10

15

20

25

METHOD FOR DETERM NI NG THE AMOUNT OF CONJUGATED TAXANE
I N POLYGLUTAM C ACI D- TAXANE CONJUGATES Background of
worhes/1iomzeént i on Paclitaxel (avail able on the nBRECKEP2@S/001746
Taxol (r) Injection) is the prototype of
chenot her apeuti ¢ taxanes, which binds to b-tubulin,
METHODeFOR: DETHRMINING i FHE AMOUNTo OF CONJUGATED
m cr ot ubul es and stabilizes them eventually causing
TAXANEdN ROPYG LIBRAMPGIA GIDREAX ANE CONJUGATHER
N- (L- pyroglutanyl)- [poly(L-glutanyl)]-L-glutam c acid
partially g-esterified with (2°R 3 S5)-3"-
benzoyl am do-1"'-[[4, 10 b-bi s(acet oxy)-2
a- (Beokgyownd)ofl the imvénltyodr oxy- 9- oxo-5, 20- epoxyt ax- |
| -en-13 a-yl]oxy]-r-oxo-3'-phenyl propan-2'-ol),
herRaclitaxel (awfible ont theanaeX, asi Eaxdlé byeetionpiy thgapmtotype
of a-poly-L-glutamc acid (PGA) and paclitaxel wherein
of thembtitarepeutsc ¢axvariespwhichdunds te® BRGAulim; pugnatee the assembly
2' -hydroxy position. PPX is currently under study for
of tlsie proteionindoranicrotibules ragdestabdizesNBEDGT) e ventuallyr ¢ausing cell
cancer. Paclitaxel is released after uptake and
degthot Batlytiakel hpdliglymex (BBXadehemacalf namee cbhxflugntregiutamyl)-
a tunor tissue. The nol ecular fornmula and nol ecul ar
[palg(gigluemdpklaghutamicr a¢idt pertsalbe caesterified with (2°R,3°S)-3’-
pol ymeri zati on degree of a-poly-L-glutam c acid and
benzoy | amider] ’ dff 4 ldH) -biar oo xy) 266 (benzoypexy ) -l akeidikpdspxy-9-
according to the manufacturing process. The average
oxordl, 23 ¢paxytarsd 1ogn-pRx-y HoxgbrioxexmB eipheny | popanal t-6bs,
det erm ned by non-aqueous gel perneation . )
herempaften r@é@ﬁsd;to\@iSt%PquaSeﬁtq eftehgomiyigate ahgrrolyabeglutamic acid
|ight scattering. Approximtely 35% by wei ght
(P@é& andaparlitaxeh vekengin jthe tladensu gavalentlyi howmd to PGA through
conj ugate, which amounts to about one paclitaxel ester
the 2 &XYdrositiofpnoner units. Methods for the
synt hesi.s of PPX are, disclosed in PCT publication
Woob?P B35 curperthyy yndent stadyr fofg usesits nog-yealeseldr hang cancer

PPX, both as active ) )
(NgaLC) and ovarslan 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

CONFIRMATION COPY
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i ngredi ent and as finished pharnmaceutical product,
assays for the quantificationof conjugated paclitaxe
woanes/1el7at ed t axane-based inpurities are pres®cirErd008/001746
However, the latter assay cannol be carried out on PPX
as such and deesterification is required to liberate
of B3B8 pro ik QLI Reta Bbmel ding imlhif ave prescribed.
agf e Of [ e Lha [ agd C
Ho Y ane il (BYR CEARGT, B RARHEACHEL S7' PR2ER “such and
@ s tat - t it I ol
e AR P R aRlreR I BRI PR AR TebiBhelifon etters, (1995),
S t i g . .
S6{1% 2001 b BERRch SIpH BB e bl GERRARRC of various
est@fs%%’dgéﬁitbiaélt 'u@iﬂ%/( tfa'ggin Wg?%ﬁ dﬁe‘i‘@xi‘&l‘éﬁ@frhflz&ﬁﬂj% Mhixtures,

