Novel method for purifying polyesters

The present invention relates to a new procesgudfication of polyesters containing
impurities. The present invention also relates t@a polyester preparation process.

Nowadays, increasing attention is paid to synthpttymers for the development of
artificial organs and drug formulatiorClem. Eng. News 2001, 79 (6), 30]. The
polymers concerned must meet a number of criterdy & particular, they must be
biocompatible. Biodegradability is an additionalvadtage if the polymer has to be
eliminated after an appropriate period of implaotatin an organism. In this regard,
polyesters, and particularly copolymers based oticland glycolic acid (PLGA) are of
very great interest because they are susceptibdigdmlysis and are degradedvivo
with release of non-toxic by-products. The fieldagiplication of PLGA is very wide
(Adv. Mater. 1996, 8, 305 andChemosphere 2001, 43, 49). In the surgical field, they are
used for synthesis of multi-strand threads, sufureglants, prostheses, etc. In
pharmacology, they allow the encapsulation, thaestiex and the controlled release of
active principles.

Generally, however, the stability of these polyestaay be impaired by the presence of
impurities, particularly residual monomer. Thesgumties result from the process of
synthesis of these polyesters.

More particularly, the stability of polymers for dieal applications is essential in order
to limit as far as possible the premature degradatif the system and the harmful
effects which may result from this.

In particular, it is known that the presence ofdeal lactide in a PLA (or a PLGA) has
a direct influence on the properties of the polymer

This can have an impact on:
- the mechanical properties of the polymer, paldidy reduction of elasticity;

- use. At the end of the synthesis of the polymgenerally carried out at high
temperature, the residual lactide may be sublimdtethg extrusion and contaminate
the industrial tool;

- the stability of the polymer. In the presencenamidity, lactide is easily hydrolysed
and the lactic acid generated, due to the localaah of the PH, self-catalyses the
decomposition of the PLA;



- the formation of new by-products in formulatiofifie lactide can react with functions
of the active principle presenting nucleophilic dtians (particularly primary amine
functions) to form the corresponding lactyl-lactate

This effect is also observed in other polyestechsas, for example, polycaprolactone.

The preparation of PLAs by standard industrial psses (high temperature, without
solvent and in the presence of tin salts) is irht accompanied by a residual lactide
level of approximately 2 to 5 %. The polymerisatr@action of the lactide is balanced
and it is therefore impossible to consume all efrtionomer.

Several techniques are known for reducing the vasihctide level of PLAs with high
molecular weights. Patent application US5496923p@ses to subject the molten
polymer to reduced pressure. The residual lactidgiminated by sublimation.

In patent application EP 2 221 333, the molten pely is swept by a dry gaseous
stream which drives the residual lactide out ofréeector.

However, these two techniques present the drawhzcketaining the catalyst
(neutralised or not) in the final polymer.

The polymerisation catalyst can also catalyse depetisation, and therefore the
formation of lactide.

In patent application US 2011021742, the polymesdld state, divided into grains, is
placed in contact with a solvent (particulaidgpropanol), causing total consumption of
the lactide. Furthermore, the addition of lacticdaalso enables elimination of the
catalyst.

All of these processes lead to PLAs with residaelitlie levels higher than 0.2 %.

W02007/088135 discloses a process in which thenpeiyis solubilised in a solvent
(dichloromethane, acetone) and is then re-pretguitdy addition of the solution on a
large volume of non-solvent (methanol, water). Blo&ution containing the lactide is
eliminated. This last method enables residualdadivels below the detection limits (<
0.01 %) to be obtained and is generally used féynpers intended for pharmaceutical
and medical purposes.

However, these methods present several drawbagsles:ofidrastic conditions (high
temperatures and high vacuum) and/or large quesiiti solvents.



The development of a process enabling polyestdarsaMiow level of residual monomer
to be obtained using methods which are “soft” frameconomic and environmental
point of view constitutes a major need.

The problem solved by the present invention isdwetbp an industrialisable process
enabling the residual monomer level in polymerddoareduced to values below 0.1 %
and even below 0.06 %.

The applicant therefore proposes a new polyestefiqgaiion process which enables a
low level of residual monomer(s) to be obtainedlevlait the same time respecting the
original properties of the polymer and proposingremnically and environmentally
advantageous reaction conditions.

The object of the present invention is therefongr@cess for purification of polyester
containing impurities, these impurities containaideast 0.1 % residual monomer(s) by
weight of polyester. The present invention compriseleast the step of:

(i)  adding to the polyester in a solvent a functiised material chosen from
a PAMAM dendrimer and a resin functionalised by rampry and/or
secondary amine function or functions

The term “polyester” refers to a polymer of whidHesast one pattern contains an ester
function. For example, it refers to polycaprolaasiiPCL), lactic acid polymers (PLA),
lactic and glycolic acid polymers (PLGA) and glyicahcid polymers (PGA).

