr =1 and GpR is a radicalfdrmula II', or a radical selected from
the group consisting of H, a C2 to C10 linear agndup, a C3 to C10 branched acyl
group, benzyl, a terminal "amino acid" unit andyeoglutamate,

*R, is a hydrophobic radical selected from the hydodgt radicals of formula I, V or
VI in which r = 1 and GpR is a radical of Formuladr a -NR'R" radical, R' and R",
which are identical or different, being selecteahirthe group consisting of H, the C2 to
C10 linear or branched or cyclic alkyls, benzyl assald alkyl R and R" together
optionally forming one or more saturated, unsaadaand/or aromatic carbon rings
and/or optionally comprising heteroatoms, seledtech the group consisting of O, N
and S,

eat least one of the,Rr R is a hydrophobic radical as defined above,

X represents H or a cationic entity selected fréra group comprising the metallic

cations;

n + m represents the degree of polymerization DBPi@fco-polyamino acid, that is to say the

average number of monomer units per co-polyamiib &wain and 5 n + m< 250.
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[000204] In an embodiment, the composition according tarkention is characterized in thaf R
is a radical selected from the group consistingadf; to Cy linear acyl group, a L£to Gy
branched acyl group, benzyl, a terminal "amino 'agidup and a pyroglutamate.

[000205] In an embodiment, the composition according tarkention is characterized in thaf R
is a radical selected from the group consisting df, to Gy linear acyl group or a £to Gy
branched acyl group.

[000206] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VII, Vlla or Vb iwhich the co-polyamino acid is selected from
the co-polyamino acids in which group D is a -£group (aspartic unit)

[000207] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid bearing carboxylate chargekteydrophobic radicals is selected from the
co-polyamino acids of formula VII, Vlla or Vb iwhich the co-polyamino acid is selected from
the co-polyamino acids in which group D is a &E8H,- group (glutamic unit).

[000208] The ratio of hydrophobic radical to basal insulindefined to be the ratio of their
respective molar concentrations: [Hy] / [basal limdu(mol/mol) until obtaining the expected
performances, namely the solubilization of bassiiiim at a pH from 6.0 to 8.0, the precipitation
of the basal insulin, and the stability of the casifions according to the invention.

[000209] The minimum value of the ratio of hydrophobic radito basal insulin [Hy] / [basal
insulin] measured is the value at which the bassllin is solubilized, since the solubilization is
the minimum effect to be obtained; this solubiliaatdetermines all the other technical effects
which can be observed only if the basal insulisakibilized at a pH from 6.0 to 8.0.

[000210] In the compositions according to the invention, thgo of hydrophobic radical over
basal insulin [Hy] / [basal insulin] can be greatkan the minimum value determined by the
solubilization limit.

[000211] In an embodiment, the ratio of hydrophobic radiceér basal insulin [Hy] / [basal
insulin] < 2.

[000212] In an embodiment, the ratio of hydrophobic radioeér basal insulin [Hy] / [basal
insulin] < 1.75.

[000213] In an embodiment, the ratio of hydrophobic radiceér basal insulin [Hy] / [basal
insulin] < 1.5.

[000214] In an embodiment, the ratio of hydrophobic radioeér basal insulin [Hy] / [basal
insulin] < 1.25.

[000215] In an embodiment, the ratio of hydrophobic radiceér basal insulin [Hy] / [basal

insulin] < 1.00.
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[000216] In an embodiment, the ratio of hydrophobic radioeér basal insulin [Hy] / [basal
insulin] < 0.75.

[000217] In an embodiment, the ratio of hydrophobic radiceér basal insulin [Hy] / [basal
insulin] < 0.5.

[000218] In an embodiment, the ratio of hydrophobic radioeér basal insulin [Hy] / [basal
insulin] <0.25

[000219] In an embodiment, the composition according toitivention is characterized in that
the ratio i between the number of hydrophobic radi@and the number of glutamic or aspartic
units is from 0.007 to 0.3.

[000220] In an embodiment, the composition according toitiwention is characterized in that
the ratio i between the number of hydrophobic radi@and the number of glutamic or aspartic
units is from 0.01 to 0.3.

[000221] In an embodiment, the composition according toitiwention is characterized in that
the ratio i between the number of hydrophobic ra@di@and the number of glutamic or aspartic
units is from 0.02 to 0.2.

[000222] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical corresponds to formula &hd the ratio i between the number of
hydrophobic radicals and the number of glutamiagpartic units is from 0.007 to 0.15.

[000223] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical corresponds to formula &hd the ratio i between the number of
hydrophobic radicals and the number of glutamiagpartic units is from 0.01 to 0.1.

[000224] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical corresponds to formula &hd the ratio i between the number of
hydrophobic radicals and the number of glutamiagpartic units is from 0.02 to 0.08.

[000225] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical corresponds to formulanAlvhich the radical Cx comprises from 9 to 10
carbon atoms, and the ratio i between the numbérydfophobic radicals and the number of
glutamic or aspartic units is from 0.03 to 0.15.

[000226] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical corresponds to formulanvirvhich the radical Cx comprises from 11 to
12 carbon atoms, and the ratio i between the numbbydrophobic radicals and the number of
glutamic or aspartic units is from 0.015 to 0.1.

[000227] In an embodiment, the composition according toitivention is characterized in that
the hydrophobic radical corresponds to formulanvisvhich the radical Cx comprises from 11 to
12 carbon atoms, and the ratio i between the numibkydrophobic radicals and the number of

glutamic or aspartic units is from 0.02 to 0.08.
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[000228] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formulatvinhich the radical Cx comprises from 13 to
15 carbon atoms, and the ratio i between the numibkydrophobic radicals and the number of
glutamic or aspartic units is from 0.01 to 0.1.

[000229] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formulatvirhich the radical Cx comprises from 13 to
15 carbon atoms, and the ratio i between the numibkydrophobic radicals and the number of
glutamic or aspartic units is from 0.01 to 0.06.

[000230] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formula Yd ahe ratio i between the number of
hydrophobic radicals and the number of glutamiagpartic units is from 0.007 to 0.3.

[000231] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formula Yd ahe ratio i between the number of
hydrophobic radicals and the number of glutamiaspartic units is from 0.01 to 0.3.

[000232] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formula ¥d dahe ratio i between the number of
hydrophobic radicals and the number of glutamiagpartic units is from 0.015 to 0.2.

[000233] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formula Mvimich the radical Cx comprises from 11 to
14 carbon atoms, and the ratio i between the numibkydrophobic radicals and the number of
glutamic or aspartic units is from 0.1 to 0.2.

[000234] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formula Mvimich the radical Cx comprises from 15 to
16 carbon atoms, and the ratio i between the numbkydrophobic radicals and the number of
glutamic or aspartic units is from 0.04 to 0.15.

[000235] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formula Mvirich the radical Cx comprises from 17 to
18 carbon atoms, and the ratio i between the numbbydrophobic radicals and the number of
glutamic or aspartic units is from 0.02 to 0.06.

[000236] In an embodiment, the composition according toitivention is characterized in that

the hydrophobic radical corresponds to formula Mvirich the radical Cx comprises from 19 to
25 carbon atoms, and the ratio i between the numbbydrophobic radicals and the number of
glutamic or aspartic units is from 0.01 to 0.06.

[000237] In an embodiment, the composition according toitiwention is characterized in that

the hydrophobic radical corresponds to formula Mvirich the radical Cx comprises from 19 to
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glutamic or aspartic units is from 0.01 to 0.05.

[000238] In an embodiment, the composition according toitiention is characterized in that n
+ m is from 10 to 200.

[000239] In an embodiment, the composition according toitkention is characterized in that n
+ m is from 15 to 150.

[000240] In an embodiment, the composition according toitiention is characterized in that n
+ m is from 15 to 100.

[000241] In an embodiment, the composition according toitiention is characterized in that n
+ m is from 15 to 80.

[000242] In an embodiment, the composition according toitkention is characterized in that n
+ m is from 15 to 65.

[000243] In an embodiment, the composition according toitiention is characterized in that n
+ m is from 20 to 60.

[000244] In an embodiment, the composition according toitkention is characterized in that n
+ m is from 20 to 50.

[000245] In an embodiment, the composition according toitkention is characterized in that n
+ m is from 20 to 40.

[000246] In an embodiment, the at least one hydrophobicehdif formula | is selected from the

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

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

, GpC corresponds to formula IVd in

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

which x = 15 and Cx is
[000247] In an embodiment, the at least one hydrophobicehdif formula | is selected from the

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

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

, GpC corresponds to formula IVd in

which X = 19 and Cx is
\/\/\/\/\/\/\/\/\/\CH3_

[000248] In an embodiment, the at least one hydrophobicehdif formula | is selected from the
radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is -

CH,-CH,-, GpA corresponds to formula Illb, GpC correspotalformula IVd in which x = 9 and

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

[000249] In an embodiment, the at least one hydrophobicehdif formula | is selected from the

radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is -
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CH,-CH,-, GpA corresponds to formula lllb, GpC correspotm$ormula 1vVd in which x = 11

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

[000250] In an embodiment, the at least one hydrophobicehdif formula | is selected from the
radicals of formula | in whichr =1, a =1, p =@pR corresponds to formula Il in which R is -
CH,-CH,-, GpA corresponds to formula lllb, GpC correspotm$ormula 1vVd in which x = 13

/\/\/\/\/\/\/CHs
and Cx is* .

[000251] In an embodiment, the at least one hydrophobicaadf formula | is selected from the

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

* le) Ie) *
~ I TN T T T , GpA corresponds to formula Illb, GpC

corresponds to formula Ivd in which X = 13 and Cx s i

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

[000252] In an embodiment, the co-polyamino acid bearingp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII ohl&, in which DP = 22 +/- 5, i = 0.05 +/- 0.02,
and the at least one hydrophobic radical of formutaselected from the radicals of formula | in
which r = 1, a = 0, p = 1, GpR corresponds to fdandl in which R is

* e} o *
~ T T T \/\/, GpC corresponds to formula IVd in
which X = 19 and Cx is

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

[000253] The values of the degree of polymerization DP anitio i are estimated b{H NMR

in D,O by comparing the integration of the signals erégiing from the hydrophobic groups with
that of the signals originating from the main chafrthe co-polyamino acid.

[000254] In an embodiment, the co-polyamino acid bearingp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VIl otl&, in which DP = 25 +/- 5, i = 0.07 +/- 0.02,
and the at least one hydrophobic radical of formutaselected from the radicals of formula | in

which r = 1, a = 0, p = 1, GpR corresponds to fdemdl in which R is
*\/\/0\/\0/\/0\/\/*

, GpC corresponds to formula IVd in

*

which x = 15 and Cx is CHs,

[000255] In an embodiment, the co-polyamino acid bearinp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII ohl&, in which DP = 23 +/- 5, i = 0.05 +/- 0.02,
and the at least one hydrophobic radical of formiutaselected from the radicals of formula | in

which r = 1, a = 0, p = 1, GpR corresponds to fdandl in which R is
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, GpC corresponds to formula IVd in
which X = 19 and Cx is

[000256] In an embodiment, the co-polyamino acid bearinp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VIl ofll, in which DP =25 +/- 5, 0.038 i < 0.05,

and the hydrophobic radical of formula | is selddi®m the radicals of formula | in which r = 1,

a = 0 p = 1, GpR corresponds to formula Il in vahicR s

* (e} (@] *

~ T T \/\/, GpC corresponds to formula IVd in
which X = 19 and Cx is

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

[000257] In an embodiment, the co-polyamino acid bearingp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VIl otl&, in which DP = 22 +/- 5, i = 0.05 +/- 0.02,
and the at least one hydrophobic radical of formutaselected from the radicals of formula | in
which r =1, a =1, p = 2, GpR corresponds to fdami in which R is -CH-CH,-, GpA
corresponds to formula Illb, GpC corresponds tomigda IVd in which x = 11 and Cx

is
/\/\/\/\/\/CH3

[000258] In an embodiment, the co-polyamino acid bearingp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII otl&, in which DP = 35 +/- 5, i = 0.05 +/- 0.02,
and the at least one hydrophobic radical of formutaselected from the radicals of formula | in
whichr=1,a =1, p =2, GpR corresponds to fdemuand in which R is -CH2-CH2-, GpA
corresponds to formula Illb, GpC corresponds tamida IVd in which x = 11 and Cx is

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

[000259] In an embodiment, the co-polyamino acid bearingp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VIl otl&, in which DP = 65 +/- 5, i = 0.05 +/- 0.02,
and the at least one hydrophobic radical of formiutaselected from the radicals of formula | in
which r =1, a =1, p = 2, GpR corresponds to fdamili in which R is -CH-CH,-, GpA
corresponds to formula Illb, GpC corresponds tamida IVd in which x = 11 and Cx is

/\/\/\/\/\/CHs

[000260] In an embodiment, the co-polyamino acid bearingp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII ohl&, in which DP = 22 +/- 5, i = 0.04 +/- 0.02,

and the at least one hydrophobic radical of formiutaselected from the radicals of formula | in
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which r =1, a =1, p = 2, GpR corresponds to fdamili in which R is -CH-CH,-, GpA
corresponds to formula lllb, GpC corresponds tomigde IVd in which x = 13 and Cx
is

P N NP Pt

[000261] In an embodiment, the co-polyamino acid bearinp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII ohl&, in which DP = 22 +/- 5, i = 0.03 +/- 0.01,
and the at least one hydrophobic radical of formiutaselected from the radicals of formula I in

which r = 1, a = 1, p = 2, GpR corresponds to fdandl in which R is

* o) o *
~ I TN T T T , GpA corresponds to formula Illb, GpC

corresponds to formula Ivd in which X = 13 and Cx

is
/\/\/\/\/\/\/CH3

[000262] In an embodiment, the co-polyamino acid bearingp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII ohl&, in which DP = 22 +/- 5, i = 0.07 +/- 0.02,
and the at least one hydrophobic radical of formiutaselected from the radicals of formula I in

which r = 1, a = 1, p = 2, GpR corresponds to fdemdl in which R is

* e} fe) *
S~ O N T T , GpA corresponds to formula lllb, GpC

corresponds to formula Ivd in which X = 9 and Cx

is
/\/\/\/\/CH3

[000263] In an embodiment, the co-polyamino acid bearinp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII ofily, in which DP = 27 +/- 5, 0.034 i < 0.045,
and the at least one hydrophobic radical of formiutaselected from the radicals of formula | in
which r =1, a = 1, p = 2, GpR corresponds to fdamii in which R is -CH2-CH2-, GpA

corresponds to formula lllb, GpC corresponds tamigda 1Vd in which x = 11 and Cx is

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

[000264] In an embodiment, the co-polyamino acid bearinp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII ofil¥, in which DP = 22 +/- 5, 0.03% i < 0.055,
and the at least one hydrophobic radical of formiutaselected from the radicals of formula | in
which r =1, a =1, p = 2, GpR corresponds to fdamili in which R is -CH-CH,-, GpA
corresponds to formula Illb, GpC corresponds tomigda IVd in which x = 13 and Cx

is
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/\/\/\/\/\/\/CH3

[000265] In an embodiment, the co-polyamino acid bearinp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII ofily, in which DP = 22 +/- 5, 0.03% i < 0.055,
and the at least one hydrophobic radical of formutaselected from the radicals of formula | in
which r = 1, a = 1, p = 2, GpR corresponds to fdandl in which R is

* o) o *
~ I TN T T T , GpA corresponds to formula Illb, GpC

corresponds to formula Ivd in which X = 13 and Cx s i

/\/\/\/\/\/\/CH3
[000266] In an embodiment, the co-polyamino acid bearingp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII otlly, in which DP = 60 +/- 10, 0.014i < 0.02,
and the at least one hydrophobic radical of formutaselected from the radicals of formula | in
which r =1, a =1, p = 2, GpR corresponds to fdamili in which R is -CH-CH,-, GpA
corresponds to formula lllb, GpC corresponds tamigda 1Vd in which x = 13 and Cx is

/\/\/\/\/\/\/CHS

[000267] In an embodiment, the co-polyamino acid bearinp@aylate charges and hydrophobic
radicals is a co-polyamino acid of formula VII otll, in which DP = 40 +/- 5, 0.022i < 0.029,
and the at least one hydrophobic radical of formiutaselected from the radicals of formula | in
which r =1, a =1, p = 2, GpR corresponds to fdamili in which R is -CH-CH,-, GpA
corresponds to formula Illb, GpC corresponds tamida IVd in which x = 13 and Cx is

/\/\/\/\/\/\/CHS

[000268] The invention also relates to said co-polyaminalsdiearing carboxylate charges and
hydrophobic radicals of formula I, V or VI.
[000269] In an embodiment, the invention also relates to ghecursors of said hydrophobic

radicals of formulas I', V' and VI":

HprR rﬂGpAt{ GpC)p formula I

H—%GPR ):(—Gp:’-\)a— GpC  formula v

H*éGpR )*GpA—( GpC)2 formula VI
r
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GpR, GpA, GpC, r, a, p have the meanings given @abov

[000270] The invention also relates to a method for pregesitable injectable solutions.

[000271] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamin@labtained by polymerization.

[000272] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamicaabtained by ring-opening polymerization
of a glutamic acid N-carboxyanhydride derivative am aspartic acid N-carboxyanhydride
derivative.

[000273] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamio@abtained by polymerization of a glutamic
acid N-carboxyanhydride derivative or of an aspariicid N-carboxyanhydride derivative
described in the review article Adv. Polym. Sci0g0202, 1-18 (Deming, T.J.).

[000274] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamic@abtained by polymerization of a glutamic
acid N-carboxyanhydride derivative.

[000275] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamis@abtained by polymerization of a glutamic
acid N-carboxyanhydride derivative selected from ¢inoup consisting of methyl polyglutamate
N-carboxyanhydride (GluOMe-NCA), benzyl polyglutamaN-carboxyanhydride (GluOBzl-
NCA), and t-butyl polyglutamate N-carboxyanhydr{@uOtBu-NCA).

[000276] In an embodiment, the glutamic acid N-carboxyanidgdderivative is methyl poly-L-
glutamate N-carboxyanhydride (L-GluOMe-NCA).

[000277] In an embodiment, the glutamic acid N-carboxyantugderivative is benzyl poly-L-
glutamate N-carboxyanhydride (L-GluOBzI-NCA).

[000278] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamic@abtained by polymerization of a glutamic
acid N-carboxyanhydride derivative or of an aspaatiid N-carboxyanhydride derivative, using
as initiator an organometallic complex of a transitmetal, as described in the publication Nature
1997, 390, 386-389 (Deming, T.J.).

[000279] In an embodiment, the composition according toitiwention is characterized in that
the co-polyamino acid originates from a polyamis@abtained by polymerization of a glutamic
acid N-carboxyanhydride derivative or of an aspaatiid N-carboxyanhydride derivative, using
as initiator ammonia or a primary amine as desdribethe patent FR 2,801,226 (Touraud, F.; et
al.) and the references cited in this patent.

[000280] In an embodiment, the composition according toitiwention is characterized in that

the co-polyamino acid originates from a polyamic@abtained by polymerization of a glutamic
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acid N-carboxyanhydride derivative or of an aspaatiid N-carboxyanhydride derivative, using
as initiator hexamethyldisilazane as describechn gublication J. Am. Chem. Soc. 2007, 129,
14114-14115 (Lu H. ; et al.) or a silylated amirsedescribed in the publication J. Am. Chem.
Soc. 2008, 130, 12562-12563 (Lu H.; et al.).

[000281] In an embodiment, the composition according toitivention is characterized in that
the method for synthetizing the polyamino acid oigd by polymerization of a glutamic acid N-
carboxyanhydride derivative or an aspartic acidakboxyanhydride derivative from which the
co-polyamino acid originates comprises a step dftlysis of ester functions.

[000282] In an embodiment, this step of hydrolysis of eftieictions can consist of a hydrolysis
in an acidic medium or a hydrolysis in an alkalimedium or it can be carried out by
hydrogenation.

[000283] In an embodiment, this step of hydrolysis of egierups is a hydrolysis in an acidic
medium.

[000284]In an embodiment, this step of hydrolysis of estgoups is carried out by
hydrogenation.

[000285] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamirmdaobtained by depolymerization of a
polyamino acid of higher molecular weight.

[000286] In an embodiment, the composition according toitiwention is characterized in that
the co-polyamino acid originates from a polyamicalabtained by enzymatic depolymerization
of a polyamino acid of higher molecular weight.

[000287] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamirnadabtained by chemical depolymerization
of a polyamino acid of higher molecular weight.

[000288] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamireidaobtained by enzymatic and chemical
depolymerization of a polyamino acid of higher nooler weight.

[000289] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamirmdaobtained by depolymerization of a
polyamino acid of higher molecular weight selectiedm the group consisting of sodium
polyglutamate and sodium polyaspartate.

[000290] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamirmdaobtained by depolymerization of a

sodium polyglutamate of higher molecular weight.



10

15

20

25

42

[000291] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid originates from a polyamirmdaobtained by depolymerization of a
sodium polyaspartate of higher molecular weight.

[000292] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid is obtained by grafting aroepthobic group onto a poly-L-glutamic acid or
poly-L-aspartic acid using the methods for formemgide bonds, which are well known to the
person skilled in the art.

[000293] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid is obtained by grafting dfyalrophobic group onto a poly-L-glutamic acid
or poly-L-aspartic acid using the methods for fargnamide bonds used for peptide synthesis.
[000294] In an embodiment, the composition according toitivention is characterized in that
the co-polyamino acid is obtained by grafting dfyalrophobic group onto a poly-L-glutamic acid
or poly-L-aspartic acid as described in the paigh,840,614 (Chan, Y.P.; et al.).

[000295] Below, the units used for the insulins are thos®mmemended by the pharmacopoeias;

the associated correspondences in mg/mL are gividreitable below:

Insulin EP Pharmacopoeia EP 8.0 (2014) US Pharnoatap USP38 (2015)
Aspart 1 U =0.0350 mg of insulin aspart 1 USPG3B0 mg of insulin aspart
Lispro 1 U =0.0347 mg of insulin lispro 1 USP 9847 mg of insulin lispro
Human 1 IU = 0.0347 mg of human insulin 1 USP 8380mg of human insulin
Glargine 1 U =0.0364 mg of insulin glarging 1 USP.0364 mg of insulin glargine
Pork 11U = 0.0345 mg of pork insulin 1 USP = 0.834dg of pork insulin
Beef 11U = 0.0342 mg of beef insulin 1 USP = 0D3&4g of beef insulin

[000296] A basal insulin of which the isoelectric pointisrh 5.8 to 8.5 is understood to mean an
insulin which is insoluble at pH 7 and the durat@naction of which is from 8 to 24 hours or
more in the standard diabetes models.

[000297] These basal insulins whose isoelectric point imffo8 to 8.5 are recombinant insulins
of which the primary structure has been modifieichprily by the introduction of alkaline amino
acids such as arginine or lysine. They are degtyritoe example, in the following patents, patent
applications or publications WO 2003/053339, WO 4006854, US 5,656,722 and US
6,100,376 the content of which is incorporateddfgrence.

[000298] In an embodiment, the basal insulin of which theelsctric point is from 5.8 to 8.5 is
insulin glargine. Insulin glargine is marketed undee trade name of Lanfig100 U/mL) or
Toujed” (300 U/mL) by SANOFI.

[000299] In an embodiment, the basal insulin of which theelsctric point is from 5.8 to 8.5 is a

biosimilar insulin glargine.
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[000300] A biosimilar insulin glargine is in the processhding marketed under the trade name
of Abasaglaf or Basagldt by ELI LILLY.

[000301] In an embodiment, the compositions according toitiwention comprise from 40 to
500 U/mL of basal insulin of which the isoelecipimint is from 5.8 to 8.5.

[000302] In an embodiment, the compositions according tartkention comprise 40 U/mL of a
basal insulin of which the isoelectric point isrfr®.8 to 8.5.

[000303] In an embodiment, the compositions according tadritaention comprise 100 U/mL (or
approximately 3.6 mg/mL) of basal insulin of whitle isoelectric point is from 5.8 to 8.5.
[000304] In an embodiment, the compositions according tairtkiention comprise 150 U/mL of
basal insulin of which the isoelectric point isrfr®.8 to 8.5.

[000305] In an embodiment, the compositions according tartkiention comprise 200 U/mL of
basal insulin of which the isoelectric point isrfr®.8 to 8.5.

[000306] In an embodiment, the compositions according tairtkiention comprise 225 U/mL of
basal insulin of which the isoelectric point isrfr®.8 to 8.5.

[000307] In an embodiment, the compositions according tartkiention comprise 250 U/mL of
basal insulin of which the isoelectric point isrfr®.8 to 8.5.

[000308] In an embodiment, the compositions according tartkiention comprise 300 U/mL of
basal insulin of which the isoelectric point isrfr®.8 to 8.5.

[000309] In an embodiment, the compositions according tairtkiention comprise 400 U/mL of
basal insulin of which the isoelectric point isrfr®.8 to 8.5.

[000310] In an embodiment, the compositions according tartkiention comprise 500 U/mL of
basal insulin of which the isoelectric point isrfr®.8 to 8.5.

[000311] In an embodiment, the weight ratio between the Ibasalin of which the isoelectric
point is from 5.8 to 8.5 and the co-polyamino acid¢co-polyamino acid/basal insulin, is from 0.2
to 8.

[000312] In an embodiment, the weight ratio is from 0.2 10 6

[000313] In an embodiment, the weight ratio is from 0.2 t0 5

[000314] In an embodiment, the weight ratio is from 0.2 to 4

[000315] In an embodiment, the weight ratio is from 0.2 1o 3

[000316] In an embodiment, the weight ratio is from 0.2 to 2

[000317] In an embodiment, the weight ratio is from 0.2 to 1

[000318] In an embodiment, the concentration of co-polyandoinl bearing carboxylate charges
and hydrophobic radicals is at most 60 mg/mL.

[000319] In an embodiment, the concentration of co-polyandni bearing carboxylate charges

and hydrophobic radicals is at most 40 mg/mL.
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[000320] In an embodiment, the concentration of co-polyandoinl bearing carboxylate charges
and hydrophobic radicals is at most 20 mg/mL.

[000321] In an embodiment, the concentration of co-polyandni bearing carboxylate charges
and hydrophobic radicals is at most 10 mg/mL.

[000322] In an embodiment, the concentration of co-polyandoinl bearing carboxylate charges
and hydrophobic radicals is at most 5 mg/mL.

[000323] In an embodiment, the concentration of co-polyandni bearing carboxylate charges
and hydrophobic radicals is at most 2.5 mg/mL.

[000324] In an embodiment, the compositions according toitivention comprise a prandial
insulin. The prandial insulins are soluble at pH 7.

[000325] A prandial insulin is understood to mean a so-daléid or "regular” insulin.

[000326] The so-called rapid prandial insulins are insulihat have to respond to the needs
induced by the ingestion of proteins and saccharitiging a meal; they must act within less than
30 minutes.

[000327] In an embodiment, the so-called "regular”" pranigigiilin is human insulin.

[000328] In an embodiment, the prandial insulin is a recerabt human insulin as described in
the European Pharmacopoeia and the American Phaposia.

[000329] The human insulin is marketed under the trade nashétumulii® (ELI LILLY) and
Novolin® (NOVO NORDISK), for example.

[000330] The so-called very rapid (fast acting) prandiaulims are insulins which are obtained
by recombination and the primary structure of whigks modified in order to decrease their time
of action.

[000331] In an embodiment, the so-called very rapid (fasingt prandial insulins are selected
from the group comprising the insulin lispro (Huwogll), insulin glulisine (Apidr), and the
insulin aspart (NovoLdd).

[000332] In an embodiment, the prandial insulin is insuigpto.

[000333] In an embodiment, the prandial insulin is insuliunligine.

[000334] In an embodiment, the prandial insulin is insubpart.

[000335] In an embodiment, the compositions according toirtkkention comprise in total from
60 to 800 U/mL of insulin with a combination of pdaal insulin and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000336] In an embodiment, the compositions according toikiention comprise in total from
100 to 500 U/mL of insulin with a combination ofgpdial insulin and of basal insulin of which

the isoelectric point is from 5.8 to 8.5.
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[000337] In an embodiment, the compositions according toitlention comprise in total 800
U/mL of insulin with a combination of prandial insu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000338] In an embodiment, the compositions according toirtlkention comprise in total 700
U/mL of insulin with a combination of prandial isu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000339] In an embodiment, the compositions according toittieention comprise in total 600
U/mL of insulin with a combination of prandial insu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000340] In an embodiment, the compositions according toittleention comprise in total 500
U/mL of insulin with a combination of prandial insu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000341] In an embodiment, the compositions according toittleention comprise in total 400
U/mL of insulin with a combination of prandial ifsu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000342] In an embodiment, the compositions according toitlention comprise in total 300
U/mL of insulin with a combination of prandial insu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000343] In an embodiment, the compositions according toitkkention comprise in total 266
U/mL of insulin with a combination of prandial ifsu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000344] In an embodiment, the compositions according toitkention comprise in total 200
U/mL of insulin with a combination of prandial ifsu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000345] In an embodiment, the compositions according toitlention comprise in total 100
U/mL of insulin with a combination of prandial ifsu and of basal insulin of which the
isoelectric point is from 5.8 to 8.5.

