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WO 2007/ 144140 PCT/ EP2007/ 005172 A PROCESS FOR THE
PREPARATI ON OF POLY- ALFA- GLUTAM C ACI D AND

WOERITNANTW/ES THERECF Fiel d of the inventi on ThECPER®ET005172
invention relates to a process for the preparation of
poly-a- glutam c acid and derivatives thereof.
Background of the invention 5 Poly-a-glutam c acid of

Af PROCESS )FOR THRIPREPARATION !|OF POEVLAIRAYGLUTAMIC
~used as drug delrvery system for example for the .

AUHVARD PERIVAPIVESTEFERE@OF2 W de variety of
rugs contarning a prrmary or secondary 10 ami no group
as well as primary, secondary or tertiary hydroxy
groups. The conjugation can occur directly or through

a SuField ¢f thlieventios exanple an anmino acid or a
hydr oxyaci d. See, for exanple, EP0932399, Advanced

Dr ugThPgrev@ityinventiensrelatel o® Hrbceks FoLtie p&fidation of poly-o-
Pages 695-713 and Journal of ntroll ed RePease

ghnhmie aéid ahd slees/ativds tROfEbf. Pages 243-247. 15
Poly-a-glutam c acid can be synthesized by A
pol yBackground of thinvaition pr ot ected gl utani ¢ aci d.
US 3, 635,909 discloses, inter alia, the polynerisation
of [Pglytvagliutamid dci)d-éfﬁcﬁr&nlbllatﬁ\{b)eStef N- car boxy
anhydride 1n a 1,2-dichloroethane/1, 4-di oxane m xture
usi ng sodi um 4-net hyl -2-pyrrolidone as initiator. 20
Description of the inventionudhe present disclosure
shows that appropriate choice of the sol vent and
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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-a-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

CONFIRMATION COPY



of the initiator allows the control of the nolecul ar
wei ght of poly-a-glutamc acid prepared fromtertiary
W@ 2@3t1e4180 of a- gl utam c aci d N-carboxy anhydr i BE&I/EP2007/005172
Accordingly, in one aspect thg invention relates to a
process for the preparation of poly-a-glutam c acid
(1) 5HOO0 HHH O ,t n 0 ) g}g‘reinnis n )
ofi thedgétiates milawe ghe sontoh ofuhgmoleryla weight of Rely-a-glutamic
pol y-a-glutam c acid has a | ecyl ar wei ght_ rangi ng )
actd prepargdotrom tmww-eat,eri)ggf%wgimaywr 13- ¢rg oKy anhydride.
35,000 Da, . nore preferaglry from10 13, 000 to 16, 000
Agordinglywi ith engosRECE pHhiss i inyentigay relates |tp @ process for the
preferably < 1.5, said process conprising: a. the
PTEBREAHAT Q PPBﬁO‘ogluéaF’é?taFéff -y-ester of a-glutanic
acid N-carboxy anhydride of formula (I1) 15 OR O O
5 HN- ~ 0 (Il1) wherein Ris selected fromt-butyl,
1, 1-di net hyl propyl - and 1, HMge?hyl butyl - and is
preferably a t-butyl group eithper in water or in an
organi c solvent selected fro et rahydrofuran 20
(THF), 1, 4-di oxane, dinethylflornmam de (DVF),
1, 4-di oxane/ DMF and 1, i el 0t r ahydr of ur an
mxtures with an initiatof fset

ed from

@D

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
0
v
0]
an
wherein R is selected from ¢-butyl, 1,1-dimethylpropyl- and
1,1-dimethylbutyl- and is preferably a z-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/ 144140 PCT/ EP2007/ 005172 3 potassi um
tert-butoxide (t-BuOK), sodium nethoxide (MeONa), di

WO s@pnepyd et hyl am ne, PCT/EP2007/005172
1, 8-di azabi cycl o[ 5, 4, 0] undec-y-ene (DBU),
4-di et hyl am nopyri di ne (DI\/AP gl ut arri c acid di met hyl
ester, and glutamc a |d tert but ester
a cAIRIAsRIHNLf 2474ToRiP%! ﬁs% 0S Wmneth%udq )?’MeONa)
wherein n and R are as def|

bov
hydrcbgsapraamthﬁ@mmﬁmhﬁoalazg Z‘&[t%e% Oluggigc-7-ene  (DBU),
di i sopro thyl am n . . .
1.8 %ﬁgggé}ﬁ?m){g? 48{3]%&9&‘&?-)8&11%8) acid dimethyl ester, and
4- di thylam oyr| i ne. 10 DI\/AP gl utam c c“j
di et gamt-cs%@ - -ﬁ%rtémtyéﬁﬁ@ 249 8l v, campsid ot fempla (TID
or a t-butyl or nethyl group when the initiator is
t-BuOK and MeONa respectivedl | oned by b. acid
hydrol ysis of the ester groups.[ Throughout the
specification, the synbol * ipdicates a chiral center
and 15 the term gl utamc acifd conprises both the L-
and D- form either [BIU,F 'S Or as racenic
m xture. Step a) is usua canflred out at a
t enperature rangi ng froml tox®0C, wth a
concentration of the 'y-ester of a-glutam c acid
N- car boxy anhydride ranging f{ldn 0.1 to 0.3 M
According to a preferred enbodi nent, the process
i s cuheteany mandyRi arg es definsdiboys and Rs us/éwdr@m when the
DBU as.the initjator. The nmplar ratio of -y--ester_ of .
a- g/'BAHPE aci dISN- car §6}aFtedhhydriHemo | 1@$qgr@pylethylam1ne
usual Ly..r %?ges from2 to 25, the nolar ratlo

-y- -le§idinzafticysdogp i, Q]ﬁrtdeCaZTedl%@%@Haxy ﬁnﬁhyb@m@pyrldme

a- gl idy-este s 100. Step an be carried

out (Eﬁﬁ%‘% rﬁjluF%'ﬂtfeﬁPI‘LéfhWﬁ}i‘Yloﬁ%ﬂeFW gtutapiict prad-pdgert-butyl
| of I f by th

(rj:gg:l\é?qgegr Iatn?-rbgsttgf fg%/tringaly rgroup when tﬂnle 1Inlet9ato¥ 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) is usually carried out at a temperature ranging from 10 to 50°C,
with a concentration of the vy-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 tert-butyl esters, as exemplified by those described in “Protective
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WO 2007/ 144140 PCT/ EP2007/ 005172 4 groups in organic

synthesis" Third edition, Theodora W G eene and Peter
W@2007M441Mt s, a W ey-Intersci ence publicati onPCOBP2907/005172