The term “solvent” refers to any appropriate sotvenmixture of solvents. Preferably,
the solvent or mixture of solvents is such thatgbé/ester is soluble in it. Preferably,
the solvent is chosen from halogenated solventsnks (such as acetone, methyl ethyl
ketone (MEK), methyl isobutyl ketone (MIBUK)), cyclethers (THF, methyl THF)
and aromatic solvents. For example, the solventhigsen from dichloromethane,
dichloroethane, chloroform and toluene. Preferatblg,solvent is dichloromethane.

The term “impurities” refers in particular to anyppurity resulting from the polyester
synthesis process, for example a catalyst or a menaevhich has not been consumed
by the reaction.

For example, it refers to a polyester containinggast 0.1 to 1.0 % impurities by total
weight of polyester and preferably 0.2 to 0.5 % umies by total weight of polyester.



The term “resin” refers to any chemically stablathgtic or natural resin which can
serve as a support for the spacer and/or the fum(sli grafted in the present invention.
For example, the resin may be a polystyrene resipplystyrene-divinyl benzene.

The term “functionalised resin” refers to a resmwhich one or more functions are
grafted, directly or via a spacer. The term “spacefers, for example, to a linear or
branched ¢to G5 alkyl chain, or an aralkyl chain, for example aich

-CH2—®—CH2-

Preferably, the spacer is a linear or branchedoGCis alkyl chain. It also refers to a
linear or branched {Cto Cis alkyl chain, or an aralkyl chain, in which one raore
carbon atoms may be replaced by a nitrogen atom.

The term “aralkyl” refers to an aryl-alkyl chain an alkyl-aryl-alkyl chain.

The term “aryl” refers in particular to a phenytieal. The term “alkyl” refers here in
particular to a linear or branched © G5 alkyl chain, for example a methyl radical or
an ethyl radical.

The term “primary amine” refers to an amine funeatio which the nitrogen atom is
bonded to two hydrogen atoms. The term “secondamnel refers to an amine
function in which the nitrogen atom is bonded wirggle hydrogen atom.

The term “PAMAM dendrimer” refers to a polyamide-{am dendrimer comprising
primary amine functions on the surface and of aegaion such that it is insoluble in
the solvent in question.

Preferably, the functionalised material used irp qi@ is a resin functionalised by a
primary and/or secondary amine function or function

Preferably, the process also comprises the steps of
(i) eliminating the functionalised material;
(iv) eliminating the solvent.

Step (iii) can be carried out by any known separatmethod appropriate for
eliminating a material according to the inventidtreferably, the elimination of the
material is carried out by filtration.



Step (iv) can be carried out by any known sepamnatiethod appropriate for eliminating
the solvent used. For example, the solvent is ehieid by vacuum evaporation.

Preferably, the invention is used for the purificat of polyesters chosen from a
polycaprolactone (PCL), a lactic acid polymer (PLA)actic and glycolic acid polymer
(PLGA) and a glycolic acid polymer (PGA).

Preferably, the polyester is a lactic acid polyifidtA) or a lactic acid and glycolic acid
polymer (PLGA).

More preferably, the polyester is a polymer withmass between 500 and 50,000
Daltons, more particularly between 1,000 and 2008lons.

Even more preferably, the polyester is a PLA.

Preferably, the functionalised material is a re&inctionalised by a primary amine
function or functions.

Preferably, the functionalised resin used in sti¢fpés the formula (1)
S-L (D
in which L is a linear or branched @ C;5 alkyl chain,

in which one or more carbon atoms are replaced hitragen atom, given that two
successive carbon atoms cannot both be replacadisogen atom, and

given that at least one terminal carbon atom ikaceal by a nitrogen atom,
and S is an appropriate support.

It is understood that the valency of the atome$pected. For example, a -(&§Hgroup,

CH
a N group or a —(Ck) group of the alkyl chain may be replaced by aH){\or
\ or -(NH) group respectively.

In all cases, it is understood that the point ¢dctment of L to the support S is a
carbon atom.

It is also understood that two successive carbomstcannot both be replaced by a
nitrogen atom.



Preferably, one to four carbon atoms are replaged hitrogen atom. Preferably, one
carbon atom is replaced by a nitrogen atom. Altéraly, two carbon atoms are each
replaced by a nitrogen atom. Alternatively, threebon atoms are each replaced by a
nitrogen atom. Alternatively, four carbon atoms @aeh replaced by a nitrogen atom.

