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WO 2007/144140PCT/EP2007/005172 A PROCESS FOR THE
PREPARATION OF POLY-ALFA-GLUTAMIC ACID AND DERIVATIVES
THEREOF Field of the invention  The present invention relates to a
VideeSsl4brithe preparation of poly-aglutamic acid and derivRG/EEPRIETEBT! 72
Background of the invention 5Poly-a-glutamic acid of formula (1) (I) is
currently used as drug delivery system, for example for the preparation of

Cé”ﬁﬁﬁ%%‘gghﬁdﬂd;ﬁé‘eﬁﬂﬂﬁi’i‘igﬁ%ﬁ ‘iﬂ‘! ;2fyé?fﬁ§9819§’1}’AMIC

Mmmmﬂiwmmwgqiﬁmgmh a suitable linker, for
example an amino acid or a hydroxyacid. See, for example, EP0932399,

Advanced Drug Delivery Reviews, Volume 54, Issue 5, 2002, Pages
695-71%,a§qggurnaj of Copntrolled Release, Volume 74, Issues 1-3, 2001,
Pages 24892} the BLYeBEBamic acid can be synthesized by

POlymeHRIR FAHRRMINA'PIER S AMSRA 1P hOBPepatation of poly-o-
discloses, inter alia, the polymerisation of D-glutamic :
idtan(teredidtypdsderiMatareoxlyeaabgdride in a

1,2-dichloroethane/1,4-dioxane mixture using sodium :
4-methRackgrnadrf 4B enina@irtizaDescription of the invention The

presentdisclosure shows that ropriate.choice of the solvent and WO
ey S

HO 0]

o
is currently used as drug delivery system, for example for the preparation of
conjugates with a wide variety of drugs containing a primary or secondary
amino group as well as primary, secondary or tertiary hydroxy groups. The
conjugation can occur directly or through a suitable linker, for example an
amino acid or a hydroxyacid. See, for example, EP0932399, Advanced Drug
Delivery Reviews, Volume 54, Issue 5, 2002, Pages 695-713 and Journal of
Controlled Release, Volume 74, Issues 1-3, 2001, Pages 243-247. _

Poly-o~glutamic acid can be synthesized by polymerisation of suitably
protected glutamic acid. US 3,635,909 discloses, inter alia, the polymerisation
of D-glutamic acid-y-(tert-butyl)ester N-carboxy anhydride in a
1,2-dichloroethane/1,4-dioxane mixture using sodium 4-methyl-2-pyrrolidone
as initiator.

Description of the invention

The present disclosure shows that appropriate choice of the solvent and



of the initiator allows the control of the molecular weight of poly-a-glutamic

acid prepared from tertiary y-esters of a-glutamic acid N-carboxy

anhydride. Accordingly, in one aspect the invention relates to a process

Wit W pelaration of poly-a-glutamic acid (1) 5 (1) wherein RGE/BR2IEEYEE72

comprised between 60 and 310, so tha? the poly-a-glutamic acid has a

molecular weight ranging from 8,000 to 40,000 Da, preferably from 10,000

&0 8he00dtRemadievy atey alalyticine £ 013 MH00tu 16, 606 £et, ahgdoljthoaglutamic

polydispersity index usually2, preferably said process comprising: a. the

%@m& nferm t@ﬂaayy.y:@féfwéy-gn&laﬁ%%&iw raxpoxy anhydride.
nhydride of farmula (1), 15 wherein.R is selected from t-butyl

A ot P chiectn R ST FELIAT I R ppogeps for the

BFOMErati RIHEHBIELSY Rfdm ANRIaATF Solvent selected from
tefrgjﬁydrofurar?ZO(THE), 1,4-dioxane, dimethylformamide (DMF),

5  1,4-dioxane/DMF and 1,4-dioxane/tetrahydrofuran mixtures with an
initiator selected from HO 0

M

wherein n is an integer comprised between 60 and 310, so that the
poly-a-glutamic acid has a molecular weight ranging from 8,000 to
40,000 Da, preferably from 10,000 to 35,000 Da, more preferably from

10 13,000 to 16,000 Da, and with a polydispersity index usually <2,
preferably <1.5,

said process comprising:

a. the polymerisation of a tertiary y-ester of a-glutamic acid N-carboxy

anhydride of formula (II)

15
OR
O
O
v
@)
an
wherein R is selected from tbutyl, 1,1-dimethylpropyl- and
1,1-dimethylbutyl- and is preferably a ¢-butyl group
either in water or in an organic solvent selected from tetrahydrofuran
20 (THF), 1,4-dioxane, dimethylformamide (DMF), 1,4-dioxane/DMF and

1,4-dioxane/tetrahydrofuran mixtures with an initiator selected from
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WO 2007/144140PCT/EP2007/005172 3 potassium tert-butoxide

(t-BuOK), sodium methoxide (MeONa),
diisopropylcthylamine,1,8-diazabicyclo{5,4,0jundec-7-ene (DBU),

WO tHithinopyridine (DMAP), glutamic acid dimethyl esRGT&Rg007/005172
glutamic acid--y-tert-butyl ester, to giveZa compound of formula (l11) 5 no
OR' Il wherein n and R are as defined above and R' is hydrogen when the

initiatopseaisiciedframdbsopxadyle(yBundBE), sodium methoxide (MeONa),
1,8-diaz_abicyclo[5,4é%und.ec-7-ene (DBU), 4-dimethylaminopyridine 10
(DMAPNispprapid ethid amieeny| dstedigin bigrehatoatiflursewitgneste(DBU),

or a t-butyl or methyl. group.when initiator Jis t-BuOK and MeONa
ﬂc}ﬁfn?t‘ﬁflva\}éjl%%%&i%eh@%‘ﬁg’ ,O]ggﬁgaggt% racld dlmetll\mlyl ester, and

respectively o . acl ySi groups.

Throughguirthe seREHiGaNABLHYE s abigicate iRicentRsranda (III)
15the term glutamic acid comprises both the L- and D- form, either as
pure isomers or as racemic mixture. Rro 0

(III)

wherein n and R are as defined above and R’ is hydrogen when the

initiator is selected from diisopropylethylamine,

1,8—diazabicyclb[5,4,0]undec-7-ene (DBU), 4-dimethylaminopyridine

(DMAP), glutamic acid dimethyl ester and glutamic acid-y-zert-butyl

ester or a f-butyl or methyl group when the initiator is ~-BuOK and

MeONa respectively followed by

b. acid hydrolysis of the ester groups.

Throughout the specification, the symbol * indicates a chiral center and
the term glutamic acid comprises both the L- and D- form, either as pure
1somers or as racemic mixture.

Step a) s usually carried out at a temperature ranging from 10 to 50°C,
with a concentration of the 7y-ester of a-glutamic acid N-carboxy anhydride
ranging from 0.1 to 0.3 M. According to a preferred embodiment, the process
is carried out using 1,4-dioxane as the solvent and DBU as the initiator.

The molar ratio of y-ester of a-glutamic acid N-carboxy anhydride to
initiator usually ranges from 2 to 25; the molar ratio of y-ester of a-glutamic
acid N-carboxy anhydride to a-glutamic acid y-ester is 100.