[000346] The proportions between the basal insulin of whiahisoelectric point is from 5.8 to
8.5, and the prandial insulin are, for example,regped in percentage of 25/75, 30/70, 40/60,
50/50, 60/40, 63/37, 70/30, 75/25, 80/20, 83/17/1@0Cfor formulations as described above
comprising 60 to 800 U/mL. However, any other pmipo can be used.

[000347]In an embodiment, the compositions according to theention comprise a
gastrointestinal hormone.

[000348] "Gastrointestinal hormones" is understood to mdan Hormones selected from the
group consisting of GLP-1 RA (glucagon like peptideeceptor agonist) and GIP (glucose-

dependent insulinotropic peptide), oxyntomoduliaep(oglucagon derivative), the peptide YY,
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amylin, cholecystokinin, the pancreatic polypept{B®), ghrelin and enterostatin, the analogs or
derivatives thereof and/or the pharmaceuticallyeptable salts thereof.

[000349] In an embodiment, the gastrointestinal hormonesGdre-1 RA analogs or derivatives
selected from the group consisting of exenatidByettd® (ASTRA-ZENECA), liraglutide or
Victoz8® (NOVO NORDISK), lixisenatide or Lyxumfa(SANOFI), albiglutide or Tanzeun
(GSK) or dulaglutide or Trulicify (ELI LILLY & CO), the analogs or derivatives thefeand the
pharmaceutically acceptable salts thereof.

[000350] In an embodiment, the gastrointestinal hormonerésnfintide or Symlifi (ASTRA-
ZENECA).

[000351] In an embodiment, the gastrointestinal hormoneénatide or Byetfj the analogs or
derivatives thereof and the pharmaceutically aa®ptsalts thereof.

[000352] In an embodiment, the gastrointestinal hormonéraglutide or Victoz&, the analogs
or derivatives thereof and the pharmaceuticalleptable salts thereof.

[000353] In an embodiment, the gastrointestinal hormonkisenatide or Lyxumi, the analogs
or derivatives thereof and the pharmaceuticalleptable salts thereof.

[000354] In an embodiment, the gastrointestinal hormonébiglatide or Tanzeuffy the analogs
or derivatives thereof and the pharmaceuticalleptable salts thereof.

[000355] In an embodiment, the gastrointestinal hormoneilaglutide or Trulicity, the analogs
or derivatives thereof and the pharmaceuticalleptable salts thereof.

[000356] In an embodiment, the gastrointestinal hormoneaasnfintide or Symlif, the analogs
or derivatives thereof and the pharmaceuticall\eptable salts thereof.

[000357] "Analog,” when used in reference to a peptide @ratein, is understood to mean a
peptide or a protein in which one or more constiutresidues of amino acids have been
substituted by other residues of amino acids and/@rhich one or more constitutive residues of
amino acids have been eliminated and/or in which enmore constitutive residues of amino
acids have been added. The admissible percentalgenublogy for the present definition of an
analog is 50%.

[000358] "Derivative," when used in reference to a peptida @rotein, is understood to mean a
peptide or a protein or an analog which has beemdally modified by a substituent which is
not present in the peptide or the protein or thalanof reference, that is to say a peptide or a
protein which has been modified by creation of ¢éewgabonds, in order to introduce substituents.
[000359] In an embodiment, the substituent is selected tr@mgroup consisting of fatty chains.
[000360] In an embodiment, the concentration of gastroimakhormone is in an interval from
0.01 to 100 mg/mL.

[000361] In an embodiment, the concentration of exenatlteanalogs or derivatives thereof and

the pharmaceutically acceptable salts thereof énimterval from 0.04 to 0.5 mg/mL.
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[000362] In an embodiment, the concentration of liraglutithee analogs or derivatives thereof
and the pharmaceutically acceptable salts thesdafan interval from 1 to 10 mg/mL.

[000363] In an embodiment, the concentration of lixisenatitie analogs or derivatives thereof
and the pharmaceutically acceptable salts thesdafan interval from 0.01 to 1 mg/mL.

[000364] In an embodiment, the concentration of albiglutitihes analogs or derivatives thereof
and the pharmaceutically acceptable salts thesefodim 5 to 100 mg/mL.

[000365] In an embodiment, the concentration of dulaglutitie, analogs or derivatives thereof
and the pharmaceutically acceptable salts thesefodin 0.1 to 10 mg/mL.

[000366] In an embodiment, the concentration of pramlintitie, analogs or derivatives thereof
and the pharmaceutically acceptable salts thesdobin 0.1 to 5 mg/mL.

[000367] In an embodiment, the compositions according tdrthention are produced by mixing
commercial solutions of basal insulin of which tiseelectric point is from 5.8 to 8.5, and
commercial solutions of GLP-1 RA, of GLP-1 RA arglor derivative in ratios by volume in an
interval from 10/90 to 90/10.

[000368] In an embodiment, the composition according tarkiention comprises a daily dose of
basal insulin and a daily dose of gastrointestigaimone.

[000369] In an embodiment, the compositions according tdrihiention comprise from 40 U/mL
to 500 U/mL of basal insulin of which the isoelécoint is from 5.8 to 8.5, and from 0.05 to 0.5
mg/mL of exenatide.

[000370] In an embodiment, the compositions according tdriliention comprise from 40 U/mL
to 500 U/mL of basal insulin of which the isoeléctpoint is from 5.8 to 8.5, and from 1 to 10
mg/mL of liraglutide.

[000371] In an embodiment, the compositions according tdriiention comprise from 40 U/mL
to 500 U/mL of basal insulin of which the isoelécfpoint is from 5.8 to 8.5, and from 0.01 to 1
mg/mL of lixisenatide.

[000372] In an embodiment, the compositions according tdriiention comprise from 40 U/mL
to 500 U/mL of basal insulin of which the isoeléctpoint is from 5.8 to 8.5, and from 5 to 100
mg/mL of albiglutide.

[000373] In an embodiment, the compositions according tdriiention comprise from 40 U/mL
to 500 U/mL of basal insulin of which the isoeléctpoint is from 5.8 to 8.5, and from 0.1 to 10
mg/mL/ of dulaglutide.

[000374] In an embodiment, the compositions according tartkiention comprise 500 U/mL of
basal insulin of which the isoelectric point isrffrd.8 to 8.5, and from 0.04 to 0.5 mg/mL of

exenatide.
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[000375] In an embodiment, the compositions according tairtkiention comprise 500 U/mL of

basal insulin of which the isoelectric point is rfro5.8 to 8.5, and from 1 to 10 mg/mL of
liraglutide.

[000376] In an embodiment, the compositions according tairtkiention comprise 500 U/mL of

basal insulin of which the isoelectric point isrfrd.8 to 8.5, and from 0.01 to 1 mg/mL of
lixisenatide.

[000377] In an embodiment, the compositions according tairtkiention comprise 500 U/mL of

basal insulin of which the isoelectric point isrfrc5.8 to 8.5, and from 5 to 100 mg/mL of
albiglutide.

[000378] In an embodiment, the compositions according tairtkiention comprise 500 U/mL of

basal insulin of which the isoelectric point isrfrd.8 to 8.5, and from 0.1 to 10 mg/mL of
dulaglutide.

[000379] In an embodiment, the compositions according tairtkiention comprise 400 U/mL of

basal insulin of which the isoelectric point isffrd.8 to 8.5, and from 0.04 to 0.5 mg/mL of
exenatide.

[000380] In an embodiment, the compositions according tairtkiention comprise 400 U/mL of

basal insulin of which the isoelectric point isrfro5.8 to 8.5, and from 1 to 10 mg/mL of
liraglutide.

[000381] In an embodiment, the compositions according tairtkiention comprise 400 U/mL of

basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.01 to 1 mg/mL of
lixisenatide.

[000382] In an embodiment, the compositions according tarkiention comprise 400 U/mL of

basal insulin of which the isoelectric point isrfrds.8 to 8.5, and from 5 to 100 mg/mL of
albiglutide.

[000383] In an embodiment, the compositions according tairtkiention comprise 400 U/mL of

basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.1 to 10 mg/mL of
dulaglutide.

[000384] In an embodiment, the compositions according tartkiention comprise 300 U/mL of

basal insulin of which the isoelectric point isffrd.8 to 8.5, and from 0.04 to 0.5 mg/mL of
exenatide.

[000385] In an embodiment, the compositions according tartkiention comprise 300 U/mL of

basal insulin of which the isoelectric point isrfro5.8 to 8.5, and from 1 to 10 mg/mL of
liraglutide.

[000386] In an embodiment, the compositions according tairtkiention comprise 300 U/mL of

basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.01 to 1 mg/mL of

lixisenatide.
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[000387] In an embodiment, the compositions according tairtkiention comprise 300 U/mL of
basal insulin of which the isoelectric point isrfrc5.8 to 8.5, and from 5 to 100 mg/mL of
albiglutide.

[000388] In an embodiment, the compositions according tairtkiention comprise 300 U/mL of
basal insulin of which the isoelectric point isrfrd.8 to 8.5, and from 0.1 to 10 mg/mL of
dulaglutide.

[000389] In an embodiment, the compositions according tairtkiention comprise 225 U/mL of
basal insulin of which the isoelectric point isrfrdc.8 to 8.5, and from 0.04 to 0.5 mg/mL of
exenatide.

[000390] In an embodiment, the compositions according tarkiention comprise 225 U/mL of
basal insulin of which the isoelectric point is rfro5.8 to 8.5, and from 1 to 10 mg/mL of
liraglutide.

[000391] In an embodiment, the compositions according tairtkiention comprise 225 U/mL of
basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.01 to 1 mg/mL of
lixisenatide.

[000392] In an embodiment, the compositions according tartkiention comprise 225 U/mL of
basal insulin of which the isoelectric point isrfrc5.8 to 8.5, and from 5 to 100 mg/mL of
albiglutide.

[000393] In an embodiment, the compositions according tairtkiention comprise 225 U/mL of
basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.1 to 10 mg/mL of
dulaglutide.

[000394] In an embodiment, the compositions according tartkiention comprise 200 U/mL of
basal insulin of which the isoelectric point isrffrd.8 to 8.5, and from 0.04 to 0.5 mg/mL of
exenatide.

[000395] In an embodiment, the compositions according tartkiention comprise 200 U/mL of
basal insulin of which the isoelectric point isfro5.8 to 8.5, and from 1 to 10 mg/mL of
liraglutide.

[000396] In an embodiment, the compositions according tartkiention comprise 200 U/mL of
basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.01 to 1 mg/mL of
lixisenatide.

[000397] In an embodiment, the compositions according tartkiention comprise 200 U/mL of
basal insulin of which the isoelectric point isrfrc5.8 to 8.5, and from 5 to 100 mg/mL of
albiglutide.

[000398] In an embodiment, the compositions according tarkiention comprise 200 U/mL of
basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.1 to 10 mg/mL of

dulaglutide.
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[000399] In an embodiment, the compositions according tdrtention comprise 100 U/mL (or

approximately 3.6 mg/mL) of basal insulin of whittte isoelectric point is from 5.8 to 8.5, and
from 0.04 to 0.5 mg/mL of exenatide.

[000400] In an embodiment, the compositions according tadritaention comprise 100 U/mL (or

approximately 3.6 mg/mL) of basal insulin of whittte isoelectric point is from 5.8 to 8.5, and
from 1 to 10 mg/mL of liraglutide.

[000401] In an embodiment, the compositions according tadritaention comprise 100 U/mL (or

approximately 3.6 mg/mL) of basal insulin of whittte isoelectric point is from 5.8 to 8.5, and
from 0.01 to 1 mg/mL of lixisenatide.

[000402] In an embodiment, the compositions according tairtkiention comprise 100 U/mL of

basal insulin of which the isoelectric point isrfrc5.8 to 8.5, and from 5 to 100 mg/mL of
albiglutide.

[000403] In an embodiment, the compositions according tairtkiention comprise 100 U/mL of

basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.1 to 10 mg/mL of
dulaglutide.

[000404] In an embodiment, the compositions according toitlkention comprise 40 U/mL of

basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.04 to 0.5 mg/mL of
exenatide.

[000405] In an embodiment, the compositions according toitlkention comprise 40 U/mL of

basal insulin of which the isoelectric point isfro5.8 to 8.5, and from 1 to 10 mg/mL of
liraglutide.

[000406] In an embodiment, the compositions according toitlkention comprise 40 U/mL of

basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.01 to 1 mg/mL of
lixisenatide.

[000407] In an embodiment, the compositions according toitlkention comprise 40 U/mL of

basal insulin of which the isoelectric point isrfrds.8 to 8.5, and from 5 to 100 mg/mL of
albiglutide.

[000408] In an embodiment, the compositions according toitlkention comprise 40 U/mL of

basal insulin of which the isoelectric point isrfrdb.8 to 8.5, and from 0.1 to 10 mg/mL of
dulaglutide.

[000409] In an embodiment, the compositions according toinkention furthermore comprise

zinc salts at a concentration from 0 to 5000 puM.

[000410] In an embodiment, the compositions according toitlrention furthermore comprise

zinc salts at a concentration from 0 to 4000 pM.

[000411] In an embodiment, the compositions according toinlkrention furthermore comprise

zinc salts at a concentration from 0 to 3000 pM.
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[000412] In an embodiment, the compositions according toinkention furthermore comprise

zinc salts at a concentration from 0 to 2000 puM.

[000413] In an embodiment, the compositions according toinlkrention furthermore comprise

zinc salts at a concentration from 0 to 1000 pM.

[000414] In an embodiment, the compositions according toinkention furthermore comprise

zinc salts at a concentration from 50 to 600 puM.

[000415] In an embodiment, the compositions according toitlkrention furthermore comprise

zinc salts at a concentration from 100 to 500 puM.

[000416] In an embodiment, the compositions according toitlkrention furthermore comprise

zinc salts at a concentration from 200 to 500 pM.

[000417] In an embodiment, the compositions according toinkention furthermore comprise

buffers.

[000418]In an embodiment, the compositions according toitivention comprise buffers at

concentrations from 0 to 100 mM.

[000419] In an embodiment, the compositions according toitivention comprise buffers at

concentrations from 15 to 50 mM.

[000420] In an embodiment, the compositions according to itheention comprise a buffer

selected from the group consisting of a phosphatéel tris (trishydroxymethylaminomethane)
and sodium citrate.

[000421] In an embodiment, the buffer is sodium phosphate.

[000422] In an embodiment, the buffer is tris (trishydroxymgaminomethane).

[000423] In an embodiment, the buffer is sodium citrate.

[000424] In an embodiment, the compositions according toitlkrention furthermore comprise

preservatives.

[000425] In an embodiment, the preservatives are selected fihe group consisting of m-cresol
and phenol, alone or in a mixture.

[000426] In an embodiment, the concentration of preservatisérom 10 to 50 mM.

[000427] In an embodiment, the concentration of preservatisérom 10 to 40 mM.

[000428] In an embodiment, the compositions according tariliention furthermore comprise a
surfactant.

[000429] In an embodiment, the surfactant is selected froengroup consisting of propylene
glycol and polysorbate.

[000430] The compositions according to the invention caithiermore comprise additives such
as tonicity agents.

[000431] In an embodiment, the tonicity agents are seledteth the group consisting of

glycerol, sodium chloride, mannitol and glycine.
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[000432] The compositions according to the invention can mdse, in addition, all the
excipients in conformity with the pharmacopoeiasl aampatible with the insulins used at the
conventional concentrations.

[000433] The invention also relates to a pharmaceutical fetion according to the invention,
characterized in that it is obtained by drying andifophilization.

[000434] In the case of local and systemic releases, theemofladministration considered are by
intravenous, subcutaneous, intradermal or intraolascoute.

[000435] The transdermal, oral, nasal, vaginal, ocular, dligulmonary routes of administration
are also considered.

[000436] The invention also relates to single-dose formaofeti at a pH from 6.0 to 8.0,
comprising a basal insulin of which the isoelecpriint is from 5.8 to 8.5, and a prandial insulin.
[000437] The invention also relates to single-dose formateti at a pH from 6.0 to 8.0,
comprising a basal insulin of which the isoelecp@nt is from 5.8 to 8.5, and a gastrointestinal
hormone as defined above.

[000438] The invention also relates to single-dose formateti at a pH from 6.0 to 8.0,
comprising a basal insulin of which the isoelecprignt is from 5.8 to 8.5, a prandial insulin, and
a gastrointestinal hormone as defined above.

[000439] The invention also relates to single-dose formateti at a pH from 6.6 to 7.8,
comprising a basal insulin of which the isoelecriint is from 5.8 to 8.5, and a prandial insulin.
[000440] The invention also relates to single-dose formaofeti at a pH from 6.6 to 7.8,
comprising a basal insulin of which the isoelecpiint is from 5.8 to 8.5, and a gastrointestinal
hormone as defined above.

[000441] The invention also relates to single-dose formaofeti at a pH from 6.6 to 7.8,
comprising a basal insulin of which the isoelecp@int is from 5.8 to 8.5, a prandial insulin, and
a gastrointestinal hormone as defined above.

[000442] The invention also relates to single-dose formaofeti at a pH from 6.6 to 7.6,
comprising a basal insulin of which the isoelecpriint is from 5.8 to 8.5, and a prandial insulin.
[000443] The invention also relates to single-dose formateti at a pH from 6.6 to 7.6,
comprising a basal insulin of which the isoelecp@nt is from 5.8 to 8.5, and a gastrointestinal
hormone as defined above.

[000444] The invention also relates to single-dose formateti at a pH from 6.6 to 7.6,
comprising a basal insulin of which the isoelecpriint is from 5.8 to 8.5, a prandial insulin, and
a gastrointestinal hormone as defined above.

[000445] In an embodiment, the single-dose formulations atsepin addition, a co-polyamino
acid as defined above.

[000446] In an embodiment, the formulations are in the fofran injectable solution.
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[000447] In an embodiment, the basal insulin of which tleelectric point is from 5.8 to 8.5, is
insulin glargine.

[000448] In an embodiment, the prandial insulin is humanlins

[000449] In an embodiment, the insulin is a recombinant hurmsulin as described in the
European Pharmacopoeia and the American Pharmdaopoe

[000450] In an embodiment, the prandial insulin is seledtedh the group comprising insulin
lispro (Humalog), insulin glulisine (Apidrd) and insulin aspart (NovoL&Yy

[000451] In an embodiment, the prandial insulin is insuiépito.

[000452] In an embodiment, the prandial insulin is insulinligine.

[000453] In an embodiment, the prandial insulin is insubpart.

[000454] In an embodiment, the GLP-1 RA, the GLP-1 RA analogerivative is selected from
the group comprising exenatide (By&)ta liraglutide (Victoz&), lixisenatide (Lyxumi),
albiglutide (Tanzeuf®), dulaglutide (Trulicity), or one of the derivatives thereof.

[000455] In an embodiment, the gastrointestinal hormonaenatide.

[000456] In an embodiment, the gastrointestinal hormongaglutide.

[000457] In an embodiment, the gastrointestinal hormoniisenatide.

[000458] In an embodiment, the gastrointestinal hormondbiglatide.

[000459] In an embodiment, the gastrointestinal hormoneliaglutide.

[000460] The solubilization at a pH from 6.0 to 8.0 of thesél insulins, the isoelectric point of
which is from 5.8 to 8.5, by the co-polyamino admsring carboxylate charges and at least one
hydrophobic radical according to the invention ¢enobserved and controlled simply with the
naked eye thanks to a change in the appearanhe eblution.

[000461] The solubilization at a pH from 6.6 to 7.8 of thesdl insulins, the isoelectric point of
which is from 5.8 to 8.5, by the co-polyamino admsring carboxylate charges and at least one
hydrophobic radical according to the invention tenobserved and controlled simply with the
naked eye thanks to a change in the appearanhe eblution.

[000462] Moreover and as importantly, the applicant was ableerify that a basal insulin of
which the isoelectric point is from 5.8 to 8.5,dulized at a pH from 6.0 to 8.0 in the presence of
a co-polyamino acid bearing carboxylate chargesadridast one hydrophobic radical according
to the invention maintains its slow insulin actiwhether alone or in combination with a prandial
insulin or a gastrointestinal hormone.

[000463] The applicant was also able to verify that a pralnigisulin mixed at a pH from 6.0 to
8.0 in the presence of a co-polyamino acid beagagboxylate charges and at least one
hydrophobic radical according to the invention ahd basal insulin of which the isoelectric point

is from 5.8 to 8.5 maintains its rapid insulin aoti
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[000464] The preparation of a composition according to thesintion has the advantage that it
can be carried out by simply mixing an aqueoustsoiwf basal insulin of which the isoelectric
point is from 5.8 to 8.5, and a co-polyamino acehiting carboxylate charges and at least one
hydrophobic radical according to the invention,agqueous solution or in lyophilized form. If
necessary, the pH of the preparation is adjustedotd from 6 to 8.

[000465] The preparation of a composition according to thesintion has the advantage that it
can be carried out by simply mixing an aqueoustsniwf basal insulin of which the isoelectric
point is from 5.8 to 8.5, a solution of prandialsutin, and a co-polyamino acid bearing
carboxylate charges and at least one hydrophobicalaaccording to the invention, in aqueous
solution or in lyophilized form. If necessary, thid of the preparation is adjusted to a pH from 6
to 8.

[000466] The preparation of a composition according to thesintion has the advantage that it
can be carried out by simply mixing an aqueoustsniwf basal insulin of which the isoelectric
point is from 5.8 to 8.5, a solution of GLP-1 RAGALP-1 RA analog or derivative, and a co-
polyamino acid bearing carboxylate charges andaatlone hydrophobic radical according to the
invention, in aqueous solution or in lyophilizedrfo If necessary, the pH of the preparation is
adjusted to a pH from 6 to 8.

[000467] The preparation of a composition according to thesintion has the advantage that it
can be carried out by simply mixing an aqueoustsniwf basal insulin of which the isoelectric
point is from 5.8 to 8.5, a solution of prandiatufin, a solution of GLP-1 RA, a GLP-1 RA
analog or derivative, and a co-polyamino acid beprarboxylate charges and at least one
hydrophobic radical according to the invention,aiqueous solution or in lyophilized form. If
necessary, the pH of the preparation is adjustedpid from 6 to 8.

[000468] In an embodiment, the mixture of basal insulin @ogpolyamide is concentrated by
ultrafiltration before the mixing with prandial i in aqueous solution or in lyophilized form.
[000469] If necessary, the composition of the mixture isiat§d with excipients such as glycerol,
m-cresol, zinc chloride and polysorbate (Twdeby adding concentration solution of these
excipients within the mixture. If necessary, the gfiHhe preparation is adjusted to a pH from 6 to
8.

[000470] Figure 1: Mean curves of deviation of the basallinslevel + standard deviation from
the mean for the simultaneous administrations sfilin lispro (Humalo§) (100 U/mL, 0.20
IU/kg) (filled circles) and of insulin glargine (h&us’) (100 U/mL, 0.60 U/kg), in comparison
with the administration of a composition accordingthe invention described in Example CB3j
(266 U/mL, 0.8 U/kg) (empty squares); the admiatshns having been carried out on dogs (n =
10), by subcutaneous injection. (on the abscis®apbst-injection times, and on the ordinate, the

delta concentration of insulin in pmol/L).
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[000471] Figure 2: Mean curves of glycemia + standard deatfrom the mean for the
simultaneous administrations of insulin lispro (Halog®) (100 U/mL, 0.20 1U/kg) and of insulin
glargine (Lantu®) (100 U/mL, 0.60 U/kg) (filled circles) in compadn with the administration of
a composition according to the invention describedExample CB3j (266 U/mL, 0.8 U/KkQ)
(empty squares); the administrations having beeriechout on dogs (n = 10), by subcutaneous
injection. (on the abscissa, the post-injectionetirmand on the ordinate, the glucose level in
percentage)

[000472] Figure 3: Mean curves of deviation of the basaklexf insulin + standard deviation
from the mean for the simultaneous administratiafrissulin lispro (Humalo@) (100 U/mL, 0.20
IU/kg) and of insulin glargine (Lantfi} (100 U/mL, 0.60 U/kg) (full circles) in comparisavith

the administration of a composition according te thvention (empty squares) described in
Example CB3o (266 U/mL, 0.8 U/kg); the administa having been carried out on dogs (n =
10), by subcutaneous injection. (on the absci$gapost-injection time, and on the ordinate, the
delta concentration of insulin in pmol/L)

[000473] Figure 4. Mean curves of glycemia + standard deafrom the mean for the
simultaneous administrations of insulin lispro (Halog®) (100 U/mL, 0.20 1U/kg) and of insulin
glargine (Lantu®) (100 U/mL, 0.60 U/kg) (full circles) in comparisavith the administration of a
composition according to the invention (empty sgaadescribed in Example CB3o (266 U/mL,
0.8 U/kg); the administrations having been carr@d on dogs (n = 10), by subcutaneous
injection. (on the abscissa, the post-injectionetimnd on the ordinate, the glucose level in
percentage)

[000474] Figure 5: Mean curves of deviation of the basallinslevel + standard deviation from
the mean after the administration of composition2&€B266 U/mL, 0.67 U/kg of insulin) (full
circles) and of composition CB2c (266 U/mL, 0.67kdJlof insulin, 0.125 pg/kg of exenatide)
(empty squares); the administrations having beeriecaout on dogs (n = 10), by subcutaneous
injection. (on the abscissa, the post-injectioretimnd on the ordinate, the delta concentration of
insulin in pmol/L)

[000475] Figure 6: Mean curves of glycemia in percentaged@fiation of the basal level +
standard deviation from the mean after the admatish of composition CB2a (266 U/mL, 0.67
U/kg of insulin) (full circles) and of compositiodB2c¢ (266 U/mL, 0.67 U/kg of insulin, 0.125
pa/kg of exenatide) (empty squares); the admiristra having been carried out on dogs (n = 10),
by subcutaneous injection. (on the abscissa, tlg-ipfection time, and on the ordinate, the
glucose level in percentage of deviation from thsab level)

[000476] Figure 7: Mean curves of glycemia in percentagelefiation from the basal level +
standard deviation from the mean after the admatien of composition CB2c (266 U/mL, 1

U/kg of insulin and 0.19 pg/kg of exenatide) (emptycles) and separate and simultaneous
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administrations of insulin lispro (Humalog®) (100/mL, 0.25 U/kg), of insulin glargine
(Lantus®) (100 U/mL, 0.75 U/kg) and of exenatideyéBa®) (0.25 mg/mL, 0.19 pg/kg) (full
circles); the administrations having been carrislan dogs (n = 10), by subcutaneous injection.
(on the abscissa, the post-injection time, andhenardinate, the glucose level in percentage of

deviation from the basal level)

Examples
[000477] The invention is described in greater detail irerefice to the following examples in a

non-limiting manner.

Part A
AA: Synthesis of the hydrophobic molecules in which 1
[000478] The radicals are represented in the following Talke by the corresponding

hydrophobic molecule before grafting onto the ctypmino acid.

No. | Structure of the hydrophobic molecule before gngfionto the co-polyamino
acids
AA4 NH _O
HzN\/\/O\/\O/\/O\/\/ o
A
CisH3y
AA7 o NH _O
HZN\/\/O\/\O/\/ ~ N o
A
C1oH3g

Table la: list and structure of the hydrophobicenuoles synthesized according to the invention.

Example AA4: molecule AA4

[000479] Molecule Al: product obtained by the reaction bet¢he palmitoyl chloride and L-
proline.

[000480] A solution of palmitoyl chloride (23.0 g, 83.7 mmaoh acetone (167 mL) is added
dropwise within 90 minutes to a solution of L-prdi (10.6 g, 92.1 mmol) in a 1 N aqueous
sodium hydroxide solution (230 mL; 230 mmol). Aftet h of stirring at room temperature, the
heterogeneous mixture is cooled to 0 °C, thenréittethrough a sintered filter to yield a white
solid which is washed with water (2 x 100 mL), thveith diisopropyl ether (100 mL). The solid is
dried at reduced pressure. The solid is then disdadt reflux in 200 mL of water, then 8 mL of a

37% hydrochloric acid solution are added until obtey a pH of 1. The opalescent reaction
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medium is then cooled to 0 °C. The precipitate ioleta is filtered through a sintered filter, then
washed with water (5 x 50 mL) until filtrates ofuteal pH are obtained, then it is dried overnight
at 50 °C in an oven under vacuum. The product rfipd by recrystallization in diisopropyl
ether. A white solid is obtained.