Wley & Sons, Inc, page 406-408 and references

therein. Preferred conditions include trifluoroacetic

BrfiRE i GTEARIcosYUREOP Sl ol e9dei Y6 Geeascand Peter G.
MarkFutht ol s BT arpipLicaiohr dOBBCAV IRy o Jors, Inc, page
4064k aRdrre Fegers Rfeins BFetsrsdaniinnt ol he wifinarascetic acid
(TEGyim R G 2T A Grimic it anPaivEes G SpFapapagere ranging
frGT 0 (G Gic P 10 BB dRABaRRE oyl RLLY; QYR farmic acid and
WA Rt A P AR o AEPORN A TR E R EAPR 20 to 50 v/,

BT kb pesS g iaenfon Ristafiole, J4F Biatfens Bt the D and L
fofoh el oA oAy aidn i BT aR et el Tosm SO ver, the poly-a-
SIBATRERrIon DERRHLICGPHIRG LhUs IBHCROh AR BF seeconverted
in{E GG BERiG oo diF0Ue Tl PEr B0 OB PIBENSEYYS A, such as
hyGoghioriet aflF) §Yacbufalieiul Sulpnabic PR, Piscldpiay érentoric
ol °5t oRh 1 g efuip et chich, L BAIing i il g metal
Sy s MR M AT B8 ot her ol ut ai ¢ aci d |

com g 8ol UL, UM e AR i v
T T R T
T R T TR,
B SRS 1 VIR B, 6081 AT 5 obetnln 2000 anc
1@@6% ”p%;/ﬁﬁtg; Qz?i)}ﬂ:%lﬂgplflcﬁgpgfé?gpliﬁdei YP9EYIFhis is particularly
advantageous, since the procedures disclosed in the literature, 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-a-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 7-ethyl



10

15

20

WD 2007/ 144140 PCT/ EP2007/ 005172 5 glutamc acid
ester N-carboxy anhydride. In fact, currently
wararhiafake pol y-a- glutam c acids exhibit eithRCT/EP2007/005172
pyroglutam c termnus, or an @amno ternmnus or a
m xture thereof. Suppression of fornation of a
roglutamc t

el ArBRp e eT oeRTaEY ARhySEF i frEh Samraniby ayeiiabie poly-a-
glp%@%ﬁ%éﬁﬂf@% steﬂgg Saipayréte'tzﬁﬂgrrﬁ‘i;:ﬁ%r'rgln% 8E agrATAEIC terminus or
a ST DIEPFc SHRBLRIOLOToIO! [RFRIOR i & Rarpglyamic fprminus is
acBue 31 bR e S S B a0 whgreindhii a cbuty
gr%ﬁb%aﬁ%%%?'aﬁ?o%@a{‘gs3?a3%r*¥$L B3Beasalutgnic gerds y-esters with a
fr$ %ﬁgt %fr?y)n%sk% ﬁmscgﬁm o & Iegcy&g ?}E :svwaltc ﬁpgﬁ]aﬁlounts of
oo Rs LAY el et e sg%;;s°fvolg%leve
conggiany Al Qjﬁl%?emé%ﬂ?%i‘%%%% ghitef Ca@?ﬁ& (05-C
(bR Rindyedn, aer asBpel KT dSteetl Imtiost frpyides also a

Pf8§§ﬁ§r i ya?thEt S o ptamnif el il v S 8¢ Bormula (xv)

non-natural 20 am no acid residues said process
conmprising reacting a conmpourdtf~o&£% ormula (111) ROO
HOR H* O

RICO\E OH
g * n

o

Iv)
wherein n is as defined above and R;CO- is selected from:

(Cy-Cyp)alkylcarbonyl; (C4-Cs)cycloalkylcarbonyl;
(C;-Cg)carboxyalkylcarbonyl; (Cs-Cjg)arylcarbonyl; (Cg-Cig)aryl(C;-
Cio)alkylcarbonyl; (Cy-Cyp)alkyl(Cs-Cig)arylcarbonyl;
(Cs-Cyp)heteroarylcarbonyl and (Cs-Cyp)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 (0]



10

15

20

25

(111) WO 2007/ 144140 PCT/ EP2007/ 005172 6 obtai ned
according to step a) above with a carboxylic acid Rl
wWEO0H14414¢ he presence of a dehydrati ng agent, POI/ER20DTI005172
an activated carboxylic acid,gsuch as an acyl
chIoride Rl COCI or an anhydride (Rl CO 20, wherein Rl
is as _defined abqQve, to give a und of

obft@m,%ﬂ gcc(o\y;ilrg o) hep cahoygywith ax car X3 xy ichagid) RyGHOH in the

hydr ol ysi ng_t he conpound of formnula (
prsrerrq;r palehygrating QgeRb QUowp waécar ezs’r %QX(V V)acaadsuch as
ferred ClO)aIkyI e _acetyl .a
anbarylr ghlory &:é&rléer emaw@rr% it (DeSh behprein, B CO- is as
clopropylcarbonyl ycl.o ane nyl,
A NGRS d8 EBR N COpPELEs Adgformat (V)

(C2- C6) car boxyal kyl carbonyl is succinyl; preferred

(C6-Cl0)aryl carbonyl are be 0 1- napht hoyl

2-napht hoyl; preferred

(C6- C10) aryl (C1- C10) al kyl carbonyl are phenyl acetyl and

15 phenyl butyryl; preferred

(C1- C10) al kyl ( C6- C10) arydochr b Il exe o-, m

andp-tolyl; preferred (C5t§1Q)fBteroaryl carbonyl are

ni coti noyl, N-nethylpyrrole-3- rbonyl,

3- thlophenecarbonyl and 3- qU|noI|necarbonyI preferred

( C5- ClO)heteroaryI(Cl C10) al kMcar bonyl is 3- pyr|dyl

acet referred D- or L-patural am no acjd
anrdelsy%r@éwagé ¢ sozepad of fgrmekmiV htg 2 icrepannghphéormula (IV).