conj ugat ed paclitaxe taxane Inpurities in

whRFInCRRPE 885X B }édé@ylﬁfﬂﬂeﬁb@itaxglr % M?Hﬁ)rlfie ?ﬁgter than the

w th sodi um bi carbonat e/‘peroxi de wth conconitan

chhghionf [ emeist ris! agselh i {Hee
P ol qicr 1 ool 1%, B X B TR, i Peported

prddifet 3ifS10-RaAcOHIhRNAL1a] (1OVBATON AXtkRGWhOproteddl® initially
| i berated taxanés i medi ately after hydrolysis,

. nyor
ern%;l/(g):&;{‘ foP thBP§hari fi¢difon! GfDOInjugh et bﬁﬁhta}—(}é? andt related taxane

ys! S reacti on_, hovvever, _ ca_uses stgnitil can
impedfiasat PPX @fm%@ﬁ;leb lekKBhstiwy aq&@@'ﬂrﬁdrb@sisooﬂPP%W{h sodium
paclitaxel (10-DAT) and 20% Il evels o 0- DAT were

bicaeraHle/petaddé Rish @ﬁé&ﬂitaﬁﬁeith&thﬂrﬁ@ﬁ?&&itﬁﬂéﬁaﬁm fllgted taxane
not conpl etely suppress hydrolysis at the 10 position.

impearitles ¢8 LCHCI hadpgedstifidationt By 1ARLO. aRed additio oPATHCI; as a

are quantified together and reported as paclitaxel

secrdDplaseT allbwsafdreek@activr @Ft thehBb&amdtaxdines immediately after
pacl | t axeH 10- DAT obt ai ned fromthe hydrol ysis nethod

hyd®lysit aprepeatingaxebt ofitke 19-BACHfermaiddThe iiydrdVRis reaction,
quantification needs to be perfornmed to quantify the

howewertcaakes sighifecum slegoadatipat efipddlitRid], ﬁfhﬂdﬁpall}hﬁ) 10-deacetyl-
formati on of degradation products and the change of

patlitaxebr{l 0gaAdY tunadad@Yprievels eof sl (DA Eawetle avdraatorofusing this
this procedure. Moreover, the chromatographic

metlood]i 4si thesbiphasin oy stepe did inot icomplée]y egpp@as hgdrolysis at the 10

compound. There is therefore the need for an inproved
positibhod\s arreshhl, dgnarpeaks adft 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.



10

i5

20

25

of PGA-conj ugated paclitaxel and other PGA-conjugated

t axanes. Detail ed description of the invention
WoAesa0di7Thgl y, the present invention rel ates t®CH/ERRAWBOIT46

for determ ning the anount of onjugated taxane in

PGA- t axane conj ugates which conpri ses the hydrolysis

gfy DRRitansaliBeidh 6 PRPiAVARHE Tedi U uSing a

azl nederirvative In p t he hydroperoxy ani on.

In tfkl 0 b i ini
ﬂ[:@@ttcﬁﬁ%ﬁg tflg a%rte:'sgﬁt I PidrOfelhfe8 fony &REHRA for dc;,tﬁrmmmg

conpri ses a PGA-taxane conjugate w

the%xﬁ@ﬁﬁ? W%erggg'éé‘lleﬂ t(ab()l'nle R RO AN Arle) c%ﬂ%gﬁge{kkﬁ%laﬂ @omprises

are i ndep ntly selected fromaG -

hoddoosiBY VibateChr & dbmhkaayh di i hydrazine-
ey BT S0t Sy abigendy meg, g o ydraine

deriVAli S uRblacdyd st thR W dropet@tPanidn. or Rl and R2 taken
together "with the nitrogen ‘atomto which they are

I nisedrda@émietadt; $homiER68 GfRAE GhO6MGbh €ofiptises the reaction of a
optionally containing up to three heteroatons sel ected