Step b) can be carried out using any reagent conventionally used for the

removal of terf-butyl esters, as exemplified by those described in “Protective
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Step a) is usually carried out at a temperature ranging from 10 to 50C,

with a concentration of the -rester of a-glutamic acid N-carboxy anhydride
ranging from 0.1 to 0.3 M. According to a preferred embodiment, the
WREWILHME carried out using 1,4-dioxane as the solvent af§¢ HBRI0AZ (a7
initiator. The molar ratio of -rester of a-glutamic acid N-carboxy

anhydride to initiator usually ranges from 2 to 25; the molar ratio of 7-ester
gfarpsutamigacid Natdrénxy Thindedaitna Dhdadoraadid Gestee isnkD@eter G.
Step_b) can be carried out using any reagent conventionally used for the

YErethidsal of Yeteyulpiastdracss plifsd dp oW ek cfoatens, Inc, page
y iye ;W 07/144140PCDEP2007/005172 4 groups,inHnraanic .. .
AR T e, e Lo R i acia
WWireyy| nisratieneedo HRHCALAE AR YVASM SRR eiNat RRESNG-A0RaRthging
references therein. Preferred conditions include trifluoroacetic acid (TFA),
foomicfcid 488GvaldiAoimitsedidnmariaray afal@Onpbraturbitarkyingis acid and
fro}r%ﬁ; to 60C;. TFA is used in amount of 100 v/w, while formjc acid an

/

WAKRH/ESFRIC ARG IRVES AFE RS HRIHATAI M oM 29 o 30 VW
The prpgessofdes W&I&ti%&ﬁw{&%&%ﬁ%@%%@gg@%g& DandL

form of poly-a-glutamic acids, in particular the L fo

fmiyr adlptaiyric-adidapie paidd, daomdiy Lo tie: ibvAstionNMandes @3¢ poly-o-
converted 10 into their acidic or basic salts by reaction with inorganic
glitrmis A ils RIS rRcaerding dioBhsmir Vet 0su pHuRe adilitenverted
id, perchlorig.acid or with in nic bases such. as alkaline.or .
B D D PR R i SRR, pridasengh o

Haiovarsian aeidasaelraraivtactie, asidpkiibie AeiWeightiRVarde perchloric
molecular weight (Mw) determined by Gel Permeation Chromatography
2oithbpledwitth Nndtiganife basss Lsybh Sesittetia)idetection]katigingaviininmetal
h(a{valu(gs defiped aboveiﬁjéefgrabj between 13,000 and 16,000 Da and
L

RALFEHY ATBRY &Y M4 %sis is particularly advantageous, ,
since theProcRALes fishloseddadls lisiaes t%fey&}gﬂ&%@;(ﬂ%{@ﬂécm with a

7-protecting groups (such as benzyl, methyl or ethyl;see"Polymer
weighgraphsayolums SutaBlocki gRoly (yEDe ndstermalutamaie) @l oth@ineation

lutamic acid containing polymers. Edited by B. Huglin, University of

B{fb%%f%&féﬂm%ﬁé?me& wﬁ%MfﬂﬂbAa& VeryenibhahbReaeringightection,
PRIEETE AR ik VMRS SRR SRR A and

having a desidered molecular weight Tange.
P600ess DathenidveritienAllpylsdespypiappamierecds fermation qf aparticularly

pyroglutamic ester at the amino terminus, which usually occurs during
pOTARAgSaicn goieg, fheexarnptedyrbendidctysabtinyl cheylétbsdture, through
different y-protecting groups (such as benzyl, methyl or ethyl; see Polymer
monographs, Volume 9: H. Block, Poly(y-benzyl-L-glutamate) and other
glutamic acid containing polymers. Edited by B. Huglin, University of
Salford), afford materials of uncontrolled and very high molecular weight,
which often require chromatographic separation to isolate poly-c-glutamic
acids having a desidered molecular weight range.

Moreover, the process of the invention allows to avoid spontaneous

formation of a pyroglutamic ester at the amino terminus, which usually occurs

during polymerisation using, for example, y-benzyl, y-methyl or +y-ethyl
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WO 2007/144140PCT/E P2007/005172 5 glutamic acid ester N-carboxy

anhydride. In fact, currently available poly-aglutamic acids exhibit either a

pyroglutamic terminus, or an amino terminus or a mixture thereof.

WO3PrEetH of formation of a pyroglutamic terminus is achieRfeBER2007/005172

particular when a compound of formulaJIl) wherein R is a t-butyl 5 group

is used as the starting material. Poly-a-glutamic acids y-esters with a free

ghiamieratinlsdan Wus:eorgaeatddydithder. lithfstojchioretty avadlattkeofoly-o-
roglutamic_acid qr with other suitable acids, so as to achieve 100%

g LoAr itk B HLRER 2RI RS- SRS afgan amino terminus or
é\%ﬁ’kﬁ.’ﬁ}g'Xh@@&@t'ﬁ&ﬁ%jweo?r?ﬁ%ﬁ%&'ﬂé’ﬁ”&f%é’é%‘gﬁ&@ca

%minus is
process for the preparation of poly-a-glutamic aci es of formula

Qb kvetHifl parndinteinvhds ascaefineenaber ornth RIQD) isisalentarl fsomv-butyl
(C1-Cio)alkylcarbonyl;(C4-C8)cycloalkylcarbonyl; . _ '
greR-ce)eadbaxjhkitatben yritcedioPalicarsbipmicaa g de) argkers with a

io)alkylcarbonyl;(C1-C1Q)alkyl(C6-C10)aryjearbonyl; . . . .
B G SRt Soesiofh UGBS IR el RE s unts of
pheraia: e HeiRigargmalien NocANtaiNg.80e Qlciaeresyiragen, QYRR O™ 100%
sulphur atoms; D- or L-natural and non-natural 20amino acid residues
saitv precesmeortipridisgrecablingpedmpbyyod git fiarmicla (1)
Accordingly, in another aspect the present invention provides also a

process for the preparation of poly-a-glutamic acid derivatives of formula (IV)

HO 0

R‘CO\{\ OH
N« s

]
Iv)
wherein n is as defined above and R;CO- is selected from:
(Cy-Cyp)alkylcarbonyl; (C4-Cg)cycloalkylcarbonyl,
(Cy-Co)carboxyalkylcarbonyl; (Cs-Cjg)arylcarbonyl; (Cg-Cjo)aryl(Ci-
Cio)alkylcarbonyl; (Ci-Cyp)alkyl(Ce-Cg)arylcarbonyl,
(Cs-Cig)heteroarylcarbonyl and (Cs-Cig)heteroaryl(C;-

Cio)alkylcarbonyl wherein the heteroaromatic ring contains one or more
nitrogen, oxygen or sulphur atoms; D- or L-natural and non-natural
amino acid residues

said process comprising reacting a compound of formula (III)