vallne | euci ne, _isgl eucine, serine, threonine,

| ysilad he mesaﬂf EO%‘#]@( M)e%ﬂﬁ &Y Xini ne, tryptophan

d t
an pCr% 1‘$Iec|11 ?Cl Cio)alkylcarbonyl are acetyl and butyryl;

preferred  (C4-Cg)cycloalkylcarbonyl — are  cyclopropylcarbonyl,
cyclobutanecarbonyl, cyclohexylcarbonyl;

preferred (C,-Cg)carboxyalkylcarbonyl is succinyl;

preferred (Cg-Cg)aryl carbonyl are benzoyl, 1-naphthoyl, 2-naphthoyl;
preferred (Cg-Cig)aryl(C,-Cyg)alkylcarbonyl are phenylacetyl and
phenylbutyryl;

preferred (C;-C,¢)alkyl(Cs-C;g)arylcarbonyl are o-, m- and p-tolyl;
preferred (Cs-C,g)heteroarylcarbonyl are nicotinoyl, N-methylpyrrole-3-
carbonyl, 3-thiophenecarbonyl and 3-quinolinecarbonyl;

preferred (Cs-C,g)heteroaryl(C,-C,g)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,a-dimethylglycine, o-phenylglycine, homophenylalanine,

3-amino-3-(4-methylphenyl)propionic acid, and
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preferred non-natural am no acid residues are those

deriving from O-al ani ne, a, a-di nethyl gl yci ne,
wa@2phenkgl yci ne, honophenyl al ani ne, 25 PCT/EP2007/005172

3-am no- 3- (4- net hyl phenyl ) propi oni ¢ acid, and WO

2007/ 144140 PCT/ EP2007/ 005172 7

2-(1-am nocycl opentyl acetic acid. The reaction

bet véséh %WHEOHQW‘Y agetic apkd- aci d R1000H i s carried

SRS s A RO i o
incihe GEYGISS| Sef HEATSIRH 08 BESHL COMMOR Y 56, ingasideschemistry, like
capbimdncis éwi‘wi@wé GBS AR poutpBy learbodiimide,
urRp R R tgfééérg.%édnghﬁ‘zﬁa obidiiiarskbiphbsphiezemegipyuronium

chl or.obenz

he%?g oq_’(ga Q)spéa};q me@q@amlgﬂrlgm@pﬁ il fzbenzotriazol-1-y1)-1,1,3,3-

NEW 2\% TRt S W @?éfyilasﬁﬁﬁ o (1H=6-
SReenPSts G Y ok 3By &”—?e&r%etbxﬁaoawhe

he%% ebciipanate (AFCTEDe pharReRivg nBte, Sioners, hgpgotriazol-1-

ylé%%s pmgﬁ%&g bon | pﬁ.ggt e%ct : Elgagplgngﬁ%y % gfﬁ?é%?t and the like.

WS'I%IB\% H%%lrffclth(grr Ii%ns H_aﬁggéé%‘larg% nglds 1S d‘%ﬁa %Ele é:@palng ?gent its amino
desi red

eriiRv i Preforahis PRAFCE B 4 Suiteb hotesfRl gffm. prafmbly the
fwg%mrﬁﬂﬁiparat%&@ms”°%elbg‘e%ﬂyn‘*ﬁﬁ%ﬁ%?wg%?%s‘s of the N-capped
pdlfiezBliindc i Mierah oAb I BF BT ALVE Rl provides the
NSRRI 0 SR B ) o
be 5‘6’1%%% 1n%@§}‘1)e6}{: 21{:1‘51‘1'4( ?b}%m@rs% grb el%ig%? %iﬁ?ﬂfﬁriggm% acids, such

ormu

asl\lfl?&ro%m&ﬁca?c %aﬁa*ndjrob?éﬂl% Gci dﬁgﬁ“ﬁ? &]t nftfict 884

ower prefer ablp
aci®¥ 'with E}Horgzailcg 5388 W¥h as alkaline or alkaline- earth metal hydroxides

erchloric

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 RjCOOH, or an activated carboxylic acid, such as an acyl
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The process descri bed above for the preparation of a
conpound of fornula (I1V) has general applicability,

W@ bwr/14940¢ 0 say that, further to a carboxyli cPGIEB2007/005172
RI COOH, or an activated carbogylic acid, such as an
acyl WD 2007/ 144140 PCT/ EP2007/ 005172 8 chloride

chigage RaGACTIEN ARDY Tt e RIG AR, BB GURbP R BRI 10 Feact with
G o S SO L 8 Do SSERR Formut
(1f)] EAeBaP e e Rugh roBo s BEF RSHSASAp BEINS: (1 frynsaturated
keRghon P FIONGes AER BB U MIUEhGHen B ERVERL i compound
ufly; BSosiiBp ipartapods e fhaRaRiIES SRaBishuAtrrine to 2
i B R P AR A S oSt S Fetvar
capbORYIR | 9140 125 BRAYIHEGK I95CE PERGBHo AB b dBofact Witk the -NH,
tefiRintsERYAISD Hoah el Siest & Siodg: SOpBIy mEgTEahAD aingior a thio
srdiiPo VBNIE Gt (Ar rioRTc ORUPY RUfed, WS ety Suitible  for
mtulsBe o156 Hrisobhstin: BPaRFReR) sO8 walyetpigmic acid.
T bord] g RRingt L BRReBE infedigh i w88 ' bbtyB-glutamic
o 5 STBRER o I Yo BEAE il . B 5% i
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-a-Glu-NCA-y-tBu ester
- L

(0] (0]
a” Yo7 Yo7 a .
HzN/\fo HI:IKO
[o]

OH

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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20 OH 0 40.17 g of triphosgene (0.135 nol; phosgene/

L-Gu-ry-tBu ester 2.74/1) and 862.5 nL of THE were
wWok@cattiwnder nitrogen into a 1 L jacketed reaR€BEP2007/005172

equi pped with nmechanical stirger. The reactor was

thernostated at 20C and the m xture was stirred until

conpl ete dissolution of tyiphosgene (a,few 215, m nut es
werecadilededisa single mostionranst qatie § aB\“ﬁZa 'ghgrgsu {inggipispension was

ester (0.148 ) WO 2007/144140 PCT/EP2007/ 005172 9. .
allgaved 4Qksact {08 %ihﬂyré %fo?gji én Al the) heganning grgtherpucity was