PG A Soifugaly dith #RbhiAlnd/forkfghi(Iuted with up to

two hydroxy groups; to give unbound taxanes and a

PGA- hydr azi de fol | owed br!'R&\eNm,nation of the unbound
taxane. For the purposes of the present invention, a
PGA-t axane conjugate is an gpoly-L-glutamc acid
(PGA) wherein one or nore g-carboxy groups of the

gl wWvarte€inaci d repeating unit are esterified with a

t axane nol ecul e through the 2' -hydroxy group of the

| atRér andy Ri’calréy ind¥pndentlgi Reldctemm fiont 0C3A0, ratkeerC,-C, -
units and has a nol ecul ar mass ranging from8,000 to

hYdiQ)X@’@ﬂ(}D@la:;O@-]o é\lldEﬁQi,hQQ-rCa@l}@&irbSy&lld&ngﬂ,aZg-@1O-alkynyl, C3-C10-
resulting fromthe reaction of the ester groups

hy dioxiatigyriyie a2yl, heydoayl; or RipmdR* tthleert toguthet withthe nitrogen
g- carboxy groups of the glutam c acid repeating units

atoph foGAvhitht hePChed ditlerl 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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conjugate with the hydrazine of formula (l1). In the

PGA- hydrazi de, the nitrogen of the prinmary am no group
wogahosgtieet7¢ onpound of fornmula (1) is boundto th&CTHEPRWAPN1746

of the g-carboxy group of the gdutam c acid repeating

unit of PGA. As used herein, taxane neans paclitaxel,

o PRERLHIR R PShab RN RSB pnting wni o

fyomcell culture, or chemcally synthesized, such as
PG . . .
- deacetyl paclitaxel, 7- ep| paclitaxel,

cepﬂ%l Hé@dv"ﬂ' %aﬁ@ﬁe%ﬁ ‘fﬁ@ﬂﬂi){%‘f %@gtaxe or other taxanes

enzoyl - acetpracI taxe

tha%ﬁéf%épe%tﬁ&)ﬁsgﬁtbé lﬂ&t féaqgsos r%ﬁ sﬁ.ﬁc‘h Q?E ran Cv&'?gge or from
celiaTcHItﬁE dd &ydél&’é}ﬂf&?ﬁr gwﬂeﬁ%ﬁaa %\hﬁﬁ 5¢ oqpd, é%e@ﬁg%htaxel

carbdn atons, suc propy

t
7-é])1 éljl?t)lé eﬁ i y@h%HML ’Fléby éﬁa %nzaerfhglmz‘ )ﬁ)d N d?benzoyl -N-

phRe ‘“?rﬁ’a"éﬁg%epn’ﬁyéd‘)r“é’%gfﬁyéﬁé Ranés gﬁgﬁ@;‘%ﬁ §' Al kyl
xS, AL P Sl o hnce
sathfftel hyldPoddt k% ngﬂhgrfr&rﬂnlt & BBohf Pmcé gtoms, such

about I0 carbon i ng one or nore

g fgﬁi”“é?%g?ﬁ?%?% IR, IR (515 n-bu
lsolautﬁd»swm tIOB{iEy':}? ;gémm& Cé{@.%xa@p%ﬂ Y1, lmrﬁgﬁ Aédégmm and the

used herein, the o- hydroxyal keny!I fers
likko a C3-Ci 0- al kenyl group which can be substituted
with up to three hydroxyl groups on the carbon atons

nOtA@ﬂﬁs@ﬁ%rb[h %ett@ﬁncectp@qoiﬂ@u% mwsfefefs H@ﬁotzl -Cyo-alkyl
herein, "C3-C o-al kynyl" refersto an al kyl gro

i s OB Rl 10 A STy

al kyrylis@tt diersid, neHeldermt NENNG oAk aPYINY tefebdittynih, 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 “C;-Cyp-hydroxyalkenyl”, refers to a C;-Cq-
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, “C;-Cjq-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;-Cio-hydroxyalkynyl” refers to a C;-Cq-

alkynyl group which can be substituted with up to three hydroxyl groups on
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pentynyl, and the |ike. As used herein, the term