RO o}
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WO 2007/144140PCT/EP2007/005172 6 obtained according to step a)

above with a carboxylic acid RICOOH in the presence of a dehydrating

agent, or with an activated carboxylic acid, such as an acyl chloride
WPC146H8n anhydride (RICO)20, wherein RICO- is as deRAEEBHOU805172

to give a compound of formula (V) 5 (M) and hydrolysing the compound of
formula (V) to a compound of formula (1V). In the compounds of formula
Mvtrand (Wycprafegad (EdpCh0xlsylcarkicny ametacetiicandiduRyEIOOH in the
10preferred(C4-Cg)cycloalkylcarbonylarecyclopropylcarbonyl,

BIRISBEEaRE BB At EORRSEAc MBI @me&éﬂwed carboxyhc acid, such as

c{"CZE‘;LO?4 %Poxc\{alﬁllﬁezé |IS succi1 H@gﬁ?ﬁ g?g{ rred 10 aryk CO- is as

carbonyl are enzoy nap thoyl
(B HNBECH ANk isarbomyiase Rharyiagstyl and 15phenylbutyryl;
preferred (C1-C/0)alkyl(C6-Clo)arylcarbonyl are o-, m- and p-tolyl,
preferred (C5-C10)heteroarylcarbonyl & nicetinoyl, N-methylpyrrole-3-
carbonyl, 3-thiophenecarbonyl and 3-quinolfnecarbonyl; preferred
(C5-C10)heteroaryl(C1-C30)alkylcarbonylLis 3-pyridyl acetyl; 20 preferred
D- or L-natural amino acid residues are those deriving from glycine,
alanine, valine, leucine, isoleu&ié, Bnine, lysine, pyroglutamic
acid, phenylalanine, tryptophan an dysfei

™)

and hydrolysing the compound of formula (V) to a compound of formula (IV).
In the compounds of formula (IV) and (V):
preferred (C;-Cg)alkylcarbonyl are acetyl and butyryl;
preferred  (C4-Cg)cycloalkylcarbonyl  are  cyclopropylcarbonyl,
cyclobutanecarbonyl, cyclohexylcarbonyl,
preferred (C,-Cg)carboxyalkylcarbonyl is succinyl;
preferred (C¢-Cyg)aryl carbonyl are benzoyl, 1-naphthoyl, 2-naphthoyl;
preferred (Cg-Cio)aryl(C,-Cp)alkylcarbonyl are phenylacetyl and
phenylbutyryl;
preferred (C;-C,)alkyl(Cs-Cg)arylcarbonyl are o-, m- and p-tolyl;
preferred (Cs-Cjg)heteroarylcarbonyl are nicotinoyl, N-methylpyrrole-3-
carbonyl, 3-thiophenecarbonyl and 3-quinolinecarbonyl,
preferred (Cs-Cio)heteroaryl(C,-Cyg)alkylcarbonyl is 3-pyridyl acetyl;
preferred D- or L-natural amino acid residues are those deriving from
glycine, alanine, valine, leucine, isoleucine, serine, threonine, lysine,
pyroglutamic acid, phenylalanine, tryptophan and cysteine;
preferred non-natural amino acid residues are those deriving from
B-alanine, o,o-dimethylglycine, o-phenylglycine, homophenylalanine,

3-amino-3-(4-methylphenyl)propionic acid, and
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preferred non-natural amino acid residues are those deriving from
O-alanine, a,a-dimethylglycine, a-phenylglycine, homophenylalanine,
253-amino-3-(4-methylphenyl)propionicacid,and WO
YOFHAAUOPCDEP2007/005172 7 2-(1-aminocyclopenty!)RESRPAF005172
The reaction between compound (1) afid the acid RICOOH is carried out

in the presence of a dehydrating agent commonly used in peptide

chemistry | ke parbpdiopeaddg] )acehi@aadityclohcxylcarbodiimide and

diisopropylcarbodiimide, 5 uronium salts, such as ) ) )
2-1H-7T§fav&éﬁmﬁ&£6}yf%99ffm§z}€t%bem9| thoAfifR1COOH is carried out

g%?ﬁﬁg%%@gggé:é gglﬁtﬁ% %}%ﬁgggggm é@é&%}ﬂy used in peptide chemistry, like

babbdtRietedametiy i ndicpdiekatiierebbaspliate HitB 83 ad iy (dditediimide,
chlorobenzotriazol-1-y1)-1,1,3,3-N,N, TP,N'-tetramethyluronium- _
HEaNT e Ho spishtas HETD Y srakpheriiiraddalty slidh3ad- trsramoaibybltonium

R A L S RS
AR 119 BRI RHRSHRER R RIRIGISRIE LAY @ SUiaRiepsotestRY 2-(1H-6-

group, preferably the t-butoxycarbonyl protecting group. Subsequent

abidimbgnizotysigadf thd N dap e d po - AV tateamie thgidrp@isier-as
gescribed in step b) above then provides the 15 N-capped poly-a-glutamic

ExpiiaEpkes Rkt okiHolints PHBRRRABINY) cattbe SotRertd begyaigRzol-1-
- : S ) i hloric ..
2%%%}@5 r8l§§ﬁ§o§)%hrogs§%¢%%u\%tWlé'}%moq@%%(?sg%acﬁfg?%ﬁ FOSHPHE tike.

omic a uric acid, nitric aci er ic-acid’or with

Maeaaie Masesqaustnasaalialinenaialicline -eadhieialdaygiaxdesaNds amino
ammonium hydroxide. 20The compounds of formula (1V) and (V) are

arseIpsésapiarvBidy appriec tsikhleyp resutitablee priotectingA gradipulprgferably the
f d embodi ti ff la (1Y) wherein RICO i

A TC GE B SR A S SO AHELY B RP L Scapped

paINRs loweh dhasid A wibee RESTRAOLLIVET 118D BY0aR%R W/ YiRkn prla_vhﬁes the

process described above for the preparation of a compound of formula

Wy dpaed grdyabegiplisaiiditeithalfislesised, tthat chmipeutds cArformyia M) can
RICOOH, or an activated_carboxylic acid, such as an acyl WO

Sgepnvertiod B Iheib66itip@s Pasic salts by reaction with inorganic acids, such

as hydrochloric acid, hydrobromic acid, sulphuric acid, nitric acid, perchloric
acid or with inorganic bases such as alkaline or alkaline-earth metal hydroxides
and ammonium hydroxide.

The compounds of formula (IV) and (V) are disclose as another aspect
of the present invention.

A particularly preferred embodiment is a compound of formula (IV)
wherein R;CO is a D- or L-pyroglutamic acid residue and the content of the
N-terminus free amine is lower than 1% w/w, preferably lower than
0.2% w/w.

