WD 2011/ 146707PCT/ US2011/ 037134 | MPROVED PROCESS FOR A FOLATE- TARGETED
AGENT CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s application
cl ai ms t wohenefss1070f United States provisional applicaPCons26605846, 444,
filed 19 May 2010 Lle ne 20 ch.of which is

i ncor porated by rQY@RgWSEé ﬁgbé%?s M@ﬂfﬁ‘% &B%@E MTon descri bed
herein pertains to an inproved process for preparing the fol ate-targeted
conj ugate ECl145 and to the conj ugate EC145 prepared using the inproved 10

process V@%ﬁ nﬁ?ﬁ t rﬁgﬂga tion conprising the
conj uga?Ré(éE Ep@%pgr%e usl ng éqﬁﬁpr oved process. BACKGROUND AND SUMVARY
OF THE | NVENTI ON This application clkmhsthe be@figef Pdited Sasspawdsibet appledsaboped and

are eln e in clini trials cancer. therapeu Cl45 conpri ses
2" bion SIMA TS BsehhsEMay kb et 65051 03 GTED Sty 101G L SASBN b1 bl et | ne
hydr azi e L ANBR) refer ek WeRE£d to folate. The ECL45 nol ecul e targets the
folate rec ptor found at high I evels on the surface of epithelial tunors,

i ncl udhp@c EL?)B | ung carci nomas (NSCLC), ovarian, endonetrial and
renal cancers, anc} hers, including fallopian tube and primary peritoneal
carcinomas. |t i sTheinved dehatbeEGdn farads th an tiupived platsséupprepairgthe
folate receptor delivering the vinca nmpiety directly to cancer cells while
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functi on. EC145 hasth follow ng formula
HNO?1- 11&)3?ng-theﬁlﬁpﬁ®ad'|®2b$sl U H2NrINN OH 25EC145 and has been accor ded

the Chem cal Abstracts Registry Nunmber 742092-03-1. As used herein,
accor di B§CKGROENEOANEX SUMMA RO HO1 4SVERENON he conpound, or a
pharmaceutically acceptable salt thereof; and the conpound nmay be present

in a solid, solutfYaedirestsd daresiare bernalsvelonidad aebeine fasted g FW@C%% trials
pr ot Ona&sqgnéé? rt}ligrapeutlcs. EC145 comprises a highly potent vinca alkaloid cytotoxic compound,

15  desacetylvinblastine hydrazide (DAVLBH), conjugated to folate. The EC145 molecule targets
the folate receptor found at high levels on the surface of epithelial tumors, including non-small
cell lung carcinomas (NSCLC), ovarian, endometrial and renal cancers, and others, including
fallopian tube and primary peritoneal carcinomas. It is believed that EC145 binds to tumors
that express the folate receptor delivering the vinca moiety directly to cancer cells while

20  avoiding normal tissue. Thus, upon binding, EC145 enters the cancer cell via endocytosis,
releases DAVLBH and causes cell death or inhibits cell function. EC145 has the following

formula
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25 EC145
and has been accorded the Chemical Abstracts Registry Number 742092-03-1. As used herein,
according to the context, the term EC145 means the compound, or a pharmaceutically
acceptable salt thereof; and the compound may be present in a solid, solution or suspension in

an ionized form, including a protonated form.



WO 2011/ 146707PCT/ US2011/ 037134 EC145 is disclosed in U S. Patent No.
7,601,332, as well as in WD 2007/022493; and particul ar uses and an agueous
i qui d pPv@.2d11/pbgphat e- buf fered fornul ati on for i ntraPemasg011/037134

adm ni stration ar isclosed in 2011/014821. The procedures for
preparation of Eéggisg‘iséiéslcg)é%mi%Uyﬁ?ntlﬂg?@m(fz&f:ﬁé asWEo1 832, and in WO
2007/ 024930 @@ 23951 ARl fRrd@lar REQRAN A AqEekE FigRa JIRbaAr BRARAPNatS fEred®. 9- UP

to tens of mlligrans; 'but problenms nmay arise on increasing the scale.
I n t he rmulatsetbrpntonedorsesimifi@iaton ae giselpsadad W F0dAMi1AS21a di sul fi de bond