"C3-C 0-hydroxyal kynyl" refers to a C -C - al kynyl
WOgnee71i ch can be substituted with up to thPEEEP2008/001746

hydr oxyl groups ont he carbon atnms not engaged in

carbon-carbon tri pI e bonds. As used herein, the term

the B R B Sa P R SRS,
T e AL T

B HEE RS R 0 O 5 AR b ™
refﬁﬁsus%a R %eaﬂegﬁﬁl « @l ?’&gﬁal%%%g‘sgﬁ(ﬂmrgféw to a G1-Cs-alkyl

t hoxy, pr opox erein,
gf&“?”f“bsﬁi%@tﬁmﬁ* fo eﬁ.rfgaﬁg%é“ﬁopﬁf NP 'at%gups
' SOREQR'ehtHHrgm ’%ﬁft;?ﬁﬂ t@r@ rblk?gi;’yk'efe'iﬂ@r(f C3 -alkyl groups

aronat ¢ carbodyc gr oups™incl udi ng nonocycl®

B, AL PSR 20

' ndﬁE‘yusecfa drdifie ¢ hbkferni"h‘(?hcg}ﬁqkﬁk?kw* AkYto S-C;-Cs-alkyl

substituted w th hal ogen

gro@PsC?ehﬁJe?ﬂﬁ@Hﬁ‘J ‘él’lllyltlﬁ%cnhgrcgi}}iﬁﬁ)ﬁ an@rls r(&fl! 03 koxy,

hitro groups used hetero groups

ar eAgnat hérelig! @2[19‘?’&&9&% Qbyz{roﬁ{ﬂfboéaclﬁig% [}gn ps including

nmonocyclic and ‘pol ycyclic aromatic

moBeRYlidi 619 pdlydyRIR! afitfaliet B \y&gk mﬁﬁdrﬁ”@u@l‘?'ﬂ%ﬁbhéﬂ?h ®aphthyl,

sul tur, oxygen or nitrogen an

I e n, Yy
FY PR U, OO 9312 PR i ey b

opt@6ndlly EAbSHQHES wx'fl@'lﬁ'l&g’éd"cgt%uﬂde nc|- @Leh;mbgbﬂwkyl, C-Cs-
pyrimdinyl, pyrazinyl, pyridaziny triaziny furyl,

alkeiy nal YC,-thisatikd iRl of nitdohd ﬁmﬂs, i m dazolyl, thiazolyl,
|nyo lyl, 4 pyrr ol y)dlyO oxazol%/l benzof uryl, benzothi enyl ,

bengs hh@é@'hérem SGK@(E%M?I” F%i"b@f)@' Mo akéiatiel }ibterocarbocyclyl
tetrazol yl |ndazonI 1 hi adi azol yl ,

grdgzﬁtz Ihllrrrllalé glgl\glllilt}d)egﬁg@ggﬁ%: i(aéllallﬂpdlybycﬁ@f hegshk, 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;-Cs-thioalkoxy, or nitro 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-isopropylphenylhydrazine,
4-methoxyphenylhydrazine, 1-methyl-1-phenylhydrazine, 1-aminopyrrolidine,
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Exanpl es of conpounds of fornula (1) that can

advant ageously be used to carry out the invention

woines/tE4 N, N- di et hyl hydr azi ne, phenyl hydr azi RET/E®2008/001746

br onophenyl hydr azi ne, 4-i sopropyl phenyl hydr azi ne,

4- met hoxyphenyl hydr azi ne, 1-nethyl- 1-phenyl hydrazi ne,
1l-anm nep i RO 2: 6~ di Mt hyik ni ey
Lals B SEA RIS Toaif IR RERR bR, (90
_Asanm no- 2- . olidine, (R -(H)YBYra) 1 aminad.
! a#lggggngetﬁ??niﬁﬁﬁmw@&éﬁ ol i di ne, tR) (+)-1-amino-2