The process described above for the preparation of a compound of
formula (IV) has general applicability, that is to say that, further to a

carboxylic acid R{COOH, or an activated carboxylic acid, such as an acyl
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8 chloride RICOC1 or an anhydride (RICO)20, any compound able to

react with the -NH2 terminus can be used for the reaction with the

compound of formula (lll). Examples of such compounds are aldehydes,
WRMNEL A |-unsaturated ketones, sulfonyl chlorides and nitHEEPHIATANS 172

can be reacted with compound 5 (llI) a%cording to methods known to the

skilled chemist. According to a further embodiment of the invention either

chriaih Badio Gtidr enaivadetiledBdx@ie Qeieny cantyovind able to react with
d able t ith the.-NE-12 terminus may, also bear at least a

B SARhS W0 o AT SR SR IR B

Histenalingrlwigy %ﬁ@ﬁ!%éﬁﬁf%ﬁh‘&sf%é%m%@% &M6nes, o,B-unsaturated

in
pharmacokinetic properties of poly-a-glutamic acid. Therefore, another
lespaet pthtoprésdiiviridestiondisatsizs, pdiyeh-glutiabeia exttedubvstiutechpound
at the -NH2 terminus with a group which is able to be further '

{AHrisrrortingyith amAtiedsskiram@ e s dktiefehsrshatorrties to 2
ﬁfﬁ%{gﬁl@é&?}y '&nggl é“%‘gf‘gl'%%ilpnfﬂ,ﬂ%é?"t%%t'%g_%g%{( ih‘?g@'é‘l,aétfe%cgiyated

In greater in owing eéxamplés

EHDARANO N0 ;- a5 Ik i dedBle e I8P $18 1 BleClol bt AN AR -NH,
40.17 g of triphosgene (0.135 mol; phosgene/ L-Glu--y-tBu ester 2.74/1)
Znu 368, Bumyl_ads O HEawetd gateuminr it gernilydacky, jaskatgdo or a thio

reactor, eqguipped with mech nicaﬁlsétirr.er. The reactor was thermostate
o0 A1 the FRLRE WA el RHCAH e HBolbuGREorD Surtavle for
HHPAOSIENE (BhleW SoIMIALIST Al RECHESRBMideTeA ) 3 B0k lutamic  acid.
L-a-Glu-ry=tBu ester (0.148 mol)
Therefore, another aspect of the present invention is also a poly-a-glutamic
acid substituted at the -NH, terminus with a group which is able to be further
functionalised with a moiety suitable for modulating the pharmacokinetic
properties of poly-a-glutamic acid.

The invention will be hereinafter illustrated in greater detail in the
following examples.

EXAMPLE 1

Step a - Preparation of L-o-Glu-NCA-v-tBu ester

ot A

0 0
Cl (8} Ci o]
+ Cl>k~ )}\ XCK — o]
a” Yo7 o .
o E
HIN/Y HN%

OH o

40.17 g of triphosgene (0.135 mol; phosgene/ L-Glu-y-tBu ester 2.74/1)
and 862.5 mL of THF were placed under nitrogen into a 1 L jacketed reactor,
equipped with mechanical stirrer. The reactor was thermostated at 20°C and
the mixture was stirred until complete dissolution of triphosgene (a few

minutes are necessary), thereafter 30 g of L-a-Glu-y-tBu ester (0.148 mol)
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WO 2007/144140PCT/EP2007/005172 9 were added in a single portion

and quite rapidly. The resulting suspension was allowed to react for 2

hours at 20C. At the beginning exotheimicity was observed (2-- 4C), then
W2 Y % olved as the reaction proceeded: after about 38 GHEEFWHEY}S172
solution was obtained. 5At the end of tfe reaction the solvent was

evaporated under reduced pressure, keeping the jacket temperature not
Wiyeerdtlad 20€ sthgldiptilititorandg gitke apidijiudhs. rEbel tisg latipe nsasn was
continued until a dense and oily resi was obtained, without solids _

%ﬁs 6%%%&215@%%&%%@%?%&% Bf 2B BRI ey micky was
Se0ERIBaq Wefec ol oVer ARANL IR BNad AN ELG P WICORETed; after
stirred under nitrogen at 20/23 C for 1 hour until complete crystallization of

abeyirdduainUsorily, asliistiaitisationbedinadafter addition of 150 mL of
n-heptane. The resulting pure white solid was filtered on buchner

funneshdhfeaméeivithearzaminn. bren selpeaevaren irsaatethanden reduced
u%?eﬁr%yr%aﬁ)r%g%nliﬁ/%: ga(rgtatt rzr%/grsa Wcr:ef%ro?%iogl%fé}é% a%g%ﬁ!gg{g 'fi;ﬁhgllation

mu's Ks/860R a8 possibile’and m S
WagUyuc the preRRRcerRkSHicaDStion wiaribadiAiBBAaAfa dense and oily
L-a-Glu-y-tBu ester, 23.3 g of L-a-Glu-NCA-ytBu ester were obtained

188dB1ecwas|dhtaosdpvn thPutsnbds {abowf 30Lrglucdimisidue expected). At the
acid-T-(tert-butylester N-carboxy anhydride) (NCA) to poly-a-L-glutamic i
%{tﬁ%@f}%&ﬂl A S R IR RSP RSRP BB 272 T Bbout 15 min
ount) in: i Sati ja I Ol l4xdioxane .
%S{EO%EL){%}%\%?_-%%%? ggijl-r’?}d%ilértp-llgﬁ? e%%ﬁrs Néﬁ?afr%ox‘?/ afgkyzr:'ggur until

¢bigpIE (2 2cgy Qaltivacilo NCARE Pro @ twareunikgdoal Ha@ividibn begins after
dissolution was complete. 5 The resulting solution was added very quickly
Withtine BlelSLEN- REBREBIBIY solution. A precipitate instantly

appeaﬁlde arne%llﬁ 1negxc;)3tlr1]1%rmv{f%|§¥ews?§hocp Sv%\ée%{ ebr(e):ldt %g )buchner funnel and

washed with 3 x 90 mL of n-heptane, then dried in the oven under dynamic

vacuum at 20/25 °C for no longer than 20 hours. The solid must be used as
soon as possibile and must be stored under static vacuum in the presence of
silica gel.

Starting from 30 g of L-a-Glu-y-tBu ester, 23.3 g of L-a-Glu-NCA-y-
tBu ester were obtained (68.8 % yield).

Step b - Polymerization of a-L-glutamic acid-y-(fert-butvDester N-carboxy

anhvdride) (NCA) to poly-o-L-glutamic acid-y-(fert-butvlester.

]
. oo
o NCA/DBU ratio = 25 ﬁ/
: o
H * W *
HN% \[\I}\IT n
O o]

1,4-dioxane 25 mL/g NCA
T=25°C;4h

1,8-Diazabiciclo[5.4.0]lundec-7-ene free base (DBU; MW 152.24;

585 mg, 3.84 mmol) was dissolved in 1,4-dioxane (5 mL from the total
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The mixture was stirred for 4 hours, then water (1100 mL) was slowly
poured in over 30 to 40 minutes. After a further 30 minutes stirring at 25C

10 the af)recipitated solid was collected by filtration and washed with water

W 28H WA’ The recovered white solid was then dried undeP GAGRHY 7405172
40C to yield 16.4 g of pure material, t-BAPG (92% recovery; DP= 137.2,
number average degree of polymerisation; ME, = 25,400 Da, number
averay® mdiegutaamwiight from 11-1-NMR). 15Step ¢ - Hydrolysis of
polv-a-L-glutamic acid-y-(tert-butyl)ester to_poly-a- L-elutamic acid

Solid PBiytd-LegrtsFiid flrrs IRBALB Afediar i (anlb BilshBRE Ry gl tamic
Je{ﬁliagggza%%@g@tmhﬁ%\é?ﬂ%ﬁ riogaIERTOTBALIe N 84 0%hmol;

mL jac reactor. The mixture was stirred at 60C ours.