resulting suspensi Qn | oned to feact f.or 2 hours
oba@r‘zesf:.( ~4° gt?wagﬁmégﬁde%ﬁﬂwﬂ 8t ithe fgactigpsprosggded: after
(= 45), .then the solid di s%ol.veg as the reaction
abgup d0gniy a cleacsolugins wagedbtained. ¢l ear sol ution was
obtaj ned. 5 At .the end.of the reaction the solvent was
evapbk Q?ee&nénﬁgrtﬂ? dgacen tﬁ?@e%%lefpet, WasepY MpPTaked jundegreduced
t enperatur.e not .higher than 20C. the.,disfill.ation iy L
PIESHIe, REPIRELBGIAC o BT Pohizher thi 2RRES thedhstillation
a dense and oil esj.due was obtai ned, w thaut solids )
was,gutle BEwIoys. The distlapen; was contiued upil afcpsg and oily
distillatjon 750 of n-.hept.ane re dr.o d in over
regiBervaSohianed wiobhsoiis LebartAEnd, oF FEY Gl dapected). At the
o] S8 Bl 0 P BEbr e 4 HHFRAS over about 15 min
rystallisation begins after .additiogn 1 o] .
ang ¥R, Tapente ey SATET aiidst nifhsen Bo2023,SC for L hapr until
on ,buchner, funnel a washed wit h X 90 . of. )
coffgls Srestaliizian SEdhe Sty Listalys crayAlisation begins after
dvz;r,]cuum t020/ 25 C_fort no | onger than 20 hours. The
adgdgiion of, 190 WL REBNERIA0G 1, "as possibile and nust be
storgd under. static vacuumi.n the esence aof ;Siliga
gel 1HS IFTyiking: pyns white polid, was Bitered; on Bughhessfifinel and
of; L-4X5 - - -V tBu, est were obtajned (68.8 % .
wikig yitS3 S8l ot neRdii Shetl ifed b ThEfdrfipder dynamic
acid-y: o [ ester N-gar an rid NCA
vap Gl H§ 20PES Uk b8 Tt iR o Mpnf Y st GChe 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-7-tBu ester, 23.3 g of L-a-Glu-NCA-7y-
tBu ester were obtained (68.8 % yield).

Step b - Polymerization of a-L-glutamic acid-y-(zert-butyl)ester N-carboxy

anhydride) (NCA) to poly-a-L-glutamic acid-y-(ferz-butyl)ester.

0
0] NCA/DBU ratio = 25 >‘/
)
HN%
(6]

1,4-dioxane 25 mL/g NCA . + -
N

T=25°C;4h
o

1,8-Diazabiciclo[5.4.0]Jundec-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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00O O NCA/DBUTratio =25 p 1,4-dioxane 25 ni/g NCA
HN,~ n* T =25C 4 hHOO
wWa2@7Miaz@bi ci cl o[ 5. 4. 0] undec- 7- ene free base POBEP20MM05172
152.24; 25 585 ngy, 3.84 mmmolip was di ssolved in
1, 4-dioxane (5 nL fromthe total WO 2007/ 144140
PCT/ EP2007/ 0Q5172 10 anount) in few mnutes. In al
amoun{y iBtfew BIBYESr eactor 1, 4- d| oxane (550 m.) and

Ayt IR LR AL ! @%@t@m%L lutamic
t. 25 til | ut Th
aCF%%?‘??hB“ SR onNgars “e'dé’ 9 RIGAS (220 96 mmol

t I tat
8 DM %ga e auviedid 25 C et méﬁﬁlﬁiﬁ;'&sg%‘eﬁgoémd
gﬂ_tl The xture was red for. hout 11@1 1
] ff%lt’rﬂ% 'é“%‘P oWRy 2 %&ﬁf{ V&r}’nQB{F Y 2aWithy the) previously

mnutes ter afurthr 30 mnutess at 25
prepagede L) |p§?]éht’é’ﬂ‘ sdhi dPRRSEPILHE| eH‘(S *ﬁap AnPeAtsd oand  low

and washed Wlt ro(3 x The recovered white
?WWA@’WH%H ?’fvé’ (?&?&é‘rt 3\?gc),uum at 40C to yield

1374@% ABe “waS afisa E%rgﬁﬁbow, Bt P Gl 1o gh vas slowly
poiite iy overs STa 0 RN ecubfﬂ%%rvﬁb%ﬂtnlgﬁwmeg at 25°C
th%gfl)ldf‘élét% 6P at ¥v% e%ﬁ ((212 g'}lfra &'a‘ﬁtgﬁ,% &ha | g{lth water
(3 X gO leg Jflfle recovered8 w'ﬁllte sNéhd 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 ¢ - Hydrolysis of poly-a-L-glutamic acid-y-(zert-butyl)ester to poly-a-

L-glutamic acid

Na
0.0 HO._ O 0.__0
- .
T=60°C;5h - +
Hd | w OH ’ H{ o pH=8 H{ .« O Na
~EN n ‘[‘N nOH +N n
o}

Solid poly-a-L-glutamic acid-y-(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
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HN n NnOHOHO Solid poly-a-L-glutamc
acid-,y-(tert-butyl)ester (4 g) was suspended in 20
wo ooomites1aci d 99% (80 ni, 20 vol unes) under ni tPOOEP2007/005172
atnosphere in a 100 nL jackgqyed glass reactor. The
m xture was stirred at 60C for 5 hours. After about a
30-m nute heating the suspension turned into solution,
formae ackbiwas eeaparates pidc by @&F@'@ro%tdléfl?ltaﬁ’émf o‘?”rﬁuc toluene
acid was then renoved by distillation under reduced
(22640mabs Q€)= 15 torr; internal tenperature al ways
bel qw 60C) .. The residual WO 2007/ 144140 )
P/ Hh 0691108 re3 1ue) Vras: SHERCRGS & TAGKA ey 4A8rmlLapngt the mixture

wad gboled g v 351 ey P Ua P oNAE Sty ehaslIy chisicto reach pH
3 5005/ henBt aasStaBloo Rt 28« e B TesullinpiRoluigh was filtered
(hEHh A2 AehARITORBT-  hr ough a 0. 22 m m arof i er.

aci dy Aesipiplusion, VeaciridHied B3 mERRG .apehErish ikop o pH
2.5, IheR dhe esu L SHREnIARCH 5b AU 136 BodrR Jhe) Progipitated
sl waa vy e fied ter s (Hb1GSVeinighsl 2awhite cake
wEhisleV o8 3258 ) "B 5 Moty FE580, Db Rl Bajxdispersity 1.04
(@RGeMALESS oF 0020 g/nL (0.17 M. The otirring

SPeSgBRIEEk. 30, P00 P, Then DOV (105 T, A 1220)

125 SRR SRS EhuRIRLE - bSRY, BRI 005 o
lﬁi}ﬁrggv%is % @iﬁgofvee%?tuinagr 'ﬁilt’%gér? S re%m(,: bt Glellﬁ'*‘r(eib%dmig 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-o-L-glutamic acid-y-(fert-butyl)ester was then

hydrolysed in hot 99% HCOOH according to the procedure described in step ¢
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20 residue was rinsed with fresh 1, 4-di oxane (100 ni).

Two vol unmes of water were then added to the reaction
woroovasa4mhi ch was stirred for 30 m nutes. ThePCT/EP2007/005172

precipitated solid was col |l eghed, washed wi th water

and dri ed under vacuum at 40C for at |east 12 hours.