' I - d-am opi Ldi 1z am nqg-4-
(oSSR DBOLIIRind: 3 SORRREHEBRolife T b beriane,

Zl ne,

1 -aﬁiﬁ@é?—%%@%ﬁ%@bﬁg 1 -agrﬁfg{]osfl%?glrlgmaﬁyl%ﬁerazine, 1-amino-
horﬂbg;‘ﬂeér}?ggéphm Pfh?eﬁ%ﬁ 1- %iaﬁo sperigdkne, N Redifethylhydrazine,

pr bei ng 4-am nonor pRol i ne. The redction

ph%ﬁé{lﬁ?&fhzﬁﬁ@ Pl AN6r id&aﬁﬁdanﬁ-a&{iggbﬁ)&%ihkﬁdthe most

n an dprotic organic solvent suc

prefLiFEA bl A UDRAmoRbiTRLY) Ul foxi de

N- et hyl pyrr dinone and the like. According to a

pr efge resbifsPRebwE 1Rl P@%@-tﬁiﬁ&?&“&éxﬁﬂgaﬁe &mpeisoéarﬁ%ﬁ out in

or of a PPX-containing nedi canent 1S dissolved or

an SiprBERA8ELAric dddTRERY Isieh MR diﬁn&h?/mo%tamflh%y | figretAgIsuPfoxide,
provi de a concentration of PPX between 25 and 52

N-ﬁiﬁfﬂlﬁgfﬁ&fdiﬂoﬁ@aﬁ@”ﬂfepﬁﬁé.i BRcBFdingSQ ﬁ'_tﬂr@féri?&(ij embodiment of

4-am nonor pholine in trifluoroacetic acid is added.

theThgvéio®) RAekuRple the PPX 99! UFi #TPRRUcontaining medicament is
4- am nonor pholine/trifluoroacetic acid is between

disdoRed of uspeddédGndilethy FoEmBIMiBE R difnethlTsuefbxdde ®o provide
tenperature between about 200C and about 42C for a

a ticBBRcémpion flo@dm Xt DHdiakei t @ aboad 24 5|20UF§1- /thle  then
determ nati on of the unbound taxane can be carri ed out

4-ayindféiphlolidg Gy selutisn GEUhasindmeYPholiné e telfftuokicetic acid
the quantitative analysis of taxanes. According to a

s b o S el e L, PR, aldonr e
4- ath inintorphiol ineXtrifeudroapedy i gbdd 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 0.017:1 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 48 and 52 ng/m and a

sol ution of 4-am nonorpholine in trifluoroacetic acid
woi2808a0td wherein the ratio of trifl uoroaceti @CREPA0BO01746

4- ami nonor pholine is 0.017:1 v/iv. The ratio of PPX

solution to 4-am nonorpholine/trifluoroacetic acid is

2%L: 990 of the. J&lﬁu%@&f&aﬂn@eﬁtferléa?sféd?@*iiefe%gﬂng,e Wrenifature is

reaction tine-a noni t or unti1 1l approxi y2% - %

mafttaind@ GPH'9ME] FRLYE di&‘ileeEeﬁftF@'he ?&%ﬁ%ﬁ%ﬁe &hg%s from

tenperature is intained 1 n the range of about 38-4

abogﬁgl.g% 56Q% 2 ANKbLFE WANERShESORA Uihelpﬁrﬁfipl'i‘gﬁgé does not

ours. Wthin these ranges the purity pro oes

cha'glge é%hé'lﬁﬁcﬁé?%ﬂc SEt6)drOidnOTA RENHEARI R of /a\EEﬁ{jnigrsl‘éi thieAblution

acetonitrile the solutionis ultrafiltere

is t %fhtffl'{érb‘gaﬁ* Qe kAl £ 1b eV ard hretsaepoRmser and then

en directly injected into a HPLC colum to determ ne

dirédy pi_%?&ﬁ@& 82 0fPRC! icbfxgh BNMAErAat theXdRRSent area of
Impurity. UV response factors reported in the USP or

paciRh£dl A EG A Ln2NaneS ihgadrit?f‘ﬂvrﬁé‘sbbﬁsé’/"f@ét%ﬁs @€ported in the
known inpurities in ww %relative to paclitaxel; the