[000481] Yield: 22.7 g (77%).

[000482] *H NMR (CDCI3, ppm): 0.88 (3H); 1.19-1.45 (24H); 8-5.74 (2H); 1.88-2.14 (3H);
2.15-2.54 (3H); 3.47 (1H); 3.58 (1H); 4.41 (0.14)61 (0.9H) 6.60-8.60 (1H).

[000483] Molecule A2: product obtained by the reaction betwenolecule Al and Boc-1-amino-
4,7,10-trioxa-13-tridecaneamine. N,N-diisopropyjgeimine (DIPEA) (4.1 g, 31.8 mmol), 1-
hydroxybenzotriazole (HOBt) (2.2 g, 16.4 mmol), rtheN-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide (EDC) (3.2 g, 16.6 mmol) are atldeiccessively at room temperature to a
solution of molecule Al (4.5 g, 12.7 mmol) in 90 rt.chloroform. After 15 minutes of stirring
at room temperature, a solution of Boc-1-amino#M)Arioxa-13-tridecaneamine (4.5 g, 14.0
mmol) in 5 mL of chloroform is added. After 18 h stfrring at room temperature, a 0.1 N HCI
solution (100 mL), then a saturated NaCl solutidd (L) are added. The phases are separated,
then the organic phase is washed successively avillii N HCI solution/saturated NaCl (100
mL/50 mL), a saturated NaCl solution (100 mL), tussted NaHC® solution (100 mL), then a
saturated NaCl solution (100 mL). The organic phiasdried over anhydrous sodium sulfate,
filtered then concentrated at reduced pressuresli®w oil is obtained after purification by flash
chromatograph (methanol, dichloromethane).

[000484] Yield: 7.7 g (92%).

[000485] *H NMR (CDCk, ppm): 0.88 (3H); 1.22-1.37 (24H); 1.44 (9H); 1587 (2H); 1.67-
2.00 (6H); 2.06-2.45 (4H); 3.18-3.76 (18H); 4.282(9); 4.52 (0.8H); 4.69-5.04 (1H); 6.77
(0.2H); 7.20 (0.8H).

[000486] Molecule AA4

[000487] At 0 °C a 4 M hydrochloric acid solution in dioxa(29.5 mL, 118 mmol) is added
dropwise to a solution of molecule A2 (7.7 g, 1m&ol) in 90 mL of dichloromethane. After 3 h
30 of stirring at room temperature, the solutionaacentrated at reduced pressure. The residue is
purified by flash chromatography (methanol, dicbhtoethane) to yield a yellow oil. A co-
evaporation with diisopropyl ether and drying at®®under vacuum make it possible to obtain
molecule AA4 as hydrochloride salt form.

[000488] Yield: 5.4 g (76%).

[000489] *H NMR (CDCE, ppm): 0.88 (3H); 1.08-1.40 (24H); 1.49-1.65 (2#)76-2.39 (10H);
3.07-3.28 (3H); 3.34-3.80 (15H); 4.34 (0.05H); 4(6485H); 7.35 (0.05H); 7.66-8.58 (3.95H).
[000490] LC/MS (ESI): 556.7; (calculated ([M+H)]: 556.5).
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Example AA7: molecule AA7

[000491] Molecule A3: product obtained by reaction betweethidonic acid and L-proline.
[000492] Dicyclohexylcarbodiimide (DCC) (10.45 g, 50.6 mmaipd N-hydroxysuccinimide
(NHS) (5.83 g, 50.6 mmol) are added successivegntarachidonic acid solution (15.51 g, 49.63
mmol) in THF (500 mL) at O °C. After 17 h of stimg at room temperature, the medium is cooled
to 0 °C for 20 min, filtered through a sinteredeil L-proline (6 g, 52.11 mmol), DIPEA (60.5
mL) and water (50 mL) are added to the filtrateteA#48 h of stirring at room temperature, the
mixture is treated with a 1N aqueous HCI solutionpH 1, and the resulting solid is filtered
through a sintered filter, washed with water uttié pH of the mother liquors is neutral, then
dried under vacuum to yield a yellowish solid. Afparification by chromatography on silica gel
(cyclohexane, ethyl acetate), a white solid is ioleth

[000493] Yield: 10.96 g (54%).

[000494] *H NMR (CDCL, ppm): 0.88 (3H); 1.28 (34H); 1.66 (2H); 1.95-2(B%); 2.34 (2H);
2.45 (1H); 3.47 (1H); 3.56 (1H); 4.60 (1H).

[000495] LC/MS (ESI): 410.4; (calculated ([M+H] 410.6 ).

[000496] Molecule A4: product obtained by the reaction betwenolecule A3 and Boc-1-amino-
4,7,10-trioxa-13-tridecane.

[000497]DIPEA (9.32 mL) and 2-(1H-benzotriazol-1-yl)-1,33etramethyluronium
tetrafluoroborate (TBTU) (9.45 g, 29.4 mmol) at mdemperature are added to a solution of
molecule A3 (10.96 g, 26.75 mmol) in THF (135 mBfter 30 min of stirring, Boc-1-amino-
4,7,10-trioxa-13-tridecane (10.29 g, 32.11 mmoRdsled. After stirring at room temperature for
18 h, the solvent is evaporated at reduced presantethe residue is diluted with ethyl acetate
(400 mL). The organic phase is washed with a sedrdlaHCQ solution, a 1N aqueous HCI
solution, water, an aqueous saturated NaCl solutiban dried over N&O,, filtered and
concentrated under vacuum. The residue is purlfieflash chromatography (cyclohexane, ethyl
acetate, methanol) to yield a colorless oil whicldgfies. A solid is obtained.

[000498] Yield: 14.2 g (75%).

[000499] *H NMR (CDCk, ppm): 0.88 (3H); 1.24 (32H); 1.43 (9H); 1.57-2.@H); 2.10-2.45
(4H); 3.20-3.75 (18H); 4.30 (0.20H); 4.55 (0.80B))3 (1H); 6.75 (0.20H); 7.20 (0.80H).
[000500] LC/MS (ESI): 712.8; (calculated ([M+H] 713.1)

Molecule AA7
[000501] A 4N HCI solution in dioxane (25 mL) is added te@ution of molecule A4 (14.25 g,
20.01 mmol) in dichloromethane (100 mL) at 0 °CteAf20 h of stirring at 0 °C and 4 h of

stirring at 25 °C, the medium is concentrated undeuum. The residue is dissolved four times in
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methanol and evaporated at reduced pressure td wgieWhite solid of molecule AA7 in
hydrochloride salt form.

[000502] Yield: 12.7 g (98%).

[000503] '"H NMR (DMSO-d;, ppm): 0.85 (3H); 1.23 (32H); 1.45 (2H); 1.64 (2H)70-2.05
(6H); 2.10-2.30 (2H); 2.82 (2H); 3.08 (2H); 3.3®3.(14H); 4.15-4.30 (1H); 7.73-8.13 (4H).
[000504] LC/MS (ESI): 612.7; (calculated ([M+H)] 612.9).

AB: Synthesis of the co-polyamino acids

Co-polyamino acids with statistical grafting (forlaWwIl or Vlla)

No. co-polyamino acids bearing carboxylate chaegeshydrophobic radicals

AB6 Ox //()Na

N
~

|

-

Hy ~ =0

i =0.025, DP (m + n) = 20

*/NH\/\/O\/\O/\/O\/\/NH ©

Hy =

R: = H or pyroglutamate
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AB7

®) ONa
0]
H
R1T N /\/\/\
N N
H H
m n
0]
Hy O

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

A OO

(@)
(@)
A
CigH3g

R1=CH;-C(O)-, H or pyroglutamate

ABS8

o ONa
0
H
R N
N NH
N 2
m n
o
Hy O

i=0.03, DP (m+n) =24

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

o

O
A
CigH
Hy = 1939

R; = H or pyroglutamate
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AB10 0 ONa
0]
H
R1 N /\/\/\
N N
TH H
m n
0
Hy O
i=0.08, DP (m+n) =25
0o O NH _O
*/NH\/\/ \/\O/\/ \/\/ o
A
CycH
Hy = 15131
R; = H or pyroglutamate
AB21 o) ONa
W}\ﬁ/\ 0
H
R1 N /\/\/\
1 ;
H H
m n
Hy 0]
i =0.056, DP (m + n) = 22
Hy =
NH O O\/\/NH o]
NG e \/\O/\/ 0
A
C1oH3g
R: = H or pyroglutamate
Table 1b: list of the co-polyamino acids synthediaecording to the invention
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Co-polyamino acids with defined grafting (formuld @r VIib)

No. co-polyamino acids bearing carboxylate chaegeshydrophobic radicals

Cha
8]
AB17
R H ] ] H
1{\] RN N N N N
H
© ' 0 )\019"'35

i =0.038, DP (m) = 26
R; = H or pyroglutamate

Cha

8]
AB18
H
Ri {\N N\/\/O\/\O/\/O\/\/ N
H
o )\019"'35

i =0.045, DP (m) = 22
R; = H or pyroglutamate

=T

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

Example AB6: Co-polyamino acid AB6 - sodium polyglutamate modified by molecule AA7

and having a number average molecular weight (Md60 g/mol

[000505] Co-polyamino acid AB6-1: poly-L-glutamic acid hagira relative number average

molecular weight (Mn) of 3500 g/mol originating fnothe polymerization ofy-benzyl-L-
glutamate N-carboxyanhydride initiated by the haryine.

[000506]In a round-bottom flask dried beforehand in the mvebenzyl-L-glutamate N-
carboxyanhydride (89.9 g, 341 mmol) is placed f@m3n under vacuum, then anhydrous DMF
(200 mL) is introduced. The mixture is then stirtgtter argon until the dissolution is complete,
cooled to 4 °C, then hexylamine (2.05 mL, 15.5 mnislintroduced rapidly. The mixture is
stirred at between 4 °C and room temperature ftay®. The reaction mixture is then heated at 65
°C for 2 h, cooled to room temperature, then pouhegbwise into diisopropyl ether (3 L) under
stirring. The white precipitate is recovered byrédition, washed with diisopropyl ether (2 x 200
mL), then dried under vacuum at 30 °C to yield ifgamma-benzyl-L-glutamic) acid (PBLG).
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[000507] A 33% hydrobromic acid (HBr) solution in acetic @¢240 mL, 1.37 mol) is added
dropwise to a solution of PBLG (74.8 g) in trifleacetic acid (TFA, 340 mL) at 4 °C. The
mixture is stirred at room temperature for 2 hntipeured dropwise onto a 1:1 (v/v) mixture of
diisopropyl ether and water under stirring (4 Ljtek 2 h of stirring, the heterogeneous mixture is
left to rest overnight. The white precipitate isoeered by filtration, washed with a 1:1 (v/v)
mixture of diisopropylether and water (340 mL),rihveith water (340 mL).

[000508] The solid obtained is then solubilized in waterb5(1) by adjusting the pH to 7 by
addition of a 10 N aqueous sodium hydroxide sofytiblen a 1 N agueous sodium hydroxide
solution. After solubilization, the theoretical camtration is adjusted to 20 g/L theoretical by
addition of water until obtaining a final volume 2fL L.

[000509] The solution is filtered through a 0.45-um filtdren purified by ultrafiltration against a
0.9% NacCl solution, then water until the conductiymef the permeate is less than 50 uS/cm. The
solution of co-polyamino acid is then concentratatl a final volume of 1.8 L is obtained.
[000510] The aqueous solution is then acidified by addingp 3%/ drochloric acid solution until a
pH of 2 is reached. After 4 h of stirring, the ppitate obtained is filtered, washed with watex(2
340 mL), then dried under vacuum at 30 °C to yielgoly-L-glutamic acid having a number

average molecular weight (Mn) of 3500 g/mol witbpect to a polyoxyethylene (PEG) standard.

Co-polyamino acid AB6

[000511] The co-polyamino acid AB6-1 having a number averaggecular weight (Mn) of
3500 g/mol (10.0 g) is solubilized in DMF (420 m&) 30 °C-40 °C, then maintained at this
temperature. In parallel, the hydrochloride saltrmfiecule AA7 (1.47 g, 2.3 mmol) is suspended
in DMF (12 mL), and triethylamine (0.23 g, 2.3 minad added, then the mixture is heated
slightly under stirring until the dissolution israplete. NMM (7.6 g, 75 mmol), the solution of
AA7, then 2-hydroxypyridineN-oxide (HOPO, 0.84 g, 7.5 mmol) are added succelysio the
solution of co-polyamino acid in DMF. The reactioredium is then cooled to 0 °C, then EDC
(1.44 g, 7.5 mmol) is added, and the medium isdnbback to room temperature over a period of
2 h. The reaction medium is filtered through a w2 woven filter and poured dropwise under
stirring onto 3.5 L of water containing NaCl at 1% weight and HCI (pH 2). At the end of the
addition, the pH is readjusted to 2 with a 37% KH@ution, and the suspension is allowed to rest
overnight. The precipitate is collected by filtmatj then rinsed with 100 mL of water. The white
solid obtained is solubilized in 500 mL of water &lgw addition under stirring of a 1 N aqueous
solution NaOH until the pH is 7, then the solutiserfiltered through a 0.45-um filter. The clear
solution obtained is purified by ultrafiltration @gst a 0.9% NaCl solution, then water until the
conductimetry of the permeate is less than 50 puSidm solution is filtered through a 0.2-um
filter and stored at 2-8 °C.
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[000512] Dry extract: 21.6 mg/g.

[000513] DP (estimated based dH NMR): 20.

[000514] Based ortH NMR: i = 0.025.

[000515] The calculated average molecular weight of theagagmino acid AB6 is 3369 g/mol.
[000516] HPLC-aqueous SEC (calibrant PEG): Mn = 4000 g/mol.

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

[000517] Co-polyamino _acid AB7-1: poly-L-glutamic acid hagira relative number average

molecular weight (Mn) of 3600 mol and a DP of 2igrating from the polymerization of
benzyl-L-glutamate N-carboxyanhydride initiatedhsxylamine and capped at one of its ends by
an acetyl group.

[000518]In a round-bottom flask dried beforehand in the mvebenzyl-L-glutamate N-
carboxyanhydride (Glu(OBn)-NCA, 100.0 g, 380 mmislplaced under vacuum for 30 minutes,
then anhydrous DMF (225 mL) is introduced. The onigtis then stirred under argon until the
dissolution is complete, cooled to 4 °C, then hamihe (1.78 g, 17 mmol) is introduced rapidly.
The mixture is stirred between 4 °C and room tewrupee for 2 days, then precipitated in
diisopropyl ether (3.4 L). The precipitate is reemed by filtration, washed two times with
diisopropyl ether (225 mL), then dried to yield &ite solid which is dissolved in 450 mL of
THF. DIPEA (31 mL, 176 mmol), then acetic anhydri(er mL, 176 mmol) are added
successively to this solution. After one night tifrgig at room temperature, the solution is poured
slowly into diisopropyl ether (3 L) under stirringfter 1 h of stirring, the precipitate is filtered
washed two times with diisopropyl ether (250 mlher dried under vacuum at 30 °C to yield a
poly(gamma-benzyl-L-glutamic) acid capped at ongsoénds by an acetyl group.

[000519] A 33% hydrobromic acid (HBr) solution in acetic&¢R35 mL) is added dropwise to a
solution of the co-polyamino acid referred to ab{¥2 g) in trifluoroacetic acid (TFA, 335 mL) at
4 °C. The mixture is stirred at room temperature3fén 30, then poured dropwise onto a 1:1 (v/v)
mixture of diisopropyl ether and water under stigr{4 L). After 2 h of stirring, the heterogeneous
mixture is allowed to rest overnight. The whiteqjpéate is recovered by filtration, washed with
a 1:1 (v/v) mixture of diisopropyl ether and wafg40 mL), then with water (340 mL).

[000520] The solid obtained is then solubilized in water5(L) by adjusting the pH to 7 by
addition of a 10N aqueous sodium hydroxide solytithen a 1N aqueous sodium hydroxide
solution. After solubilization, the solution is diiéd by addition of water until obtaining a final
volume of 2.1 L. The solution is filtered througlda5-um filter, then purified by ultrafiltration

against a 0.9% NacCl solution, then water until cbaductimetry of the permeate is less than 50
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pS/cm. The solution of co-polyamino acid is themaamtrated until a final volume of 1.8 L is
obtained.

[000521] The aqueous solution is then acidified by additwér87% hydrochloric acid solution
until a pH of 2 is reached. After 4 h of stirrirthe precipitate obtained is filtered, washed with
water (330 mL), then dried under vacuum at 30 °Gjigdd a poly-L-glutamic acid having a
number average molecular weight (Mn) of 3600 g/mith respect to a polyoxyethylene standard

(PEG), and a mean degree of polymerization of 21.

[000522] Co-polyamino acid AB7

[000523] By a process similar to the one used for the peggmar the co-polyamino acid AB6
applied to the hydrochloride salt of molecule AAIZ4@ g, 2.2 mmol) and to the co-polyamino
acid AB7-1 (10.0 g), a poly-L-glutamic acid sodisalt modified by molecule AA7 is obtained.
[000524] Dry extract: 24.3 mg/g.

[000525] DP (estimated based 6H NMR): 21.

[000526] Based ortH NMR: i = 0.03.

[000527] The calculated average molecular weight of theaggmino acid AB7 is 3677 g/mol.
[000528] HPLC-aqueous SEC (calibrant PEG): Mn = 3300 g/mol.

Example AB8: Co-polyamino acid AB8 - sodium polyglutamate modified by molecule AA7
and having a number average molecular weight (M8660 g/mol.

[000529] Co-polyamino acid AB8-1: poly-L-glutamic acid hagim number average molecular

weight (Mn) of 3800 g/mol originating from the pategrization ofy-methyl-L-glutamate N-
carboxyanhydride initiated by ammonia.

[000530] By a method similar to the one described in theeqagpplication FR-A-2 801 226
applied toy-methyl-L-glutamic acid N-carboxyanhydride (25.0183.6 mmol) and to a 0.5 N

ammonia solution in dioxane (12.1 mL, 6.05 mmolpoa/-L-glutamic acid is obtained.

[000531] Co-polyamino acid AB8

[000532] By a method similar to the one used for the prdjaraf the co-polyamino acid AB6
applied to the hydrochloride salt of molecule AA71( g, 3.24 mmol) and to the co-polyamino
acid AB8-1 (14.3 g), a sodium poly-L-glutamate niigdi by molecule AA7 is obtained.

[000533] Dry extract: 25.2 mg/g.

[000534] DP (estimated based dH NMR): 24.

[000535] Based ortH NMR: i = 0.03.

[000536] The calculated average molecular weight of theagagmino acid AB8 is 4099 g/mol.
[000537] HPLC-aqueous SEC (calibrant PEG): Mn = 3600 g/mol.
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Example AB10: Co-polyamino acid AB10 - sodium pahglutamate modified by molecule AA4
and having a number average molecular weight (M2660 g/mol

[000538] By a method similar to the one used for the prdjaraf the co-polyamino acid AB7
applied to the hydrochloride salt of molecule AAddao a poly-L-glutamic acid obtained by a
method similar to the one used for the preparatibthe co-polyamino acid AB6-1, a sodium
poly-L-glutamate modified by molecule AA4 is obteath

[000539] Dry extract: 18.3 mg/g.

[000540] DP (estimated based dH NMR): 25.

[000541] Based ortH NMR: i = 0.08.

[000542] The calculated average molecular weight of theaggmino acid AB10 is 4870 g/mol.
[000543] HPLC-aqueous SEC (calibrant PEG): Mn = 2600 g/mol.

Example AB21: Co-polyamino acid AB21 - sodium pakglutamate modified by molecule AA7
and having a number average molecular weight (Mi8460 g/mol

[000544] By a method similar to the one used for the prefmaraf the co-polyamino acid AB6
applied to the hydrochloride salt of molecule AA744 g, 2.4 mmol) and to a poly-L-glutamic
acid (10 g) obtained by a method similar to the osed for the preparation of the co-polyamino
acid AB6-1, a sodium poly-L-glutamate modified byplecule AA7 is obtained.

[000545] Dry extract: 22.7 mg/g.

[000546] DP (estimated based dH NMR: 22.

[000547] Based ortH NMR: i = 0.056.

[000548] The calculated average molecular weight of theaggmino acid AB21 is 4090 g/mol.
[000549] HPLC-aqueous SEC (calibrant PEG): Mn = 3400 g/mol.

Example AB17: Co-polyamino acid AB17 - sodium pahkglutamate modified at one of its ends
by molecule AA7 and having a number average moégaukight (Mn) of 3500 g/mol

[000550] The hydrochloride salt of molecule AA7 (2.80 g, Z.81mol), chloroform (5 mL),
molecular sieve 4A (1.3 g) as well as Amberlite IRBD ion exchange resin (1.3 g) are introduced
successively into an appropriate container. Aftér df stirring on rollers, the medium is filtered
and the resin is rinsed with chloroform. The migtus evaporated, then co-evaporated with
toluene. The residue is solubilized in anhydrous /D80 mL) to be used directly in the
polymerization reaction.

[000551] y-Benzyl-L-glutamateN-carboxyanhydride (25.0 g, 94.9 mmol) is placed uwdeuum

for 30 min in a round-bottom flask dried beforehamdhe oven, then anhydrous DMF (140 mL)

is introduced. The mixture is stirred under argotiluhe solubilization is complete, cooled to 4
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°C, then the solution of molecule AA7 prepared asctibed above is introduced rapidly. The
mixture is stirred between 4 °C and room tempeeatoir 2 days, then heated at 65 °C for 2 h. The
reaction mixture is then cooled to room temperattiven poured dropwise in diisopropyl ether
(1.7 L) under stirring. The white precipitate isogered by filtration, washed two times with
diisopropyl ether (140 mL), then dried under vacuat30 °C to obtain a white solid. The solid is
diluted in TFA (160 mL), and then a 33% hydrobroimid (HBr) solution in acetic acid (62 mL,
354 mmol) is added dropwise and at 0 °C. The smius stirred for 2 h at room temperature, then
poured dropwise onto a 1:1 (v/v) mixture of diismpyl ether/water and under stirring (1.9 L).
After 2 h of stirring, the heterogeneous mixturallswed to rest overnight. The white precipitate
is recovered by filtration, washed successivehhvetl:1 (v/v) mixture of diisopropyl ether and
water (280 mL), then with water (140 mL). The sallatained is solubilized in water (530 mL) by
adjusting the pH to 7 by adding a 10 N aqueoususodiydroxide solution, then a 1 N aqueous
sodium hydroxide solution. After solubilizationgtktheoretical concentration is adjusted to 20 g/L
theoretical by addition of water until obtainindial volume of 800 mL. The mixture is filtered
through a 0.45-um filter, then purified by ultr&fition against a 0.9% NacCl solution, then water
until the conductimetry of the permeate is lessith@ LS/cm. The solution of co-polyamino acid
is then concentrated to approximately 30 g/L thecak and the pH is adjusted to 7.0. The
aqueous solution is filtered through 0.2 um andestat 4 °C.

[000552] Dry extract: 25.2 mg/g.

[000553] DP (estimated byH NMR) = 26 therefore i = 0.038.

[000554] The calculated average molecular weight of theaggmino acid AB17 is 4500 g/mol.
[000555] HPLC-aqueous SEC (calibrant PEG): Mn = 3500 g/mol.

Example AB18: Co-polyamino acid AB18 - sodium pahkglutamate modified at one of its ends
by molecule AA7 having a number average molecukigit (Mn) of 3700 g/mol.

[000556] A sodium poly-L-glutamate modified at one of itderby molecule AA7 is obtained by
polymerization ofy-methyl-glutamic acid N-carboxyanhydride (25.0 8356 mmol) using the
hydrochloride salt of molecule AA7 (2.80 g, 4.32 oijnas initiator and carrying out a
deprotection of the methyl esters by using a 37%rdghloric acid solution according to the
method described in patent application FR-A-2 824.2

[000557] Dry extract: 44.3 mg/g.

[000558] DP (estimated byH NMR) = 22 therefore i = 0.045.

[000559] The calculated average molecular weight of theaggmino acid AB18 is 3896 g/mol.
[000560] HPLC-aqueous SEC (calibrant PEG): Mn = 3700 g/mol.



68

Part B: hydrophobic radicals

BB: Synthesis of the hydrophobic molecules in wipch 2
[000561] The radicals are represented in the following Tahi by the corresponding
hydrophobic molecule before grafting onto the céramino acid

No. | Structure of the hydrophobic molecule before gngfionto the co-polyamino acid
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Table 1c" list of hydrophobic molecules synthediaecording to the invention.

Example BAL: molecule BAl

[000562] Molecule B1: product obtained by the reaction betwdecanoic acid and L-proline.
[000563] Dicyclohexyl carbodiimide (DCC) (16.29 g, 78.96 nmand N-hydroxysuccinimide
(NHS) (9.09 g, 78.96 mmol) are added successiwelg tecanoic acid solution (14.28 g, 82.91
mmol) in THF (520 mL) at 0 °C. After 60 h of sting at room temperature, the mixture is cooled
to 0 °C for 20 min, filtered through a sinteredtdil L-Proline (10 g, 86.86 mmol),
diisopropylethylamine (DIPEA) (68.8 mL) and waté0(mL) are added to the filtrate. After 24 h
of stirring at room temperature, the medium istéidlwith water (300 mL). The aqueous phase is
washed with ethyl acetate (2 x 250 mL), acidifiepH ~1 with a 1N aqueous HCI solution, then
extracted with dichloromethane (3 x 150 mL). Thenbied organic phases are dried over
N&SQ, filtered, concentrated under vacuum, and theduesis purified by chromatography on
silica gel (cyclohexane, ethyl acetate).

[000564] Yield: 14.6 g (69%).

[000565] 'H NMR (CDCk, ppm): 0.87 (3H); 1.26 (12H); 1.65 (2H); 2.02 (3R2)34 (2H); 2.41
(1H); 3.48 (1H); 3.56 (1H); 4.58 (1H)

[000566] LC/MS (ESI): 270.2; (calculated ([M+H] 270.4 ).

[000567] Molecule B2: product obtained by the reaction betwmolecule B1 and L-lysine.
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[000568] By a method similar to the one used for the prdjaraof molecule B1 applied to
molecule B1 (14.57 g, 54.07 mmol) and to L-lysidelb g, 28.39 mmol), a yellow oil is obtained.
[000569] Yield: 16.4 g (93%).

[000570] *H NMR (CDCE, ppm): 0.88 (6H); 1.26 (24H); 1.35-1.65 (8H); :835 (12H); 2.53
(0.2H); 2.90 (0.8H); 3.45-3.75 (5H); 4.50-4.70 (3/)82 (1H).

[000571] LC/MS (ESI): 649.6; (calculated ([M+H] 649.9).

[000572] Molecule B3: product obtained by reaction betweemwlecule B2 and Boc-
ethylenediaminyl.

[000573]DIPEA (8.80 mL) and 2-(1H-benzotriazol-1-yl)-1,33etramethyluronium
tetrafluoroborate (TBTU, 8.52 g, 26.54 mmol) at motemperature are added to a solution of
molecule B2 (16.4 g, 25.27 mmol) in THF (170 mL)ftek 30 min of stirring, the Boc-
ethylenediamine (4.45 g, 27.8 mmol) is added. Afiaring at room temperature for 2 h, the
solvent is evaporated at reduced pressure ancesidue is diluted with ethyl acetate (400 mL).
The organic phase is washed with water (250 mlgatarated aqueous NaHg®olution (250
mL), a 1 N aqueous HCI solution (250 mL), a satdaaqueous NaCl solution (250 mL), and
dried over NgSQ,. After filtration and concentration under vacuuthe residue obtained is
purified by chromatography on silica gel (ethyltate, methanol) to yield a colorless oil.
[000574] Yield: 12.8 g (64%).

[000575] *H NMR (CDCk, ppm): 0.87 (6H); 1.25-1.60 (42H); 1.80-2.05 (4)15-2.45 (9H);
3.10-3.75 (10H); 4.30 (1H); 4.50 (2H); 5.50 (0.68)89 (0.2H); 6.15 (0.2H); 7.03 (1H); 7.47
(1H).

[000576] LC/MS (ESI): 791.8; (calculated ([M+H)] 792.1).

[000577] Molecule BA1

[000578] A 4N HCI solution in dioxane (20.2 mL) is addedatsolution of molecule B3 (12.78 g,
16.15 mmol) in dichloromethane (110 mL) at 5 °CteAf20 h of stirring at 5 °C, the medium is
concentrated under vacuum. The residue obtaindsslved in methanol and evaporated under
vacuum, this operation being repeated 4 times @dya white solid of molecule BAL in
hydrochloride salt form.

