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WO 20081107174 PCTIEP2008/401746 1 METHOD FOR

DETERMINING THE AMOUNT OF CONJUGATED TAXANE IN

POLYGLUTAMIC ACID-TAXANE CONJUGATES Background of the

KelionRaglitaxel (available on the market as Taxol™ InjecfieR)ds,M€001746

prototype of chemotherapeutic taxanes, which binds to j3-tubulin,

promotes the assembly of this protein into microtubules and stabilizes

tMEﬂ" EVeRuEY RaiiDERVE N EdG: HH&[EaMﬁHKiFn@FPEKINJU GATED
lutamic acid

; A1 G A 3 C NJUGATES

I [[4 10(3 bls(acetoxy) -2a- (benzoyloxy) 1 7]3 dlhydroxy -9-

0Xx0-5,20-epoxytax-ll-en-13a-yljoxy]-I'-oxo-3'-phenylpropan-2'-ol),

hereindiec kefartadito fah P ¢ ds tiam ester conjugate of a-poly-L-glutamic

acid 10 (PGA) and paclitaxel wherein the latter is cqyalently bound to PGA

througH 2R EK R ER¥RY 3ISIRBthe W@‘Ehﬁ%ﬁ@%%d@ﬂ §ﬁ§tﬁﬂﬁo¥8u§\§ iprototype
Cfgasmﬁgt elung ﬁ?ﬂg%nég\l %lf [}%1 %%Ii]l %qgh%xe(kg assembly

ter upta ea proteolytic egra tion o

cohjtpate st Umor ﬂﬁsttﬁuﬂ;ﬁﬁbeimmﬂ@bl&rz&fm@l@ asdemeiggylahusing cell
weight of PPX are distributions because the polymerization degree of

AR Lfmet&mla@@ba@m@cnm& Flesnjgahtivaaie Nt pecdtigixemyl)-
r@ ga(gf a%atoégim%‘%’fa‘:wr'”%ioprociingggteem"“gg NRIGCUAR 3053

rmine

m@mgﬁuam’qqmw@ﬁhgéu@ﬂmﬁquepme%mwwmbwm&ly 9-

angle laser light scattering. Approximately 35% by weight paclitaxel is

preeent fir ehebdardlforh- |h3mel&wmbdteoomérrah¢wﬁmqpaabfbuoane
q}aclltax este Ilnkdg eé r}hmertunlts Method for the ]f nltth ”
PBYAE dieclosed P ]t§ll fi6h %68?)’5’%?2 a-poly utamic aci

(PGA) and paclitaxel wherein the latter is covalently bound to PGA through

the 2'-hydroxy position.

PPX is currently under study for use in non-small cell lung cancer
(NSCLC) and ovarian cancer. Paclitaxel is released after uptake and
proteolytic/hydrolytic degradation of the conjugate in a tumor tissue.

The molecular formula and molecular weight of PPX are distributions
because the polymerization degree of a-poly-L-glutamic acid and the number
of conjugation sites with paclitaxel vary according to the manufacturing
process. The average molecular mass of PPX is approximately 40,000
Daltons, determined by non-aqueous gel permeation chromatography with
detection by multi angle laser light scattering. Approximately 35% by weight
paclitaxel is present in the bound form in the conjugate, which amounts to
about one paclitaxel ester linkage per 11 monomer units. Methods for the
synthesis of PPX are disclosed in PCT publication W097/33552.

Among manufacturing tests to be performed on PPX, both as active

ingredient and as finished pharmaceutical product, assays for the quantification
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Among manufacturing tests to be performed on PPX, both as active 25
ingredient and as finished pharmaceutical product, assays for the
guantification WO 20081107174 PCT/CP2008/001746 2 of conjugated
peoliteseliand related taxane-based impurities are prescribegcHovwean 746
the latter assay cannot be carried out on P2X as such and

deesterification is required to liberate paclitaxel. Tetrahedron Letters,
(b99B9njBgetey), pEAItBR04idcledesd pirasdiaddr ihephyidiedytiee prescribed.
cleavage of various 5 esters of paclitaxel using basic hydrogen

pEIOXHSetthRy dASikI aRSAAktUFBEDGUh BfeilfaHacs - filtaf@ of PX as such and
clit i fast. th | ition.
R R M IR AR RO 1009

196dezgetpippciitaxelittbE2A ). prdorduie Macedurs dadigty erplayedfovarious
the quantification of conjugated paclitaxel and related taxane 10 impurities