USPoueilcfated iee appireawd irdRsforil 8 ¥ atddSbE&Aown impurities in
calculated as % area. Paclitaxel' s purity is

wiwabe YeRitRE Ry padlitarel;i fie baCoNbPfothkl udliGWAI BSpurities is
from 100% The mld reaction conditions of the nethod

insffadt &fchinedtdson aech!CRadlitaxalm®Wiirit9f ispaglcul el by subtracting
degradation from about 20%to |less than 0.5% and al | ow

thefs®im bif@lIckapdifies #dm N 0Y%10- DAT above 0. 2% thereby
elimnating the need for NVMR quantification. The

| NVER¢ ingild Wehdtidie coaditidrdsust tieé egethod gifeeiecinvigitionl rdifuce the
means of the follow ng exanples. EXAMPLES To

am&enoespaditexéindegaadati®e froan dbs@iB0 % twileys tHanthis%rehdatlow for
of the invention, paclitaxel was spiked with a known

theajimautificafiofoofl M)- DA T taboee Octtenticatby etnfihetiegthé ased ésr NMR
and then conjugated to a-poly-(L)-glutamc acid in
quamnifivationf 37% w w. Two of the three taxanes were
synthetic inmpurities
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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(cephal omanni ne and 7-epi-cephal onmannine), the third
was a degradation inpurity (7-epipaclitaxel). Three
woanegwreat spi king levels ( 1.2% 9.8% 28% wPa)/BR608/001746
i nvestigated for each taxane i the range within the
quantitation limt and the upper specification limt.
usehbff ther eRAGRUAI rémesevRatve esavgsliedof Thid ri@h¥"§€biven in
100% and 115% which was deenmed to be acceptable for
Exdhpld NIERE eslusee AfledReani®ysi9ef aPIE BagdeRrepbMed in Example 2.
exanpl e of this experinment is given in Exanple 1. The
r ougkamplellease anal ysis of a PPX batch is reported in
Exanpl e 2. Exanple 1 A solution of
pacAi tsaketidr - 6P p@@lithk@l)(’ﬁiegmlilﬂ@éﬁl e cohfugatepaagd peypared by
accurately wei ghting 350 ng of the conjugate in a
acchbately Wieightirpnsis0ltsS alg/bNthenddrtjugatodh fayl GHill fakkland Bissolving
solution was diluted to volume with the same sol vent.
witR5Qimethybsulfoxitie Pke( BbAtioac &uds diutdd adeyolmti€ with the same
accurately weighed in a 5 nL flask. 0.085 nL of the
solsetk26Q 5@ dmgf(RIRXr(@hpondecagidad Gradp) kiorg dceveltel9f weighed
1.2% ww was added in the sane flask and diluted to
in ¥4l mie flaskh 00 8te nily |cfulheospikimg Jdlatiani (rokiespsndidgcto arspiking
was then perforned according to the general procedure
levegl vénl.2% Banpivas 2added anahe semebfiasiPlaiid &Hatedetyy volume with
7- epipaclitaxel was 110.7% Exanple 2 250 ng of PPX
din{etry IsuHoRder. freeamindl sis ngaetiore mtak, thaw perfirmed according to the
wei ghed, were transferred into a 5 nL flask. After
gemgralsptogedore givdn ih Eaiample ! findiabalysed saiHPeCWRecovery of 7-
diluted to volume with the sanme solvent. 1.0 nL of
epipaigasel was dh0W36. t ransferred into a 5 nL coni cal
bottomvial. A triangular magnetic stirring bar was
pl dExamiple @ach vial and 0.5 nL of a solution conprised
of trifluoroacetic acid and 4-am nonorpholine in a
r at2d oig 0fAPX1(ATie3Rhatmadeutical dngreditn),2auritelf weighed,
4-am nonor phol i ne) were added. The vial was tightly
wersapgpesfernedainte aoh mal tflasknddftent didsalutioniwigh whitrethylatoxide the
at 400C _2C and stirred for 2 0.1 hours. At the end
samgfletwizs didated torvalbmevwith thasanle sodeent: d.G odl of ithisi splutoon was
room t enperat ure
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 0.017:1 (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 uL of glacial acetic acid and analyzed
by HPLC for the determination of the taxane content using a Zorbax 300SB-C8
column, 4.6x100mm 3.5um, Agilent Cat. No. 861973-906, maintained at 40° C
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over about 10 m nutes before addition of 0.75 nL of