2.85 g of poly-a-lL-glutamc acjd-y(tert-butyl)ester . .
of JBxempley dry) fugaishing 5 afqute Jpgwdér 'tHO[xyfoL-feal,e%@lc acid
and DP" = 184 (by H N r obt ai n The X
(875 TRaaisay pBIYY M Zof i A AP SR ETBIY D11 ~ebpccording
s, then hydrqglysed .in hotf 99% ccordin o.the _.
tozﬁshé’&am@aaegc Lb%@arhp&r@e yccq;kiﬁlgédw@ﬁﬁ% Algl@ Laker Light

PCT/ EP2007/ 005172 12 of Exanple 1, furnishing about
ScptteringAnyysi a- L-gl utanic acid (84% recovery) with

M = wl d | ydi [ =1. 2, 100 di
to &ﬁ%?’ﬁé@& oEoChyr L)frgf[}glgE z\phy co_uplned Wi ?EC(I\)/LI It ing
CENGFBNERCCERDREDIGRE FIAR FUE AR M AR TR 6 TON
obt 4 heniBEbeParnb-ehimmie BSisEnarie frbksiblathed according
10 RPN RIAL DTBFE T BT BO B 5k TFAMRE L) contains
eyt 15 S01eh AP EePEmiBo S1E R o hE N P R 8 et ned by 'H-
j tabl e.acj,d dd ly-aszl-ql i .
NS BghG S P slaB P s Ko Cabiyiiedneanolargquivatents of
Pol y: a+ L- gl ut.am id-Jy- t-h | .
iO . am (Cl ! 5 T:er UtC e_ti.r _aS
thutigBle alid) Bradd BoPohy) gyt bkt ab B e Rhamiestgr for its

ca4' di met hyl am nopyri di ne (DVAP; about 15 5-10% nol es
RPE T Y& to the added aci d) was added. The

A R e R T T e R S
%P3t e SRR Hhbhal kb5 i ear: sbou
S RO EREE ik PRt e QU R WACEadE CThEHhitable acid
(10 molar equivalents) was added to the previous mixture and
diisopropylcarbodiimide (DIPC, 30-50% molar excess with respect to the acid
added) was dropwise added in about 10 min. The solution was stirred for 2 hours.

Two volumes of water were then added and the resulting mixture was
stirred for 30 min. The precipitated solid consisting of N-acyl-poly-a-L-
glutamic acid-y-(tert-butyl)ester was collected and then suspended in formic
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-a-L-glutamic acid (N-acyl-poly-
L-o-glutamic acid).

Example 3a

Poly-a-L-glutamic acid-y-(tert-butyl)ester (1 g, 0.054 mmol) was
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20 stirred for 30 mn. The precipitated solid

consi sting of N acyl-poly-a-L- glutamc
wa@eiodAasm4qtert - butyl )ester was coll ected and tPEREP2007/005172

suspended in formc acid (2qfa,vol umes). After stirring

at 60C for 2 h, two volunes of water were added and

digras s”'f%ﬁgéﬂm and SeaAlotisdOBAR, (8 mishi OR7 mabnps added.
iy B BOET il S PR S 5050 Grsided e mivue
anﬁ&?@%igo% s Iﬂé’%a&(@t ' dequgp ‘ngﬁ 3%9pgvise grided. The
feg‘%éfa %@3 l\i(/’\ﬁ ‘%‘%%Z/l%’%df ‘30r gh%tft%g%{x&?%wagg @gvolumes) was
gl A §P?§f35§a@e§>hen LA ATRRL NEL -
fol L hiPriggd ?‘éﬁegfgi‘nmﬁ‘gec%gﬁ WhitennSveiered Solih ¥as sigpended in
fofifs 89 L6 ﬁa“@%m%é&%“@”ﬁ? [ YhEea &pendi 8 60°C and
B 456 B TSR A 15 o

mxturﬁ was st.irr for

fofi A BY araditaBld Hifs Laal%wr%f? ieniGrx J0 gL dflene) under
Shgﬁlit‘ﬁcwgnf Shahap oM be MaREIH A ERP 64 oian dndehem, 13,
1358775 EhE o, rEBETRs chissq v aapsas MetiGE: and the
rodflfinh: STEEE ot IR TGRS, 0T R ffppranc. e
0 LB ral TSR B A o aci
un‘?ﬂdpﬁg'??é??ier S PipeifRlaiba waﬁéaré?léha&r Sl 57, T gmin and

a5 S BB B R, overo,
thé othes SR s PHea Rt RS CaBhh 3G AT B ERRc acid
leprﬁggﬁ@ SR OB MAETLERY (S56°nT B89 EB0bry). 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 = 1.16 as determined by GPC-MALLS
analysis.

Example 3b

Poly-a-L-glutamic acid-y-(tert-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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20 glutam c acid-y(tert-butyl)ester stage) was no
| onger detectable by 1H NVR analysis or by analysis
wo o0070witmy derivati sati on with o-phthal al dehydeCT/Ef2007/605172
13, 300 pol ydispersity = 1.1613s determ ned by
GPC- MALLS anal ysis. Exanple 3b 25 Poly-a-L-glutamc

re%?&g@d?égtﬂ%:#ﬁégg% ;S%tg%m%hegﬁiﬂ%nng’%& mp}umes) was
adiod Fndlod WhilGUPFEIDHATGH pEREdaBmEdiAEl SiThe, Sspasion was
B A3 s S N 00 9 g v
su%éné%gég dralafg:r %lcalaﬁﬂkeﬁxﬁﬁeﬂ'?lgrrfegﬁ fpngc %%g{;e(\%agl gtligrgﬁsl)or 2hat
6hehnd tpiialeac by o6 ETRBEga it en Bbseibiosbgressure (P = 15
BB P AR i BRGEETATB i, o ouene
STy, AR A S LSPGO and
thé RS EEihe P Lo B Sl AT UG a darP R G o0E R s thppmbrane.
THS GesEale o SRR Rss 10 p0C aDeiafnd, udiHCd by means of
sufGF ki el i 715 o FReoiPilated,aSilerl J7ensied for 30
iy pEPaEeof e b et el fhn oMt ST aresom Go°C,
o BTN sSSP S tamicqepmpi poly-ecL-
o AR 4 TeriON, 188 SEAOY Sl OIS wien
oG S bR, LI bl A gl o e povct
BTG 2000 ek BTk B sPalVR: e FOERT IBLEBAS by s i-NMR