Wier/aeut a 36)mistiarigadng i cLspansitn dluriec s soutipletten

a solid began to precipitate. Most of the formic acid was then _

removéd oy erytiiagosntionedaseadis prassyralmeklys voph ifkanareviously
| W

temperatur I@ays elow 60C). The residual WO

DR LT R I08 0081 7 FRETRIRE adRP LS aBRRSRE Dy BRSO
BESOHEPRIfHS WAL YIPORIBNR (2P ML; T<40C).  The resulting

residue was suspended in water (40 mL) and the mixture was cooled to 3

- 5C, thidre 300curavviaGHwak tardfliiguadddttoweaeh (1100 mL) was slowly
poured in over 30 to 40 minutes. After a further 30 minutes stirring at 25°C
the precipitated solid was collected by filtration and washed with water
(3 x 50 mL). The recovered white solid was then dried under vacuum at 40°C
to yield 16.4 g of pure material, t-BuPG (92% recovery; DP,= 137.2, number
average degree of polymerisation; M,, = 25,400 Da, number average molecular

weight from 'H-NMR).

Step ¢ - Hvdrolysis of polv-a-L-glutamic acid-y-(fert-butvlester to polv-a-

L-glutamic acid

o. .0 HO_ O CNGAY
X HCOOH (20 vol) NaOH
L - .
T=60°C:5h T Na
H w OH 3 w H = 8 \\‘ N
{"N n H{‘N‘ oH P H{‘N ° :
H 5 H H

Solid poly-a-L-glutamic acid-vy-(tert-butyl)ester (4 g) was suspended in

formic acid 99% (80 mL, 20 volumes) under nitrogen atmosphere in a 100 mL
jacketed glass reactor. The mixture was stirred at 60°C for 5 hours. After
about a 30-minute heating the suspension turned into solution, then a solid
began to precipitate.

Most of the formic acid was then removed by distillation under reduced

pressure (P = 15 torr; internal temperature always below 60°C). The residual



10

15

20

25

58. Once the pH was stable at 23 - 25C, the resulting solution was filtered
through a 0.22 pm microfilter. ~ The clear solution was acidified by

means of sulphuric acid up to pH 2.5, then the resulting suspension was
B8 fot Phours. The precipitated solid was filtered off andP@AEPITE45172
vacuum (30C overnight). A white cake 11D was recovered (2.7 g) with a

Mw = 13,900 Da and polydispersity 1.04 (GPC - MALLS). EXAMPLE 2

fokngiltitarpia agigky¢teiporaabstdt Nogarmot@piyddiei3a9mg, With toluene
mmol) was dissolved, under nitrogen stream, in THF (100 mL) to reach a
{BeoteantraticitB70)039 g/mL (0.17 M). The stirring speed was set to 800

rom. .JThen DBU (105 mg, A/I=25) was,added by a syri er ickly .
and R TR SOy 2P R 69 S AL Tk o i dhisture
QhsepsR-eNAlter adqilian sHshendiaRO ATRRY S ey @ae¥to reach pH

mixture was concentrated to dryness and the 20 residue was rinsed with
Bednte-tioxaiewad GrablcTato 25 lud ¥  thateesubtim thenlatided washBltered
reaction mixture which was stirred for 30 minutes. The precipitated solid

Heeidcthd? WAL HEGRItH R ter and dried under vacuum at 40C for at
least 140yfS, - sol@h%%%gisp%{g?ﬁégh’é% Qa%%'ddi*'g%}ﬁgﬁgl)ﬁﬁiﬁigg to pH

(90% recovery) as 25 a white powder with'M = 34,100 Da'a

(hy,1ihénNYR ; seate optaingdnsion he desitliingl pfdy-a-hglittantde precipitated
acid-y-(tert-butyl)ester was then hydrolysed in hot 99% HCOOH according
olid rocBbiaredieSEABSaFasiepdenmeuum (30°C overnight). A white cake

20071144140PCT4 P2007/0115172 12 of ple 1, furpishing .about .
5% RSSO S vedoueing ot 2105 PO ety 1,04

g@jy@sppmm%;,& n gz 100 according to Gel Permeation
hromathography coupled with Multi Angle Laser Light Scattering
analysiEXEMAVIELE 3

a-L-glutamic acid-y-(tert-butyl)ester N-carboxy anhydride (3.95 g,
17.2 mmol) was dissolved, under nitrogen stream, in THF (100 mL) to reach a
concentration of 0.039 g/mL (0.17 M). The stirring speed was set to 800 rpm.

Then DBU (105 mg, A/I=25) was added by a syringe very quickly and
the mixture was stirred for 4 hours at 22-23°C. A slight exotherm was
observed soon after addition of the initiator.

Afterwards, the reaction mixture was concentrated to dryness and the
residue was rinsed with fresh 1,4-dioxane (100 mL). Two volumes of water
were then added to the reaction mixture which was stirred for 30 minutes. The
precipitated solid was collected, washed with water and dried under vacuum at
40°C for at least 12 hours.

2.85 g of poly-a-L-glutamic acid-y-(tert-butyl)ester (90% recovery) as
a white powder with M, = 34,100 Da and DP, = 184 (by '"H-NMR) were
obtained.

The resulting poly-a-L-glutamic acid-y-(zert-butyl)ester was then

hydrolysed in hot 99% HCOOQOH according to the procedure described in step ¢
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GENERAL PROCEDURE FOR THE POLYMER CAPPING REACTION

A typical poly-a-L-glutamic acid-7-(tert-butypester, obtained according to

an experimental procedure herein described (see Example 1 and 2),
VBRI 4Hbut 1% moles of free amino groups at the N-terrRfri{EP¢7/005172
determined by 1H- 10 NMR analysis. TRis percentage was used to

calculate the molar equivalents of the suitable acid to add to
qfolyEadrglletantic afidristiesgzbusiidesterd i3r itg cadpirpplyagtibrglutamic acid
Po(l)y-a-L-qutamic, acid-m(tert-butypester was dissolved in THF (20 mL/g) ..
(fHbfs secaraynit WMBvoT £ ARURNRRISHSRAFR POTMAS; g5 dOPsaccording

-H)% ith r ' . h ita .