IPPEX QInincsbaxekhaustve Hdtebydrhganopeie ot Pioalitsolitam mixtures,
bicarbanate/peroxide with. concomitant extraction of paclitaxel and.relat
e R R R PR A o e

taxane 1mpuri ies’in uantrrica

CiaGat3as poserandwhage milowsdairxtractignielithe lipratedeiax@aeseported
immediately after hydrolysis, preventing most of the 10-DAT formation.
Trreduairolysid Qedastisty | pachiverater( taliad sigdificemo wegrpdattahuef initially
paclitaxel, principally to 10-deacetyl- paclitaxe] (10-DAT) and 20% level
CPREAT ré%«?or%‘ﬂ%ﬂ%%%ﬂﬁ’i‘higfprﬁ&%%?tﬁ ;3@%%45&&&9&5 (ffiy taxane
nﬂﬁﬁmfé@&@wwe&%ﬁ%@ r%ﬁ@{&@%&%@g%é@%@%@ E WA sodium
peaks of both paclitaxel and 10-DAT are quantified together and reported

alsi prablitaatel pIg-DAIE. Wistheoablendtaor et atidoanndpat ifag€l and related taxane
paclitaxel+10-DATg%btained from_the, hydrolcy[ii)s method to total paclitaxel
|

oMU e Sh  HbtR G g NN B n b CR i b n s 10 BE PbiRbringlls as 2
QA4ARHLIRE ABAKNESS @Qia@ﬂ%s&pmugﬁﬁ%ga%@a%&n%@,Uam@giatexy after

formation of degradation products and the change of the conjugate
tavanel psofilprisvantiegridmawbécko©fl 0-DAT formation. The hydrolysis reaction,

however, causes significant degradation of paclitaxel, principally to 10-deacetyl-
paclitaxel (10-DAT) and 20% levels of 10-DAT were common using this
method, as the biphasic system did not completely suppress hydrolysis at the 10
position. As a result, the peaks of both paclitaxel and 10-DAT are quantified
together and reported as paclitaxel+10-DAT. To be able to correct the amount of
paclitaxel+10-DAT obtained from the hydrolysis method to total paclitaxel only,
a second method using NMR quantification needs to be performed to quantify the
amount of indigenous conjugated 10-DAT. Thus, the formation of degradation
products and the change of the conjugated taxane profile is a clear drawback of
this procedure. Moreover, the chromatographic conditions are not specific for the
degradation compound.

There is therefore the need for an improved method for the quantification

of PGA-conjugated paclitaxel and other PGA-conjugated taxanes.
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this procedure. Moreover, the chromatographic conditions are not specific
for the 25 degradation compound. There is therefore the need for an
improved method for the quantification of PGA-conjugated paclitaxel and
othefadyreanjugated taxanes. WO 2003/107174 PCTIEP20Q8/2bddé 136
Detailed description of the invention Accordingly, the present invention
relates to a method for determining the amount of conjugated taxane in
PGA-taRansi kohiligatdp tidnich fctimpriseatibe hydrolysis of the conjugate

in a non-aquegus medium, using a hydrazine- 5 derivative in place of the

hydropéYesaF dHISHY - 1hGr SESERE MY SR SHBtrd fitha imsehadror determining
e %ﬁf@gﬁ%ﬁg 2%%%9%‘?%@ tggnet%%@&%%ec\gg& g&?@&%‘&f’ comprises

formu ) 10 wherein R’ R2 are Independently

sglediedrinm CAFCHO-adjh £a0eGACr hyarayyatkyd, 340k, alkémyla hydrazine-
C3-C10-hydroxyalkenyl, C3-Ci0-alkynyl, C3-Clo- hydroxyalkynyl, aryl,
hetENEIYE BY Ragh® RO eRedTRRfathet #WtAhe nitrogen atom to which

they are lpked for &2 B MEhered PREIRACIC NG5, 000NN ation of
contalnlnggup 0 three Heteroatoms selected form O, S'a an

OpPUQNAlY S10ssItGHRE 1/ iti LD AQ v Y Ao BH@MRE;) tO give unbound
taxanes and a PGA-hydrazide follo ezd by determination of the unbound
taxane. For the purposes of the prBsBnbirNEhtion, a PGA-taxane
conjugate is an 20 a-poly-L-glutamic agid (PGA) wherein one or more
y-carboxy groups of the glutamic acid repeating unit are esterified with a
taxane yglegyle through the

R' and R® are independently selected from C;-Cyp-alkyl, C-Cjo-
hydroxyalkyl, C3-Cyp alkenyl, Cs;-C;¢-hydroxyalkenyl, C;-Cyg-alkynyl, C3-Cyy-
hydroxyalkynyl, aryl, heteroaryl; or R' and R? taken together with the nitrogen
atom to which they are linked form a 3-8 membered heterocyclic ring
optionally containing up to three heteroatoms selected form O, S and N and
optionally substituted with up to two hydroxy groups;

to give unbound taxanes and a PGA-hydrazide

followed by determination of the unbound taxane.