oAy (207 o BT 0

Example 3¢

Naphthalen-2-yl-acetic acid (19.7 mg, 0.106 mmol) and N-methyl
morpholine (23.7 mg, 25.7 uL, 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-a-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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20 (10 m.) and the m xture was cool ed at OC.
Chl orotripyrrolidi nophosphoni um hexaf | uor ophosphat e
W@ Bodiiepg0 0. 106 nmmol, 44.7 ng) was added to tPEI/EP2007/005172
m xture and the resulting soljgtion was stirred for
about 1 hour, then poly-a-L-glutamc acid --y-
(ter

susbRIE i i e IeomL: e asuBing mugtTswasstified for 2 h at
SRR ThendniadvFortrauooTedapowa BdufeRnic dRidelas Temoved by
RGBS S T SIS BSORL 8 acoropi
T T oS, I
aciieps Nl a1 ahe dan i Salutiaf Saa e g Pgpugh a 5000
D, o 1 S Lol Lt S . and
L) R R R 444 s e
wEbF R ORD TR 1CoVEeT Ry QRO R, Rlrodaying under
STl T S R A e
oo 3o B SELE 0 e BAE el it
e RSP S99 M et T (RN BBl o e
o R B BRI GEEE B b Gl e R R BB detectable by
RO Y o BRI AR B phfBsiC0e] s B0 Sner

Exadgtnele W apnt nal en-2- 1+ acet i ¢ ab d (31,7 .

N AR bem P et Thsid 2 (e, Bl Eplof 1PBA (3.5 me,
4T 30030 200 XY A R ik P oD RTors-6 me
0 LEARL S Moch PBY, o, OF A CRSCIBRA @ L) anc
th@%ﬁﬂtiglﬁ mifdre was stirred at room temperature for 2 hours. The mixture

was dropwise added to a poly-a-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-a-L-glutamic

acid-y-(tert-butyl)ester stage) was no longer detectable by 'H-NMR or
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20 1 g, 0.054 mml) solution in CHC12 (10 nL) and the

resulting solution was stirred overnight. The sol vent
wor®7tham renoved under reduced pressure and PCEERI0T@®S172

material was processed in thggsame way as described in

the Exanple 3C. The recovered solid, after drying

under vacuum (30C overnight), 25 furnished the

o-pbthadalsehydagnalysis.

N- ( Napht hal en- 2-yl -acetyl ) - poly a-L-glutamc acid
(61 Exg¢mpdeder ecovery). The ' H NMR was conS|stent with

t he proposed structure m ne arI
det d{lyfﬁé-@_]u%Cp@ﬁl - {_ar@ﬁqhtg{-)p%ter?n ~10( 6/ 054 mmol)

aC| d- - bé‘ia%tg; ﬁﬁé{d? est er St a V‘ﬁi@p& (ém g, 0.07 mmol) was

PCT/ EP2007/ 005172 .16 pht h | dehy anal ysi s.
addednpihersd-thapphengb: UéVUPa‘%ﬁlé Qlc@ ngyy i e7( pupplpiiag) gdded to the

m?éftg?%@pnaiﬁansgtaaﬁw ?@eb&ﬁi’m ﬁé gfnm@fl)“\/a%géforham% added.

ST R &hgﬂﬁgﬁgﬁga'q%m@é%&f%q}'grsg?%rweiew Joumes
WD AAAPS; TS OEES PLccIPUALSh SORTE g R B Gl ﬁ%‘@%ﬁp?on was
stirfsb AR P ﬁﬁgdéﬁg%?sﬂstﬁsﬁ"*hﬁ SRUE et scll ey suspended
1n3§gggl o 2(5 288 IﬂE? 2}“ :\é\ﬂt]dlg( )\Qﬁ&;a%jaﬁigtlnlfrgg\ffolri B at 60°C and

m xt ur e ,was stlrred

fofe rasvigs G poadistidion aisaycst dusawt 15 tom)
RPN AT e YLy
SR S, T TS 0 ST DAL, and o
rerbliisE st Toep i Bere o o AR GRas 'e@e% Kl ficfiltrate was
o AR 75, T, 555 PSR g vos
S BEATBE SO LSRR Sy, hion, i, afe, orvine uncer
Va(c&]g%nrrg,( 2(';8 ﬁ:, ggg\e})gregiﬁﬂ{fﬂ%l )1H_ﬁ§)é y- acBrr%lsBBﬁlgfn% aCl §_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-(tert-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-o-L-glutamic acid,

were also obtained.
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N-term nal free am ne content (clearly detectable at

wWo b@7poliye a- L- gl utam c acid--y-(tert-butyl) esP&r/EP2007/005172

stage) was no | onger detectallze by 'H-NVR anal ysis or
by anal ysis follow ng derivatisation with

Co- pht hal al dehyde. MW = 13, 300, pol ydi spersity = 1.12

rm ned by GPC-MALLS 25 analysis. According to
a very simlar procedure,
N- ( 2-t hi ophenepr opanoyl ) -poly- a-L-glutam c acid and

N- (2-t hi ophepepent anoyl ) - pol y-a: L-gl ytam.c acjd,. . wer
-al sdt PBPET T t%@éE?‘]%M‘lQéPPbTP‘E@EﬁW@@S@Qf f?‘Tmea D

CLAIMS 1. A process for the preparation of
poly-a-glutamc acid of fornula (1) HOO +tNOH H* O
5 (1) wherein the synbol * HhdjieQtes a chiral center
nis between 60 and 310, so thpat the poly-a-glutamc
acid has a nol ecul ar weight ramging from 8,000 to

40, 000 Da said process conprijsing the steps of: 10 a)
pol yneri sation of a tertH\r sied of a-glutamc acid
N- carboxy anhydride of fopm
0 o)

@
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* O

%O

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

t-butyl, 1,1-dimethylpropyl 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-vy-tert-butylester, to give a compound of formula (III)
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(I'l') wherein the synbol * is as defined above and R is

selected from 15 t-butyl, 1,1-dinethyl propyl and
wa2@7di4red hyl butyl in water or in an organi c SPCEP1007/005172

sel ected from tetrahydrofurgg, 1, 4-dioxane,

di met hyl f or mam de, 1, 4-di oxane/ DMF and

1, 4-di oxane/tetrahydrofuran m xture with an initiator

sel ected from potassiumtert-B0{gxiOde, sodi um

met hoxi de, dii sopropyl et hyl am ne,

1, 8-di azabi cycl o[ 5, 4, 0] undec-7-e

di nmet hyl am nopyri di ne and L-gl

tert-butylester, to give augdo

WD 2007/ 144140 PCT/ EP2007/ 005472

(1'1'1) wherein * and R are as defi

hydr ogen when the initiator is selected from

di i sopropyl ethyl anine, 5 (I11)