The term “successive carbon atoms” refers to twbara atoms bonded directly by a
covalent bond.

The term “terminal carbon atom” refers to a carlatom at the end of the chain. In the
case of the linear alkyl chain —Gi&€H,-CH,-CHs, for example, it refers to the carbon
atom of the CH group. In the case of an alkyl chain -8EH(CH),, for example, it
refers to the two carbon atoms of the{@jfoups.

The term “appropriate support” refers, for exampéea polystyrene or polystyrene-
divinyl benzene support. Preferably, it refers fwodystyrene support.

Preferably, the quantity of functionalised mateadded in (ii) is 2 to 10 equivalents
with respect to the residual monomer, preferably 8 equivalents. Preferably, step (ii)
is followed by a stirring step of 4 to 48 hoursgfgrably 4 to 24 hours, more preferably
15 to 20 hours.

Preferably, step (ii) (together with the preferrstirring step) is carried out at a
temperature between 10 and 50 °C, preferably betvi€éeand 25 °C, preferably at
ambient temperature.

Preferably, the process for purification of polgestcontaining impurities, these
impurities also containing at least 0.1 % resica@tlic catalyst by weight of polyester,
also comprises the step of:

(i) adding a weak base anion exchange resin tpdahgester in a solvent .

The term “residual acidic catalyst” refers, for exyde, to a catalytic system as
described in patent application WO 2004/067602. és@mple, the reaction is carried
out in the presence of a catalyst with the formula

H O—%—R
@)

in which R represents a haloalkyl. The term “hldgla refers to an alkyl radical
substituted by one or more halogen atoms. The a#ldical comprises 1 to 6 carbon



atoms, preferably 1 to 4 carbon atoms. The halagem is chosen from F, ClI, Br and I.
For example, the haloalkyl is;Es or CR;. Preferably, the haloalkyl is GF

The term “weak base anion exchange resin” refeentotype of anion exchange resin
enabling the residual acidic catalyst to be elin@daThe resin is chosen, for example,
from the following commercial resins: Amberlyst® A2 DoweX™ 66, Dowex
Monospher@v' 66, Dowex Monosphere 77, Dowex MaratfbnWBA, Dowex
Marathon WBA-2, Dowex Upcof€ Mono WB-500, Dowex M-43, Dowex M4195,
Amberlite™ FPA51, Amberlite FPA53, Amberlite FPAS5, AmberlittRA67,
Amberlite IRA96, Amberlite IRA96SB, Amberlite PWAAmMberlite PWA8, Amberlite
PWA10, Amberlite CR5550, IMAC HP661 or XUS 43568.Qf¥eferably from the
resins Amberlyst® A21, DowéX 66, Amberlite FPA53, Amberlite FPA55, Amberlite
CR5550 or IMAC HP661.

Preferably, the anion exchange resin is of thaatgrtamine type, i.e. the resin is
functionalised by one or more tertiary amine fumies. These resins enable excellent
maintaining of the properties of the polyester.

The term “tertiary amine” refers to an amine fuastiwhich is not bonded to any
hydrogen atom.

For example, the tertiary amine type anion exchaegm is chosen from Amberlyst®
A21, DowexX™ 66, Amberlite FPA53, Amberlite FPA55, Amberlite 8550 or IMAC
HP661.

For example, the resin is Amberlyst® A21.

Preferably, the resin is prepared before use irordance with the manufacturer’s
recommendations. For example, the resin may beitbomed with the solvent of the
mixture to be treated, for example with the dicbloethane. For example, the resin can
be dried according to any traditionally used drymgthod, for example drying under
vacuum or by washing via a solvent or mixture d¥sots such as an alcohol (methanol,
ethanol, 2-propanol) or a saturated hydrocarboh asdeptane.

Preferably, the anion exchange resin is then eltenh by filtration.
Preferably, step (i) is repeated a second time.

The present invention also concerns a polyestgp@tymerisation process comprising
the steps of:

(a) placing the monomer(s) in contact with an i@atétalyst in a solvent;



(b) treating the obtained polyester accordingap $i) as defined above;
(c) treating the obtained polyester accordingeps (ii) to (iv) as defined above;

Depending on the polyester required, the reactarairied out using a lactide monomer
and a glycolide monomer, a lactide monomer alone;@prolactone monomer, or any
other appropriate monomer. In one embodiment, tbeamer is lactide. In another

embodiment, the reaction is a copolymerisation #oedreaction is carried out using

lactide and glycolide.