[000579] Yield: 11.4 g (97%).

[000580] *H NMR (DMSO-d;, ppm): 0.85 (6H); 1.25-1.50 (33H); 1.57 (1H); :2@0 (12H);
2.82 (2H); 3.00 (2H); 3.25-3.70 (6H); 4.05-4.50 J3# 75-8.45 (6H)

[000581] LC/MS (ESI): 691.6; (calculated ([M+H)] 692.0).

Example BA2: molecule BA2
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[000582] Molecule B4: product obtained by the reaction betwkauric acid and L-proline.
[000583] By a method similar to the one used for the prejmaraf molecule B1 applied to lauric
acid (31.83 g, 157.9 mmol) and to L-proline (2@ @3.7 mmol), a yellow oil is obtained.
[000584] Yield: 34.3 g (73%).

[000585] *H NMR (CDCk, ppm): 0.87 (3H); 1.26 (16H); 1.70 (2H); 1.90-2(BM); 2.35 (2H);
2.49 (1H); 3.48 (1H); 3.56 (1H); 4.60 (1H).

[000586] LC/MS (ESI): 298.2; (calculated ([M+H)] 298.4 ).

[000587] Molecule B5: product obtained by the reaction betwmolecule B4 and L-lysine.
[000588] By a method similar to the one used for the prdparaof molecule B1 applied to
molecule B4 (33.72 g, 113.36 mmol) and to L-lysi{@®70 g, 59.51 mmol), a white solid is
obtained.

[000589] Yield: 26.2 g (66%).

[000590] *H NMR (CDCE, ppm): 0.88 (6H); 1.26 (32H); 1.35-1.65 (8H); :835 (15H); 2.87
(1H); 3.40-3.75 (5H); 4.50-4.75 (3H); 7.87 (1H).

[000591] LC/MS (ESI): 705.6; (calculated ([M+H} 706.0).

[000592] Molecule B6: product obtained by reaction betweer-Bthylenediamine and molecule
B5.

[000593] By a method similar to the one used for the prdparaof molecule B3 applied to
molecule B5 (25.74 g, 36.51 mmol) and to Boc-ethgtitamine (6.43 g, 40.16 mmol), a colorless
oil is obtained.

[000594] Yield: 30.9 g (quantitative).

[000595] *H NMR (CDCk, ppm): 0.88 (6H); 1.35-1.65 (50H); 1.85-2.35 (13B1D5-3.75 (10H);
4.25-4.65 (3H); 5.50 (0.4H); 5.88 (0.2H); 6.16 ()27.08 (1H); 7.26 (1H); 7.49 (0.2H).

[000596] LC/MS (ESI): 847.8; (calculated ([M+H] 848.2).

Molecule BA2

[000597] By a method similar to the one used for the prepmaraof molecule BA1 applied to
molecule B6 (30.9 g, 36.47 mmol), the residue oletdiafter concentration under vacuum is
dissolved in methanol and evaporated under vactuhi®,operation being repeated 4 times to
yield a white solid of molecule BA2 in hydrochlogidalt form after drying at reduced pressure.
[000598] Yield: 27.65 g (97%).

[000599] '"H NMR (DMSO-d;, ppm): 0.85 (6H); 1.10-2.40 (54H); 2.75-3.15 (413)25-3.60
(6H); 4.05-4.50 (3H); 7.50-8.50 (6H).

[000600] LC/MS (ESI): 747.6; (calculated ([M+H)] 748.1).
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Example BA3: molecule BA3

[000601] Molecule B7: product obtained by the reaction betwmyristic acid and L-proline.
[000602] By a method similar to the one used for the prdparaof molecule B1 applied to
myristic acid (18.93 g, 82.91 mmol) and to L-prelifl0 g, 86.86 mmol), a yellowish oil is
obtained.

[000603] Yield: 20 g (78%).

[000604] *H NMR (CDCL, ppm): 0.88 (3H); 1.28 (20H); 1.70 (2H); 1.90-2(BMH); 2.36 (2H);
2.51 (1H); 3.47 (1H); 3.56 (1H); 4.61 (1H)

[000605] LC/MS (ESI): 326.2; (calculated ([M+H)] 326.6 ).

[000606] Molecule B8: product obtained by the reaction betwmolecule B7 and L-lysine
[000607] By a method similar to the one used for the prdjaraof molecule B1 applied to
molecule B7 (20.02 g, 61.5 mmol) and to L-lysin&@g, 32.29 mmol), a white solid is obtained.
[000608] Yield: 12.3 g (53%).

[000609] *H NMR (DMSO-d, ppm): 0.85 (6H); 1.26 (40H); 1.35-1.50 (6H); &0 (10H);
2.10-2.25 (4H); 3.01 (2H); 3.31-3.55 (4H); 4.10@@H); 7.68 (0.6H); 7.97 (1H); 8.27 (0.4H);
12.50 (1H).

[000610] LC/MS (ESI): 761.8; (calculated ([M+H} 762.1).

[000611] Molecule B9: product obtained by the reaction betwéBoc-ethylenediamine and
molecule B8.

[000612] By a method similar to the one used for the prdjaraof molecule B3 applied to
molecule B8 (12 g, 15.77 mmol) and to Boc-ethyleamihe (3.03 g, 18.92 mmol), a colorless oil
is obtained after purification by chromatographjuamn on silica gel (ethyl acetate, methanol).
[000613] Yield: 12.5 g (88%).

[000614] 'H NMR (DMSO-d, ppm): 0.85 (6H); 1.20-1.55 (55H); 1.50-2.25 (14K)95-3.10
(6H); 3.31-3.55 (4H); 4.10-4.40 (3H); 6.74 (1H)60-8.25 (3H).

[000615] LC/MS (ESI): 904.1; (calculated ([M+H] 904.3).

Molecule BA3

[000616] After a method similar to the one used for the prafion of molecule BA1 applied to
molecule B9 (12.5 g, 13.84 mmol), the residue ole@iafter concentration under vacuum is
dissolved in methanol and evaporated under vactuhi®,operation being repeated 4 times to
yield a white solid of molecule BA3 in hydrochlogidalt form after drying at reduced pressure.
[000617] Yield: 9.2 g (79%).
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[000618] *H NMR (DMSO-d, ppm): 0.85 (6H); 1.10-1.65 (48H); 1.70-2.35 (12B)85 (2H);
3.01 (2H); 3.25-3.65 (6H); 4.10-4.50 (3H); 7.706B(6H).
[000619] LC/MS (ESI): 803.9; (calculated ([M+F]} 804.2).

Example BA4: molecule BA4

[000620] Molecule B10: product obtained by the reaction leetww molecule B8 and Boc-1-
amino-4,7,10-trioxa-13-tridecane.

[000621] By a method similar to the one used for the prdjaraof molecule B3 applied to
molecule B8 (29.80 g, 39.15 mmol) and to Boc-1-awi7,10-trioxa-13-tridecane (15.05 g,
49.96 mmol), a thick colorless oil is obtained.

[000622] Yield: 25.3 g (61%).

[000623] *H NMR (DMSO-&;, ppm): 0.85 (6H); 1.25-2.35 (75H); 2.85-3.20 (613)25-3.65
(16H); 4.10-4.45 (3H); 6.38 (0.1H); 6.72 (0.9H)50-8.25 (3H).

[000624] LC/MS (ESI): 1064.2; (calculated ([M+H} 1064.5).

Molecule BA4

[000625] After a method similar to the one used for the prafion of molecule BA1 applied to
molecule B10 (25.3 g, 23.8 mmol), the residue ole@iafter concentration under vacuum is
dissolved in methanol and evaporated under vactuhi®,operation being repeated 4 times to
yield a white solid of molecule BA4 in hydrochlogidalt form after drying at reduced pressure.
[000626] Yield: 20.02 g (84%).

[000627]*H NMR (DMSO-d;, ppm): 0.85 (6H); 1.15-2.35 (66H); 2.80-3.20 (613)30-3.65
(16H); 4.10-4.45 (3H); 7.55-8.60 (6H).

[000628] LC/MS (ESI): 964.9; (calculated ([M+H] 964.6 ).

Molecule B12: product obtained by reaction betwemtecule Al and L-lysine.

[000629] By a method similar to the one used for the prdjareof molecule B1 applied to
molecule Al (19.10 g, 54.02 mmol) and to L-lysidelf g, 28.36 mmol), an oily residue is
obtained after concentration of the reaction medatimeduced pressure. This residue is diluted in
water (150 mL), washed with ethyl acetate (2 x 15,rthen the aqueous phase is acidified to pH
1 by slow addition of 6 N HCI. The product is extexd 3 times with dichloromethane, the organic
phase is dried over NaQO,, then filtered and concentrated at reduced pregsuyield 11.2 g of
yellow oily residue. In parallel, the previous angaphase of ethyl acetate is washed with a 2 N
aqueous HCI solution (2 x 75 mL), a saturated agsiedaCl solution (75 mL), dried over
NaSQ,, filtered and concentrated to yield 10.2 g of gelloily residue. A white residue is

obtained by recrystallization of each one of thesgdues in acetone.
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Yield: 11.83 g (54%)

'H NMR (CDCk, ppm): 0.87 (6H); 1.06-2.44 (70H); 2.78-2.96 (18)35-3.75 (5H); 4.28-4.43
(0.1H); 4.43-4.52 (0.2H); 4.52-4.61 (1.8H); 4.67%(0.9H); 7.74-8.02 (2H).

LC/MS (ESI): 818.0; (calculated ([M+H): 818.7 ).

Molecule B13: product obtained by coupling betwewiecule B12 and Boc-ethylenediamine.
[000630] DIPEA (3.42 g, 26.43 mmol) is added to a solutiémmlecule B12 (18.00 g, 22.02
mmol) at room temperature in THF (110 mL). The timscmedium is cooled to 0 °C, then HOBt
(8337 mg, 2.20 mmol, EDC (4.64 g, 24.23 mmol) anehtiBoc-ethylenediamine (4.23 g, 26.43
mmol) are added successively. The reaction mixisisirred for 1 h at 0 °C, then for 24 h at
room temperature and concentrated at reduced peesEue residue is dissolved in ethyl acetate
(250 mL) and dichloromethane (40 mL), the orgartiage is washed with a 1 N aqueous HCI
solution (2 x 125 mL), a saturated aqueous NaGltgwsl (2 x 125 mL), dried over N&O, and
concentrated at reduced pressure. A white soliobtained after recrystallization two times in
acetonitrile.

[000631] Yield: 17.5 g (83%)

[000632] '*H NMR (DMSO-d6, ppm): 0.85 (6H); 1.15-2.29 (79H);92-3.12 (6H); 3.30-3.59
(4H); 4.06-4.13 (0.65H); 4.16-4.29 (2H); 4.38-4.4R35H); 6.71-6.76 (1H); 7.60-7.69 (1.3H);
7.76-7.81 (0.65H); 7.93-7.97 (0.35H); 8.00-8.08%b1); 8.10-8.17 (0.35H).

[000633] LC/MS (ESI): 960.4; (calculated ([M+H)]: 960.8).

Molecule BA5

[000634] By a method similar to the one used for the preparaof molecule BA1 applied to
molecule B13 (24.4 g, 25.43 mmol), the residue inbth after concentration under vacuum is
solubilized in dichloromethane (150 mL), the orgapihase is washed 2 times with a 2M aqueous
sodium hydroxide solution (90 mL). Acetonitrile L2nL) is added, and the dichloromethane is
eliminated by concentration at reduced pressure.r@édium is then allowed to rest for 72 h, and
a white solid is obtained after filtration and fimg with acetonitrile, then drying at reduced
pressure. This operation is repeated 4 times.

[000635] Yield: 14.28 g (65%)

[000636] '*H NMR (DMSO-d6, ppm): 0.85 (6H); 1.06-2.32 (70H);52-2.63 (2H); 2.89-3.61
(10H); 4.04-4.43 (3H); 7.55-7.62 (0.65H); 7.65-7 (TR65H); 7.80 (0.65H); 7.91 (0.35H); 8.03
(0.35H); 8.14-8.23 (0.35H).

[000637] LC/MS (ESI): 860.0; (calculated ([M+H)]: 860.8).

Example BA6: molecule BA6
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Molecule B14: product obtained by coupling betwewsiecule B7 and 2,3-diaminopropionic acid
[000638] By a method similar to the one used for the prdjaraof molecule B1 applied to
molecule B7 (80.00 g, 245.78 mmol) and to the 2aBathopropionic acid dihydrochloride (22.84
g, 129.04 mmol), a white solid is obtained aftarystallization in acetonitrile.

[000639] Yield: 69 g (78%)

[000640]*H NMR (DMSO-d6, ppm): 0.86 (6H); 1.08-1.38 (40H);4Q-1.55 (4H); 1.68-2.30
(12H); 3.16-3.66 (6H); 4.20-4.39 (3H); 7.67-8.3H[212.70 (1H).

[000641] LC/MS (ESI): 719.4; 741.5; (calculated ([M+Hi} 719.6 ; ((M+Na]) : 741.6 ).

Molecule B15: product obtained by coupling betwBdd and Boc-ethylenediamine

[000642] By a method similar to the one used for the prejaraof molecule B13 applied to
molecule B14 (32.00 g, 44.50 mmol) in solution iohtbromethane and to Boc-ethylenediamine
(8.56 g, 53.40 mmol), a colorless oil is obtain&drgurification by chromatography on silica gel
(ethyl acetate, methanol).

[000643] Yield: 24.5 g (64%)

[000644]'"H NMR (DMSO-d6, ppm): 0.85 (6H); 1.16-2.42 (65H);89-3.14 (4H); 3.17-3.66
(6H); 4.11-4.43 (3H); 6.77 (1H); 7.38-8.23 (3H).

[000645] LC/MS (ESI): 861.7; (calculated ([M+H): 861.7 ).

Molecule BA6

[000646] By a method similar to the one used for the preparaof molecule BA5 applied to
molecule B15 (24.50 g, 28.45 mmol), a white solgl dbtained after recrystallization in
acetonitrile.

[000647] Yield: 19.7 g (91%)

[000648] '"H NMR (DMSO-d6, ppm): 0.85 (6H); 1.10-2.40 (58H);52-2.62 (2H); 2.90-3.16
(2H); 3.16-3.67 (6H); 4.04-4.47 (3H); 7.33-8.27 }3H

[000649] LC/MS (ESI): 761.5; (calculated ([M+H): 761.6 ).

Example BA7: molecule BA7

Molecule B16: product obtained by the reaction Ieemv N-(tert-butoxycarbonyl-1,6-
diaminohexane and molecule B8.

[000650] By a method similar to the one used for the prdparaof molecule B13 applied to
molecule B8 (10 g, 13.14 mmol) andNe(tert-butoxycarbonyl-1,6-diaminohexane (3.41 g, 15.77

mmol) in dichloromethane, a white solid is obtaiadigr recrystallization in acetonitrile.
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[000651] Yield: 10.7 g (85%)

[000652] 'H NMR (CDCk, ppm): 0.88 (6H); 1.17-2.40 (79H); 3.00-3.71 (1DH)P6-4.58 (3H);
4.67 (1H); 6.74 (1H); 7.34-7.49 (2H).

[000653] LC/MS (ESI): 969.9; (calculated ([M+F)]: 959.8 ).

Molecule BA7

[000654] After a method similar to the one used for the prapon of molecule BA1 applied to
molecule B16 (10.5 g, 10.94 mmol), a 2N aqueous Wa®lution is added dropwise to the
reaction cooled to 0 °C. The aqueous phase isa&ttavith dichloromethane, then the organic
phase is washed 3 times with a 5% aqueous NaGi@olifter drying over Nzg50O,, the organic
phase is filtered, concentrated under vacuum, laadesidue is recrystallized in acetonitrile.
[000655] Yield: 5.4 g (58%).

[000656] 'H NMR (CDClk, ppm): 0.88 (6H); 1.19-2.40 (72H); 2.67 (2H); 3B30 (8H); 4.26-
4.57 (3H); 6.71 (1H); 7.39-7.49 (2H).

[000657] LC/MS (ESI): 859.8; (calculated ([M+H): 859.7 ).
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BB: Synthesis of the co-polyamino acids

Co-polyamino acids with statistical grafting (forlasi VII and Vlla)

No. co-polyamino acids bearing carboxylate chaegeshydrophobic radicals
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R: = H or pyroglutamate
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Table 1d: list of the co-polyamino acids synthediaecording to the invention
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Co-polyamino acids with defined grafting (formula$ and VIIb)

No. co-polyamino acids bearing carboxylate chaegeshydrophobic radicals
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Table le: list of the co-polyamino acids synthediaecording to the invention

Example BB1: Co-polyamino acid BB1 - sodium pohglittamate modified by molecule BA2
and having a number average molecular weight (M2460 g/mol

[000658] Co-polyamino acid BB1-1: poly-L-glutamic acid hagira relative number average
molecular weight (Mn) of 3860 g/mol originating fnothe polymerization ofy-benzyl-L-
glutamate N-carboxyanhydride initiated by hexylamin

[000659] In a round-bottom flask dried beforehand in the mvebenzyl-L-glutamate N-
carboxyanhydride (90.0 g, 342 mmol) is placed un@euum for 30 min, then anhydrous DMF
(465 mL) is introduced. The mixture is then stirtgttler argon until the dissolution is complete,
cooled to 4 °C, then hexylamine (1.8 mL, 14 mmsl)ntroduced rapidly. The mixture is stirred
between 4 °C and room temperature for 2 days. @aetion medium is then heated at 65 °C for 4

h, cooled to room temperature, then poured dropivite cold diisopropyl ether (6 L) under
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stirring. The white precipitate is recovered byrétion, washed with diisopropy! ether (500 mL,
then 250 mL), then dried under vacuum at 30 °C i@dya poly¢-benzyl-L-glutamic acid)
(PBLG).

[000660] A 33% hydrobromic acid (HBr) solution in acetic &gil35 mL, 0.77 mol) is added
dropwise to a solution of PBLG (42.1 g) in trifleacetic acid (TFA, 325 mL) at 4 °C. The
mixture is stirred at room temperature for 2 hntipeured dropwise onto a 1:1 (v/v) mixture of
diisopropyl ether and water under stirring (1.6 After 1 h 30 of stirring, the heterogeneous
mixture is allowed to rest overnight. The whitegipiate is recovered by filtration, washed with
a 1:1 (v/v) mixture of diisopropyl ether and wat2d0 mL).

[000661] The solid obtained is then solubilized in wateLjly adjusting the pH to 7 by adding
a 10 N aqueous sodium hydroxide solution, ther\aatjueous sodium hydroxide solution. After
solubilization, the theoretical concentration iguated to 25 g/L theoretical by addition of water
until obtaining a final volume of 1.5 L.

[000662] The solution is filtered through a 0.45-um filtéren purified by ultrafiltration against a
0.9% NacCl solution, then water until the conductimef the permeate is less than 50 uS/cm.
[000663] The aqueous solution is then acidified by additidr87% hydrochloric acid solution
until a pH of 2 is reached. After 4 h of stirriife precipitate obtained is filtered, then driedem
vacuum at 30 °C to yield a poly-L-glutamic acid imgva number average molecular weight (Mn)
of 3860 g/mol with respect to a standard of polyikylene (PEG).

Co-polyamino acid BB1

[000664] The co-polyamino acid BB1-1 (10.0 g) is solubilizedDMF (700 mL) at 30-40 °C
then cooled to 0 °C. The hydrochloride salt of mole BA2 (2.95 g, 3.8 mmol) is suspended in
DMF (45 mL), and triethylamine (0.39 g, 3.8 mmd)then added to this suspension, then the
mixture is heated slightly under stirring until tdéssolution is complete. N-Methylmorpholine
(NMM, 7.6 g, 75 mmol) in DMF (14 mL) and ethyl chédormate (ECF, 8.1 g, 75 mmol) are
added to the solution of co-polyamino acid at 0 A@er 10 min at 0 °C, the solution of BA2 is
added, and the medium is maintained at 30 °C for The reaction medium is poured dropwise
onto 6 L of water containing 15% by weight of sadighloride, and HCI (pH 2), then left to rest
overnight. The precipitate is collected by filtoatj washed with the sodium chloride solution at
pH 2 (1 L) and dried under vacuum for approximately. The white solid obtained is taken up in
water (600 mL), and the pH is adjusted to 7 by sémldition of a 1 N aqueous NaOH solution.
The volume is adjusted to 700 mL by addition ofevaifter filtration through a 0.45-um filter,
the clear solution obtained is purified by ultraition against a 0.9% NaCl solution, then water
until the conductimetry of the permeate is les:1th@ pS/cm. After discharging, the solution is

filtered through a 0.2-um filter and stored at 23
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[000665] Dry extract: 19.7 mg/g.

[000666] DP (estimated based dH NMR): 23.

[000667] Based ortH NMR: i = 0.05.

[000668] The calculated average molecular weight of theagagmino acid BB1 is 4350 g/mol.
[000669] HPLC-aqueous SEC (calibrant PEG): Mn = 2400 g/mol.

Example BB2: co-polyamino acid BB2 - sodium polhglitamate modified by molecule BA2
and having a number average molecular weight (Mi@p60 g/mol

[000670] A poly-L-glutamic acid having a number average roolar weight (Mn) of 4100 g/mol
(5.0 g) obtained by a method similar to the onaldse the preparation of the co-polyamino acid
BB1-1 is solubilized in DMF (205 mL) at 30-40 °Chen maintained at this temperature. In
parallel, the hydrochloride salt of molecule BA24@A g, 1.84 mmol) is suspended in DMF (10
mL), and triethylamine (0.19 g, 1.84 mmol) is addégen the mixture is heated slightly under
stirring until the dissolution is complete. NMM {3g, 36.7 mmol), the solution of molecule BA2,
then 2-hydroxypyridine N-oxide (HOPO, 0.31 g, 2.@6nol) are added successively to the
solution of co-polyamino acid in DMF. The reactioredium is then cooled to 0 °C, then EDC
(0.53 g, 2.76 mmol) is added and the temperaturth@fmedium is allowed to rise to room
temperature over a time period of 3 h. The reaat@dium is poured dropwise onto 1.55 L of
water containing 15% by weight of NaCl and HCI (@ under stirring. At the end of the
addition, the pH is readjusted to 2 with a 1 N HGlution, and the suspension is allowed to rest
overnight. The precipitate is collected by filtmatj then rinsed with 100 mL of water. The white
solid obtained is solubilized in 200 mL of waterdlgw addition of a 1 N aqueous NaOH solution
until the pH is 7 under stirring, then the solutisrfiltered through a 0.45-pum filter. The clear
solution obtained is purified by ultrafiltration @gst a 0.9% NaCl solution, then water until the
conductimetry of the permeate is less than 50 pSidm solution obtained is filtered through a
0.2-um filter and stored at 2-8 °C.

[000671] Dry extract: 16.3 mg/g.

[000672] DP (estimated based dH NMR): 21.

[000673] Based ortH NMR: |i = 0.047.

[000674] The calculated average molecular weight of theagagmino acid BB2 is 3932 g/mol.
[000675] HPLC-aqueous SEC (calibrant PEG): Mn = 4900 g/mol.

Example BB3: Co-polyamino acid BB3 - sodium pohglttamate modified by molecule BA2

and having a number average molecular weight (MG360 g/mol
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[000676] Co-polyamino acid BB3-1: poly-L-glutamic acid hagim number average molecular

weight (Mn) of 17500 g/mol originating from the polerization ofy-methyl-L-glutamate N-
carboxyanhydride initiated by L-leucinamide.

[000677] A poly-L-glutamic acid having a number average weigvin) of 17500 g/mol with
respect to a methyl polymethacrylate (PMMA) staddar obtained by polymerization of
methyl-glutamic acid N-carboxyanhydride using Ldmamide as initiator and carrying out a
deprotection of the methyl esters by using a 37%rdghloric acid solution according to the
method described in patent application FR-A-2 898.2

[000678] By a method similar to the one used for the prejmraof the co-polyamino acid BB2
applied to the hydrochloride salt of molecule BA223 g, 4.1 mmol) and to the co-polyamino
acid BB3-1 (11 g), a sodium poly-L-glutamate maatifioy molecule BA2 is obtained.

[000679] Dry extract: 27.5 mg/g.

[000680] DP (estimated based dH NMR): 34.

[000681] Based ortH NMR: li = 0.049

[000682] The calculated average molecular weight of theaggmino acid BB3 is 6405 g/mol.
[000683] HPLC-aqueous SEC (calibrant PEG): Mn = 6400 g/mol.

Example BB4: co-polyamino acid BB4 - sodium polglitamate modified by molecule BA2
and having a number average molecular weight (Md)08600 g/mol

[000684] By a method similar to the one used for the prejmraof the co-polyamino acid BB2

applied to the hydrochloride salt of molecule BA2g( 6.35 mmol) and to a poly-L-glutamic acid
having a number average molecular weight Mn = 10§00l (21.7 g) obtained by a method
similar to the one used for the preparation of ¢hgpolyamino acid BB1-1, a sodium poly-L-
glutamate modified by molecular BA2 is obtained.

[000685] Dry extract: 28.2 mg/g.

[000686] DP (estimated based oH NMR): 65.

[000687] Based ortH NMR: i = 0.04.

[000688] The calculated average molecular weight of theaggmino acid BB4 is 11721 g/mol.

[000689] HPLC-aqueous SEC (calibrant PEG): Mn = 10500 g/mol.

Example BB5: co-polyamino acid BB5 - sodium polyglittamate capped at one of its ends by an
acetyl group and modified by molecule BA2 and hgvamumber average molecular weight (Mn)
of 3600 g/mol

[000690] Co-polyamino acid BB5-1: poly-L-glutamic acid haginan Mn of 3700 g/mol

originating from the polymerization of-benzyl-L-glutamate N-carboxyanhydride initiated by

hexylamine and capped at one of its ends by anlagretup.
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[000691] y-Benzyl-L-glutamate N-carboxyanhydride (100.0 g,038mol) is placed under
vacuum for 30 minutes in a round-bottom flask driEforehand in the oven, then anhydrous
DMF (250 mL) is introduced. The mixture is thenrrstii under argon until the dissolution is
complete, cooled to 4 °C, then hexylamine (2.3 @i mmol) is introduced rapidly. The mixture
is stirred between 4 °C and room temperature fdays, then precipitated in diisopropyl ether
(3.4 L). The precipitate is recovered by filtratiomashed two times with diisopropy! ether (225
mL), then dried to yield a white solid which is sldved in 450 mL of THF. N,N-
Diisopropylethylamine (DIPEA, 31 mL, 176 mmol) thacetic anhydride (17 mL, 176 mmol) are
added successively to this solution. After stirretigroom temperature overnight the solution is
poured slowly into diisopropyl ether (3 L) for an& period of 30 min and under stirring. After 1 h
of stirring, the precipitate is filtered, washedotwmes with diisopropyl ether (200 mL), then
dried under vacuum at 30 °C to yield a peipenzyl-L-glutamic acid) capped at one of its ends
by an acetyl group.

[000692] A 33% hydrobromic acid (HBr) solution in acetic @g¢235 mL, 1.34 mol) is added
dropwise to a solution of the capped co-polyamicid 72 g) in trifluoroacetic acid (TFA, 335
mL) at 4 °C. The mixture is stirred at room tempara for 3 h 30, then poured dropwise onto a
1:1 (v/v) mixture of diisopropyl ether and waterden stirring (4 L). After 2 h of stirring, the
heterogeneous mixture is allowed to rest overnidtite white precipitate is recovered by
filtration, washed with a 1:1 (v/v) mixture of digropyl ether and water (340 mL), then with
water (340 mL). The solid obtained is then solakili in water (1.5 L) by adjusting the pH to 7 by
addition of a 10 N aqueous sodium hydroxide sofhytiblen a 1 N agueous sodium hydroxide
solution. After solubilization, the theoretical a@amtration is adjusted to 20 g/L theoretical by
addition of water until obtaining a final volume ®f1 L. The solution is filtered through a 0.45-
pm filter, then purified by ultrafiltration against 0.9% NaCl solution, then water until the
conductimetry of the permeate is less than 50 puSid¢ra solution of co-polyamino acid is then
concentrated until a final volume of 1.8 L is obtd. The aqueous solution is then acidified by
addition of 37% hydrochloric acid solution untilpél of 2 is reached. After 4 h of stirring, the
precipitate obtained is filtered, washed with w830 mL), then dried under vacuum at 30 °C to
yield a poly-L-glutamic acid having a number averagolecular weight (Mn) of 3700 g/mol with

respect to a standard of polyoxyethylene (PEG).