usi ng the thiol formua H2N ,i.NH H .0 U HO? /.- H- 7720
HRC,,,, N y-? NaTTg procedures, OWP%%‘O%M@%IEFIWC?%BO;% TNk NH
oo NE NG -, 330 ko wwas 2 (G102 49 WhiteuRaB1O k& pé faBiR 3 1E€* 148 Ton laboratory scale,
pyridyl dithio-activated vinblastine internediate. For exanple, the

car banmoyg- whi te (grfsiod enilligramsidyl pioble0EDBYY) arsk ohapgredsinaNds sgplepar ed in

di chl or onet hane ( and isol ated f i Ng. Si.lji.c el chro raphy. The
o1 was Chen di DI LRODH B RUR o B P ere Mg B IR R e s
sol ut i owsid thd thiE@¥Bymula whi ch the pH was adjusted with sodi um bi carbonat e
to solubilize the EC119. Upon Hq“oggl etion of the reaction, on small scale

m xtures (5-10 mL), the THF coulfd be renoved using a rotary evaporator;
however, foam ng under vaguym vva§|\so praoblematic that this operation was
not feasible on a |arger ﬂc}%l % NAGedr di MO n conpl etion of the reaction,
the mixture was diluted Vit ﬁ?af N A enH;.\l@LL%E i zed. The crude solid
was then dissolved in water &Hdd 20"purified by rewekse phase

chromat ogr aphy. Chr omat ogr aphi ¢ fractions having greatei” than 90% peak area
of BC ldbwielseECgbivitad, thidkhltdract- v piridyaditio-aatinhtddy@pblasting eakernladpate akbiy ,
purified yields were in the 30 - 40% range with purities in the 90 - 93%
range. TREP thekssbamayddisalicly inempedie (COBPW fePHY3 ons made preparation of
nore than gram quanti i+ cunpersone. Further, on scale up, it was
determ ned that a por e BEC145 was bei ng
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© %
was prepared in dichloromethane (DCM) and isolated following silica gel chromatography.
The CDSI was then dissolved in tetrahydrofuran (THF) and added to an aqueous solution of

15 ECI119, in which the pH was adjusted with sodium bicarbonate to solubilize the EC119. Upon
completion of the reaction, on small scale mixtures (5-10 mL), the THF could be removed using
a rotary evaporator; however, foaming under vacuum was so problematic that this operation
was not feasible on a larger scale. Accordingly, on completion of the reaction, the mixture was
diluted with water, frozen and lyophilized. The crude solid was then dissolved in water and

20  purified by reverse phase chromatography. Chromatographic fractions having greater than 90%
peak area of EC145 were combined, diluted with water, and lyophilized. Typically, purified
yields were in the 30 — 40% range with purities in the 90 — 93% range. The volumes associated
with the lyophilizations made preparation of more than gram quantities very cumbersome.

Further, on scale up, it was determined that a portion of the EC145 was being

25  decomposed during the workup of the reaction mixture by the mercaptopyridine liberated in the

formation of the disulfide linkage.



25 deconposed during the workup of the reaction m xture by the
nmercaptopyridine liberated in the formation of the disulfide |inkage. WO

2011/ 146 W0RCT/ 1482011/ 037134 It has been detemmisaed/ioshat this
deconposition can be suppressed, and .this provides one aspect of the
i nvention. Thus, %ga%%néﬁﬁaa}%matfm%E%O Oiigh e ealp,yrcgée&sgn%vs

prepar i fgyigtdgr Héc%)géﬁ%k §leNBvdntien SRR, Qf ofid &AbIGheRt tﬁ&@@léz}s}r%@idéﬁ agn%c@g'é &rH2N y
NH \ k Cs, L CH7H- - o HIO HO2C N "Tr...NAT N N/ HSJ HO H) O
5( EC11Qrepurtny BEC dmpopnidingfthd sieprof @gatingherosipoudd pifoainkdal sul f onyl ,