acetonitrile. After mxing, the sanple was transferred
woroeos¢ient7ei f uge filters (nol ecul ar nmass cut - of PCEEPRI0S001746

dal tons) and centrifuged for 1 %hour at 3000 x g. 1 nL

of the sanple was transferred to an HPLC vi al, added

and¢lubinkOwith OWvairAaetdniadieigradat chiktfifte ARGNYZER dvétdiitiile/80%

for the determ nation of the taxane content using a
watéo t6 I3 A0&IBnith 1€ 00U Watet- 186D Riives. Wit U¥addtestiorat 227 nm.

No. 861973-906, maintained at 40 Cand eluting with a

watEhié psseltefavérake ofrsadreplicatesxdnd expreosvd?4’area % corrected for

acetonitrile/ 80% water to 90% acetonitrile 10% wat er
theiRel8GveRegpesse Madtbr)ifedeponed dmTable2R7 nm  The

results (average of six replicates and expressed as

ar egabletorrected for the Rel ati ve Response Factor) are

reported in Table 1. Table 1. Taxane Area

Yeorrect Eatane RRF Baccatin 111: BelewoRepaeticdyorRRF

10- DAT: 0. 24% Cephal omanni ne: 0.22% ORI : Bel ow

Repor t i iBadcaviel IDR2 + OR3 0. By Reporting Level

10- Deacet yl pacl i taxel : Bel ow Reporting Level

Pacl i t axH)-DAB: 80% 7- epi - Pacl i t ax®@R4%9. 16% Unknown

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

Bel ow Re@ephdlomanaus: | npurities 0.88%ated as ORlL, OR2

and OR3 are conjugates between a-poly- (L)-glutamc

aci d andORdxanes havi ng t he BelovoRiepgrting lrevel ORl

Rl = 0OAc, R =COH R3 =08z OR2: R =0OH R = CQAc, R3

= OBz OFBR2RF ORIBz, R2 = OAc, RI.39%H

7-epi-10-Deacetylpaclitaxel: Below Reporting Level

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 a-poly-

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

/lcj)\
Ph ];JH 0O
Ph/\-/U\

ORI1: R1 =0Ac,R2=0H, R3 = 0Bz
OR2: R1=0H, R2=0Ac,R3 =0Bz
OR3: R1=0Bz, R2 =0Ac¢,R3 =0OH

Formula
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Formul aCLAIMS 1. A nmethod for determ ning the anount
of conjugated taxane in a polyglutam c acid-taxane
wocor/ugeate wherein one or nore taxane nol ecul @STAP2008/001746
| i nked through the 2'-hydroxy 6 sitionto the g
-carboxy group of a-poly-Lglutamc acid said nethod
CIcAIMIS sing the steps of: a) reacting the polyglutamc
aci d-taxane conjugate with a conpound of formula (1):
RIR2N-NH2 (1) wherein R1L and R2 are independently C -C
10-al kyl, Cr C10- hydroxyal kyl, C3-Cl10- al kenyl,
1. GLClfrellyold oforaldeyermi@Ingl bhenl douht of conjugated taxane in a
C3- C10- hydroxyal kynyl, aryl, heteroaryl; or RlL and R2
polyghemntiogeidaaxand bohjugand whegein ahoor hoorehiakant ieylecules are
are linked forma 3-8 nenbered heterocyclic ring
linked ithreaighy tloo 20 shiydrogyupodioiohhtee thd gt earbakongrag) eft®goly-L-
formO, S and N and optionally substituted wwth up to
glutamidhygcidoxy groups; to give an unbound taxane and a
pol ygl utam c acid hydrazi de; and b) determ ning the
ammd mé¢thodbmmgrismgathe. stéps Afnet hod according to
claim 1l wherein the amount of unbound taxane is
det@r m medctipngHBe @olgglmamed hoitl-teomaediongugateclithna é¢ompound
or 2 wherein the taxane is selected from paclitaxel,
of toowtlaxX®):, 10- deacetyl paclitaxel, 7-epipaclitaxel,
cephal omanni ne, 7-epi-cephal onanni ne, and
N- debenzoyl - N- phenyl acet RIRASNHaxel . 4. A met hod
according to claiml1 - 3 wherein the taxane is
paclitaxel. 5. A nethod accdlding to any one of claim