Preferably, step (a) is carried out at a tempeeab@tween ambient temperature, i.e.
approximately 25 °C, and the boiling point of thkosen solvent. The reaction

temperature is chosen so as to be below the desitmpotemperature of the formed

polymer. The formed polymers generally have a degummition temperature between

250 and 350 °C, depending on their molar massekample, the reaction temperature
is 0 to 150 °C. Preferably, the temperature is A09® °C. More preferably, the

temperature is 15 to 45 °C, preferably 20 to 30P@. example, the reaction is carried
out at ambient temperature.

The reaction is stopped in step (b) once the reduategree of polymerisation is
obtained. For example, the reaction is stopped whenconsumption of the initial

monomer is 90 to 100 %. Preferably, the reactiostapped when the consumption of
the initial monomer is greater than 94 %.

The conversion rate is monitored using any methamda to one skilled in the art. For
example, the conversion of the initial monomer iatpolymer is monitored by regular
taking of a sample of solution which is concentlatedissolved in CD@land tested by
1H NMR or UPLC.

In the present invention, the polymerisation reacis stopped by addition of the resin
according to step (i).

Preferably, the resin according to step (i) is taiminated by filtration.

Preferably, step (i) is repeated and the anion axgh resin is again eliminated by
filtration.

The filtration process according to the inventican cbe adapted to any polyester
synthesis process presenting the same problensidiied monomer and/or catalyst.

In particular, it can be adapted to the polymermaration processes as described in
patent applications W02012/066194, WO2012/066198062004/067602.



The following experimental part is presented tostrate the above procedures and must
in no case be considered to constitute a limih&sicope of the invention.

EXPERIMENTAL PART

The synthesis of the polymer is carried out in sotu (dichloromethane mixture
(DCM/toluene) in the presence of an initiator andaaidic catalyst). At the end of the
reaction, the catalyst is eliminated by treatmenthe reaction medium with a basic
resin (Amberlyst® 21). A step with a resin contagian amino function is therefore
added. The PLA, free of catalyst and monomer, overed after filtration and
elimination of the reaction solvents under reduysesssure.

Example 1

Three different resins were tested on a batch oA Bf. very low molecular weight
containing 0.41 % residual lactide.

(2-aminoethyl) polystyrene resin (resin 1, 0.84hi20l/g)
N-(2-aminoethyl)-aminoethyl polystyrene resin (regj 3.1-3.5 mmol/g)

Tris-(2-aminoethyl)-amine polystyrene resin (re3jr8.0 mmol/g)

NH NH (\
O/\/ 2 O/\H/\/ 2 O/\N/\\/N\/\NHz
Résin : Résin : Résin :

The PLA samples, in solution in a 7/3 DCM/toluentore, are stirred for 18 hours in
the presence of four resin equivalents with respedhe quantity of residual lactide.
SEC analysis of the treated polymers shows no @anthe average masses. 1H NMR
analysis no longer detects the lactide and confittmas the structural integrity of the
PLA is maintained.

Resin 1 2 3

Lactide level (%) 0.02 0.11 0.08

This purification method was validated on a con®IlPLA synthesis process at the
scale of 40 mmoles (5.76 g of lactide). At the aidthe reaction, the catalyst is
eliminated by two washings with the Amberlyst® Zkin. At this point the residual



10

lactide level is 0.40 %. An additional washing wigssin 1 brings the residual lactide
level down to 0.03 % (quantified by UPLC).

Example 2

One gram of PLA in solution in 10 ml of a 7/3 DCMIliene mixture is stirred at
ambient temperature in an inert atmosphere ford8<in the presence of 50 mg (4.0
equivalents) of resin 3 in example 1.

The resin is eliminated by filtration and the saives eliminated under reduced pressure
to dryness.

The residual lactide in the PLA is quantified bylldR Figure 1 shows the lactide level
as a function of the stirring time.

After 18 hours the lactide level is reduced fro®50% to 0.07 %.

The same experiment is carried out in the preseh6eesin equivalents (75 mg for 1.0
g of PLA). After 18 hours the lactide level is $ltty improved and is reduced to 0.06 %.

Analysis of the samples by SEC shows no changbdmaverage masses of the PLA
after treatment by the resin (18 hours).

Mn (g/mol) Mw (g/mol) IP
Before treatment 990 1170 1.17
4 equiv. 980 1150 1.18
6 equiv. 980 1160 1.18

1H NMR (300 MHz) analysis of the treated PLA samsplees not detect lactide traces
of less than 0.1 M.