For the purposes of the present invention, a PGA-taxane conjugate is an
a-poly-L-glutamic acid (PGA) wherein one or more y-carboxy groups of the
glutamic acid repeating unit are esterified with a taxane molecule through the
2’-hydroxy group of the latter. Typically, PGA contains from 60 to 310
monomer units and has a molecular mass ranging from 8,000 to 40,000
Dalton. A PGA-hydrazide is a hydrazide resulting from the reaction of the
ester groups linking the 2’-hydroxy groups of the taxane to the y-carboxy
groups of the glutamic acid repeating units of PGA in the PGA-taxane
conjugate with the hydrazine of formula (I). In the PGA-hydrazide, the

nitrogen of the primary amino group of the compound of formula (I) is bound
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2'-hydroxy group of the latter. Typically, PGA contains from 60 to 310
monomer units and has a molecular mass ranging from 8,000 to 40,000
Dalton. A PGA-hydrazide is a hydrazide resulting from the reaction of the

Apestengroups linking the 2'-hydroxy groups of the taxane tecther2008/001746
y-carboxy groups of the glutamic acid repdating units of PGA in the
PGA-taxane conjugate with the hydrazine of formula (). In the

R&thrbydibaide] Bietinitrogarbokihgrpimat einhgiaup efidegampeanthit of
of formula (1) is bound WO 2008/107174 PCT/EP2008/001746 4 to the
cpa%%)nyl of the y-carboxy group of the glutarnic acid repeating unit of

PGA. As used herein, ta ane means acllt eI ocetax r other
taxane§ tha%t rcr?a%ebguéithg)r“?‘:géflarpee&i ? n?a?ura?qSodﬁ(?ggtE?%gIChoa{s ﬁhe?é%{anes

tree; Saffap HrBell pdtdted archamically syntbesizadh s8¢RaY ew tree, or from
10-deacetylpaelitaxel, 7-epipaclitaxel, cephalomannine,

w@,bi @@;bmromanniﬁbe@h@amydeﬁéﬁbgymd,phWac@&ylﬁ@cﬂm@mynb@clitaxel,

dt litaxel. As used herein, the t
R o6 RO of e EhEt LARPATGE Bt e ov1 -

H&K&P&H@@'f?ﬁglffﬁﬁéﬂ fﬂq@l?%'%t]&&ﬁrﬁeﬂ AIOMS, é%l?t@}?e? methyl,
ethyl, propyl (e.g., n-propyl and isopropyl), butyl (e.g., n-butyl, isobutyl,

s-butyl Asbusyl], lpeneiyl, (thg.tarméiityt Gspplntyl, refopetiyd) dnd ghe olrkbranched
As usedfrereln the term "Ci-Cio- h idr. ox lkyl" referito a Cl-Cjo-alk

GROUF i O Lo e SRR LPBS FER hyarBRGFG Sl Aarbay oms such
usedhBereine ltelﬂpo;%% gt\:'%a%eﬂy(])pwf%ﬁdt%a@%w}?r% Yvk'écg.,, n-butyl,

contains from to abo carbon atoms and having one or more double
daobonytasdortyortdsuyXpmpieglofeagk e nyp emoyipssophideletiemdntyl) and the

propenyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl,
i

As used herein, the term “C;-Cjo-hydroxyalkyl” refers to a C;-C;g-alkyl
group which can be substituted by up to three hydroxy! groups.

As used herein, the term “C;-Cig-alkenyl” refers to an alkyl group
which contains from 3 to about 10 carbon atoms and having one or more
double carbon-carbon bonds. Examples of alkenyl groups include ethenyl,
propenyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl, and
the like.

As used herein, the term “C3-Cyp-hydroxyalkenyl”, refers to a C3-Cyo-
alkenyl group which can be substituted with up to three hydroxyl groups on
the carbon atoms not engaged in carbon-carbon double bonds.

As used herein, “C3;-Cip-alkynyl” refers to an alkyl group containing
from 3 to about 10 carbon atoms and having one or more triple carbon-carbon
bonds. Examples of alkynyl groups include ethynyl, propynyl, butynyl,
pentynyl, and the like.

As used herein, the term “C;-Cjo-hydroxyalkynyl” refers to a C3-Cjg-

alkynyl group which can be substituted with up to three hydroxyl groups on
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the like. 20 As used herein, the term "C3-Cio-hydtoxyalkenyl", refers to a
C3-C10- alkenyl group which can be substituted with up to three hydroxyl
groups on the carbon atoms not engaged in carbon-carbon double bonds.