e A L A RGP e L
Stiisearepyieatlletiimide (DIPC, 30-50% molar excess with respect to the

acid added) was dropwise added in about 10 min. The solution was stirred

for 2 Ho¥MRNeE;Aumes of water were then added and the resulting

mixture was 20 stirred for 30 mm. The precipitated solid consisting of

N-acy PR A ol RSHEBERE X8 Y t&ﬂé&&%géBﬁ’é@t‘éa‘%ﬁgﬁ{é’#
suspeRdeditth fPB1G- 810 (A0 MRS H-AIRE S IR RIBAC SBEA b Wec ording
volumes of water were added and the resulting mixture was stirred for 30
tman Sheeprecipishtprbselitwedsremalad hydidt(atioE vaashledlvitld Bateontains
and dried under vacuum (30C, 25 overnight) to yield a suitably N-capped
Pl vegainie A RUAGN-BERHPS I RSN SERIN ¥ Ah et ggnined by "H-

ic-acid-7-(tert- ester(. 4 I

S A L T S S ERE T dfvatents of
tbatalyitlaiMARd 8 ongdd.Aé pelyveas. agddetnidh@nid-v-(ters-butyl)ester for its
N-BOC-L-Phenylalanine (180 mg, 0.7 mmol) was added to the mixture
AR IRETEdaRny after DIPC (160 [IL, 1 mmol) was dropwise added. The

resultigg, solution was stirred for aboug fwo hours then water. (2 yolymes)

was ? §9’d%’ éé]lél PiNfte par%lgb]/f & éb&?ﬁéﬂeﬁ%enﬁedﬁ?glyﬁ‘ﬁ(%oz &hertfion T HF
(resnstiregaiien 30 sain AR THiam loeniiewhita RAMIBRRTISOUId WREAP; about
suspené’ed in formic acid (18 mL) The resulting mixture was stirred for 2 h
2t160€ modeformiih avidpeat tentbeeaddgdistildtionaat sddededliessurab{P acid
= 15 tort) followed by azeotropic distillation with toluene (2 x 10 mL of

(HuedBPRdes T8 SRR PacUNAS (LARASApalM. LORaRiaIfes ; Lmigure  and
dﬂgl?}otﬁ&‘?ﬁbd]rﬁni%oaﬂﬁ235)%'0-5@’80&1%1%?5@&%ﬂa@ﬁfasj@é &ddMo the acid
aqueou t t

NaHCO3 and the resulfing solution was ulirafiltere ough a

£110609) Raicdiof wiseniddee id hesetatiatenWabcosiegivroted aialdUlo3Q hours.
mL and acidified with sulphuric acid until pH 2 - 2.5. The precipitated

materiiRasoltimas fof Joatein Wate tscrcaddedbany tieathsh lagingxture was

fter dryin der. vacuum (30C, overnight), the correspondjng.N-terminus
TN AL. o B, A Rl SorsISRg S RSB L

ScRbeRyIaaavy Rtk GIATIE A CoPRdng G4 NRER\EPedd&d in formic

1H-NMR was consistent with the proposed structure.
acid (20 volumes). After stirring at 60°C for 2 h, two volumes of water were
added and the resulting mixture was stirred for 30 min. The precipitated solid
was removed by filtration, washed with water and dried under vacuum (30°C,
overnight) to yield a suitably N-capped poly-o-L-glutamic acid (N-acyl-poly-
L-o-glutamic acid).

Example 3a

Poly-a-L-glutamic acid-vy-(tert-butyl)ester (1 g, 0.054 mmol) was
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The N-terminal free amine content (clearly detectable at the poly-a-L-
20glutamic acid-7-(tert-butyl)cster stage) was no longer detectable by
11-1-NMR analysis or by analysis following derivatisation with

WHHHAMEEhyde. = 13,300 polydispersity = 1.16 as determiffel/§Rz007/005172
GPC-MALLS analysis. Example 3b 25Pbly-ce-L-glutamic
acid-7-(tert-butypester (I g, 0.054 rnmol) was dissolved in THF (40 mL)
disdobieA R A2HTH (234 In) ol wats bdte D MiAdh (8 pynolubdmioicis 4dadded.
mg, 0.34 mmol) was added to the mixture and immediately after DIPC

H{?@ MEW@MM%M,QQ&%Q—RM) was added to the mixture
; Iti ution w. irred
Ql%ﬁéﬁ\%ﬁ?/ﬁgp‘?ﬂl@ggg@i@gﬁsﬁ tl[}égélszg tv9a(§ a(?\l/.aﬁ%glsee Aded. The

i
about two hours'then water was an

peadipiigtedlintoies inmedicdefyr hbosuspetsRRMASSHHAdI0D IdDies) was
then filtered and the recovered white powder was suspended in formic

addedimnche)Wikie gt aikearaeddsstadiatoly2 hhw Si6psion foaaistirred

cid,was remov, digtillation at reduced pressure (P =,15 ton) followe .
B R R B o S PSSP Eh Rl e rgipced in
FRiehidhcl8g SOl IgSidue was AisRONAY A8 aveo usiNel ¢232R%NG0°C and
resulting solution was ultrafiltered through a 5,000 Da cutoff membrane.
forenretenidtevaasreonmeantrite distdbatiio 8 0am kedind et igdifiagury (lRansIdt torr)
10 sulphuric acid until pH.2 - 2.5. The precipitated material was stirred for

S P driey reEER BRI b HHABAR It O bttakYintg L ther pAdaliene) under
{iiin QUeMIAR 16 SRERR AR ELE DAY S 3PS em, 15,

poly-a-Lglutam mg, 64% recovery). The

tROSISEIN SY)thThe pelpdsedidiiucikue g dredicmaniineo(deqdrCO; and the
detectable at the poly-a-L- 15 glutamic acid-7-(tert-butypester stage) was

HSubhpsrsedisiaabrean p irnfivemedr thushizhlaldePYod anenyeif, membrane. The

retentate was concentrated to about 30 mL and acidified with sulphuric acid
until pH 2 — 2.5. The precipitated material was stirred for 30 min and
recovered by filtration yielding, after drying under vacuum (30°C, overnight),
the corresponding N-terminus phenylalanine-capped poly-a-L-glutamic acid,
i.e. N-phenylalanyl-poly-a-L-glutamic acid (530 mg, 84% recovery). T.he
'H-NMR was consistent with the proposed structure.

The N-terminal free amine content (clearly detectable at the poly-a-L-
glutamic acid-y-(fert-butyl)ester stage) was no longer detectable by "H-NMR
analysis or by analysis following derivatisation with o-phthalaldehyde.

M,, = 13,300 polydispersity = 1.16 as determined by GPC-MALLS
analysis.

Example 3b

Poly-o-L-glutamic acid-y-(fert-butyl)ester (1 g, 0.054 mmol) was
dissolved in THF (40 mL) and DMAP (42 mg, 0.34 mmol) was added. Then
L-pyroglutamic acid (44 mg, 0.34 mmol) was added to the mixture and
immediately after DIPC (106 pL, 0.7 mmol) was dropwise added. The
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Example 3c Naphthalen-2-yl-acetic acid (19.7 mg, 0.106 mmol) and
N-methyl morpholine (23.7 mg, 25.7 AL, 0.234 mmol) were dissolved in
CH2CI2 20 (10 mL) and the mixture was cooled at OC.
ERR¥BtHyHfolidinophosphoniumhexafluorophosphate(PyCIlE6TEREE 7/005172
mmol, 44.7 mg) was added to the mixtife and the resulting solution was
stirred for about 1 hour, then poly-a-L-glutamic acid --y-(tert-butyl)ester

was] tidgeshipticidywas=th@eth f6r bbutneel) dodithehanotitem@swailuatts) was
for 25 additional 5 hours after the removal of the cooling bath. The solvent

dddedyapdr et bitecpiedntates - deamed THereadiateldte ilpwaspension was
Qéﬁ%s?&’eﬁo%‘g%‘ 0 I HRAL0 %)ﬁ@ﬁ walar { ﬁ’oégf%%%)rw Swa%\qu&aé?v%er was
, _ . X

resulting suspension’was stirred for 38 min, then It was filtered an

saspypied Whiteratwderd\@s WO 20Q¢/14M1ARE mikee0R 4005464 16r 2 h at

suspended in formic acid (18 mL). The resulting mixture was stirred for 2 h

60 BoenThe rmixtureidacs aolog duvbyadis fid taticmeidrediscrshoessiury (P = 15
distjllatign at reduced pressure (P.= 15 ton) followed by azeotropic