Co-Polyamino acid BB5

[000693] By a method similar to the one used for the prejmraof the co-polyamino acid BB2
applied to the hydrochloride salt of molecule BA&RZ9¢ g, 8.8 mmol) and to co-polyamino acid
BB5-1 (30.0 g), a sodium poly-L-glutamate cappecm of its ends by an acetyl group and

modified by molecule BA2 is obtained.
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[000694] Dry extract: 29.4 mg/g.

[000695] DP (estimated based dH NMR): 23.

[000696] Based ortH NMR: i = 0.042.

[000697] The calculated average molecular weight of theagagmino acid BB5 is 4302 g/mol.
[000698] HPLC-aqueous SEC (calibrant PEG): Mn = 3600 g/mol.

Example BB6: Co-polyamino acid BB6 - sodium polglittamate capped at one of its ends by an
acetyl group and modified by molecule BA2 and hgvamumber average molecular weight (Mn)
of 4100 g/mol

[000699] By a method similar to the one used for the prejmraof the co-polyamino acid BB2
applied to the hydrochloride salt of molecule BA23(g, 7.4 mmol) and to poly-L-glutamic acid
having a number average molecular weight Mn = 3g@tol (25 g) obtained by a method similar
to the one used for the preparation of the co-poiga acid BB5-1 using ammonia instead of
hexylamine, a sodium poly-L-glutamate capped atafrits ends by an acetyl group and modified
by molecule BA2 is obtained.

[000700] Dry extract: 27.6 mg/g.

[000701] DP (estimated based dH NMR): 24.

[000702] Based ortH NMR: i = 0.04.

[000703] The calculated average molecular weight of theaggmino acid BB6 is 4387 g/mol.
[000704] HPLC-aqueous SEC (calibrant PEG): Mn = 4100 g/mol.

Example BB7: Co-polyamino acid BB7 - sodium pohglitamate modified by molecule BA2
and having a number average molecular weight (Mi@260 g/mol

[000705] By a method similar to the one used for the preajmaraof the co-polyamino acid BB2
applied to the hydrochloride salt of molecule BA20 g, 9.0 mmol) and to a poly-L-glutamic
acid having a number average molecular weight Md680 g/mol (30.0 g) obtained by a method
similar to the one used for the preparation of ¢hgpolyamino acid BB1-1, a sodium poly-L-
glutamate modified by molecule BA2 is obtained.

[000706] Dry extract: 28.3 mg/g.

[000707] DP (estimated based dH NMR): 22.

[000708] Based ortH NMR: i = 0.042.

[000709] The calculated average molecular weight of theaggmino acid BB7 is 4039 g/mol.
[000710] HPLC-aqueous SEC (calibrant PEG): Mn = 4200 g/mol.

Example BB8: co-polyamino acid BB8 - sodium polglitamate modified by molecule BA2

and having a number average molecular weight (MBR60 g/mol



10

15

20

25

30

35

105

[000711] By a method similar to the one used for the prdjmraf the co-polyamino acid BB2
applied to the hydrochloride salt of molecule BAR85 g, 1.1 mmol) and to a poly-L-glutamic
acid having a number average molecular weight MH 80 g/mol (5.0 g) obtained by a method
similar to the one used for the preparation of ¢hgpolyamino acid BB1-1, a sodium poly-L-
glutamate modified by molecule BA2 is obtained.

[000712] Dry extract: 28.6 mg/g.

[000713] DP (estimated based dH NMR): 21.

[000714] Based ortH NMR: i = 0.026.

[000715] The calculated average molecular weight of theaggmino acid BB8 is 3620 g/mol.
[000716] HPLC-aqueous SEC (calibrant PEG): Mn = 5200 g/mol.

Example BB9: co-polyamino acid BB9 - sodium polglitamate modified by molecule BA3
and having a number average molecular weight (Md)y60 g/mol

[000717] By a method similar to the one used for the prejmraof the co-polyamino acid BB2
applied to the hydrochloride salt of molecule B/A305 g, 3.6 mmol) and to a poly-L-glutamic
acid having a number average molecular weight MiL80 g/mol (10.0 g) obtained by a method
similar to the one used for the preparation of ¢hgolyamino acid BB1-1, a sodium poly-L-
glutamate modified by molecule BA3 is obtained.

[000718] Dry extract: 28.6 mg/g.

[000719] DP (estimated based 6H NMR): 26.

[000720] Based ortH NMR: i = 0.05.

[000721] The calculated average molecular weight of theaggmino acid BB9 is 4982 g/mol.
[000722] HPLC-aqueous SEC (calibrant PEG): Mn = 4700 g/mol.

Example BB10: co-polyamino acid BB10 - sodium pbiglutamate modified by molecule BA3
and having a number average molecular weight (MdR60 g/mol

[000723] By a method similar to the one used for the prdjmraf the co-polyamino acid BB2
applied to the hydrochloride salt of molecule BA390 g, 2.3 mmol) and to a poly-L-glutamic
acid having a number average molecular weight M8580 g/mol (10.0 g) obtained by a method
similar to the one used for the preparation of ¢bhgpolyamino acid BB1-1, a sodium poly-L-
glutamate modified by molecule BA3 is obtained.

[000724] Dry extract: 25.9 mg/g.

[000725] DP (estimated based dH NMR): 22.

[000726] Based ortH NMR: i = 0.029.

[000727] The calculated average molecular weight of theaggmino acid BB10 is 3872 g/mol.
[000728] HPLC-aqueous SEC (calibrant PEG): Mn = 4200 g/mol.
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Example BB11: co-polyamino acid BB11 - sodium pbiglutamate capped at one of its ends by
an acetyl group and modified by molecule BA4 andifigaa number average molecular weight
(Mn) of 3900 g/mol

[000729] By a method similar to the one used for the prdjmraf the co-polyamino acid BB2
applied to the hydrochloride salt of molecule BA42(l g, 2.2 mmol) and to a poly-L-glutamic
acid having a number average weight Mn = 3700 gfitlg) obtained by a method similar to the
one used for the preparation of the co-polyamind B85-1, a sodium poly-L-glutamate capped
at one of its ends by an acetyl group and modifigdholecular BA4 is obtained.

[000730] Dry extract: 28.1 mg/g.

[000731] DP (estimated based dH NMR): 22.

[000732] Based ortH NMR: i = 0.032.

[000733] The calculated average molecular weight of theaggmino acid BB11 is 4118 g/mol.
[000734] HPLC-aqueous SEC (calibrant PEG): Mn = 3900 g/mol.

Example BB12: co-polyamino acid BB12 - sodium pbiglutamate capped at one of its ends by
an acetyl group and modified by molecule BA3 anditgaa number average molecular weight
(Mn) of 3900 g/mol

[000735] By a method similar to the one used for the prejmraof the co-polyamino acid BB2
applied to the hydrochloride salt of molecule BA3(g, 2.3 mmol) and to a poly-L-glutamic acid
having a number average weight Mn = 3600 g/molg)L6btained by a method similar to the one
used for the preparation of the co-polyamino acBbH, a sodium poly-L-glutamate capped at
one of its ends by an acetyl group and modifiedniojecular BA3 is obtained.

[000736] Dry extract: 26.7 mg/g.

[000737] DP (estimated based dH NMR): 23.

[000738] Based ortH NMR: i = 0.03.

[000739] The calculated average molecular weight of theaggmino acid BB12 is 4145 g/mol.
[000740] HPLC-aqueous SEC (calibrant PEG): Mn = 3900 g/mol.

Example BB13: co-polyamino acid BB13 - sodium pbiglutamate modified by molecule BA1
and having a number average molecular weight (M2860 g/mol

[000741] By a method similar to the one used for the prdjmraf the co-polyamino acid BB1
applied to the hydrochloride salt of molecule BA&166 g, 5 mmol) and to a poly-L-glutamic acid
having a number average molecular weight Mn = 3§@tbl (10 g) obtained by a method similar
to the one used for the preparation of the co-poiga acid BB1-1, a sodium poly-L-glutamate

modified by molecule BA1 is obtained.
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[000742] Dry extract: 25.6 mg/g.

[000743] DP (estimated based dH NMR): 25.

[000744] Based ortH NMR: i = 0.08.

[000745] The calculated average molecular weight of theaggmino acid BB13 is 5253 g/mol.
[000746] HPLC-aqueous SEC (calibrant PEG): Mn = 2800 g/mol.

[000747] Example BB14: co-polyamino acid BB14 - sodium pblglutamate modified at one of
its ends by molecule BA2 and having a number awenaglecular weight (Mn) of 4020 g/mol
[000748] The hydrochloride salt of molecule BA2 (2.12 g,®./Amol), chloroform (40 mL),
molecular sieve 4 A (1.5 g) as well as AmberliteNIR50 ion exchange resin (1.5 g) are
introduced successively into an appropriate coetaifdfter 1 h of stirring on rollers, the medium
is filtered and the residue is rinsed with chlorafo The mixture is evaporated, then co-
evaporated with toluene. The residue is solubilineahhydrous DMF (20 mL) to be used directly
in the polymerization reaction.

[000749] y-Benzyl-L-glutamateN-carboxyanhydride (18 g, 68.42 mmol) is placed unvdeuum
for 30 min in a round-bottom flask dried beforehamdhe oven, then anhydrous DMF (100 mL)
is introduced. The mixture is stirred under argotiluhe solubilization is complete, cooled to 4
°C, then the solution of molecule BA2 prepared ascdbed above is introduced rapidly. The
mixture is stirred between 4 °C and room tempeeatoir 2 days, then heated at 65 °C for 2 h. The
reaction mixture is then cooled to room temperattimen poured dropwise into diisopropyl ether
(1.2 L) under stirring. The white precipitate icogered by filtration, washed two times with
diisopropyl ether (100 mL), then dried under vacuatr30 °C to obtain a white solid. The solid is
diluted in TFA (105 mL), and a 33% hydrobromic a@itBr) solution in acetic acid (38 mL, 220
mmol) is then added dropwise and at O °C. The mwlus stirred for 2 h at room temperature,
then poured dropwise onto a 1:1 (v/v) mixture aéajpropyl ether/water and under stirring (600
mL). After 2 h of stirring, the heterogeneous migtus allowed to rest overnight. The white
precipitate is recovered by filtration, washed sssively with a 1:1 (v/v) mixture of diisopropyl
ether and water (200 mL), then with water (100 nilf)e solid obtained is solubilized in water
(450 mL) by adjusting the pH to 7 by addition af@N aqueous sodium hydroxide solution, then
a 1 N aqueous sodium hydroxide solution. The mexiarfiltered through a 0.45-pum filter, then
purified by ultrafiltration against a 0.9% NaCl stibn, then water until the conductimetry of the
permeate is less than 50 uS/cm. The solution gbotgamino acid is then concentrated to
approximately 30 g/L theoretical and the pH is atéd to 7.0. The aqueous solution is filtered
through a 0.2-um filter and stored at 4 °C.

[000750] Dry extract: 22.3 mg/g.

[000751] DP (estimated byH NMR) = 29, thus i = 0.034.
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[000752] The calculated average molecular weight of theaggmino acid BB14 is 5089 g/mol.
[000753] HPLC-aqueous SEC (calibrant PEG): Mn = 4020 g/mol.

Example BB15: co-polyamino acid BB15 - sodium pbiglutamate modified at one of its ends
by molecule BA3 and having a number average maeawtight (Mn) of 3610 g/mol

[000754] By a method similar to the one used for the prejaraf the co-polyamino acid BB14
applied to the hydrochloride salt of the moleculs3B(3.62 g, 4.32 mmol) and to 25.0 g (94.97
mmol) of y-benzyl-L-glutamate N-carboxyanhydride, a sodiurtyfioglutamate modified at one
of its ends by the molecule BA3 is obtained.

[000755] Dry extract: 26.5 mg/g

[000756] DP (estimated byH NMR) = 24, thus i = 0.042.

[000757] The calculated average molecular weight of theaggmino acid BB15 is 4390 g/mol.
[000758] HPLC-aqueous SEC (calibrant PEG): Mn = 3610 g/mol.

Example BB16: co-polyamino acid BB16 - sodium pbbglutamate modified at one of its ends
by molecule BA4 and having a number average maeawtight (Mn) of 3300 g/mol

[000759] By a method similar to the one used for the prejaraf the co-polyamino acid BB14
applied to the hydrochloride salt of the molecuk#B5.70 g, 5.70 mmol) and to 29.99 g (113.9
mmol) of y-benzyl-L-glutamate N-carboxyanhydride, a sodiunyfieglutamate modified at one
of its ends by the molecule BA4 is obtained.

[000760] Dry extract: 32.3 mg/g

[000761] DP (estimated byH NMR) = 23, thus i = 0.043.

[000762] The calculated average molecular weight of theaggmino acid BB16 is 4399 g/mol.
[000763] HPLC-aqueous SEC (calibrant PEG): Mn = 3300 g/mol.

Example BB17: co-polyamino acid BB17 - sodium pbiglutamate modified at one of its ends
by molecule BA3 and having a number average maeauwtight (Mn) of 20700 g/mol

[000764] By a method similar to the one used for the prejaraf the co-polyamino acid BB14
applied to the hydrochloride salt of the moleculk382.51 g, 3 mmol) and at 52.7 g (200 mmol)
of y-benzyl-L-glutamate N-carboxyanhydride, a sodiunyfeglutamate modified at one of its
ends by the molecule BA3 is obtained.

[000765] Dry extract: 24.5 mg/g

[000766] DP (estimated byH NMR) = 65, thus i = 0.015.

[000767] The calculated average molecular weight of the aggmino acid BB17 is 10585
g/mol.

[000768] HPLC-aqueous SEC (calibrant PEG): Mn = 10700 g/mol.
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Example BB18: co-polyamino acid BB18 - sodium pbbglutamate modified at one of its ends
by molecule BA3 and having a number average madeautight (Mn) of 6600 g/mol

[000769] By a method similar to the one used for the praparaf the co-polyamino acid BB14
applied to the hydrochloride salt of the molecuk382.51 g, 3 mmol) and at 31.6 g (120 mmol)
of y-benzyl-L-glutamate N-carboxyanhydride, a sodiunyfieglutamate modified at one of its
ends by the molecule BA3 is obtained.

[000770] Dry extract: 27.3 mg/g

[000771] DP (estimated byH NMR) = 40, thus i = 0.025.

[000772] The calculated average molecular weight of theaggmino acid BB18 is 6889 g/mol.
[000773] HPLC-aqueous SEC (calibrant PEG): Mn = 6600 g/mol.

Example BB19: co-polyamino acid BB19 - sodium poli-glutamate modified at one of its
ends by the molecule BA3 and having a number averagmolecular weight (Mn) of 3400
g/mol

[000774] By a method similar to the one used for the prejaraf the co-polyamino acid BB14
applied to the hydrochloride salt of the molecuk3B(36.26 g, 43.2 mmol) and gtbenzyl-L-
glutamate N-carboxyanhydride (250.0 g, 949.7 mmalsodium poly-L-glutamate modified at
one of its ends by the molecule BA3 is obtained.

[000775] Dry extract: 22.4 mg/g

[000776] DP (estimated byH NMR) = 25, thus i = 0.04.

[000777] The calculated average molecular weight of theaggmino acid BB19 is 4540 g/mol.
[000778] HPLC-aqueous SEC (calibrant PEG): Mn = 3400 g/mol.

Example BB20: co-polyamino acid BB20 - sodium poli-glutamate modified at one of its
ends by the molecule BA3 and having a number averagmolecular weight (Mn) of 2500
g/mol

[000779] By a method similar to the one used for the prejaraf the co-polyamino acid BB14
applied to the molecule BA3 in free amine form (I.0g, 12.7 mmol) and of-benzyl-L-
glutamate N-carboxyanhydride (5.0 g, 19.0 mmoBopdium poly-L-glutamate modified at one of
its ends by the molecule BA3 is obtained.

[000780] Dry extract: 11.2 mg/g

[000781] DP (estimated byH NMR) = 17, thus i = 0.059.

[000782] The calculated average molecular weight of theaggmino acid BB20 is 3332 g/mol.
[000783] HPLC-aqueous SEC (calibrant PEG): Mn = 2500 g/mol.



10

15

20

25

30

35

110

Example BB21: co-polyamino acid BB21 - sodium poli-glutamate modified at one of its
ends by the molecule BA3 and having a number averagmolecular weight (Mn) of 1100
g/mol

[000784] By a method similar to the one used for the preaparaf the co-polyamino acid BB14
applied to the molecule BA3 in free amine form (3.8g, 4.75 mmol) and of-benzyl-L-
glutamate N-carboxyanhydride (10.0 g, 38.0 mmoRBpdium poly-L-glutamate modified at one
of its ends by the molecule BA3 is obtained.

[000785] Dry extract: 16.1 mg/g

[000786] DP (estimated byH NMR) = 9, thus i = 0.11.

[000787] The calculated average molecular weight of theaggmino acid BB21 is 2123 g/mol.
[000788] HPLC-aqueous SEC (calibrant PEG): Mn = 1100 g/mol.

Example BB22: co-polyamino acid BB22 - sodium polip-glutamate modified at one of its
ends by the molecule BA3 and having a number averagmolecular weight (Mn) of 2900
g/mol

[000789] By a method similar to the one used for the prejaraf the co-polyamino acid BB14
applied to the molecule BA3 in free amine form {297 3.45 mmol) and of-benzyl-D-glutamate
N-carboxyanhydride (20.0 g, 76.0 mmol), a sodium {ilglutamate modified at one of its ends
by the molecule BAS3 is obtained.

[000790] Dry extract: 15.2 mg/g

[000791] DP (estimated byH NMR) = 21, thus i = 0.048.

[000792] The calculated average molecular weight of theaggmino acid BB22 is 3936 g/mol.
[000793] HPLC-aqueous SEC (calibrant PEG): Mn = 2900 g/mol.

Example BB23: co-polyamino acid BB23 - a random capymer of unit sodium D- or L-
glutamate, modified at one of its ends by the molate BA3 and having a number average

molecular weight (Mn) of 2800 g/mol

[000794] y-Benzyl-L-glutamate N-carboxyanhydride (20.0 g, O06.mmol) andy-benzyl-D-
glutamate N-carboxyanhydride (20.0 g, 76.00 mmod) @aced under vacuum for 30 min in a
round-bottom flask dried beforehand in the overentlanhydrous DMF (75 mL) is introduced.
The mixture is stirred under argon until the sdimbtion is complete, cooled to 4 °C, then a
solution of molecule BA3 in free amine form (5.556391 mmol) in chloroform (14.5 mL) is
introduced rapidly. The mixture is stirred betweeriC and room temperature for 18 h, then
heated at 65 °C for 2 h. The reaction mixture entlsooled to room temperature, then poured
dropwise into diisopropyl ether (1.2 L) under &g The white precipitate is recovered by

filtration, washed three times with diisopropyl @80 mL), then dried under vacuum at 30 °C



10

15

20

25

30

35

111

until obtaining a white solid. The solid is diluted TFA (152 mL), and a 33% hydrobromic acid
(HBr) solution in acetic acid (106 mL, 220 mmol) tieen added dropwise and at 0 °C. The
solution is stirred for 3 h at room temperaturentpeured dropwise onto a 1:1 (v/v) mixture of
diisopropyl ether/water and under stirring (1.84 The aqueous phase is separated in a dropping
funnel, and the pH is adjusted to 7.2 by additiba @0 N aqueous NaOH solution. After addition
of water (250 mL), the mixture is filtered througlD.45-um filter then purified by ultrafiltration
against a 0.9% NacCl solution, then water until cbaductimetry of the permeate is less than 50
pnS/cm. The solution of co-polyamino acid is thenaamtrated to approximately 25 g/L, filtered
through a 0.2-um filter and stored at 4 °C.

[000795] Dry extract: 28.2 mg/g.

[000796] DP (estimated byH NMR) = 21, thus i = 0.048.

[000797] The calculated average molecular weight of theaggmino acid BB23 is 3936 g/mol.
[000798] HPLC-aqueous SEC (calibrant PEG): Mn = 2800 g/mol.

Example BB24: co-polyamino acid BB24 - a block copgmer of sodium poly-D-glutamate
and sodium poly-L-glutamate, modified at one of itends by the molecule BA3 and having a
number average molecular weight (Mn) of 2800 g/mol

[000799] y-Benzyl-D-glutamateN-carboxyanhydride (13.5 g, 51.3 mmol) is placed uwvdeuum
for 30 min in a round-bottom flask dried beforehamdhe oven, then anhydrous DMF (52 mL) is
introduced. The mixture is stirred under argonluhg solubilization is complete, cooled to 0 °C,
then a solution of molecule BA3 in free amine fq8m3 g, 4.27 mmol) in chloroform (8.6 mL) is
introduced rapidly. The mixture is stirred at 0 f@ 24 h, then a solution of-tert-butyl-L-
glutamateN-carboxyanhydride (13.5 g, 58.9 mmol) in DMF (15 nd_pdded. The mixture is then
stirred between 0 °C and room temperature for 2thdn heated at 65 °C for 2 h. The reaction
mixture is then cooled to room temperature, theargod dropwise into diisopropy! ether (0.8 L)
under stirring. The white precipitate is recovebgdiltration, washed three times with diisopropyl
ether (53 mL), then dried under vacuum at 30 °@ obtaining a white solid. The solid is diluted
in TFA (96 mL), and a 33% hydrobromic acid (HBrjw@n in acetic acid (68 mL, 388 mmol) is
then added dropwise and at O °C. The solutionirieedtfor 2 h at room temperature, then poured
dropwise onto a 1:1 (v/v) mixture of diisopropyhet/water and under stirring (1.2 L). After 2 h
of stirring, the heterogeneous mixture is allowedrést overnight. The white precipitate is
recovered by filtration, washed successively with:a (v/v) mixture of diisopropyl ether and
water (100 mL), then with water (100 mL). The sadistained is solubilized in water (900 ml) by
adjusting the pH to 7 by addition of a 10 N aquesadium hydroxide solution, then a 1N
agueous sodium hydroxide solution. The mixturelisréd through a 0.45-um filter, then purified

by ultrafiltration against a 0.9% NaCl solutionethwater until the conductimetry of the permeate
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is less than 50 puS/cm. The solution of co-polyansicid is then concentrated to approximately 20
g/L theoretical and the pH is adjusted to 7.0. @heeous solution is filtered through a 0.2-pym
filter and stored at 4 °C.

[000800] Dry extract: 23.9 mg/g

[000801] DP (estimated byH NMR) = 25, thus i = 0.04

[000802] The calculated average molecular weight of theaggmino acid BB24 is 4541 g/mol.
[000803] HPLC-aqueous SEC (calibrant PEG): Mn = 2800 g/mol.

Example BB25: co-polyamino acid BB25 - sodium poli-glutamate modified at one of its
ends by the molecule BA5 and having a number averagmolecular weight (Mn) of 2800
g/mol

[000804] By a method similar to the one used for the prejaraf the co-polyamino acid BB14
applied to the molecule BAS in free amine form Qlg/ 1.98 mmol) and of-benzyl-L-glutamate
N-carboxyanhydride (11.46 g, 43.5 mmol), a sodiumkitagnate modified at one of its ends by
the molecule BAS is obtained.

[000805] Dry extract: 19.8 mg/g

[000806] DP (estimated byH NMR) = 23, thus i = 0.043

[000807] The calculated average molecular weight of theaggmino acid BB25 is 4295 g/mol.
[000808] HPLC-aqueous SEC (calibrant PEG): Mn = 2800 g/mol.

Example BB26: co-polyamino acid BB26 - sodium poli-glutamate modified at one of its
ends by the molecule BA6 and having a number averagmolecular weight (Mn) of 2900
g/mol

[000809] By a method similar to the one used for the prapmaraf the co-polyamino acid BB14
applied to the molecule BAG6 in free amine form 8d) 4.01 mmol) and of-benzyl-L-glutamate
N-carboxyanhydride (22.78 g, 86.5 mmol), a sodiuny{heylutamate modified at one of its ends
by the molecule BAG is obtained.

[000810] Dry extract: 16.9 mg/g

[000811] DP (estimated byH NMR) = 21, thus i = 0.048

[000812] The calculated average molecular weight of theaggmino acid BB26 is 3894 g/mol.
[000813] HPLC-aqueous SEC (calibrant PEG): Mn = 2900 g/mol.

Example BB27: co-polyamino acid BB27 - sodium poli-glutamate modified at one of its
ends by the molecule BA3 and modified by the mole®BA3 and having a number average

molecular weight (Mn) of 2300 g/mol



10

15

20

25

30

35

113

[000814] Co-polyamino acid BB27-1: poly-L-glutamic acid hagia nhumber average molecular
weight (Mn) of 3600 g/mol modified at one of itsdsnby the molecule BA3 and capped at the
other end by pidolic acid.

[000815] y-Benzyl-L-glutamateN-carboxyanhydride (122.58 g, 466 mmol) is placed eund
vacuum for 30 min in a round-bottom flask drieddsehand in the oven, then anhydrous DMF
(220 mL) is introduced. The mixture is stirred undegon until the solubilization is complete,
cooled to -10 °C, then a solution of molecule BA3fiee amine form (17.08 g, 21.3 mmol) in
chloroform (40 mL) is introduced rapidly. The mixtuis stirred between 0 °C and room
temperature for 2 days, then heated at 65 °C farhe reaction mixture is then cooled to 25 °C,
then pidolic acid (13.66 g, 105.8 mmol), HOBt (28515.3 mmol) and EDC (20.28 g, 105.8
mmol) are added. After 24 h of stirring at 25 °Be tsolution is concentrated under vacuum in
order to eliminate the chloroform and 50% of the BMhe reaction medium is then heated at 55
°C, and 1150 mL of methanol are introduced within. The reaction mixture is then cooled to 0
°C. After 18 h, the white precipitate is recovebsdfiltration, washed three times with 270 mL of
diisopropyl ether, then dried under vacuum at 30uf@il obtaining a white solid. The solid is
diluted in TFA (390 mL), and a 33% hydrobromic a¢idBr) solution in acetic acid (271 mL,
1547 mmol) is then added dropwise and at 0 °C. 3dlation is stirred for 2 h at room
temperature, then it is poured dropwise onto a(¥Al) mixture of diisopropyl ether/water and
under stirring (970 mL). After 2 h of stirring, tieterogeneous mixture is left to rest overnight.
The white precipitate is recovered by filtratiorashied successively with diisopropyl ether (380
mL), then two times with water (380 mL). The satidtained is solubilized in water (3.6 L) by
adjusting the pH to 7 by addition of a 10 N aguesadium hydroxide solution, then a 1 N
aqueous sodium hydroxide solution. The mixturelisréd through a 0.45-um filter, then purified
by ultrafiltration against a 0.9% NaCl solution4 N NaOH solution, a 0.9% NaCl solution, a
phosphate buffer solution (150mM), a 0.9% NacCl sofy then water until the conductimetry of
the permeate is less than 50 pS/cm. The solutiorogiolyamino acid is then concentrated to
approximately 30 g/L theoretical, filtered through0.2-um filter, then acidified to pH 2 under
stirring by addition of a 37% HCI solution. The gipgtate is then recovered by filtration, washed

two times with water, then dried under vacuum at@@ntil obtaining a white solid.

Co-polyamino acid BB27

[000816] By a method similar to the one used for the prdjmraf the co-polyamino acid BB2
applied to the molecule BA3 in free amine form (62, 1.50 mmol) and to the co-polyamino
acid BB27-1 (5.5 g, 33.4 mmol), a sodium poly-Liglmate modified at one of its ends by the
molecule BA3 and modified by the molecule BAS isaibed.

[000817] Dry extract: 19.0 mg/g
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[000818] DP (estimated based dH NMR): 22

[000819] Based ortH NMR: i = 0.089

[000820] The calculated average molecular weight of theaggmino acid BB27 is 4826 g/mol.
[000821] HPLC-aqueous SEC (calibrant PEG): Mn = 2300 g/mol.

Example BB42: co-polyamino acid BB42 - sodium poli-glutamate modified at one of its
ends by the molecule B8 and having a number averageolecular weight (Mn) of 3200 g/mol
[000822] DCC (0.659 g, 3.19 mmol) and NHS (0.365 g, 3.17 thrace added to a solution of
molecule B8 (2.366 g, 3.11 mmol) in DMF (19.5 mAjter 16 h of stirring at room temperature,
the solution is filtered to be used directly in thbowing reaction.