1 - 4 wherein the conpound of
wherein

R! and R? are independently C;-C,p-alkyl, C,-C,o-hydroxyalkyl, C3-C,-
alkenyl, C;-Cyy-hydroxyalkyl, C;-Cyp-alkynyl, C;3-C,¢-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 an unbound taxane and a polyglutamic acid hydrazide; and
b) determining the amount of unbound taxane.
2. A method according to claim 1 wherein the amount of unbound taxane is
determined by HPLC.
3. A method according to claim 1 or 2 wherein the taxane is selected from
paclitaxel, docetaxel, 10-deacetylpaclitaxel, 7-epipaclitaxel, cephalomannine,
7-epi-cephalomannine, and N-debenzoyl-N-phenylacetylpaclitaxel.
4. A method according to claim 1 - 3 wherein the taxane is paclitaxel.
5. A method according to any one of claim 1 - 4 wherein the compound of

formula (I) is selected from N,N-dimethylhydrazine, phenylhydrazine,
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formula (1) is selected from N, N-di net hyl hydr azi ne,
phenyl hydr azi ne, 4- br onophenyl hydr azi ne,
wo2eisgiopr’epy| phenyl hydr azi ne, 4- et hoxyphenyl hpaT&PRe08/001746
1- net hyl - 1-phenyl hydrazi ne, 114ni nopyrrolidi ne,
1- am no- 2, 6- di net hyl pi peri di ne,
4-broaiphengihydéaAing] met hyl pi peridine, (S)-idopropHphenylhydrazine,
am no- 2- ( met hoxynet hyl )pyrtolidine, (R)-(+)-
4-rethokiphehy Ihy@tdrie, mel-methpyl ipHengi@irazine, 1-aminopyrrolidine,
4- am nonor phol i ne, 1-am nopi peridine, |-am no-4-
1-amginby2, bt ieiarypeperidiag] ND-atmind-diy-dedymethylpipeprtingi (8)-(-)-1-
and 1-am nohonopi peridine. 6. A nethod according to
aminy-29(heethbx gt )dyrrobdinkegr ei n t he conpound ®)-(+)-1-amino-2-
formula (1) is selected from N, N-di net hyl hydr azi ne,
(metheryhfeylly1agyelidhea ti- amnimompdghioli@eaaminopiperidine, 1-amino-4-
1-am nopi peridine. 7. A nethod according to any one of
methydpiperdzineS wisamimo-4h@-hgdmyethyd)piperavihe (lgnd s 1-amino-
4-am nonor pholine. 8. A nethod according to claim?7
hombeipridis¢.ep a) is carried out in dinethylforman de or
di met hyl sul foxi de at a tenperature ranging from20 to
6. 42@ nfethddraecbedingaooari oge tod adhianiml 8 Svveierein dheatomppund of
is carried out in dinethylsulfoxide at a tenperature
fornatlaeql) 38s apeledd from N,N-dimethylhydrazine, phenylhydrazine,

4-aminomorpholine and 1-aminopiperidine.

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

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

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

dimethylsulfoxide at a temperature between 38 and 42°C.