The structure of the polymer is not affecting bg thashing with the resin. The 1H
NMR spectrum remains unchanged after the treatment

Example 3
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A 50/50 solution of 850 mg of PLGA containing 1.0 D4 -lactide by weight (Mn =
5680, PDI = 1.72) in a 5/3 DCM/toluene mixture igsred at ambient temperature for
18 hours in the presence of 75 mg (3 equivaleritgin 2.

1H NMR (300 MHz) analysis of the PLGA sample thiesated shows a residual lactide
content of less than 0.1 % (NMR detection limit).

Example 4

The toluene and the dichloromethane are dried oactimated molecular sieve in an
inert atmosphere. The lactide is recrystallisecaiminert atmosphere in the distilled
toluene. The dodecanol is dried under reduced pres$he trifluoromethanesulphonic
acid is distilled under vacuum. The Amberfy&Lresin is vacuum dried in the presence
of P,Os and then stored in an inert atmosphere.

Triflic acid (50 pl, 0.5 mmol) is added to a sotutiof lactide (4.32 g, 30.0 mmol) and
dodecanol (1.86 g, 10.0 mmol) in the dichloromeéhéd ml). The reaction medium is
stirred at ambient temperature for 18 hours.

1.0 g of Amberlyst 21resin is added. The medium is then stirred foodr and then
filtered. 0.5 g of resin is added to the above tsmiu The medium is stirred for 1 hour
and then filtered.

1H MNR: Correct. Detection of residual lactide
SEC Mw = 957 g/mol, IP = 1.18
UPLC Residual lactide level: 0.37 %

The PLA solution free of catalyst is stirred wittb g of PS-A-NH resin (resin 1 in
example 1) for 17 hours. The resin is eliminatedilination and the solvents eliminated
under reduced pressure. The PLA is then vacuund @ti®&0 °C during the night (m =
6.10 g, 98.7 %).

1H NMR: Correct. Lactide not detectable
SEC Mw = 952¢g/mol, IP = 1.18

UPLC Residual lactide level: 0.08 %
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CLAIMS

1. Process for purification of polyester containingpurities, these impurities
containing at least 0.1 % residual monomer(s) bigkteof polyester, comprising at
least the step of:

(i) adding to the polyester in a solvent a functibsed material chosen from a
PAMAM dendrimer and a resin functionalised by ar@ary and/or secondary
amine function or functions

2. Process according to claim 1 additionally compgghe steps of:
(i) eliminating the functionalised material;
(iv) eliminating the solvent.

3. Process according to one of claims 1 or 2, in Wwhie polyester is chosen from a
polycaprolactone (PCL), a lactic acid polymer (PLA)actic and glycolic acid polymer
(PLGA) and a glycolic acid polymer (PGA).

4. Process according to one of claims 1 to 3, in Wwhlee polyester is a lactic acid
polymer (PLA) or a lactic acid and glycolic acidiyoer (PLGA).

5. Process according to one of claims 1 to 4, in Wwhie functionalised material is a
resin, preferably a resin functionalised by a priyremine function or functions.

6. Process according to claim 5, in which the fun@ised resin used in step (ii) has
the formula (1)

S-L 0)

in which L is a linear or branched @ GC;s alkyl chain or an aralkyl chain, in which one
or more carbon atoms are replaced by a nitrogen,ato

given that two successive carbon atoms cannotlmtieplaced by a nitrogen atom, and
given that at least one terminal carbon atom ikacel by a nitrogen atom,
and S is an appropriate support.

7. Process according to claim 6, in which S is a gtghgne or polystyrene-divinyl
benzene support.
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8. Process according to one of claims 1 to 7, in Wwatep (iii) is carried out by
filtration.

9. Process according to one of claims 1 to 8, in iskep (iv) is carried out by drying,
preferably by vacuum evaporation.

10. Process according to one of claims 1 to 9 forfimation of polyester containing
impurities, these impurities additionally contaigiat least 0.1 % residual catalyst by
weight of polyester, additionally comprising thesbf:

(i) adding a weak base anion exchange resin tpdhester in a solvent.
11. Process according to claim 10, in which steps(fepeated a second time.

12. Process according to one of claims 10 or 11, irckvkhe anion exchange resin is
chosen from Amberlyst® A21, Dow&% 66, Amberlite FPA53, Amberlite FPA55,
Amberlite CR5550 or IMAC HP661 resin.

13. Process according to one of claims 10 to 12, iichvkhe anion exchange resin is
then eliminated by filtration.

14. Polyester (co)polymerisation process comprisimgstieps of:
(a) placing the monomer(s) in contact with an i@atétalyst in a solvent;

(b) treating the obtained polyester accordingtép i) as defined in claims 10 to
13;

(c) treating the obtained polyester accordingtéps (ii) to (iv) as defined in claims
1t09.