[000823] y-Benzyl-L-glutamateN-carboxyanhydride (18.0 g, 68.4 mmol) is placed uwdeuum
for 30 min in a round-bottom flask dried beforehamdhe oven, then anhydrous DMF (40 mL) is
introduced. The mixture is then stirred under argatil the dissolution is complete, cooled to O
°C, then hexylamine (0.411 mL, 3.11 mmol) is introdd rapidly. After 30 h of stirring at O °C,
the solution of molecule B8 prepared above is addée solution is stirred between 0 °C and
room temperature for 72 h, then poured dropwise diisopropyl! ether (0.9 L) under stirring. The
precipitate is recovered by filtration, washed wditsopropy! ether (5 times 100 mL), then dried
under vacuum at 30 °C to yield a white solid. Thédsis diluted in TFA (69 mL), then the
solution is cooled to 4 °C. A 33% HBr solution ioetic acid (48 mL, 0.274 mol) is then added
dropwise. The mixture is stirred at room tempetior 2 h, then poured dropwise onto a 1:1
(v/v) mixture of diisopropyl ether and water undgirring (0.8 L). After 2 h of stirring, the
heterogeneous mixture is left to rest overnighte White precipitate is recovered by filtration,
washed with a 1:1 (v/v) mixture of diisopropyl etlzad water (70 mL), then with water (70 mL).
The solid obtained is then solubilized in watedf0L) by adjusting the pH to 7 by addition of a
10 N aqueous sodium hydroxide solution, then a dgNeous sodium hydroxide solution. After
solubilization, the theoretical concentration iguated to 20 g/L theoretical by addition of water
until obtaining a final volume of 0.63 L. The sobrt is filtered through a 0.45-um filter, then
purified by ultrafiltration against a 0.9% NaCl stibn, then water until the conductimetry of the
permeate is less than 50 uS/cm. The solution daddais filtered through a 0.2-um filter and
stored at 2-8 °C.

[000824] Dry extract: 22.2 mg/g

[000825] DP (estimated based dH NMR): 22

[000826] Based ortH NMR: i = 0.045

[000827] The calculated average molecular weight of theaggmino acid BB42 is 4160 g/mol.
[000828] HPLC-aqueous SEC (calibrant PEG): Mn = 3200 g/mol.
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Example BB43: co-polyamino acid BB43 - sodium poli-glutamate modified at one of its
ends by the molecule BA3 and at the other end by ¢hmolecule B8 and having a number
average molecular weight (Mn) of 2000 g/mol

[000829] DCC (0.257 g, 1.24 mmol) and NHS (0.143 g, 1.24 Mrace added to a solution of
molecule B8 (0.946 g, 1.24 mmol) in DMF (8 mL). &ftl6 h of stirring at room temperature, the
solution is filtered to be used directly in theldaling reaction.

[000830] y-Benzyl-L-glutamateN-carboxyanhydride (6.0 g, 22.8 mmol) is placed unagsuum
for 30 min in a round-bottom flask dried beforehamdhe oven, then anhydrous DMF (14 mL) is
introduced. The mixture is then stirred under argatil the dissolution is complete, cooled to 0
°C, then a solution of molecule BA3 in free amioeni (0.832 g, 1.04 mmol) in chloroform (2.0
mL) is introduced rapidly. After 18 h of stirring @ °C, the solution of molecule B8 prepared
beforehand is added. The solution is stirred betw@e&C and room temperature for 22 h, then
poured dropwise into diisopropyl ether (0.34 L) endtirring. The precipitate is recovered by
filtration, washed with diisopropyl ether (7 timé&S mL), then dried under vacuum at 30 °C to
yield a white solid. The solid is diluted in TFA32nL), then the solution is cooled to 4 °C. A
33% HBr solution in acetic acid (15 mL, 85.7 mmid)then added dropwise. The mixture is
stirred at room temperature for 2 h, then pouregbdise onto a 1:1 (v/v) mixture of diisopropyl
ether and water under stirring (0.28 L). After @ftstirring, the heterogeneous mixture is allowed
to rest overnight. The white precipitate is recedeby filtration, washed two times with a 1:1
(viv) mixture of diisopropyl ether and water (24 )nkthen two times with water (24 mL). The
solid obtained is then solubilized in water (0.0l adjusting the pH to 12 by addition of a 10 N
aqueous sodium hydroxide solution, then a 1 N agsiesmdium hydroxide solution. After 30
minutes, the pH is adjusted to 7 by slow additiba d N aqueous HCI solution. The solution is
filtered through a 0.45-um filter, then purified bigrafiltration against a 0.9% NaCl solution, then
water until the conductimetry of the permeate ssléhan 50 pS/cm. The solution obtained is
filtered through a 0.2-um filter and stored at 23

[000831] Dry extract: 18.9 mg/g

[000832] DP (estimated based dH NMR): 22

[000833] Based ortH NMR: i; = 0.09

[000834] The calculated average molecular weight of theaggmino acid BB43 is 4871 g/mol.
[000835] HPLC-aqueous SEC (calibrant PEG): Mn = 2000 g/mol.

Example BB44: co-polyamino acid BB44 - sodium poli-glutamate modified at one of its
ends by the molecule BA7 and having a number averagmolecular weight (Mn) of 3300

g/mol
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[000836] By a method similar to the one used for the prejaraf the co-polyamino acid BB14
applied to molecule BA7 in free amine form (4.4%d,8 mmol) and to 30.0 g (113.96 mmol) of
v-benzyl-L-glutamate N-carboxyanhydride, a sodiurtyfieglutamate modified at one of its ends
by molecule BA7 is obtained.

5 [000837] Dry extract: 29.0 mg/g
[000838] DP (estimated byH NMR) = 25 thus i = 0.04
[000839] The calculated average molecular weight of theaggmino acid BB44 is 4597 g/mol.
[000840] HPLC-aqueous SEC (calibrant PEG): Mn = 3300 g/mol.
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Table 1f: Counter-example hydrophobic molecules

Example CEA1: molecule CEAL

[000841] Molecule CE1: product obtained by the reaction leetwlauric acid and L-lysine.
[000842] By a method similar to the one used for the preajaraf molecule B1 applied to lauric
acid (19.58 g, 97.72 mmol) and to L-lysine (7.%8,3 mmol), a beige solid is obtained.
[000843] Yield: 18.8 g (75%)

[000844] '"H NMR (DMSO-d6, ppm): 0.85 (6H); 1.12-1.78 (42H);96-2.16 (4H); 2.92-3.07
(2H); 4.06-4.20 (1H); 7.70 (1H); 7.95 (1H); 12.40H)

[000845] LC/MS (ESI): 511.5; (calculated ([M+H]; 511.8).

[000846] Molecule CEZ2: product obtained by the reaction leeiv molecule CE1 and Boc-
ethylenediamine.

[000847] By a method similar to the one used for the prdjaraof molecule B3 applied to
molecule CE1 (18.70 g, 36.61 mmol), the residuaiobt after concentration at reduced pressure
of the reaction medium is triturated in an acetdaiTHF mixture (1/1 vol.), filtered and washed
with acetonitrile. After drying, a pale yellow stlis obtained.

[000848] Yield: 13.7 g (57%)

[000849] 'H NMR (CDCk, ppm): 0.87 (6H); 1.09-1.89 (51H); 2.08-2.31 (4H)13-3.48 (6H);
4.35 (1H); 5.20 (1H); 5.85 (1H); 6.46 (1H); 6.94H(1 LC/MS (ESI): 653.5; (calculated
([M+H]"): 654.0).

Molecule CEAl

[000850] After a method similar to the one used for the prafion of molecule BA1 applied to
molecule CE2 (22.2 g, 34 mmol), the residue obthiafter concentration under vacuum is
recrystallized in hot methanol. After cooling toom temperature, the solid is filtered, washed
with cold methanol, then acetone, and dried undeuum to yield a pale yellow solid.

[000851] Yield: 16.3 g (81%).

[000852] *H NMR (MeOD, ppm): 0.90 (6H); 1.20-1.85 (42H); 2-230 (4H); 3.06 (2H); 3.19
(2H); 3.40 (1H); 3.55 (1H); 4.13 (1H)

[000853] LC/MS (ESI): 553.5; (calculated ([M+H)] 553.9).
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Molecule CEA2 and Molecule CEA3

[000854] Molecules CEA2 and CEA3 were synthesized accorttirie protocol described in the

patent U.S. Pat. No. 4,826,818 (Kenji M. et al.).

Part CEB: synthesis of the counter-example co-poigya acids
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Table 1g: counter-example co-polyamino acids

Example CEBL1: co-polyamino acid CEB1 - sodium polglutamate modified by molecule
CEAL1 and having a number average molecular weij&800 g/mol

[000855] A poly-L-glutamic acid having a number average roolar weight (Mn) of 8500 g/mol
(2.0 g) obtained by a method similar to the onealdee the preparation of the co-polyamino acid
BB1-1 is solubilized in DMF (27 mL) at 30-40 °C.eth the solution is cooled to 0 °C. To this
solution, a solution of EDC (0.59 g, 3.06 mmolDNF (6 mL), a solution of HOBt (0.41 g, 3.06
mmol) in DMF (1 mL), and DIPEA (1.76 mL, 18.3 mmaje added. A solution of molecule
CEA1 (0.21 g, 1.84 mmol) in DMF (0.9 mL) is therdad, and the mixture is stirred at 25 °C for
3 h. The reaction medium is diluted with 11 mL cfter added dropwise, then purified by dialysis
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against a 0.9% aqueous NaCl solution, then wates.sblution obtained is filtered through a 0.2-
pm filter and stored at 2-8 °C.

[000856] Dry extract: 16.3 mg/g.

[000857] DP (estimated based oH NMR): 42.

[000858] Based ortH NMR: i = 0.024.

[000859] The calculated average molecular weight of theaggmino acid CEBL1 is 6924 g/mol.
[000860] HPLC-aqueous SEC (calibrant PEG): Mn = 3800 g/mol.

Example CEB2: co-polyamino acid CEB2 - sodium plolgtutamate capped at one of its ends by
an acetyl group and modified by cholesteryl leunand having a number average molecular
weight of 2575 g/mol

[000861] The para-toluenesulfonic acid salt of cholesteeyicinate is prepared according to the
method described in the patent U.S. Pat. No. 48836(Kenji, M. et al.).

[000862] By a method similar to the one used for the prepmaraf the co-polyamino acid BB13
applied to the para-toluenesulfonic acid salt aflesteryl leucinate (1.23 g, 1.8 mmol) and to a
poly-L-glutamic acid having a number average weilglit = 3600 g/mol (5 g) obtained by a
method similar to the one used for the preparatibthe co-polyamino acid BB5-1, a sodium
poly-L-glutamate capped at one of its ends by aetyhggroup and modified by cholesteryl
leucinate is obtained.

[000863] Dry extract: 15.4 mg/g.

[000864] DP (estimated byH NMR): 22.

[000865] Based ortH NMR: i = 0.05.

[000866] The calculated average molecular weight of theaggmino acid CEB2 is 3973 g/mol.
[000867] HPLC-aqueous SEC (calibrant PEG): Mn = 2575 g/mol.

Example CEB3: co-polyamino acid CEB3 - sodium plolgtutamate capped at one of its ends by
an acetyl group and modified by dilauryl aspartatd having a number average molecular weight
of 5820 g/mol

[000868] The para-toluenesulfonic acid salt of dilauryl atge is prepared according to the
method described in the patent U.S. Pat. No. 48336(Kenji, M. et al.).

[000869] By a method similar to the one used for the preparaf the co-polyamino acid BB13
applied to the para-toluenesulfonic acid salt tdudiyl aspartate (0.89 g, 1.9 mmol) and to a poly-
L-glutamic acid having a number average weight M&8560 g/mol (5 g) obtained by a method
similar to the one used for the preparation of ¢hgpolyamino acid BB5-1, a sodium poly-L-
glutamate capped at one of its ends by an acetidpgand modified by dilauryl aspartate is

obtained.
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[000870] Dry extract: 19.3 mg/g.

[000871] DP (estimated byH NMR): 43.

[000872] Based ortH NMR: i = 0.05.

[000873] The calculated average molecular weight of theaggmino acid CEB3 is 7565 g/mol.
[000874] HPLC-aqueous SEC (calibrant PEG): Mn = 5820 g/mol.

Example CEB4: co-polyamino acid CEB4 - sodium plolglutamate modified by (+)-alpha-
tocopherol and having a number average moleculagghivef 5085 g/mol

[000875] By a method similar to the one described in pakit2,840,614 (Ping, C. U. et al.)
applied to (z)-alpha-tocopherol (0.5 g, 1.16 mnaig to a poly-L-glutamic acid (3 g) obtained
by a method similar to the one described in themqaER2985429A1, a sodium poly-L-glutamate
modified by (z)-alpha-tocopherol is obtained.

[000876] Dry extract: 10.9 mg/g.

[000877] DP (estimated byH NMR): 20.

[000878] Based ortH NMR: i = 0.05.

[000879] The calculated average molecular weight of theaggmino acid CEB4 is 3473 g/mol.
[000880] HPLC-aqueous SEC (calibrant PEG): Mn = 5085 g/mol.

Example CEBX4: co-polyamino acid CEBX4 - sodium pgl-L-glutamate capped at one of its
ends by an acetyl group and modified by molecule GEL and having a number average
molecular weight (Mn) of 3300 g/mol

[000881] By a method similar to the one used for the prdjmraf the co-polyamino acid BB2
applied to the hydrochloride salt of molecule CEA1L918 g, 1.56 mmol) and to a poly-L-
glutamic acid having a number average weight Mn7803g/mol (5.0 g) obtained by a method
similar to the one used for the preparation of ¢hgolyamino acid BB5-1, a sodium poly-L-
glutamate capped at one of its ends by an acetyipgand modified by molecule CEAL is
obtained.

[000882] Dry extract: 17.4 mg/g

[000883] DP (estimated based dH NMR): 22

[000884] Based ortH NMR: i = 0.042.

[000885] The calculated average molecular weight of the @ggmino acid CEBX4 is 3941
g/mol.

[000886] HPLC-aqueous SEC (calibrant PEG): Mn = 3300 g/mol.

Part C - Insulin glargine, prandial insulin or GLP-1 RA compositions
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Example C1: Solution of rapid insulin analog (Huow) at 100 U/mL

[000887] This solution is a commercial solution of insulispfo marketed by the company ELI
LILLY under the name of Humal6g This product is a rapid insulin analog. The ebifs in
Humalod’ are meta-cresol (3.15 mg/mL), glycerol (16 mg/mt)sodium phosphate (1.88
mg/mL), zinc oxide (to obtain 0.0197 mg of zinc fimh), sodium hydroxide and hydrochloric
acid for the adjustment of the pH (pH 7-7.8), aradex.

Example C2: Solution of rapid insulin analog (Nowgf) at 100 U/mL

[000888] This solution is a commercial solution of insulispart marketed by the company
NOVO NORDISK under the name of NovolLdin the United States of America and Novdiog
Europe. This product is a rapid insulin analog. Ekeipients of Novolog are glycerol (16 mg),
phenol (1.50 mg/mL), meta-cresol (1.72 mg/mL), zifi®.6 pg/mL), disodium phosphate
dihydrate (1.25 mg/mL), sodium chloride (0.5 mg/m&ddium hydroxide and hydrochloric acid
for the adjustment of the pH (pH 7.2-7.6), and wate

Example C3: Solution of rapid insulin analog (Agirat 100 U/mL

[000889] This solution is a commercial solution of insulitulgsine marketed by the company
SANOFI under the name of ApidtaThis product is a rapid insulin analog. The ejeits of
Apidra® are meta-cresol (3.15 mg/mL), tromethamine (6 nhy/reodium chloride (5 mg/mL),
polysorbate 20 (0.01 mg/mL), sodium hydroxide agdrbchloric acid for the adjustment of the
pH (pH 7.3), and water.

Example C4: Solution of slow-acting insulin analbgntu$) at 100 U/mL

[000890] This solution is a commercial solution of insulitargine marketed by the company
SANOFI under the name of LanfusThis product is a slow-acting insulin analog. Exeipients
in Lantu§ are zinc chloride (30 pg/mL), meta-cresol (2.7 mig), glycerol (85%) (20 mg/mL),
sodium hydroxide and hydrochloric acid for the atiiuent of the pH (pH 4), and water.

Example C5: Solution of human insulin (ActRapji@t 100 IU/mL

[000891] This solution is a commercial solution of humanulits from NOVO NORDISK sold
under the name of ActRagidThis product is a human insulin. The excipierfti\atRapid® are
zinc chloride, glycerol, meta-cresol, sodium hyddexand hydrochloric acid for the adjustment of
the pH (pH 6.9-7.8), and water.

Example C6: Solution of human insulin (Umuline df) at 100 1U/mL



10

15

20

25

30

35

127

[000892] This solution is a commercial solution of humarulitssfrom ELI LILLY sold under the
name of Umuline rapide This product is a human insulin. The excipieritshmuline rapid& are
glycerol, meta-cresol, sodium hydroxide and hydlagb acid for the adjustment of the pH (pH
7.0-7.8), and water.

Example D1: Solution of GLP-1 RA dulaglutide (Taity®) at 3 mg/mL

[000893] This solution is a solution of dulaglutide marketgdthe company ELI LILLY under
the name of Trulicit§. The excipients in Trulicify are anhydrous citric acid (0.14 mg/mL),
mannitol (46.4 mg/mL), polysorbate 80 (0.20 mg/mitjsodium citrate dihydrate (2.74 mg/mL),

and water.

Example D2: Solution of GLP-1 RA exenatide (By&}tat 0.25 mg/mL
[000894] This solution is a solution of exenatide marketgdHh®e company ELI LILLY under the
name of Byettd The excipients in Byettaare meta-cresol (20 mM), mannitol, glacial acatiit,

sodium acetate trihydrate, and water.

Example D3: Solution of GLP-1 RA liraglutide (Viaté) at 6 mg/mL
[000895] This solution is a solution of liraglutide marketey the company NOVO NORDISK
under the name of VictoZa The excipients in Victoza® are disodium phosphditeydrate,

propylene glycol (1.42 mg/mL), phenol (5.5 mg/mand water.

Example D4: solution of GLP-1 RA lixisenatide (Lyxia®) at 0.1 mg/mL
[000896] This solution is a solution of lixisenatide marldtey the company SANOFI under the
name of Lyxumi&. The excipients in Lyxumfaare glycerol, sodium acetate, methionine, meta-

cresol (25 mM), hydrochloric acid and sodium hyddexfor the adjustment of the pH, and water.

Example D5: solution of GLP-1 RA albiglutide (Tanze®) at 60 mg/mL

[000897] Albiglutide is presented in a solid form to be mestituted, marketed by the company
GSK under the name of Tanzelinin an injection device, the powder and the voluwhevater
required for the solubilization, which initially erin separate compartments, are mixed by
actuating the pen by rotation of the distal endhef device until a characteristic "click” noise is
obtained. The solution is ready for the injectidteraa procedure consisting of mixing steps and
resting times described in the user instructionsttie product. The excipients in Tanzéuare
mannitol (153 mM), polysorbate 80 (0.01% w/w), sodiphosphate (10 mM), trehalose dihydrate
(117 mM).

I.  Determination of the minimum ratios for solubilizing insulin glargine
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Example G3: Protocol for the determination of the nmimum concentration for solubilizing
insulin glargine at 50 U/mL at pH 7.

[000898] Concentrated solutions of m-cresol and of glycerel added to a stock solution of co-
polyamino acid at pH 7 in a manner so as to obgisolution of co-polyamino acid of
concentration €. polyamino acid stockiexcipiendM@/ML). The quantity of excipients added is at§dsn a
manner so as to obtain a concentration of m-cresS8b mM and of glycerol of 184 mM in the
composition of co-polyamino acid/insulin glarging 8/mL at pH 7.1.

[000899] In a 3-mL vial, 0.5 mL of a commercial solutioniosulin glargine marketed under the
name of LantU$at a concentration of 100 U/mL is added to a vawh0.5 mL of a solution of
co-polyamino acid at concentration,Golyamino acid stockiexcipien@N@/ML) in @ manner so as to obtain
a composition  €.polyamino acid(M@/ML)/insulin glargine 50 U/mL at pH 7.1. Turbiidappears. The
pH is adjusted to pH 7.1 by addition of concentd&aOH, and the solution is placed under static
conditions in an oven at 40 °C for 1 night. Thiseiion is carried out for different
concentrations of & polyamino acid stockiexcipiendN@/ML) in @ manner so as to vary the concentmatio
co-polyamino acid €e-poiyamino aciad(M@/mL) in steps of at most 0.25 mg/mL. After thight at 40
°C, the samples are inspected visually and sulgjecta static light scattering measurement at an
angle of 173° using a zetasizer (Malvern). The murh concentration of co-polyamino acid
enabling the solubilization of insulin glarginedsfined as the lowest concentration at which the
mixture of co-polyamino acid/insulin glargine at pHis visually clear and presents a scattered

intensity of less than 3000 kcps/s.
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co-polyamino acid

Concentration of co-
polyamino acid (mg/mL)
at the threshold of
solubilization of glargine
50 U/mL at pH 7

[Hy]/[glargine] ratio
(mol/mol) at the threshold

of solubilization

BB7 <15 <15
BB5 <2 <15
BB3 <2 <15
BB14 <2 <15
BB10 <15 <1
BB15 <15 <1
BB11 <15 <1
BB16 <15 <1
AB6 <2 <1
AB21 <15 <15
AB17 <15 <1
AB18 <15 <1
BB17 <2 <1
BB18 <15 <1
BB20 <1 <1
BB21 <15 <15
BB22 <1 <1
BB23 <1 <1
BB24 <1 <1
BB25 <1 <1
BB26 <1 <1
BB27 <15 <2
BB42 <1 <1
BB43 <2 <1

Table 2: Minimum ratios for solubilizing insulinagigine.
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II. Solubilization/precipitation

a) Compositions comprising insulin glargine

Preparation method CAl: Preparation of a dilutechmasition of co-polyamino acid/insulin
glargine 50 U/mL at pH 7.1, according to a methaihg insulin glargine in liquid form (in
solution) and a co-polyamino acid in liquid form golution).

[000900] Concentrated solutions of m-cresol and of glycerel added to a stock solution of co-
polyamino acid at pH 7.1 in a manner so as to ob#aisolution of co-polyamino acid of
concentration € polyamino acid stockiexcipiendM@/ML). The quantity of excipients added is atjdsn a
manner so as to obtain a concentration of m-cres8b6 mM and of glycerol of 184 mM in the
composition of co-polyamino acid/insulin glarging 8/mL at pH 7.1.

[000901] In a sterile jar, a volume iMuin giargine Of @ commercial solution of insulin glargine
marketed under the name of Larfti a concentration of 100 U/mL is added to a v&uv,
polyamino acid stocklexcipien®f @ solution of co-polyamino acid at concentmat{@ polyamino acid stockexcipients
(mg/mL) in a manner so as to obtain a diluted casitjpm of co-polyamino acid fted co-polyamino
acid (Mg/mL)/insulin glargine 50 U/mL at pH 7.1. Turltidappears. The pH is adjusted to pH 7.1
by addition of concentrated NaOH, and the solutsoplaced under static conditions in an oven at

40 °C for 2 h until the solubilization is compleTéis visually clear solution is placed at +4 °C.

Preparation method CA2: Preparation of a concesdrabmposition of co-polyamino acid/insulin
glargine at pH 7.1 with the aid of a co-polyamimidaaccording to a method for concentrating a
diluted composition.

[000902] A composition of co-polyamino acid/insulin glargib® U/mL at pH 7.1 described in
Example CA1 is concentrated by ultrafiltration thgh a 3 kDa membrane made of regenerated
cellulose (Amicofi Ultra-15 marketed by the company Millipore). Aftiis ultrafiltration step,
the retentate is clear, and the concentrationflinm glargine in the composition is determined by
reverse phase chromatography (RP-HPLC). The coratemt of insulin glargine in the
composition is then adjusted to the desired valyeditution in a solution of excipients m-
cresol/glycerol in a manner so as to obtain a fomicentration of m-cresol of 35 mM and an
osmolarity of 300 mOsm/kg. The pH is measured adpisted to pH 7.1 by addition of
concentrated NaOH and HCI. This solution at pH vidyally clear, has a concentration of insulin

glargine Gusuin giargine (U/ML) and a concentration of co-polyamino acid.feyamino acie(mg/mL) =
Cdiluted co-polyamino acic(mg/m L) X C1'\'r1sulin glargine(U/m L)/SO (U/ml—)
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[000903] According to this preparation method CA2, compossi of co-polyamino acid/insulin
glargine were prepared, for example, with concéisna of insulin glargine of 200 U/mL and 400
U/mL.

Example CA3: Preparation of compositions of co-patyno acid/insulin glargine 200 U/mL at
pH 7.1.

[000904] Compositions of co-polyamino acid/insulin glargid@0 U/mL are prepared according
to the method described in Example CA2 in a maspeas to obtain a concentration of insulin
glargine Gusuin gargine = 200 U/mL and a concentration of co-polyaminoda€l.e-poiyamino acid

(mg/mL). These compositions are presented in theviing Table 3.

Example CA4: Precipitation of insulin glargine imnspositions of co-polyamino acid/insulin
glargine at 200 U/mL

[000905] 1 mL of solution of co-polyamino acid/insulin glamg prepared in Example CA3 is
added to 2 mL of a PBS solution containing 20 mg/ofilBSA (bovine serum albumin). The
PBS/BSA mixture simulates the composition of thécstianeous environment. A precipitate
appears.

[000906] A centrifugation at 4000 rpm is carried out in artle separate the precipitate from the
supernatant. Next, the insulin glargine is assagetthe supernatant by RP-HPLC. The result is
that insulin glargine is present in majority prajam in a precipitated form.

[000907] The results are presented in Table 3:
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Composition Insulin Co-polyamino Concentration of Solubilization Precipitation
glargine acid co-polyamino acid of insulin of insulin
(U/mL) (mg/mL) glargine glargine
CA3 200 - - NO na
CA3b 200 AB18 6 YES YES
CA3c 200 BB5 9 YES YES
CA3d 200 BB11 6 YES YES
CA3e 200 BB14 10 YES YES
CA3f 200 BB15 6 YES YES
CA3g 200 BB16 6 YES YES
CA3I 200 BB15 5 YES YES
CA3n 200 BB18 6 YES YES
CA3o 200 BB17 9 YES YES
CA3p 200 BB25 4,5 YES YES
CA3q 200 BB26 5 YES YES
CA3r 200 BB43 8 YES YES
CA3s 200 BB27 7 YES YES
CA3t 200 BB20 5 YES YES
CA3u 200 BB21 5 YES YES

Table 3: Compositions of co-polyamino acid/insujilargine (200 U/mL) prepared with the co-

polyamino acids of the invention; solubilizatiorépipitation of insulin glargine.
b) Compositions comprising insulin glargine and insuikpro

Preparation method CB1: Preparation of a dilutethpusition of co-polyamino acid/insulin
glargine 43 (U/mL)/insulin lispro 13.5 (U/mL)

[000908] A volume Vi iispro Of @ commercial solution of insulin lispro Huma(?ogt 100 U/mL
and water is added to a volume,Moiyamino aciddiluted insulin glargin@f the diluted composition of co-
polyamino acid/insulin glargine 50 U/mL at pH 7.dsdribed in Example CA1, in a manner so as
to obtain a composition of co-polyamino acid/insufilargine 43 (U/mL)/insulin lispro 13.5
(U/mL).

Preparation method CB2: Preparation of a compaositaf co-polyamino acid/insulin

glargine/concentrated insulin lispro at pH 7.1
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[000909] A composition of co-polyamino acid/insulin glargid@ (U/mL)/insulin lispro 13.5
(U/mL) described in Example CB1 is concentratedutisafiltration through a 3 kDa membrane
made of regenerated cellulose (Ami€dditra-15 marketed by the company MILLIPORE). After
the completion of this ultrafiltration step, theamtate is clear, and the concentration of insulin
glargine in the composition is determined by regepbase chromatography (RP-HPLC). The
concentrations of insulin glargine and insulin f@gpn the composition are then adjusted to the
desired value by dilution in a solution of excigem-cresol/glycerol in a manner so as to obtain a
final concentration of m-cresol of 35 mM and an okarity of 300 mOsm/kg. The pH is
measured and adjusted if necessary to pH 7.1 byi@daf concentrated NaOH and HCI. This
solution at pH 7.1, visually clear, has a conceimnaof insulin glargine Gsuin glargine (U/mL), a
concentration of insulin liSpro ifuin iispro = Ginsulin glargine X 0.33, and a concentration of co-
polyamino acid €o-polyamino acid(MY/ML) = Giiuted co-polyamino acidMI/ML) X Gasuiin glargine (U/ML)/50
(U/mL).

Example CB3: Preparation of compositions of co-poiino acid/insulin glargine 200
U/mL/insulin lispro 66 U/mL at pH 7.1

[000910] Compositions of co-polyamino acid/insulin glargid@0 U/mL/insulin lispro 66 U/mL
are prepared according to the method describedamigle CB2 in a manner so as to obtain a
concentration of insulin glarginenGiin giargine= 200 U/mL, a concentration of insulin lispreiin

ispro = 66 U/mL, and a concentration of co-polyaminodack,.poyamine acia (M@/ML). These

compositions are presented in Table 4a.