1, 8-di azabi cycl o[ 5, 4, 0] undec- 7- ene, _

4- diwketeyh dinamdpRr atk s, definedrabovacand R 'mis hyidregemrwhen the

and glutamc acid--y-tert-butyl ester or R is a ]

t - bunitiatoor netisyl gr sepeatbén t hefiom t i at odiisepropylethylamine,

potassi umtert-butoxide and sodi um net hoxi de o )

r es pe8tdiasalicyald [t Diunde by -are, ¥)r-dunethylamdinipygidings glutamic

the y- and a-ester groups to give a conpound of )

f or ragiid dimpthyl estereand gtutemigasod-o fegr-butyl esten ar R’ is a #-butyl

wherein the solvent is 1,4-dioxane and the initiator

i s wromithyhigroupl oflsm, thpuimitistor énepotassitne #grobutexide and

according to claim1 or 2 wherein the tenperature

r angediumsmethanide respesgyely andihe process according to

any one of clainms 1 to 3 wherein the
followed by

tam c acid-y
unflaef forrmula (I11)

b) acid hydrolysis of the y- and a-ester groups to give a compound of
formula (I).

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 z-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 1s <1.5.



concentration of the tertiary -y--ester of a-glutamc

acid N-carboxy anhydride ranges fromO0.1 to 0.3 M 5.
wab@7ps4adess according to any one of clainms 1 PGI/BP2007/005172

wherein step b) is 20 carriq@ out in an acid selected

fromtrifluoroacetic acid, formc acid and

water/formc acid m xtures at a tenperature .ranging . .
8.t r o rocessder the preparpiib &f & Poly-@-8 t@ﬁllarﬁﬁlér@fr&‘aﬂve of

claimg. 1 to 5 wherein Ris t-butyl. 7. The process
fogmuda 1YY to any one of clains 1 to 6 wherein the

mol ecul ar wei ght of the poly-a-§P c acid (I)

ranges from 13,000 to 25 16, 000 and the

pol ydi spersity index is < 1.5. 007/ 144140

PCT/ EP2007/ 005172 19 8. A procegs for the preparation

of a poly-a-glutamc aci dR,G@r{Lv ive@df formula (1V)

HOO RICO OH H* n0 (I1VW Nwhell¢in the symbol *

indicates a chiral center and n isoan integer 5

conpri sed between 60 and 310 and Fi]\80 is selected

from (C 1-C 1 o)alkylcarbonyl; (

(C4- C8) cycl oal kyl car bonyl ; i ) )

( C2-Vaagrean bikey syrapot aF Hodygates (@oghaml ogentor cardhanys ;an integer

10 (C6-C10)aryl (C1-Cl0) al kyl carbonyl; . (C1 -C 1

0) al@ynpuEsedbetwgen 90@%@,%@ ppd(lhﬁ@i is selected from:

o) het er garyl carbonyl _and (C5- Clo) het er oaryl

(Cl-@llO?&l)RlK)@ﬁ?@é\Wll; wherein the heteroaromatic ring

cont ai ng one_or_ nore nitrogen, oxygen or sul phur

at orf&s-Galeyelpadkylsarbonyk no aci d and non-natural ami no

aCId( < I6)Oclslzjl(rel?c')xyall(ylcarbonyl;

(Ce-Cyp)arylcarbonyl;
(Cs-Cyp)aryl(C;-Cyg)alkylcarbonyl,
(C1-Cyo)alkyl(Cg-Cyg)arylcarbonyl;
(Cs5-Cyp)heteroarylcarbonyl and (Cs-Cyp)heteroaryl
(C;-Cyp)alkylcarbonyl wherein the heteroaromatic ring contains one or
more nitrogen, oxygen or sulphur atoms; and
D- or L-amino acid and non-natural amino acid residues;
said process comprising the steps of:
a) polymerisation of a tertiary y-ester of an a-glutamic acid N-carboxy

anhydride of formula (II)
OR

O
HN*\\<°
0]

an

wherein * is as defined above and R is selected from ¢-butyl,

1,1-dimethylpropyl and 1,1-dimethylbutyl
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pol ynerisation of a tertiary y-ester of an a-glutamc
wa@eood/1N1e@mr boxy anhydride of formula (11) OR PCI/EP2097/@5172

Hv__~0 20 (Il') wherein * hg as defined above and R

is selected fromt-butyl, 1,1-dinethylpropyl and

1, 1- di net hyl butyyl WO 2007/ 144%40 PCT, EPZ(ggtYI 005172 2(9 £

in visit YateF o1 iBn 2y pagerics spleant selestad frpppmietrahydrofuran,

t et rahydr of ur an, , 4-di oxane, dj nethyl formam de

1, o et anen anélmiﬁw-?ﬁraa@an et r aHy‘g‘rcgi%EiP%?/DMF and
m xtures. Wth an jnitiator selected from .potassiu

¢ er {1 BrAIOXABE/{UBhY SrATHEAT SRIHNTeS i A gD e g Selected from
amne, 5.1, 8-di a%abi cycl o£ 5,.4, 0] undec-.7- eng,. .

di mRAPFHh I$y F YR dgng 04_1115} Ugthexide,  diisopropylethylamine,

B SR B AT P e
e P e Ut
bchI oride R10001 or and%ﬁl‘wgdri e 1CO) 20 wherein RL is
Jas dERFIRRY OF oempPHndy 2t/ of a dehydrating

agent to give a conpound of formula (V)

RO O

H\[\ OR'
g n

*

0
(II1)
10  obtained according to step a) above with a carboxylic acid RyCOOH, or an acyl

chloride R'COCI or an anhydride (R;CO),0 wherein R, is as defined above, in

the presence of a dehydrating agent to give a compound of formula (V)

RO 0

RICO+ OR'
N n
H =*

o}
V) and

15 c¢) the hydrolysis of the compound of formula (V) to give a compound of

formula (IV).

9. A process according to claim 8 wherein (Cl-Clo)alkylcarbonyl is acetyl

or butyryl.

10. A process according to claim 8 wherein (C4-Cg)cycloalkylcarbonyl is
20 cyclopropylcarbonyl, cyclobutanecarbonyl, or cyclohexylcarbonyl.