Asouseshierein, "C3-Cio-alkynyl" refers to an alkyl group corgaifiig sk 746
3 to about 10 carbon atoms and having ong or more triple carbon-carbon

25 bonds. Examples of alkynyl groups include ethynyl, propynyl, butynyl,
REBLYMH AN dhR I AgasedilarsiBothe de5ah 3 eigdnwdroxyalkynyl”

refers to a C3-Cio- alkynyl group which can be substituted with up to three
hydroxyl $resges emaiQtRe0ert0 7 Ci4RSER 2 0080017 46s5raigh tarbbranched
atoms not enga edpin carbon-carbaqn triple bonds. As used herein, the

A YR LA 05 CPAURLR raRchdd SaRPaRA RyBFocarbon
group GontalRinG L | 0.3 63000 ACIME. 03 URSAINATCIRAIRE (™NC .5 alky]
"C1-C3-halogenoalkyl” refers to a d—CS}-alkyI 5 group substituted with up
torthrpeliadtgete diwitk, Pl Bthik atomtegéis (ised hEXeiBr i desms.
"C1-C3-alkoxy" refers to O-Cl-CB-a‘I:%Ir groups_such as methoxy, ethoxy,

n-propdxy B iB6HBRdRY. IREsEd Terdtk aKE taris Tt @3 Shibandiy! groups
Fﬂ@ﬁsa@{ﬁé%@-@kxkﬁ%&gﬁpb %@x%%gggghio’ n-propylthio and

isopropilthio. 10°As use in, "aryl" refers'to atic carbocyclyl
groupsAncluskiag herefigeysticermpotyCyalic-eipmiis iy dreragbenssash@salkyl
phenyl, naphthyl, anthracenyl, phenanthrenyl, indanyl, indenyl, and the

IO R dEnTaS BRIl B BH i sttiea WHH harsh s pcanttugiky|,

g s e R T
monocyclic or polycyclic aromatic hydrocarbons such as phenyl, naphthyl,
anthracenyl, phenanthrenyl, indanyl, indenyl, and the like, which may be
optionally substituted with halogen, C;-Cs-alkyl, C;-Cs-halogenoalkyl, C;-Cs-
alkoxy, C;-Cj-thioalkoxy, or nitro groups.

As used herein, “heteroaryl” groups are aromatic heterocarbocyclyl
groups and include monocyclic and polycyclic aromatic hydrocarbons
containing at least one heteroatom ring member such as sulfur, oxygen, or
nitrogen and which may be optionally substituted with halogen, C;-C; alkyl,
Ci-Cs-halogenoalkyl, C-Cs-alkoxy, C;-C;-thioalkoxy, or nitroc groups.
Heteroaryl groups include pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl,
triazinyl, furyl, quinolyl, isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl,
pyrrolyl, oxazolyl, benzofuryl, benzothienyl, benzthiazolyl, isoxazolyl,
pyrazolyl, triazolyl, tetrazolyl indazolyl, 1,2,4-thiadiazolyl, isothiazolyl,
benzothienyl, purinyl, carbazolyl, benzimidazolyl, and the like.

Examples of compounds of formula (I) that can advantageously be used
to carry out the invention include N,N-dimethylhydrazine, phenylhydrazine, 4-
bromophenylhydrazine, 4-1sopropylphenylhydrazine,
4-methoxyphenylhydrazine, 1-methyl-1-phenylhydrazine, I-aminopyrrolidine,
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groups and include monocyclte and polycyclic aromatic hydrocarbons
containing at least one heteroatom ring member such as sulfur, oxygen, or
nitrogen and which may be optionally substituted with halogen, C1-C3

alkyhofsAo@3shalogenoalkyl, C1-C3-alkoxy, C1-C3-thioalkoxycaiediios 001746
groups, 20 Heteroaryl groups include pyridgl, pyrimidinyl, pyrazinyl,

pyridazinyl, triazinyl, fury!, quinolyl, isoquinolyl, thienyl, imidazolyl,

thiazaiylo indolim pyyohih @xdizelyl 1 bemiofuek-bendothienylpiperidine, (S)-(-)-
benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl indazolyl,

1 saminierdidFenih asamrEONPYBENZdtAfeny|, purinyl, carbazéRy-(+)-1-amino-2-
benaimidozo and the ke, 25 Exgmples of compounds of formula . iq;
that'can a/él\llar%?é]%usﬁ e used to carry out the Jnvention incitige optperidine,

N.Mrdinetyludiaginerbhepy hyeheaging. G- RiemoBheny IH &4 e, 1-amino-
4-isopropylphenylhydrazine, 4-methoxyphenyihydrazine,
1hméﬂnilplapildémmhydr%mf@,r%min@pwmﬁdine,_W@_) 2008/MedirTathylhydrazine,
::})3 Tﬁ%/ %%?rglzg%;t h%éh%%?‘%ﬁbq_iggnegg%plqggg{]nedpiperidine, the most
L5RERipR 2 {BIR @Wﬁ@%@?ﬁ!ﬁ@'ﬁ%’!e, (R)-(+)-1-amino-2-