Example CB4: Precipitation of insulin glargine hretcompositions of co-polyamino acid/insulin
glargine/insulin lispro at 200/66 U/mL

[000911]1 mL of solution of co-polyamino acid/insulin glamg/insulin lispro prepared in
Example CB3 is added to 2 mL of a PBS solution @oimig 20 mg/mL of BSA (bovine serum
albumin). The PBS/BSA mixture simulates the comjpmsiof the subcutaneous environment. A
precipitate appears.

[000912] A centrifugation at 4000 rpm is carried out in artte separate the precipitate from the
supernatant. Next, the insulin glargine is assagetthe supernatant by RP-HPLC. The result is
that insulin glargine is found in majority propami in a precipitated form. The results are
presented in Tables 4a and 4b:



134

Compositior Insulin Insulin Cc- Concentratior | Solubilization | Precipitation
glargine lispro polyamin of co- of insulin of insulin
(U/mL) (U/mL) o acid polyamino glargine glargine
acid (mg/mL)

CB3 200 66 - - NO na
CB3a 200 66 ABG6 7 YES YES
CB3c 200 66 AB21 6 YES YES
CB3f 200 66 BB3 7 YES YES
CB3g 200 66 BB5 9 YES YES
CBa3i 200 66 AB18 6 YES YES
CB3j 200 66 BB7 7 YES YES
CB3m 200 66 BB10 6 YES YES
CB3n 200 66 BB11 6 YES YES
CB3o 200 66 BB15 6 YES YES
CB3p 200 66 BB16 6 YES YES
CB3r 200 66 AB17 6 YES YES
CB3s 200 66 BB15 5 YES YES
CB3u 200 66 BB42 5 YES YES
CB3v 200 66 BB18 6 YES YES
CB3w 200 66 BB17 9 YES YES
CB3x 200 66 BB25 4,5 YES YES
CB3y 200 66 BB26 5 YES YES
CB3z 200 66 BB43 8 YES YES
CB3ab 200 66 BB27 7 YES YES
CB3ac 200 66 BB20 5 YES YES
CB3ad 200 66 BB21 5 YES YES

Table 4a: Compositions of co-polyamino acid/insudjiargine (200 U/mL)/insulin lispro (66
U/mL) prepared with the co-polyamino acids of theention; solubilization and precipitation of
insulin glargine.

Example CB5: Preparation of a composition of copolino acid/insulin glargine 225
U/mL/insulin lispro 75 IU/mL at pH 7.

[000913] Compositions of co-polyamino acid/insulin glarg225 U/mL/insulin lispro 75 1U/mL
are prepared according to the method describedamigle CB2 in a manner so as to obtain a

concentration of glargineifsuin giargine= 225 U/mL, a concentration of insulin lispreGin iispro =
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75 IU/mL, and a concentration of co-polyamino aCigd polyamino acial(Mg/mL). These compositions
are presented in Table 4b.

Composition Insulin Insulin Co-polyamino acid Concentration of co-
glargine lispro polyamino acid
(U/mL) (Iu/mL) (mg/mL)
CB5 225 75 - -
CB5f 225 75 BB14 10

Table 4b: Compositions of co-polyamino acid/insugjlargine (225 U/mL)/insulin lispro (75
IU/mL) prepared with the co-polyamino acid BB14.

Example CB6: Preparation of a composition of corpolino acid/insulin glargine 200
U/mL/insulin lispro 200 IU/mL at pH 7.1.

Preparation method CB7: Preparation of a dilutethpusition of co-polyamino acid/insulin
glargine 33 U/mL/insulin lispro 33 U/mL

[000914] A volume Visuiin iispro Of @ commercial solution of insulin lispro Huma‘?ogt 100 U/mL
and water is added to a volume,¥Voyamino acididiluted insulin glargindf the diluted composition of
polyamino acid/insulin glargine 50 U/mL at pH 7.dsdribed in Example CA1, in a manner so as
to obtain a composition of co-polyamino acid/insuljlargine 33 (U/mL)/insulin lispro 33
(U/mL).

Preparation method CB8: Preparation of a concettradbmposition of co-polyamino acid/insulin
glargine/insulin lispro concentrated at pH 7.1

[000915] A composition of co-polyamino acid/insulin glargir@ (U/mL)/insulin lispro 33
(U/mL) described in Example CB7 is concentrateculisafiltration through a 3 kDa membrane
made of regenerated cellulose (Amidditra-15 marketed by the company MILLIPORE). After
the completion of this ultrafiltration step, theemtate is clear, and the concentration of insulin
glargine in the composition is determined by regephase chromatography (RP-HPLC). The
concentrations of insulin glargine and insulin tspn the composition are then adjusted to the
desired value by dilution in a solution of excigem-cresol/glycerol in a manner so as to obtain a
final concentration of m-cresol of 35 mM and an okarity of 300 mOsm/kg. The pH is
measured and adjusted if necessary to pH 7.1 bi@dadf concentrated NaOH and HCI. This
solution at pH 7.1, visually clear, has a conceimnaof insulin glargine Gsuin giargine (U/mL), a
concentration of insulin liSproifuiin iispro = Cinsuiin glargine @Nd @ concentration of co-polyamino acid
Ceo-polyamino acdMA/ML) = Giiiuted co-polyamino acidMA/ML) X Gusuiin giargine(U/mML)/50 (U/mL).
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c) Compositions comprising insulin glargine and Umelmapide human insulin

Example CB9: Preparation of a composition of copolino acid/insulin glargine 200
U/mL/human insulin 66 IU/mL at pH 7.1

Preparation method CB10: Preparation of a dilutechposition of co-polyamino acid/insulin
glargine 43 (U/mL)/human insulin 13.5 (U/mL)

[000916] A volume Vhyman insuinOf @ commercial solution of human insulin of Exden@6 at 100
U/mL and water is added to a volume,Moiyamino acididiluted insulin glargin®f the diluted composition of
co-polyamino acid/insulin glargine 50 (U/mL) at pHL described in Example CAl in a manner
S0 as to obtain a composition of co-polyamino &sddin glargine 43 (U/mL)/human insulin 13.5
(U/mL).

Preparation method CB11: Preparation of a condewstracomposition of co-polyamino
acid/insulin glargine/ human insulin at pH 7.1

[000917] A composition of co-polyamino acid/insulin glargid@ (U/mL)/human insulin 13.5
(U/mL) described in Example CB10 is concentratedulbsafiltration through a 3 kDa membrane
made of regenerated cellulose (Amidditra-15 marketed by the company MILLIPORE). After
the completion of this ultrafiltration step, thedeamtate is clear, and the concentration of insulin
glargine in the composition is determined by regephase chromatography (RP-HPLC). The
concentrations of insulin glargine and human imsuti the composition are then adjusted to the
desired value by dilution in a solution of excigm-cresol/glycerol in a manner so as to obtain a
final concentration of m-cresol of 35 mM and an okarity of 300 mOsm/kg. The pH is
measured and adjusted if necessary to pH 7.1 byi@daf concentrated NaOH and HCI. This
solution at pH 7.1, visually clear, has a conceiumaof insulin glargine Gsyin glargine (U/mL), a
concentration of human insulinpan insuiin = Gnsulin glargine X 0.33, and a concentration of co-
polyamino acid & polyamino acid(MY/ML) = Giiuted co-polyamino acidMI/ML) X Gnsuiin glargine (U/ML)/50
(U/mL).

Example CB12: Preparation of compositions of corpolino acid/insulin glargine 200
U/mL/human insulin 66 U/mL at pH 7.1

[000918] Compositions of co-polyamino acid/insulin glarg2@0 U/mL/human insulin 66 U/mL
are prepared according to the method describeckample CB11 in a manner so as to obtain a
concentration of insulin glargingnGiin giargine= 200 U/mL, a concentration of human insuliQqfn
insuin = 66 U/mL, and a concentration of co-polyaminoda€,.poyamine acia (M@/mL). The

composition is presented in Table 4c below.
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Insulin Human Cc-polyamino aci Concentration o
glargine insulin co-polyamino
(U/mL) (U/mL) acid
(mg/mL)
CBl2a 200 66 BB15 6

Table 4c: Composition of co-polyamino acid/insugitargine (200 U/mL)/human insulin (66
IU/mL) at pH 7.1.

d) Compositions comprising insulin glargine and duliigle

Example DB1: Preparation of a composition of insujlargine (50 U/mL)/dulaglutide (0.25
mg/mL) at pH 7.1

[000919]0.833 mL of water are added to 0.167 mL of thetsmhuof dulaglutide of Example D1,
and the pH is adjusted to 4. 1 mL of the solutibmsulin glargine of Example C4 is then added
to this solution in order to obtain 2 mL of a comsjtion of which the pH is 4 in the mixture. The
composition containing 50 U/mL of insulin glargimad 0.25 mg/mL of dulaglutide is clear,
indicating the good solubility of insulin glargirend of dulaglutide under these formulation
conditions (pH 4). The pH is then adjusted to 7ithwa 0.1 N sodium hydroxide solution. The
composition then becomes turbid, indicating therpsaubility of the composition of insulin
glargine/dulaglutide at pH 7.1.

Example DB2: Preparation of a composition of insulargine (50 U/mL)/dulaglutide (0.25
mg/mL) at pH 7.1

[000920] 0.833 mL of water are added to 0.167 mL of thetsmhuof dulaglutide of Example D1.
Then 1 mL of the solution of insulin glargine ofdmple C4 is added to this solution in order to
obtain 2 mL of a composition of which the pH is 2he mixture. The composition containing
50 U/mL of insulin glargine and 0.25 mg/mL of dulaige is turbid, indicating the poor
solubility of the composition of insulin glargineddglutide at pH 5.2. The pH is then adjusted to
7.1 with a 0.1 N sodium hydroxide solution. The gasition is still turbid, indicating the poor
solubility of the composition of insulin glargineddglutide at pH 7.1.

Example DB3: Preparation of compositions of co-paiyno acid/insulin glargine/dulaglutide at
pH 7.1

[000921]2 mL of the solution of dulaglutide of Example DiAdal mL of water are added to 3
mL of the solution of co-polyamino acid/insulin giane prepared according to the protocol of

Example CA2, in which the concentration of insuglargine is 400 U/mL, in order to obtain 6 mL
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of a composition at pH 7. The pH is adjusted towith a 0.1 N sodium hydroxide solution. The
composition containing 7 mg/mL of co-polyamino aéii6, 200 U/mL of insulin glargine, and 1
mg/mL of dulaglutide is clear, indicating the gaamlubility of insulin glargine and dulaglutide in
the presence of the co-polyamino acid at pH 7.1s Gllear solution is placed at +4 °C.

According to the protocol of Example DB3, the comifions with different co-polyamino acids
are prepared and presented in Table 5 below.

Example DB4: Precipitation of compositions of cdyamnino acid/insulin glargine/dulaglutide at
pH 7.1

[000922]0.045 mL of composition of co-polyamino acid/insuljlargine/dulaglutide prepared
according to the protocol of Example DB3 are adae@d.105 mL of a PBS solution containing 20
mg/mL of BSA. The PBS/BSA mixture simulates the pogition of the subcutaneous
environment. A precipitate appears.

[000923] A centrifugation at 4000 rpm is carried out in artte separate the precipitate from the
supernatant. Then, the insulin glargine is assayetie supernatant by RP-HPLC. The insulin
glargine is found in a majority proportion in a gigtated form. The results are presented in the
following Table 5.

Composition Co- Insulin Dulaglutid Co- Solubilization | Precipitation
polyamino | glargine e polyamino of insulin of insulin
acid (U/mL) (mg/mL) acid glargine glargine
(mg/mL)

DB1 - 50 0,25 - NO na

DB2 - 50 0,25 - NO na
DB3a ABG6 200 1 7 YES YES
DB3b AB17 200 1 6 YES YES
DB3c BB7 200 1 7 YES YES
DB3d BB5 200 1 9 YES YES
DB3e BB10 200 1 6 YES YES
DB3f BB14 200 1 9 YES YES
DB3g BB15 200 1 6 YES YES

Table 5: Compositions of co-polyamino acid/insulargine (200 U/mL)/dulaglutide (1 mg/mL);

solubilization and precipitation of insulin glargin
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Example DB5: Preparation of compositions of co-paiyno acid/insulin glargine/dulaglutide at
pH 7.2

[000924] According to the protocol of Example DB3, the comigons with different co-
polyamino acids are prepared at pH 7.2 and presém{Eable 6 below.

Compositiot Cc-polyamino Insulin glargine Dulaglutide Cc-polyamino
acid (U/mL) (mg/mL) acid (mg/mL)
DB3h BB10 200 1 6
DBa3i BB15 200 1 6

Table 6: Compositions of co-polyamino acid/insglargine (200 U/mL)/dulaglutide (1 mg/mL) at
pH 7.2.

Example DB6: Preparation of compositions of co-paijno acid/insulin glargine at pH 7.2
[000925] According to the protocol of Example DB5 and stagtwith a solution equivalent to D1
containing the same excipients except anhydrotis eitid and without dulaglutide, the following

composition is prepared at pH 7.2 and presentékifiollowing Table 7.

Composition Co-polyamino Insulin glargine Dulaglutide Co-polyamino acid
acid (U/mL) (mg/mL) (mg/mL)
DB3k BB15 200 0 5

Table 7: Compositions of co-polyamino acid/insiglargine (200 U/mL) at pH 7.2.

e) Preparation of a composition of co-polyamino aasiflin glargine/insulin

lispro/exenatide

[000926] Compositions of co-polyamino acid/insulin glarginsllin lispro are prepared
according to the method described in Examples CB@ @B8. A volume of a solution of
exenatide at 10 mg/mL prepared by dissolution @nexide (Bachem) in water for injections is
added to these solutions. The concentrations afimglargine, insulin lispro and exenatide in the
composition are then adjusted to the desired vhluelilution in a solution of excipients m-
cresol/glycerol or m-cresol/glycerol/methioninearmanner so as to obtain a final concentration
of m-cresol of 35 mM and an osmolarity of 300 mGg/The pH is measured and adjusted if
necessary to pH 7.2 by addition of concentrated Ma&dd HCIl. These compositions are

presented in Table 8.
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Compositiot InsL Insulin Co- Concentratior Exenatide Methionine
lin lispro polyamino of co- (ng/mL) (mM)
glar (U/mL) acid polyamino acid
gine (mg/mL)
(u/
mL)
CB2a 200 67 BB15 5 0 0
CB2b 200 67 BB15 5 50 10
CB2c 200 67 BB15 5 50 0
CB8a 200 200 BB15 5 154 0

Table 8: Compositions of co-polyamino acid/inswglargine (200 U/mL)/lispro (67 IU/mL or 200

IU/mL/with or without exenatide.

Part D' - counter examples

Preparation protocols

[000927] Compositions of counter-example co-polyamino aoglilin glargine 200 U/mL are
prepared according to the method described in Elai@A2 in a manner so as to obtain an
insulin glargine concentration;Giin gargine= 200 U/mL and a concentration of counter-example
co-polyamino acid Eunter-example co-polyamino acfM@/mML). These compositions are presented in the

following Table 9.

Compositiot Insulin Ca-polyamino aci Concentration of ¢-

glargine polyamino acid (mg/mL)
(U/mL)

CA3h 200 CEB1 13

CASi 200 CEB2 6

CAS3j 200 CEB3 7

CA3k 200 CEB4 10

CA3w 200 CEBX4 5

Table 9: Compositions of counter-example co-polyaracid/insulin glargine (200 U/mL).

[000928] Compositions of co-polyamino acid/insulin glargid@0 U/mL/insulin lispro 66 U/mL
are prepared according to the method describeckample CB2 in a manner so as to obtain an

insulin glargine concentration Cinsulin glargine260 U/mL, a concentration of insulin lispro
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Cinsulin lispro = 66 U/mL and a concentration ofioter-example co-polyamino acid Ccounter-

example co-polyamino acid (mg/mL). These compaos#tiare presented in the following Table

10.

Composition Insulin Insulin Co-polyamino acid Concentration of co-
glargine lispro polyamino acid
(U/mL) (U/mL) (mg/mL)
CB3s 200 66 CEB2 6
CB3t 200 66 CEB3 7
CB3af 200 66 CEBX4 5

Table 10: Counter-example compositions of co-poiyam acid/insulin glargine (200
U/mL)/insulin lispro (66 U/mL).

[000929] According to Example CB12 (preparation of co-polymonacid/insulin glargine 200
U/mL/human insulin 66 U/mL compositions at pH 7.&p-polyamino acid/insulin glargine 200
U/mL/human insulin 66 U/mL compositions are preplasecording to the method described in
Example CB11 in a manner so as to obtain a corat@nirof insulin glargine Cinsulin glargine =
200 U/mL, a concentration of human insulin Chumasuiin = 66 U/mL and a concentration of
co-polyamino acid Cco-polyamino acid (mg/mL). Themposition is presented in the following
Table 11.

Insulin Human Cc-polyamino aci Concentration o
glargine insulin co-polyamino
(U/mL) (U/mL) acid
(mg/mL)
CB12b 200 66 CEB2 6

Table 11: Counter-example co-polyamino acid/insgjiargine (200 U/mL)/human insulin (66

IU/mL) compositions at pH 7.1.

[000930] According to the protocol of Example DB5, the comigons at pH 7.2 with different

counter-example co-polyamino acids are preparecpeesknted in Table 12 below.
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Compoaosition Co-polyamino acid Insulin Dulaglutide Co-polyamino
glargine| (mg/mL) acid (mg/mL)
(U/mL)
DB3x CEB3 200 1 7
DB3z CEB2 200 1 6

Table 12: Counter-example co-polyamino acid/insglergine (200 U/mL)/dulaglutide (0.8 or 1

mg/mL) compositions

lll. Determination of the quantity of albumin required to obtain the precipitation

Example G1: Preparation of a diluted co-polyamino aid/insulin glargine 65 U/mL

composition at pH 7.1.

[000931] Concentrated solutions of m-cresol and of glycerel added to a stock solution of co-
polyamino acid at pH 7 in a manner so as to obtisolution of co-polyamino acid of
concentration Cco-polyamino acid stock/excipiemg/fnL). The quantity of excipients added is
adjusted in a manner so as to obtain a concentrafim-cresol of 35 mM and of glycerol of 184
mM in the co-polyamino acid/insulin glargine 65 W/momposition at pH 7.1.

[000932] In a sterile jar, a volume iMyin giargine Of @ commercial solution of insulin glargine
marketed under the name of Larfti a concentration of 100 U/mL is added to a v&uw,
polyamino acid stock/excipien®@f @ solution of co-polyamino acid of concentrati@.o.polyamino acid stockiexcipients
(mg/mL) in a manner so as to obtain a diluted clygraino acid composition &uted co-polyamino acid
(mg/mL)/insulin glargine 65 U/mL at pH 7.1. Turltigiappears. The pH is adjusted to pH 7.1 by
addition of concentrated NaOH, and the solutioplaged under static conditions in an oven at 40

°C for 2 h until the solubilization is complete.i$visually clear solution is placed at +4 °C.

Example G2: Precipitation of a co-polyamino acid/isulin glargine 65 U/mL composition at

pH 7.1, by varying the concentration of albumin

[000933]0.3 mL of a solution of BSA (bovine serum albumin)a PBS buffer at pH 7.4
(phosphate buffer saline) and 1 mL of diluted cbtqpmino acid/insulin glargine 65 U/mL
composition, pH 7.1 are introduced, respectivelg idisposable UV cuvette in a manner so as to
obtain a mixture containing 50 U/mL insulin glargjran albumin concentration CBSA (mg/mL)

in a PBS buffer. Several solutions of BSA in a RB&er of variable concentrations are prepared
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so as to vary the concentration of albumin in thalfmixture from 1 to 12.7 mg/mL (1; 2.9; 3.9;
6.8; 9.7; 12.7 mg/mL) and a concentration of physgjizal salt via the PBS buffer.

[000934] After addition of the solution of BSA in the PBS ffan, the mixture is rapidly
homogenized by a few back and forth strokes of getpe. One hour after the mixing, an
absorbance measurement at 500 nm is carried outédsns of a JASCO V-530 UV-Vis
spectrophotometer.

[000935] The absorbance measurement at 500 nm makes ibj@ossievaluate the turbidity of
the mixture originating from the precipitation dietinsulin glargine. The turbidity increases as a
function of the albumin concentration to reach atgdu reflecting the complete precipitation of
the insulin glargine.

[000936] The critical albumin concentration allowing a qutaiive precipitation is defined as the
albumin concentration for which the absorbanceezau500 nm reaches 80% of the absorbance
measured at the plateau.

[000937] One notes that in the compositions of the inventiba critical BSA quantity is lower.
[000938] The results are reported in the following Table 13:
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Co-polyamino acid Critical albumin concentrationg{ml) Concentration of co-polyaming
for 80% precipitation at 1 h (insulin | acid in solution insulin glargine at
glargine at 50 U/mL) 50 U/mL
CEB2 >3.9 15
CEB3 >3.9 1.8
CEB4 >3.9 15
BB7 <3.9 1.8
BB5 <3.9 2.2
BB14 <3.9 25
BB10 <3.9 15
BB15 <3.9 2.0
BB11 <3.9 15
BB16 <3.9 15
AB6 <3.9 1.8
AB21 <39 15
AB17 <3.9 15
AB18 <3.9 15
BB42 <3.9 1.2
BB18 <3.9 15
BB17 <3.9 1.75
BB25 <3.9 11
BB43 <3.9 2
BB20 <3.9 1.25
BB21 <3.9 1.25

Table 13: Critical albumin concentration (mg/mL} 8D% of precipitation at 1 h (insulin glargine
at 50 U/mL).

IV. Study of the stability of the compositions accordig to the invention

Part E: Demonstration of the physical stability of the compositions according to the
invention by the study of co-polyamino acid/insulinglargine 200 U/mL compositions and of

co-polyamino acid/insulin glargine 200 U/mL/lispro66 U/mL compositions.
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Example E1: Stability accelerated at 25 °C underadyic conditions.

[000939] 3 3-mL vials filled with 1 mL of composition co-p@mino acid/insulin glargine are
placed vertically in an orbital stirrer. The stirie placed in an oven at 25 °C, and the vials are
subjected to stirring at 250 rpm. The vials argatted visually daily/weekly in order to detect
the appearance of visible particles or turbiditisTinspection is carried out according to the
recommendations of the European Pharmacopoeia (BRO02 the vials are subjected to
illumination of at least 2000 lux and are obsernwsd a white background and on a black
background. The number of days of stability coroesis to the duration after which at least 2
vials present visible particles or are turbid.

[000940] These results are in agreement with the US Pharpoaa (USP <790>).

[000941] The results of accelerated stability (obtained wdlifferent compositions) are presented
in Table 14 below.
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Composition Co-polyamino acid Stability at 25 °Gdandynamic
conditions (in days)

CB3 - *

CB3a ABG6 13
CB3c AB21 14
CB3r AB17 8

CB3i AB18 8

CB3f BB3 15
CB3g BB5 >41
CB3;j BB7 29
CB3m BB10 15
CB3n BB11 17
CB3o BB15 14
CB3p BB16 8

CB3s CEB2

CB3t CEB3 4

CB3u BB42

CB3v BB18 69
CB3w BB17 29
CB3x BB25 10
CB3y BB26 > 46 ongoing
CBa3z BB43 5-7
CB3ac BB20 32
CB3ad BB21 30
CB3ae CEBX3 2
CB3af CEBX4 2

Table 14: results of the stabilities of the comfloss of co-polyamino acid/insulin glargine (200
U/mL)/insulin lispro (66 U/mL) at 25 °C under dynentonditions (with stirring at 250 rpm) and

counter-examples. (*Appearance of a precipitatennthe pH of the solution is adjusted to pH 7).

[000942] The accelerated stability results obtained withdbmpositions of the table of Example
CB12 are presented in Table 15 below.

Composition Co-polyamino acid Stability at 25 °Glandynamic conditions
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(in days)
CB12a BB15 >28
CB12b CEB2 7

Table 15: results of the stabilities of a compositdf co-polyamino acid/insulin glargine (200
U/mL)/human insulin (66 U/mL) at 25 °C under dynansonditions (with stirring at 250 rpm)

and counter-example.

[000943] The accelerated stability results obtained withdbmpositions of the table of Example
DB5 are presented in Table 16 below.

Compositior | Glargine | Dulaglutide Cc-polyamino Concentration o Dynamic
(UML) (mg/mL) acid co-polyamino stability at 25 °C
acid 250 rpm
(mg/mL) In days
DB3h 200 1 BB10 6 25
DB3i 200 1 BB15 6 >32
DB3x 200 1 CEB3 7 7
DB3z 200 1 CEB2 6 10
C4 100 - - - >32
D1 - 3 - - >32

Table 16: Results of the stabilities of the compaoiss of co-polyamino acid/insulin glargine (200
U/mL)/dulaglutide (1 mg/mL) at 25 °C under dynaraanditions (with stirring at 250 rpm).

Demonstration of the physical stability of the compsitions according to the invention by the

study of compaositions of co-polyamino acid/insuliglargine/insulin lispro/exenatide

Example E1": Accelerated stability at 25 °C undgraimic conditions.

[000944] 3 3-mL vials filled with 1 mL of the composition$ dable 8 are placed vertically in an
orbital stirrer. The stirrer is placed in an over28 °C, and the vials are subjected to stirring at
250 rpm. The vials are inspected visually weeklyoider to detect the appearance of visible
particles or turbidity. This inspection is carriedt according to the recommendations of the
European Pharmacopoeia (EP 2.9.20): the vialsusleded to illumination of at least 2000 lux
and are observed on a white background and onck blackground. The number of weeks of

stability corresponds to the duration after whitHeast 2 vials present visible particles or are

turbid.
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[000945] These results are in agreement with the US phanpoaia (USP <790>).

[000946] The accelerated stability results obtained withdhipositions of Table 8 are presented

in Table 17 below.

Composition Co-polyamino acid Stability at 25 °Gdandynamic conditions
(in weeks)
CB2a BB15 >9
CB2b BB15 >9
CB2c BB15 >9

Table 17: Results of the stabilities of the compaoiss of co-polyamino acid/insulin glargine (200
U/mL)/insulin lispro (67 1U/mL) with or without exetide at 25 °C under dynamic conditions
(with stirring at 250 rpm).

Example E2: Accelerated stability at 30 °C undatistconditions

[000947]5 3-mL vials filled with 1 mL of composition are gued vertically in an oven
maintained at 30 °C. The vials are inspected \Viguddily in order to detect the appearance of
visible particles or turbidity. This inspectiondarried out according to the recommendations of
the European Pharmacopoeia (EP 2.9.20): the vialsubjected to illumination of at least 2000
lux and are observed on a white background andldack background. The number of weeks of
stability corresponds to the duration after whitHeast 2 vials present visible particles or are
turbid.

[000948] These results are in agreement with the US phanpoaia (USP <790>).

[000949] The accelerated stability results (obtained wififiedent compositions) are presented in
Tables 18a and 18b below.

Composition Co-polyamino acid Stability at 30 °Gdanstatic conditions (in
week)
CB5 - *
CB5f BB14 >9

Table 18a: Results of the stabilities of the contp®s of co-polyamino acid/insulin glargine
(225 U/mL)/insulin lispro (75 IU/mL) at 30 °C undetatic conditions. (*Appearance of a
precipitate when the pH of the solution is adjustegH 7).
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Composition Co-polyamino acid Stability at 30 °Qlanstatic conditions (in
week)
CB3 - *
CB3j BB7 >12
CB3o BB15 >9

Table 18b: Results of the stabilities of the conipmss of co-polyamino acid/insulin glargine
(200 U/mL)/insulin lispro (66 IU/mL) at 30 °C undestatic conditions. (*Appearance of a
precipitate when the pH of the solution is adjustegH 7).

V. Examples of compositions according to the invention

Example H4: Preparation of compositions of co-paliye acid, of insulin glargine at 200 U/mL
and of insulin lispro at 66 U/mL at pH 7.1

[000950] Examples of the compositions of insulin glargine2@® U/mL, of insulin lispro at 66
U/mL and of co-polyamino acids are described inriple CB3 and presented in Table 4a.