EHEHNLA0 it P A TR GG ST AR, TN RE e s gluene)
iR AgHERS At OB e resHIln g SeluHR vas }Ht@iﬂﬁfﬁg URHEB, and

a 5000 Da cutoff membrane. The retentate was concentratéd to about 30

the spewh Boigfieed Wtyomeesns wit sifiltscedcttinanighpll 2,0@05DEheéutoff membrane.
grecipitated material was stirred for 30 min and recovered by filtration

Redsienteds diAngoReRIasLEs (8beutod8rmingngeeitifisgsoRyifgeans of

DARRPlSa fategavs - polee boluamle pOd E10a, 522, . <o 30

S
very was consistent w € proposea structure an

thin frariaraing, telanrly detaabie Aellaen0lufek -l iaRiander vacuum (30°C,
acid-7-(tert-butypester stage) was no longer detectable by 1 H-NMR or

ovighehghtid efiyed ecanedpsisd ga M pler sd mBNpioialghi ayliaestispadidoly-a-L-
1,7 mg, 0.17 ), TEA (3.5 mg, 4.7 pt, O. Dand . ,

RIS i AU S SR i Vi srestvaiih the
P épbseh it Al Qh@@ﬂ@’%@%%(ﬁé%%ﬁ%f@é%w mixiyee e?-a—L»

stirred at room temperature for 2 hours. The re was dropwise ad
phugoly-adidhH@aenic ndighyysteerstagypestem RiQRr 26t2@abloFy 'H-NMR
mmol) solution in C1-12C12 (10 mL) and the resulting solution was stirred
Bbérﬁbm?*méeé’d@émﬂf]é’é}%en removed under reduced pressure and the

(ér;:ne] F;l?géeé{%llgvgg processed in the same way as described in the

Naphthalen-2-yl-acetic acid (19.7 mg, 0.106 mmol) and N-methyl
morpholine (23.7 mg, 25.7 pL, 0.234 mmol) were dissolved in CH,Cl,
(10 mL) and the mixture was cooled at 0°C.

Chlorotripyrrolidinophosphonium  hexafluorophosphate (PyClop,
0.106 mmol, 44.7 mg) was added to the mixture and the resulting solution was
stirred for about 1 hour, then poly-o-L-glutamic acid -y-(tert-butyl)ester was
added quickly (n =100; 1g, 0.054 mmol) and the reaction was stirred for
additional 5 hours after the removal of the cooling bath. The solvent was
evaporated under reduced pressure. The crude material was dissolved again in

THF (10 mL) and water (2 volumes) was added. The resulting suspension was

stirred for 30 min, then it was filtered and the recovered white powder was
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The recovered solid, after drying under vacuum (30C, overnight), 25
furnished the corresponding N-(Naphthalen-2-yl-acety1)-poly-a-L-glutamic
acid (612 mg, 88% recovery). The 1H-NMR was consistent with the

VB pEEddtfucture and the free amine (clearly detectable atRE&/EP2007/005172
poly-a-L-glutamic WO 2007/144140PQ%/EP20071005172 16
o-phthalaldehyde analysis. Example 3e  Poly-a-L-glutamie

aupynded-mufphestesid180mL J, DHIE saniol} \Wwas aiss MeGktirdddFfor 2 h at
%ZOQmL) and catalytic DMAP (8 mg, 0.07 mmol) was 5 added. Then
QhfophBifedutyieracirts 1999t 0. deimopndadeiaisd esithe Wastumaied by

Jas iately after DIPC (160 uL, 1 mmol) was dropwisg added., The .
Fﬁé;gﬁﬁl%g%%lua’[lor{ évégg SirBEFES 5%0@ two f?(?u rioﬁgn %a%?vféivo% m@ggotropic
wrsindeed anchaybitadecipiated faxegs immpediaiebe INeSUSREIRIM ved in

was stirred for 30 min and filtered, then the white powdered solid was
gqspenddatiC{msfemdidtarict ¢t 8 mg )sdlhé oaswiting Iixfilte nwd stistiskaghfar 5000

h at 60C and formic aﬁjgﬁv/vas removed by distillation at reduced
i)r%s‘éﬁ?%&ﬂcﬁgfﬁﬁﬁ‘fol SG5) AR OB CNSEMIRTAdER Bmredd mL and

308160 %@ﬁhy %‘i‘%ﬂ@ﬁ&?&&%ﬂt ) lid %ﬁé%ﬁevﬁ%sz?%é rg‘\é%drril%terial

agueous NaHCO3 and the resulting so n was 0 glass
fitter ¢6i2 qhfhr T3 filtrate waschs aedibgdiMitatdaSHd @MW giniieH &yiddunder
The precipitated material was stirred for 30 min and recovered by filtration

YA, dREF dryipveantaitiadbenc@uesponsinghty- (hkapbileslsordintracetyl)-
-termi -thioph E d poly-a:L-glutamic acid, i.e. N-(2- .
e L A PRl s

Hit20 NV R ypSsean Sttt e HOPRIBISIHIU[Blearly Metectable at the
N-terminal free amine content (clearly detectable at the poly-a-Lglutamic

neir-pleglbtaypesiei dtagay sty Josigerstegey table iy lohdviRetectable by

aggggor b ly ii égﬂo%g d%ri\(atisation with o-phthalaldehyde. My,
=73, ,?)rof{?g %@?ﬁ Y IfARE Y&t rmined by GPC-MALLS 25analysis.
Accorcﬁ;&mrgé/ggy similar procedure,
N-(2-thiophenepropanoyl)-polya-L-glutamic acid and
N-(2-thiigheleantagbytetiolyasit-glstamienacich Wereraise pbtamad.(3.5 mg,
4.7 pL, 0.034 mmol) and N,N'-disuccinimidyl carbonate (DSC, 43.6 mg
0.17 mmol), were dissolved in a 1:1 mixture of CH,Cl,/CH;CN (2 mL) and
the resulting mixture was stirred at room temperature for 2 hours. The mixture
was dropwise added to a poly-o-L-glutamic acid—y-(tert-butyl)ester (n =100;
1 g, 0.054 mmol) solution in CH,Cl, (10 mL) and the resulting solution was
stirred overnight. The solvent was then removed under reduced pressure and
the crude material was processed in the same way as described in the Example
3C.