(methoxymethyl)pyrrolidine, 4-aminomorpholine, 1-aminopiperidine,
[-aminolderetvfipipbrarinen tharfiGe\-4aihy dgyettty widdiBznearried out in
1-amino 5 homopiperidine. Preferred reagents are N,N-dimethylhydrazine,

FHe AR AFa dFE e A RSRb Il aAtT SARy Hoppemdice, il pigtsulfoxide,
%ﬁ%@&@%‘?ﬁﬂ%ﬁaﬁﬂ?@ %}PJ{{;RB”HEJ%E%?&H%‘ Reeertheq .embf)diment of

PGA-taxané conjugate and (l) is carried out In an aprotic organic solvent
stheh as/dirtiethylforrampideofirhBKylsulfofide, PPXN-oneihyipyrroliditamneent is
and the like. According to a preferred embodiment of the invention, a

O 6 PP RISPHRIEBBXS BN iAgTmattdhntin didsiarge to provide
syspended ndimethyprmapude of dipethylsylfoxidg o preyide o1 then

4-aminomorpholine or a solution of 4-aminomorpholine in tfrifluoroacetic acid
is added. The  ratio between the  PPX solution  and
4-aminomorpholine/trifluoroacetic acid is between 1:0.3 v/v and 1:0.5 v/v.
The mixture is stirred at a temperature between about 20°C and about 42°C
for a time ranging from about 2 hours to about 24 hours.

The determination of the unbound taxane can be carried out by HPLC
or by any other methods known in the art for the quantitative analysis of
taxanes.

According to a preferred embodiment of the invention, a PPX sample or
of a PPX-containing medicament is dissolved in dimethylsulfoxide to provide
a concentration of PPX between 48 and 52 ng/ml and a solution of
4-aminomorpholine in trifluoroacetic acid is added wherein the ratio of
trifluoroacetic acid to 4-aminomorpholine is §.017:1 v/v. The ratio of PPX
solution to 4-aminomorpholine/trifluoroacetic acid is 1:0.5 v/v. The mixture is

stirred and temperature and reaction time are monitored until approximately
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a concentration of PPX between 25 and 52 mg/ml, then
4-aminomorpholine or a solution of 4-aminomorpholine in trifluoroacetic
acid 15 is added. The ratio between the PPX solution and

doaninemeipholine/trifluoroacetic acid is between 1:0.3 v/vV apd s 0,8, ¥/b1746
The mixture is stirred at a temperature between about 20C and about 42C

for a time ranging from about 2 hours to about 24 hours. The
determmationtat thenjnbatiid taxaneisar leaser et @staBy HILCt Fature is

by any other methods known in the art for the quantitative analysis o
taxainés nadoor dirg teng prefarben ehibddihenn dftiie InyentonimPryges from

| fa,PPX- ini i t is dissolved in .
Rt 2 1) SrTA+ S <BACSR RGN o oS HeuBbER A afissgoes no

n&%ﬁ%%%ﬂ@ﬁ@&%%@éﬁ%ﬁﬁ%momgiQ@dﬂwﬂ UrQReRiG 91 ife solution

added wherein the ratio of trifluoroacetic acid to 4-aminomorpholine is
0L9 1iltdafilveBide rpticcof fPRX atolutiononove the unreacted polymer and then
4-aminomorpholine/trifluoroacetic acid is 1:0.5 v/v. The mixture is stirred

afid e p Rt aHecariBifeattibh tine B MBNIONEG GHE AFpfaginkaterPverea of
PRAEREL ERP ST Eh YRR T (e UAV,RLIG COMABIEAIBNA in the

iS released. Preferably, the temperature’is maintained in the rang
ausit 38e42ulancithecrapptied imesanfiesmfthem %akout b ka@batihdlrities in
hours. Within these ranges the purity profile does not change as a

fiHEtior? drddiversforaatiéredaition SrRittbrifiletife Somavs idmpurities is

ultrafilter trifugation. to ve the u ted pgl r the .
S U L RS S RS SUEEY F BOMTRLETY SfBuracting