Example H5: Preparation of compositions of co-poliye acid, of insulin glargine at 150 U/mL,
of insulin lispro at 50 U/mL at pH 7.1
[000951] In a manner similar to Example H4, compositionsnsilin glargine at 150 U/mL, of

insulin lispro at 50 U/mL and of co-polyamino aeie prepared. They are presented in Table 19:

Composition Insulin Insulin Co-polyamino acid Concentration of co-polyamino
glargine lispro acid (mg/mL)
(U/mL) (U/mL)
H5a 150 50 ABG6 5.25
H5c 150 50 AB21 4.5
H5f 150 50 BB3 5.25
H5g 150 50 BB5 6.75
H5i 150 50 AB18 4.5
H5j 150 50 BB7 5.25
H5m 150 50 BB10 4.5
H5n 150 50 BB11 4.5
H50 150 50 BB15 4.5
H5p 150 50 BB16 4.5
H5r 150 50 AB17 4.5

Table 19: Compositions of co-polyamino acid/insujjlargine (150 U/mL)/insulin lispro (50
U/mL).
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Example H6: Preparation of compositions of co-puolye acid and of insulin glargine at 300
U/mL, of insulin lispro at 100 U/mL and at pH 7.1

[000952] In a manner similar to Example H4, compositionsnsilin glargine at 300 U/mL, of

insulin lispro at 100 U/mL and of co-polyamino aeie: prepared. They are presented in Table 20.

Composition Insulin Insulin Co-polyamino acid Concentration of co-polyamino
glargine lispro acid (mg/mL)
(U/mL) (U/mL)
H6a 300 100 ABG6 10.5
Hé6c 300 100 AB21 9
H65f 300 100 BB3 10.5
H6g 300 100 BB5 13.5
H6i 300 100 AB18 9
H6j 300 100 BB7 10.5
H6m 300 100 BB10 9
H6n 300 100 BB11 9
H60 300 100 BB15 9
H6p 300 100 BB16 9
H6r 300 100 AB17 9
H6s 300 100 CEB2 9
H6t 300 100 CEB3 10.5

Table 20: Co-polyamino acid/insulin glargine (300/ml)/insulin lispro (100 U/mL)

compositions.

Example H7: Preparation of compositions of co-poiya acid and of dulaglutide at 1 mg/mL at
pH 7.1.

[000953] In a manner similar to Example DB3, compositiongnsilin glargine at 200 U/mL, of
dulaglutide at 1 mg/mL and of co-polyamino acid airepared. They are presented in Table 21.
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Compositiot Cc-polyamino Insulin Dulaglutide Cao-polyamino aci (mg/mL)
acid glargine (mg/mL)
(U/mL)
DB1 - 50 0.25 -
DB2 - 50 0.25 -
DB3a ABG6 200 1 7
DB3b AB17 200 1 6
DB3c BB7 200 1 7
DB3d BB5 200 1 9
DB3e BB10 200 1 6
DB3f BB14 200 1 9
DB3g BB15 200 1 6

Table 21: Compositions of co-polyamino acid andwfglutide at 1 mg/mL at pH 7.1

Example H8: Preparation of compositions of co-poiye acid, of insulin glargine at 150 U/mL,
5 and of dulaglutide at 0.75 mg/mL at pH 7.1
[000954] In a manner similar to Example H7, compositionsnslin glargine at 150 U/mL, of

dulaglutide at 0.75 mg/mL and of co-polyamino aaid prepared. They are presented in Table

22.

Composition Co-polyamino Insulin Dulaglutide Co-polyamino acid (mg/mL)
acid glargine (mg/mL)
(U/mL)
H8a ABG6 150 0.75 5.25
H8b AB17 150 0.75 4.5
H8c BB7 150 0.75 5.25
H8d BB5 150 0.75 6.75
H8e BB10 150 0.75 4.5
H8f BB14 150 0.75 6.75
H8g BB15 150 0.75 4.5
Table 22: Co-polyamino acid/insulin glargine (150 /mil)/dulaglutide (0.75mg/mL)

compositions.
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Example H9: Preparation of compositions of co-poliye acid, of insulin glargine at 300 U/mL,
and of dulaglutide at 1.5 mg/mL at pH 7.1

[000955] In a manner similar to Example H7, compositionsnsilin glargine at 300 U/mL, of
dulaglutide at 1.5 mg/mL and of co-polyamino adiel prepared. They are presented in Table 23.

Composition Co-polyamino Insulin Dulaglutide (mg/mL) Co-polyamino acid
acid glargine (mg/mL)
(U/mL)

H8a AB6 300 15 10.5

H8b AB17 300 15 9

H8c BB7 300 15 10.5

H8d BB5 300 15 135

H8e BB10 300 15 9

H8f BB14 300 15 135

H8g BB15 300 15 9

Table 23: Compositions of co-polyamino acid/insufijtargine (300 U/mL)/dulaglutide (1.5
mg/mL).

Part F: Pharmacokinetic and pharmacodynamic studiesn dogs

Example F1: Pharmacokinetic and pharmacodynamdystudogs of the co-polyamino acid BB7
(7 mg/mL)/insulin glargine (200 U/mL)/insulin lisp(66 U/mL) composition

[000956] Studies in dogs were carried out for the purposevafuating the pharmacokinetics and
the pharmacodynamics of an insulin solution comjosi

[000957] The pharmacokinetic profiles and the hypoglycenifects of this composition were
compared to those of simultaneous but separatetimjes of insulin glargine (Lantfy (pH 4)
(Example C4) and a prandial insulin lispro (Hum&JogExample C1) in the proportions of 75%
of insulin glargine (Lantf§/25% of insulin lispro (Humaldy).

[000958] Ten animals that had fasted for approximately 18r&ioeceived injections in the neck
above the interscapular region at the dose of QW& Wsing a Junior Star pen. In the hour
preceding the insulin injection(s), 2 blood sampdes drawn in order to determine the basal
glucose and insulin levels. Blood samples are tbeswn during the 20 h following the
injection(s). The glycemia is determined by meafisaoglucometer. The insulin levels are
determined by an ELISA test.
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[000959] The mean pharmacokinetic curves of insulin expksseleviation from the basal level
are presented in Figure 1.

[000960] The mean pharmacodynamic curves of glucose exmiesspercentage of the basal
level are represented in Figure 2.

[000961] The pharmacokinetic results obtained with the sdparand simultaneous
administrations of insulin lispro (Humal®gand insulin glargine (Lantfisin comparison to those
obtained with the composition described in Exan@BSj are presented in Figure 1. The profiles
are biphasic. The first phase corresponds to arlimpeak which appears very rapidly after the
injection, in the 30 minutes after the injectiomelpeak extends up to approximately 3 h after the
administration. The second phase is observedartssapproximately 3 h after the administration
and ends at the end of the profile and corresptmedgrolonged absorption of insulin leading to a
flat profile. This second phase is the basal portid the insulin profile while the first phase
corresponds to the prandial portion thereof. Thesephases are characteristic of a simultaneous
injection of prandial insulin and basal insulin,dathey are indeed reproduced with the
composition of the invention presented in ExampBSjC

[000962] The pharmacodynamic results obtained with the séparand simultaneous
administrations of insulin lispro (Humal8gand insulin glargine (Lantfisin comparison to those
obtained with the composition described in Exam@B3j are presented in Figure 2. The
hypoglycemic activity of the composition describadExample CB3j is biphasic. The first rapid
phase is defined by a pronounced decrease of glgctemapproximately 60 minutes, which is
characteristic of the rapid effect of insulin liepiThis first phase is also visible with the double
Lantu$/Humalod injection, indicating that the composition accaglito the invention does not
modify the rapid character of HumafocAfter approximately 60 minutes, the glycemia sis@ to

3 hours, before a second slower phase charactdrizedless pronounced hypoglycemic activity
lasting up to 18-20 hours post injection. This basscond phase is characteristic of the basal
effect of insulin glargine, also visible with theuble injection, indicating that the effect is iede

maintained with the composition according to theeimtion described in Example CB3j.

Example F2: The pharmacokinetic and pharmacodynataity in dogs of the co-polyamino acid
BB15 (6 mg/mL)/insulin glargine (200 U/mL)/insullispro (66 U/mL) composition.

[000963] The pharmacokinetic profiles and the hypoglycenifects of this composition were
compared with those of simultaneous but separgetions of insulin glargine (Lanttis (pH 4)
(Example C4) and a prandial insulin lispro (Hung&)o(Example C1) in the proportions of 75%
of insulin glargine (Lantf§/25% of insulin lispro (Humaldy).

[000964] Ten animals that had fasted for approximately 18rsioeceived injections in the neck

above the interscapular region at the dose of Jl&y Wsing a Junior Star pen. In the hour
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preceding the injection(s) of insulin, 2 blood s#&spare drawn in order to determine the basal
glucose and insulin levels. Blood samples are tHesmwn during the 20 h following the
injection(s). The glycemia is determined by meamsaoglucometer. The insulin levels are
determined by an ELISA test.

[000965] The mean pharmacokinetic curves of insulin, exmeds deviation from the basal
level, are presented in Figure 3.

[000966] The mean pharmacodynamic curves of glucose, exguasspercentage of the basal
level, are represented in Figure 4.

[000967] The pharmacokinetic results obtained with the siamdous administrations of insulin
lispro (Humalo@) and insulin glargine (Lantfisin comparison with the composition described in
Example CB3o are presented in Figure 3. The poéile biphasic. The first phase corresponds to
an insulin peak which appears very rapidly afteritijection, in the 30 minutes after the injection.
The peak extends up to approximately 3 h aftemthministration. The second phase is observed,
it starts approximately 3 h after the administnatiand ends at the end of the profile and
corresponds to a prolonged absorption of insubwlileg to a flat profile. This second phase is the
basal portion of the insulin profile while the fiyghase corresponds to the prandial phase thereof.
These two phases are characteristic of a simultenégection of prandial insulin and basal
insulin, and they are indeed reproduced with thewgasition of the invention presented in
Example CB3o.

[000968] The pharmacodynamic results obtained with the s#parand simultaneous
administrations of insulin lispro (Humal8gand insulin glargine (Lantfisin comparison to those
obtained with the composition described in Exam@PB30 are presented in Figure 4. The
hypoglycemic activity of the composition describiedExample CB3o is biphasic. The first rapid
phase is defined by a pronounced decrease of glgctemapproximately 60 minutes, which is
characteristic of the rapid effect of insulin liepiThis first phase is also visible with the double
insulin glargine (Lant§/insulin lispro (Humalo§) injection, indicating that the composition
according to the invention does not modify the daghiaracter of the insulin lispro (Humafdg
After approximately 60 minutes, the glycemia risgsto 3 hours, before a second slower phase
characterized by a less pronounced hypoglycemiwitgcivhich lasts up to 18-20 hours post
injection. This second basal phase is characterddtithe basal effect of insulin glargine, also
visible with the double injection, indicating th#tte effect is indeed maintained with the
composition according to the invention describebample CB3o.

Example F3: Pharmacokinetic and pharmacodynamidysiii dogs of the co-polyamino acid

BB15 (5 mg/mL)/insulin glargine (200 U/mL)/insullispro (66 U/mL)/exenatide composition.
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[000969] Studies in dogs were carried out for the purposevafuating the pharmacokinetics and
the pharmacodynamics of the insulin and after adhtnation of compositions of co-polyamino
acid and insulins (composition CB2a) and of co-polino acid, insulins and exenatide
(composition CB2c).

[000970] The hypoglycemic effects and the pharmacokinetiofilps of the insulins of the
composition CB2c were compared with those of thepasition CB2a of identical composition
but without exenatide.

[000971] Ten animals that had fasted for approximately 18rsiveceived injections in the neck
above the interscapular region, at the dose of 0/&@ of insulin for composition CB2a, and of
0.67 U/kg of insulin and 0.125 pg/kg of exenatide domposition CB2c. Under these conditions
of administration widely spaced from the meal ti@rmacodynamic effect can be attributed to
the insulins alone. In the hour preceding the tigpe¢ a blood sample is drawn in order to
determine the basal insulin level, and 3 samplescatlected in order to determine the basal
glucose level. Blood samples are then drawn dutieg23 h after the administration in order to
describe the pharmacokinetics of the insulins. dligeemia is determined for 24 h by means of a
glucometer. The insulin levels are determined biEBIBA test.

[000972] The mean pharmacokinetic curves of the insulinyesged in deviation from the basal
level, are presented in Figure 5.

[000973] The mean pharmacodynamic curves of the glucoseress@d in percentage of
deviation of the basal level, are representedguéi 6.

[000974] The insulin pharmacokinetic results obtained afteradministration of the composition
without exenatide (composition CB2a) in comparismithose of the composition with exenatide
(composition CB2c) are presented in Figure 5. Thefilps are biphasic. The first phase
corresponds to an insulin peak which appears \agigdly after injection, in the 30 to 45 minutes
after the injection. The peak extends up to appnakely 3 h after the administration. The second
phase is observed approximately 3 h after the adtration until the end of the profile and
corresponds to a prolonged absorption of insubwlileg to a flat profile. This second phase is the
basal portion of the insulin profile while the figgart corresponds to the prandial portion thereof.
These two phases are characteristic of separatsimuitaneous injections of prandial insulin and
basal insulin. The profiles are similar for the twompositions, which demonstrates that the
presence of exenatide does not modify the kinefitke insulins of composition CB2c.

[000975] The pharmacodynamic results obtained with the adtnétion of the compositions
CB2a and composition CB2c are presented in Figurdh& hypoglycemic activity of the
compositions is biphasic. The first rapid phasddained by a pronounced decrease of glycemia
for approximately 60 minutes, which is characterisif the rapid effect of insulin lispro. After

approximately 60 minutes, the glycemia rises up tmurs, before a second slower phase which is
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characterized by a less pronounced hypoglycemiwigctvhich lasts up to 18-24 hours post
injection. This second basal phase is characterigtithe basal effect of insulin glargine. The
profile is similar for the two compositions (CB2adaCB2c), indicating that the presence of

exenatide does not modify the bioactivity of thenposition CB2c.

Example F4: Pharmacodynamic study in dogs of tmeposition of co-polyamino acid BB15 (5
mg/mL)/insulin glargine (200 U/mL)/insulin lispré§ U/mL)/exenatide

[000976] Studies in dogs were carried out for the purposevafuating the pharmacodynamics of
a liquid co-formulation of insulins and exenatiderfiposition CB2c).

[000977] The hypoglycemic effects of composition CB2c wesepared to those of separate and
simultaneous injections of insulin glargine (LaffugpH 4), insulin lispro (Humalog®) in the
presence of exenatide (Byetta®).

[000978] Ten animals that had fasted for 3 hours receivgeciions in the neck above the
interscapular region at the dose of 1 U/kg of imsaind 0.19 pg/kg of exenatide. Under these
conditions of administration immediately after a aiethe pharmacodynamic effect can be
attributed to the insulins and to exenatide. In ber preceding the injection, 3 blood samples
were collected in order to determine the basalagfadevel. Blood samples are then collected
during the 6 h after the administration. The glyizeia determined by means of a glucometer.
[000979] The mean pharmacodynamic curves of glucose, exguiessin percentage of deviation
from the basal level, are represented in Figure 7.

[000980] The pharmacodynamic results obtained after the ridtration of composition CB2c in
comparison to those obtained after the separatsiamdtaneous administrations of insulin lispro
(Humalog®), insulin glargine (Lantus®) and exenat{@yetta®) (referred to as triple injection)
are presented in Figure 7. The hypoglycemic agtioftcomposition CB2c is biphasic. The first
rapid phase is defined by a pronounced decreaglya#mia for approximately 60 minutes, which
is characteristic of the rapid effect of exenatahel of insulin lispro (Humalog®), as one can see
in the profile of the triple injection. After appdonately 60 minutes, the glycemia rises up to 3
hours, before a second slower phase characterizaddss pronounced hypoglycemic activity up
to 6 hours post injection. This second basal piaskaracteristic of the basal effect of the irmsuli
glargine, and is observed similarly on the prodifehe triple injection and of composition CB2c.
These results show that the effects of exenatidk aininsulins are indeed maintained with
composition CB2c.
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CLAIMS
1. A composition in the form of an injectable aquesahkition, the pH of which is from 6.0
to 8.0, comprising at least:
a) one basal insulin the isoelectric point (plwfich is from 5.8 to 8.5, and
b) a prandial insulin and/or a gastrointestinahtne, and
C) a co-polyamino acid bearing carboxylate chaegeshydrophobic radicals Hy,

said co-polyamino acid consisting of glutamic quaatic units, and said hydrophobic radicals Hy

being radicals of the following formula I:

“{GpR HGpA);{ GpC)
r p

Formula |

in which

- GpR is a radical of formula Il or II':

H H H
*—N—R—=N—"Jior *—“—R—N—* I,

- GpA is a radical of formula 11l or III';

- GpC is a radical of formula 1V:

0 0
N c
* N B~ X
bo
d

- Hy comprises more than 30 carbon atoms,

Vv,

- the * indicate the sites of attachment of tHéedent groups bound by amide
functions;
- a is a whole number equal to O or 1;
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b is a whole number equal to O or 1;
p is a whole number equal to 1 or 2, and
if pis equal to 1, then a is equal to 0 or 1 apdA@ a radical of formula 1lI', and

if p is equal to 2, then a is equal to 1 and GpA is a radical of formula lll;

c is a whole number equal to 0 or 1, and, & equal to 0, then d is equal to 1 or 2;
d is a whole number equal to 0, to 1 or 2;
r is a whole number equal to O or 1, and
if r is equal to 0, then the hydrophobic radicafanula | is bound to the co-
polyamino acid via a covalent bond between a cajbafithe hydrophobic radical
and a nitrogen atom in N-terminal position of tleepolyamino acid, thus forming
an amide function, and
if r is equal to 1, then the hydrophobic radicafanula | is bound to the co-
polyamino acid:
= via a covalent bond between a nitrogen atom ohjftgophobic radical
and a carbonyl of the co-polyamino acid, thus foigran amide function,
or
= via a covalent bond between a carbonyl of the hyldobic radical and a
nitrogen atom in N-terminal position of the co-partyino acid, thus
forming an amide function;

R is a radical selected from the group congjstiin

a linear or branched divalent alkyl radical comipgsif GpR is a radical of
formula Il, from 2 to 12 carbon atoms, or, if GpRai radical of formula I, from 1
to 11 carbon atoms;

a linear or branched divalent alkyl radical comipdsif GpR is a radical of
formula Il, from 2 to 11 carbon atoms, or, if GpRai radical of formula II', from 1
to 11 carbon atoms, said alkyl radical bearinga@mnmore -CONH2 functions, and
an un-substituted ether or polyether radical cosimpgifrom 4 to 14 carbon atoms

and from 1 to 5 oxygen atoms;

A'is a linear or branched alkyl radical comprisfrom 1 to 6 carbon atoms;

B is a linear or branched alkyl radical, optibnaomprising an aromatic ring,

comprising from 1 to 9 carbon atoms;

C is a linear or branched monovalent alkyl radicalyhich x indicates the

number of carbon atoms, and:

if pis equal to 1, x is from 11 to 25 (¥Ix < 25);
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o ifpisequalto 2, xisfrom9 to 15 Ox < 15),

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

- when several hydrophobic radicals are borne ég+aolyamino acid, then they are
identical or different,

- the degree of polymerization DP in glutamic gpaxtic units is from 5 to 250;

- the free acid functions being in the form ofl ef an alkaline cation selected

from the group consisting of Nand K.
2. The composition according to Claim 1, characteriretthat said hydrophobic radicals are

selected from the hydrophobic radicals of formula Which p = 1, represented by the following

formula V:
*—+GpR +1+GpA+—GpC
feeR ee) -
formula V
GpR, GpA, GpC, r and a have the definitions gigbave.
3. The composition according to Claim 1, characterieeithat said hydrophobic radicals are

selected from the hydrophobic radicals of formula Which a = 1 and p = 2, represented by the

following formula VI:

*—<GpR >r~GpA—< GpC)2

Formula VI
in which
GpR, GpA, GpC, r and a have the definitions giabave.
4, The composition according to any one of the prewpdiaims, characterized in that the

co-polyamino acid bearing carboxylate charges amttdphobic radicals is selected from the co-

polyamino acids of the following formula VII:
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formula VII

in which,

° D represents, independently, either a ;Gdioup (aspartic unit) or a -GHCH,-
group (glutamic unit),

° Hy is a hydrophobic radical selected from the bythobic radicals of formula I, V
or VI, in which r = 1 and GpR is a radical of Foraii,

. R, is a hydrophobic radical selected from the hydatptradicals of formula I, V
orVIinwhichr=0o0rr=1 and GpR is a radicilFormula II', or a radical selected from the
group consisting of H, a C2 to C10 linear acyl groai C4 to C10 branched acyl group, benzyl, a
terminal "amino acid" unit and a pyroglutamate,

. R is a hydrophobic radical selected from the hydatptradicals of formula I, V
or VI in which r =1 and GpR is a radical of For@mul, or an -NR'R" radical, R' and R" which are
identical or different being selected from the graonsisting of H, the C2 to C10 linear or
branched or cyclic alkyls, benzyl, and said alkyhRd R" together optionally forming one or more
saturated, unsaturated and/or aromatic carbon andr optionally comprising heteroatoms
selected from the group consisting of O, N and S;

. X represents a cationic entity selected from tloeig comprising the alkaline
cations;

° n + m represents the degree of polymerization DReoco-polyamino acid, that is

to say the average number of monomer units pelob@mino acid chain, andsn + m< 250.

5. The composition according to the preceding claihgracterized in that co-polyamino
acid bearing carboxylate charges and hydropholacges is selected from the co-polyamino acids

of formula VII, in which R = R} and R = R, of the following formula Vlla:
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Formula Vlla

in which
5 - m, n, X, D and Hy have the definitions given\ago
- R} is a radical selected from the group consistingl,oh C2 to C10 linear acyl
group, a C4 to C10 branched acyl group, benzyrrainal "amino acid" unit and a pyroglutamate,
- R is a -NR'R" radical, R' and R" which are identicalifferent being selected
from the group consisting of H, the C2 to C10 Imeabranched or cyclic alkyls, benzyl, and said
10 alkyl R'and R" together optionally forming onemore saturated, unsaturated and/or aromatic

carbon rings and/or optionally comprising heteromelected from the group consisting of O, N

and S.

6. The composition according to Claim 4, characteriredthat the co-polyamino acid
15 bearing carboxylate charges and hydrophobic reglicaselected from the co-polyamino acids of
formula VII, in which n = 0, of the following forma VIib:
O

OX
D
R1T )ﬁd/Rz
N
H
m
(0]

in which m, X, D, R and R have the definitions given above, and at leastRi@ R is a

Formula VIib

20  hydrophobic radical of formula I, V or VI.
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7. The composition according to Claim 6, characterisedthat the co-polyamino acid
bearing carboxylate charges and hydrophobic ralisatelected from the co-polyamino acids of
formula VII, in which n = 0, of formula Vb, and;Pr R, is a hydrophobic radical of formula |, V
or VI

8. The composition according to Claim 6, characterisedhat the co-polyamino acid
bearing carboxylate charges and hydrophobic ralisatelected from the co-polyamino acids of
formula VIib, in which R is a hydrophobic radical of formula I, V or VI, which r = 1 and GpR
is of formula Il.

9. The composition according to any one of Claims 8taharacterized in that;Rs a
radical selected from the group consisting of,adCy, linear acyl group, a £to G branched
acyl group, benzyl, a terminal "amino acid" unidanpyroglutamate.

10. The composition according to the preceding claiharacterized in that ;Rs a radical
selected from the group consisting of at€@ Cy linear acyl group or a £xo G, branched acyl
group.

11. The composition according to any one of Claims 4@ characterized in that the co-
polyamino acid bearing carboxylate charges and dpfarbic radicals is selected from the co-
polyamino acids of formula VII, Vlla or Vb, in wbh the co-polyamino acid is selected from the
co-polyamino acids in which group D is a —&£igroup (aspartic unit).

12. The composition according to any one of Claims 4.@p characterized in that the co-
polyamino acid bearing carboxylate charges and dpfibsbic radicals is selected from the co-
polyamino acids of formula VII, Vlla or Vb, in wbh the co-polyamino acid is selected from the
co-polyamino acids in which group D is a —€H,- group (glutamic unit).

13. The composition according to any one of the prawpdiaims, characterized in that the

basal insulin of which the isoelectric point isrfr®.8 to 8.5 is insulin glargine.

14, The composition according to any one of the pregpdiaims, characterized in that it
comprises from 40 to 500 U/mL of basal insulin dfieh the isoelectric point is from 5.8 to 8.5.

15. The composition according to any one of the prewpdiaims, characterized in that the
concentration of co-polyamino acid bearing carbate/lcharges and hydrophobic radicals is at
most 60 mg/mL.

16. The composition according to any one of the prewpdiaims, characterized in that the
concentration of co-polyamino acid bearing carbate/icharges and hydrophobic radicals is at
most 40 mg/mL.

17. The composition according to any one of the prewgdiaims, characterized in that the
concentration of co-polyamino acid bearing carbateylcharges and hydrophobic radicals is at

most 20 mg/mL.
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18. The composition according to any one of the prewpdiaims, characterized in that the
concentration of co-polyamino acid bearing carbate/icharges and hydrophobic radicals is at
most 10 mg/mL.

19. A composition in the form of an injectable aquesahition, the pH of which is from 6.0

to 8.0, comprising at least

a) one basal insulin the isoelectric point (plwfich is from 5.8 to 8.5, and
b) a prandial insulin, and
C) a co-polyamino acid bearing carboxylate chaegekat least one hydrophobic

radical of formula I.
20. The composition according to the preceding claitmracterized in that the prandial
insulin is human insulin.
21. The composition according to either of Claims 19 &0, characterized in that it
comprises in total from 40 to 500 U/mL of insulintva combination of prandial insulin and of
basal insulin of which the isoelectric point isrfr®.8 to 8.5.
22. The composition according to any one of Claims 49221, characterized in that the
proportions between the basal insulin of which ieelectric point is from 5.8 to 8.5 and the
prandial insulin are, expressed in percentage,525@/70, 40/60, 50/50, 60/40, 70/30, 80/20 or
90/10.
23. A composition in the form of an injectable aquesahkition, the pH of which is from 6.0
to 8.0, comprising at least:

a) one basal insulin the isoelectric point (pIfich is from 5.8 to 8.5, and

b) a gastrointestinal hormone, and

c) aco-polyamino acid bearing carboxylate chaegesat least one hydrophobic

radical of formula I.
24, A composition in the form of an injectable aquesahition, the pH of which is from 6.0
to 8.0, comprising at least:

a) one basal insulin the isoelectric point (pIfich is from 5.8 to 8.5, and

b) a prandial insulin and a gastrointestinal hareyand

c) aco-polyamino acid bearing carboxylate chaegesat least one hydrophobic

radical of formula I.
25. The composition according to the preceding clainmaracterized in that the
gastrointestinal hormone is selected from the gragmsisting of exenatide, liraglutide,
lixisenatide, albiglutide and dulaglutide, the ags or derivatives thereof, and the

pharmaceutically acceptable salts thereof.
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26. The composition according to any one of Claims @34, characterized in that the
gastrointestinal hormone is dulaglutide, the armlogr derivatives thereof, and the
pharmaceutically acceptable salts thereof.

27. The composition according to any one of Claims @34, characterized in that the
gastrointestinal hormone is exenatide, the anadogierivatives thereof, and the pharmaceutically
acceptable salts thereof.

28. The composition according to any one of Claims @34, characterized in that the
gastrointestinal hormone is liraglutide, the analogderivatives thereof, and the pharmaceutically
acceptable salts thereof.

29. The composition according to any one of Claims @34, characterized in that the
gastrointestinal hormone is lixisenatide, the agsloor derivatives thereof, and the
pharmaceutically acceptable salts thereof.

30. The composition according to any one of Claims @38, characterized in that the
concentration of gastrointestinal hormone is witliminterval of 0.01 to 10 mg/mL.

31. The composition according to either Claim 24 or @@aracterized in that it comprises
from 40 U/mL to 500 U/mL of basal insulin of whithe isoelectric point is from 5.8 to 8.5, and
from 0.05 to 0.5 mg/mL of exenatide.

32. The composition according to either Claim 24 or &Taracterized in that it comprises
from 40 U/mL to 500 U/mL of basal insulin of whithe isoelectric point is from 5.8 to 8.5, and
from 1 to 10 mg/mL of liraglutide.

33. The composition according to either Claim 24 or @8aracterized in that it comprises
from 40 U/mL to 500 U/mL of basal insulin of whithe isoelectric point is from 5.8 to 8.5, and
from 0.01 to 1 mg/mL of lixisenatide.

34. A single-dose formulation at a pH from 7 to 7.8mgwising a basal insulin of which the
isoelectric point is from 5.8 to 8.5, and a prahitisulin.

35. A single-dose formulation at a pH from 7 to 7.8mqwising a basal insulin of which the
isoelectric point is from 5.8 to 8.5, and a gasti@stinal hormone.

36. A single-dose formulation at a pH from 7 to 7.8mqising a basal insulin of which the

isoelectric point from 5.8 to 8.5, a prandial insulnd a gastrointestinal hormone.