The recovered solid, after drying under vacuum (30°C, overnight),

furnished the corresponding N-(Naphthalen-2-yl-acetyl)-poly-a-L-glutamic
acid (612 mg, 88% recovery). The '"H-NMR was consistent with the proposed

structure and the free amine (clearly detectable at the poly-o-L-glutamic

acid-y-(tert-butyl)ester stage) was no longer detectable by 'H-NMR or
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MCSLIP WO 2007/144140PCIAP2007/005172 17 CLAIMS A process for
the preparation of poly-a-glutamic acid of formula (1) Hi, nil, OH H * 5(1)
wherein the symbol * indicates a chiral center n is between 60 and 310, so
Wbttt pakP-a-glutamic acid has a molecular weight rangingP f&#P000 1672
40,000 Da said process comprising thd &teps of: 10a) polymerisation of a
tertiary 7-ester of a-glutamic acid N-carboxy anhydride of formula (H) OR
©-phthalaldetheleimitigssymbol * is as defined above and R is selected

from 15t-butyl, 1,1-dimethylpropyl and 1,1-dimethylbutyl in water or in an
organiExamde Seected from: tetrahydrofuran, 1,4-dioxane,

e R B e i QAN MY, B h P AUegan Y UOTHIBE4 mmon)

mixture With an ifitiator sefected rom potassium tert-butoxide,
Wwathexidaydispprepyiethylaminand catalytic DMAP (8 mg, 0.07 mmol) was

201,8-diazabicyclo[5,4,01undec-7-ene,dimethylaminopyridineand

added. Then 2-thiophenebutyric acid (119 mg, 0.7 mmol) was added to the
mixture and immediately after DIPC (160 pL, 1 mmol) was dropwise added.
The resulting solution was stirred for about two hours then water (2 volumes)
was added and a white precipitated formed immediately. The suspension was
stirred for 30 min and filtered, then the white powdered solid was suspended
in formic acid (18 mL). The resulting mixture was stirred for 2 h at 60°C and
formic acid was removed by distillation at reduced pressure (P = 15 torr)
followed by azeotropic distillation with toluene (2 x 10 mL of toluene) under
slight vacuum. The solid residue was dissolved in aqueous NaHCO; and the
resulting solution was filtered on a fiberglass filter (0.2 um). The filtrate was
acidified with H,SO, 2N until pH 2 — 2.5. The precipitated material was
stirred for 30 min and recovered by filtration yielding, after drying under
vacuum (30°C, overnight), the corresponding N-terminus
2-thiophenebutyroyl-capped poly-a-L-glutamic acid, 1.e. N-(2-
thiophenebutyroyl)-poly-a-L-glutamic acid (480 mg, 76% recovery). The 'H-
NMR was consistent with the proposed structure.

The N-terminal free amine content (clearly detectable at the poly-a-L-
glutamic acid-y-(fert-butyl)ester stage) was no longer detectable by '"H-NMR
analysis or by analysis following derivatisation with o-phthalaldehyde.

M, = 13,300, polydispersity = 1.12 as determined by GPC-MALLS
analysis.

According to a very similar procedure, N-(2-thiophenepropanoyl)-poly-
o-L-glutamic acid and N-(2-thiophenepentanoyl)-poly-a-L-glutamic acid,

were also obtained.



L-glutamic acid-7-tert-butylester, to give a compound of foimula (Ill) WO ¢, P
2007/144140PCT/EP2007/005172 18 (lll) wherein * and R are as defined
above and R' is hydrogen when the
Yiixyidite ctedfromdiisopropylethylamine, 5 PCT/EP2007/005172
1,8-diazabicyclo[5,4,0Jundec-7-ene, 4-dimethylaminopyridine, glutamic
acid dimethyl ester and glutamic acid--y-tert-butyl ester or R' is a t-butyl or
QERYMISUP when the initiator is potassium tert-butoxide and sodium
methoxide respectively and followed by 10b) acid hydrolysis of theand
a-ester groups to give a compound of formula (). 2. The process
chordwa%)to clalrg ereén the solv ‘Ql 1,4- d %>t<glr%§ca£1§g1 ?ltlato
8-diaz |cycfo[ 1 urPcfegaf Enhe. R‘%g es4 Acedrding to dlaim 1
or 2 wherein the temperature ranges 15from 10 to 50C. 4. The process
according to any one of claims 1 to 3 whereip the concentration of the
tertiary -y-ester of a-glutamic acid N-carbojky anhydride ranges from 0.1 to

0.3 M. 5. The process according to any ehe of claims 1 to 4 wherein step
b) is

ey

wherein the symbol * indicates a chiral center n is between 60 and 310,

so that the poly-a-glutamic acid has a molecular weight ranging from

8,000 to 40,000 Da
said process comprising the steps of:

a) polymerisation of a tertiary y-ester of a-glutamic acid N-carboxy

anhydride of formula (II)

OR

O

HN* °

KO

(In
wherein the symbol * is as defined above and R is selected from

t-butyl, 1,1-dimethyipropyl and 1,1-dimethylbutyl

in water or in an organic solvent selected from: tetrahydrofuran,
1,4-dioxane, dimethylformamide, 1,4-dioxane/DMF and
1,4-dioxane/tetrahydrofuran mixture with an initiator selected from
potassium fert-butoxide, sodium methoxide, diisopropylethylamine,
1,8-diazabicyclo[5,4,0Jundec-7-ene, dimethylaminopyridine and

L-glutamic acid-y-fert-butylester, to give a compound of formula (III)
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20carried out in an acid selected from trifluoroacetic acid, formic acid and
water/formic acid mixtures at a temperature ranging from 20 to 60C. 6.

The process according to any one of claims 1 to 5 wherein R is t-butyl.
WORHR'Brdt¥ss according to any one of claims 1 to 6 wherei® €F@EP2007/005172
molecular weight of the poly-a-glutamid &cid (1) ranges from 13,000 to
2516,000 Da and the polydispersity index is 51.5.

RO O

H OR!
frd
O
(III)

wherein * and R are as defined above and R’ is hydrogen when the
initiator is selected from diisopropylethylamine,
1,8-diazabicyclo[5,4,0]lundec-7-ene, 4-dimethylaminopyridine, glutamic
acid dimethyl ester and glutamic acid-y-fert-butyl ester or R’ is a ¢-butyl
or methyl group when the initiator is potassium ferf-butoxide and
sodium methoxide respectively and
followed by
b) acid hydrolysis of the y- and a-ester groups to give a compound of
formula (T).
2. The process according to claim 1 wherein the solvent is 1,4-dioxane and
the initiator is 1,8-diazabicyclo[5,4,0Jundec-7-ene.
3. The process according to claim 1 or 2 wherein the temperature ranges
from 10 to 50°C.
4. The process according to any one of claims 1 to 3 wherein the
concentration of the tertiary y-ester of a-glutamic acid N-carboxy anhydride
ranges from 0.1 to 0.3 M.
5. The process according to any one of claims 1 to 4 wherein step b) is
carried out in an acid selected from trifluoroacetic acid, formic acid and
water/formic acid mixtures at a temperature ranging from 20 to 60°C.
6. The process according to any one of claims 1 to 5 wherein R is ¢-butyl.
7. The process according to any one of claims 1 to 6 wherein the
molecular weight of the poly-a-glutamic acid (I) ranges from 13,000 to

16,000 Da and the polydispersity index is <1.5.
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