paelisaxeldnd ofpacitiexdnas nopesity. UV response factors reported in

the USP or calculated are applied to transform the % area of known
impuriti€8dnmilfv oprER O R iSReI e thiheraedrebtlethierankaswiaduce the
irg %{{HF (Sifl %aclitaxel degradation from about 20% to less than 0.5% and allow for
the quantification of 10-DAT above 0.2%, thereby eliminating the need for NMR
quantification.
The invention will be now illustrated in greater detail by means of the
following examples.
EXAMPLES
To demonstrate the accuracy and sensitivity of the method of the
invention, paclitaxel was spiked with a known amount (10% w/w) of three
chemically different taxanes and then conjugated to a-poly-(L)-glutamic acid in
amount of 37% w/w. Two of the three taxanes were synthetic impurities
(cephalomannine and 7-epi-cephalomannine), the third was a degradation
impurity (7-epipaclitaxel). Three different spiking levels (1.2%, 9.8%, 28% w/w)
were investigated for each taxane in the range within the quantitation limit and

the upper specification limit. All three impurities were recovered in amount

between 100% and 115%, which was deemed to be acceptable for the intended
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10 instead calculated as % area. Paclitaxel's purity is calculated by
subtracting the sum of all impurities from 100%. The mild reaction

conditions of the method of the invention reduce the amount of paclitaxel
dagsadatien from about 20% to less than 0.5% and allow forpgherr2008/001746
quantification of 10-DAT above 0.2%, ther8by eliminating the need for

NMR 15 quantification. The invention will be now illustrated in greater

dstait byrnemesheidthé follnasngtettasn plesn BXAMRhBESeRiedamonstraiven in

e accuracy.and sensitivity of the methg 20 invention, paclitaxel
RTEIR SR DR E00% ) i€ RO e >
taxaneg)@mlglygq conjugated to a-poly-(L)-glutamic acid. in amount of
37% w/w. Two of the three taxanes were synthetic impurities
(cephafonrariminmand 7 peplitephalepmpaniite)ahecthijdgets avdegradaticsd by
impurity (7-epipaclitaxel). Three different spiking levels (1.2%, 9.8%, 28%

WARRES et S riBEg B oMt BEERRIHFIE Fandd Withiipgtieand dissolving
RN iR VL 306 e HPP oSS RO AN REIOUIES the same

were recovered in amount between 100% and 115%, which was deeme

toobestcGytab . Somife fitdi AN 208D 1E7AH PG RGBT idéighed
use of the method. A representative example of this experiment is given in

ik amplely Hask rhe releaddhmanjkiannalpbsnpserssnerinedma spiking
o A ' lit {-gpipaclitaxel.conjugate .
RATHE 22 B MBS0 SIMD SRR o v

HoneihfinskfanttdisEvinginylidingtndauiaxiden’ pefatudanmb@tding to the
diluted to volume with the same solvent. 250 2.5 mg of PPX

@RS REGHEHT GEAYRY) Wekexarilpafe Brd eihbgcdh by SHRRIL fadkenoes of 7-
@pLip%fc iﬁgxseqiggg f%%i%j (corresponding to a spiking

Example 2

250 mg of PPX (Active Pharmaceutical Ingredient), accurately weighed,
were transferred into a 5 mL flask. After dissolution with dimethylsulfoxide the
sample was diluted to volume with the same solvent. 1.0 mL of this solution was
transferred into a 5 mL conical bottom vial. A triangular magnetic stirring bar
was placed in each vial and 0.5 mL of a solution comprised of trifluoroacetic acid
and 4-aminomorpholine in a ratio of 0.01'7:1 (0.034 mL of TFA added to 2.0 mL
of 4-aminomorpholine) were added. The vial was tightly capped, placed on a
thermostated stirring water bath at 40°C + 2°C and stirred for 2 + 0.1 hours. At
the end of the reaction the vial was allowed to cool slowly to room temperature
over about 10 minutes before addition of 0.75 mL of acetonitrile. After mixing,
the sample was transferred to centrifuge filters (molecular mass cut-off = 10,000
daltons) and centrifuged for 1 hour at 3000 x g. 1 mL of the sample was
transferred to an HPLC vial, added with 10 pL of glacial acetic acid and analyzed
by HPLC for the determination of the taxane content using a Zorbax 300SB-C8

column, 4.6x100mm 3.5pm, Agilent Cat. No. 861973-906, maintained at 40° C
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level of 1.2% wtw) was added in the same flask and diluted to volume with
10 dimethylsill foxide. The aminolysis reaction was then performed
according to the general procedure given in Example 2 and analysed by
4R osRerayery of 7- epipaclitaxel was 1 10.7%. Example 2,29Q:596980174¢
PPX (Active Pharmaceutical Ingredient), a&urately weighed, 15 were
transferred into a 5 mL flask. After dissolution with dimethylsulfoxide the

" saniplbrtigs wiltitedwetedhaeteniiti ¢her sdime adbvent. GmMAODS thistonitrile/80%

solution was transferred into a 5 mL_conical bottom vial. A triangular

] . | \ au
MAGHER S RRG IR TS S BAckateT Sa6R waraise o't Yrdetsitingmt 227 nm.