11. A process according to claim 8 wherein (C,-Cg)carboxyalkylcarbonyl is



10

15

20

25

ROO RICOOQ] O Nn H=* 0 (V) and 15 c) the
hydr ol ysis of the conmpound of fornmula (V) to give a
wa@eowpowdo of forrmula (I1V). 9. A process accorBCTigP1007/005172
claim8 wherein (Cl-Cl0)al kyhgarbonyl is acetyl or
butyryl. 10. A process accor&i ng to claim8 wherein
(C4-C8) cycl oal kyl carbonyl is 20 cycl opropyl carbonyl
Su@ym}ébut anecar bonyl, or cycl ohexyl carbonyl. 11. A
rocess according to claim@8 wherein . .
1£C2A26P€@‘¥‘E§(§x;#&l°f?§41@8r genylaing GovWlrrem 4fde«&10)arylcarbonyl is
PCT/ EP2007/ Q05172 21 _succinyl. 12. A process
bexzey ,dﬁ'ﬁéph@%ﬂéﬁrﬁ'@aﬂh&%ﬂn (C6- C10) aryl carbonyl is
benzoyl, 1-naphthoyl or 2-naphthoyl. 13. A process
13ccdhdi myocesc] arreFdipsr eith (@amo) of y| wWherein  (Ce-Cjo)aryl

Cl- C1Q) al kyl carbonyl is phenyl gcetyl or
(Céném)ia %r%nyus. p ere;yl@setmyj oadﬁwmr?(%tyml-a aim 8
wher ei n (Cl- C10) al kyl (C6- C10) aryl . carbonyl js.0Q:,
145, p-A oPy@cesg 5 acgordhng et é@blar&y Fghersin| & ok ¥ e-Cro)aryl
(C5- CilO) het er oar yl g}ar bonyl is nicotinoyl,
cagb Ry Inisi sy P-oPeP 3908y bonyl ,  3-t hi ophenecarbonyl or 10

-quj nol i necarbonyl . 16. A process.according to claim X
15 wHb REPRETCACAII R 16 SIaii 8 Yhareies @Sy‘gnqégpteapeaﬂwbonyl Is
ds.3-pyridylacetyl 17. process accordjing.to claim
nigRaRel b DML HRGrE MFeRIRt o redhutsnscaibonyl  or
those.deriving fromglycine, alanine, valine, |eucine,

3-aupiQlingcagbonyls serine, threonine, |ysine,

169 yr %l uIt)r%rge(s:s acellcdc’or lhnegnyltgI ac ari]r% t rgypgv erl]'glnn ar&%yclo)heteroaryl

(C,-Cyp)alkylcarbonyl is 3-pyridylacetyl.

17. A process according to claim 8 wherein 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.

18. A process according to claim 17 wherein the arﬁino acid residue is a
phenylalanine residue.

19. A process according to claim 8 wherein D or L non-natural amino acid
residues are those deriving from [-alanine, o,a-dimethylglycine,
a-phenylglycine, homophenylalanine, 3-amino-3-(4-methylphenyl)propionic
acid, and 2-(1-aminocyclopentyl)acetic acid.

20. A poly-o-glutamic acid derivative of formula (IV)

HO O

R|C0+ OH
N” « Y
H

o

av)
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20

cysteine. 18. A process according to claim17 wherein
the am no acid residue is a phenylal ani ne residue.
wa007M4uocess according to claim8 wherein D PCT/EP2007/005172
non-natural amno acid 20 regidues are those deriving
from (3-al ani ne, a, a-di net hyl gl yci ne,
wgcr(%rjlt? 7 I?gl Yoh ﬁ’g‘/pggggg]sgg%hﬁlr gc,l;egﬁélégggrg San integer comprised

b R DR B o 0 (1 v 0
o bodtaortitun ol n e oo i cates
0 RS bl L2 o 2o becveen
LT TR G Bl oo
10) AL BORNR - GO ET MR oar 1 car bonyl and (C5- C
U et TR 10 L

oXxy r .su] phur .atons; .D- or L-ampo acid a
non%ﬁngi‘ﬁﬁe WI%@%@nﬁsi dues a@‘ﬂ\ell as th5?C10)heter°aryl

22 SRarb i bR Seler e R Ssonf a0 Wiains one or
L- pyrogl utam c aci d resi dl.ie and the content of the
N- ¢ APATOLTRRSTL C¥es SesuPBUT 8ISt han 1 9 w w

pr efﬁ_r 81P D—/alln(i)x\ll\c/ge rac}c{] ahd %’o%-x(;/%t\{\l//rg\f amino acid residues
as well as their salts with inorganic acids or bases.
21. A compound according to claim 19, 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.

22. A poly-a-glutamic acid derivative of formula (V)

RO @)

R,co\[\ OR'
Hox

o

\2)

wherein the symbol * indicates a chiral center and n is an integer
comprised between 60 and 310, R is selected from ¢-butyl,
1,1-dimethylpropyl and 1,1-dimethylbutyl, R’ is hydrogen or a ¢-butyl
or methyl group and R;CO is selected from:

(C,-Cyp)alkylcarbonyl;

(C4-Cg)cycloalkylcarbonyl,



22. A poly-a-glutamic acid derivative of formula (V)
ROO RICO+ OR H* o O (V) wherein the synbol *
WO pi7aaties a chiral center and n is an integerPQDEP2007/005172
conpri sed between 60 and 310p3R is selected from
t-butyl, 1,1-dinethylpropyl and 1, 1-di nethyl butyl, R

IS g utyl or nmethyl group and RICO is
seI é&e@@?@ﬁ? ‘?’@I‘Yl?sc 10) al kyl car bonyl ;
)ycycl oal ky WD 2007/ 144140
PCT/ % 0’3 ﬁé&aﬁﬁy{c@b@)ﬂ’ o)aryl carbonyl ; (Cs-C 1
o) ary] ( ) | c (ClClo)aIkyI(CG-C
1 o) fr 66&?&3’3%? 'a% lﬁlac’fgl?‘i’l%’(ler oaryl car bonyl and
het er oar C1- C10) al kyl c rbonyl e
o frseet ééﬁmﬁvyecqr%ﬁé ot ol o G o o otEs S iheteroaryl
nitroge en.or hur ato and .
S hei dehringi IRy Hkesndhe ﬁ&@@&{@yaﬂ%m&comams one o
pol y-a- gl ytam c aci d substll Lut egggt_ th(ﬁ -NH2 term nus
Wi t PTG BT Pigon OTaHHIRhYD AHRemt s A1 er
fun ionalised wth a,noiet itable fo 1
81 ho PR frid m%&m%%ﬁusg'p%&? apibrestdues.
23pol V¥ oql Ut arﬂltamlc acid substituted at the -NH, terminus with a group
which is able to be further functionalised with a moiety suitable for

10  modulating the pharmacokinetic properties of poly-a-glutamic acid.