compriserl of tiflugioasatic adie, Andsaminomapholiog o Afatio of

0.017:1 (0.034 mL?of TFA added %2’ 21.0%?_ 20‘52% %rrg%%ngo%é%o%n% rrected for

wietRaiidpe Respuialevas tighteaeppeddiiadesdena thennostated

stirring water bath at 40C 2C and stirred for 2 0.1 hours. At the end of

the reaé@#®#the vial was allowed to cool slowly to room temperature over

about 10 minuges before addition of 0.75 mL of acejonitrile. After. mixing,
el

axane . . ed vo CoQrrect
the sample was transferred to centrifuge filters (mo Scularsriss

10,000 25 datmnshandigentrifuged for B B Rle30R8 8.cldnL of the
sample was transferred to an FIPLC vial, added with 10 L of glacial acetic
acid and analy2ed A I-IPLC for the determinftifYof the taxane content
using a ZorbaéGB 0SB-C8 .column, 4.6xIOOn]§%%(5}rm, Agilent Cat. No.
861973-906, MANGAMBa At 40 C WO 2008/107T74°PCT[.P2008/001746 9
and eluting witirg water/acetonitrile gragiagtmbdpa;tiem aR%e
acetonitrile/80% water to 90% acetonitrile 10% water in 60 minutes, with
UV detection @R227 M3 The results (averag®.30%ix replicates and

crpressed as pres T Sgecief (0 e et Resgonse Fagan e
Paclitaxel: 98.80%
7-epi-Paclitaxel: 0.16%
Unknown (RRT 1.13): Below Reporting Level
Unknown (RRT 1.28): Below Reporting Level

Impurities indicated as OR,, OR; and OR; are conjugates between o-poly-

(L)-glutamic acid and taxanes having the following formula:

ORI: R1=0Ac,R2=0H, R3 = 0Bz
OR2: R1 = OH, R2 = 0Ac, R3 = OBz
OR3: R1=0Bz,R2=0Ac,R3 =0H

Formula
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Taxane Area % corrected for RRF Baccatin Ill: Below Reporting Level
10-DAT: 0.24% C ephal omannine: 0.22% 10 OR] : Below Reporting
Level OR2 + OR3 0.39% 7-epi-lO-Deacetylpaclitaxel: Below Reporting MCSLLP
Level Paclitaxel: 98.80% 7 -epi-P aclitaxel : 0.16% 15 Unknown (RRT

1.13): Below Reporting Level Unknown (RRT 1.28): Below Reporting

Level Impurities indicated as ORI, OR2 and)OR3 are conjugates between
@iy )-glutamie acid and taxanes having the following formula: AcO 0

OH Ph NCH CIO Ph/"O,,, OHR2 HOH-Ho R3RI OR
[:RI=OAc,R2=0H,R3=0Bz OR2: Rl =011, R2 = OAc, R3=0Bz 20
OR3:R1-OBz,R2=0Ac,R3=0OH Formula MCSI-LP 10 CLAIMS

1. Method for determining the relative amount of a taxane and of each taxane

impurity contained in a polyglutamic acid-taxane conjugate wherein one or more

taxane molecules are linked through the 2’-hydroxy position to the y -carboxy

group of « -poly-L-glutamic acid, said method comprising the steps of:

a) reacting the polyglutamic acid-taxane conjugate with a compound of
formula (I):
R'R*N-NH,
D
wherein

R! and R? are independently C;-Cje-alkyl, C;-Co-hydroxyalkyl, C3-Co-

alkenyl, C3;-Cj¢-hydroxyalkyl, C;-Cjg-alkynyl, C3-Cj¢-hydroxyalkynyl, aryl,

heteroaryl; or R' and R? taken together with the nitrogen atom to which they

are linked form a 3-8 membered heterocyclic ring optionally containing up

to three heteroatoms selected form O, S and N and optionally substituted

with up to two hydroxy groups;

to give a mixture containing unreacted polyglutamic acid-taxane conjugate,
unbound taxanes and a polyglutamic acid hydrazide;

b) removing unreacted polyglutamic acid-taxane conjugate from the
mixture obtained in a) to give a solution comprising unbound taxanes;

c) injecting the solution obtained in b) into an HPLC liquid
chromatography equipment and determining the percent area of said taxane and of

each taxane impurity;
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1. Method for determining the relative amount of a taxane and of each

taxane impurity contained in a polyglutamic acid-taxane conjugate

wherein one or more 5 taxane molecules are linked through the 2'-hydroxyMcsLip
position to the y -carboxy group of a -poly-L-glutamie acid, said method
comprising the steps of: a) reacting the polyglutamic acid-taxane

conjugate with a compound of formula (I)1R'R2N-NH2 10 (1) wherein

R1 and)R2 aredndepeandenthe Co€iceatkylrd@s Gl dipedoxyalkyl,i@pCihe relative
alkenyl, C3-C,o-hydroxyalkyl, C3-Cio-alkynyl, C3-Cio-hydroxyalkynyl, aryl,
detenaaryf, texk RlcamuR2 takbriangstherpwitiythe nitrogen atom to which

they 15 are linked form a 3-8 membered heterocyclic ring optionally
Zontaihingeipotb thee dieeroatehsnselecrdbfeim 0)S taxdne aitd selected from
optionally substituted with up to two hydroxy groups; to give a mixture
poritinig deseticteld polyisreamipatitiakadecoipjaljsasclusspbalgmannine, 7-
taxanes and a polyglutamic acid hydrazide; 20 b) removing unreacted
qolggkhalnivadithearadcdahayanytrdhhhivayhasetirk edismel in a) to

give a solution comprising unbound taxanes; c) injecting the solution
DbtainddripthydrtecardHmLic ftita lchrofked rapieyteguiprifeprdiaxel.
determining the percent area of said taxane and of each taxane impurit%/;
Mcs1A method)aserishioimarmeserbshrinyd as3onhsiset thecamprtt of formula
relative_ amounts of taxane and of each taxane impurity, 2. A method )
@ecordify to chlffiedhereifitie taxaleVsluprdbidpyaraine, phenylhydrazine,

4-bromophenylhydrazine, 4-isopropylphenylhydrazine,
4-methoxyphenylhydrazine, 1-methyl-1-phenylhydrazine, 1-aminopyrrolidine,
1-amino-2,6-dimethylpiperidine, 1-amino-cis-2,6-dimethylpiperidine, (S)-(-)-1-amino-
2-(methoxymethyl)pyrrolidine, (R)-(+)-1-amino-2-(methoxymethyl)pyrrolidine, 4~
aminomorpholine, 1-aminopiperidine, 1-amino-4-methylpiperazine, 1-amino-4-(2-
hydroxyethyl)piperazine and 1-amino-homopiperidine.

5. A method according to any one of claims 1 - 4 wherein the compound of
formula (I) 1is selected from N,N-dimethylhydrazine, phenylhydrazine,
4-aminomorpholine and 1-aminopiperidine.

6. A method according to any one of claims 1 - 5 wherein the compound of
formula (I) is 4-aminomorpholine.

7. A method according to claim 6 wherein step a) is carried out in
dimethylformamide or dimethylsulfoxide at a temperature ranging from 20 to
42°C.

8. A method according to claim 7 wherein step a) is carried out in



paclitaxel, docetaxel, 10-deaeetylpaclitaxel, 7-epipaclitaxel,

cephalomannine, 7- 5 epi-cephalomannine, and
N-debenzoyl-N-phenylacetylpaclitaxel. 3. A method according to claim 1 -  pcsLLp
2 wherein the taxane is paclitaxel. 4. A method according to any one of

claim 1 - 3 wherein the compound of formula (1) is selected from
N,N-dimethylhydrazine, phenylhydrazine, bromophenyihydrazine,
dnisapsapyinheay hydrazinerdQ:4-neiheyphandapd@zine,
1-methyl-i-phenylhydrazine, 1-aminopyrrolidine,
draming-2:Bivnetbyipipeddine] dianind:eisi, Gudiretthylpiperddine,of taxane and
(S)-(-)-1-amino- 2-(methoxymethyl)pyrrolidine,

R4t [taraino 2 udtoxymetbytpyd alidipe cénamirighorgladhireamounts or as
1-aminopiperidine, 1-amino-4-methylpiperazine, 1-amino-4-(2-
pydraxyetyhipiperazinears. 1-amino-homopiperidine. 15 5. A method
according to any one of claims 1 - 4 wherein the compound of formula (I)

is selected from N,N-dimethylhydrazine, phenylhydrazine,

4-aminomorpholine and I-aminopiperidine. 6. A method according to any

one of claims | - 5 wherein the compound of formula (1) is

4-aminomorpholine. 20 7. A method according to claim 6 wherein step a)

is carried out in dimethylformamide or dimethylsulfoxide at a temperature
ranging from 20 to 42C. 8. A method according to claim 7 wherein step a)

is carried out in MCSLLP 12 dimethylsulfoxide at a temperature between

38 and 42C. 9. A method according to claim | wherein the relative

amounts of taxane and of each taxane impurity are expressed as percent
weight relative amounts or as percent area relative amounts.