aryl sul fonyl, arylthio or heterpagylthio, in the presence of an aqueous
buffer of pH less than 8. In ongienbodi nent of the process, X is
2-thiopyridinyl or 103-ni t®%: 25tHﬁi\op(yr|j diogyl . 1 n one enbodi nent of the
process, X is 2-thiopyrd. i%“tﬂ > N“,\)Nﬁ@any of the above, in one
enbodi nent, the buffer has D Jtﬁ;&thaﬂn an[,N L] n anot her

embodi ment, the buffer has a"pH of ""éss than 6. 8. MAvhagt her embodi nent,
the buffer has a pHof 5.9 to 6.3. In another enbodi nent, the buffer has a
pH 6f 5.9 to 6.1. For any of the aboBCLlI% one enbodinent, the buffer is a
phosph t her enbodi ment, the buffer is a sodi um phosphate
buffer%%g%éélgg%ﬁd%féﬁ@g’r, as disclosed herein affords better control of
the pH and the probl em of degradatsgon than the use of sodi um bi carbonate.
Anot her enbodi ment of the ab conprises the step of treating a
compound of fornmula H2N y"

wherein X is alkylsulfonyl, arylsulfonyl, arylthio or heteroarylthio, in the presence of an
aqueous buffer of pH less than 8. In one embodiment of the process, X is 2-thiopyridinyl or
10 3-nitro-2-thiopyridinyl. In one embodiment of the process, X is 2-thiopyridinyl.
For any of the above, in one embodiment, the buffer has a pH of less than
about 7. In another embodiment, the buffer has a pH of less than 6.5. In another embodiment,
the buffer has a pH of 5.9 to 6.3. In another embodiment, the buffer has a pH of 5.9 to 6.1.
For any of the above, in one embodiment, the buffer is a phosphate buffer. In
15  another embodiment, the buffer is a sodium phosphate buffer. The use of a buffer, as disclosed
herein affords better control of the pH and the problem of degradation than the use of sodium
bicarbonate.
Another embodiment of the above process comprises the step of treating a
compound of formula
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Hz O+ OH HO2C),NN y?N A), N o HH HSO HO2O0HQ20 (EC119) WO
2011/ 146707PCT/ US2011/ 037134 with a conpound of formula, in the presence of

a sodi umwbasphias®7buf fer having a pH of 5.9 to 6. 3. PCT/US2011/037134 For any
of the above, one enbodi nent is the process wherein the treatnent 5occurs
in a |iYihacrearid ddRprYiai ng acetonitrile. For any of the
above, a further aspe I s a~procegs further conprising the step of

treati ng desacetyl vi
Y-00-0- (CH2) 2- S- X, or ‘an-g
group, to forma reactiondHm
and directly treating tHheEoRp
HHO2C - 0 HO HR2CN y. . . .. , NAJS,
HO2C, N1 191' N H

"v‘,,»: de with an acyl ating agent of formula
fgalt thereof, wherein Y is a | eaving
'si/ng t he conpound of fornula 10
ofmula H2ZN yNH HI \k HO2Css n L H7 -
orn- N UT NO HSJ 0 H HO2CO H O

in the presence of a sodium phosphate buffer having a pH of 5.9 to 6.3.
For any of the above, one embodiment is the process wherein the treatment
S5 occurs in a liquid medium comprising acetonitrile.
For any of the above, a further aspect is a process further comprising the step of
treating desacetylvinblastine hydrazide with an acylating agent of formula
Y-CO-O-(CHp)»-S-X, or an acid addition salt thereof, wherein Y is a leaving group, to form a

reaction mixture comprising the compound of formula

10
and directly treating the compound of formula
H2NH\NFNH
0oy o Lo, e
HOLC Nm/'\N)j/NT('\N)‘j,N“/\)sN)\@ o
J/ o H O H o} H N
HS HOSC HOLC N"Y Y NH
2 2 H/\[\Nth)\NHZ
(EC119)
with the reaction mixture without isolating the compound of formula
15

The leaving group Y may be any of a number of leaving groups appropriate for the acylation of
the hydrazide. In one embodiment, Y is the residue of an alcohol which forms an active ester

with a carboxylic acid or with the monoester of a carbonic acid, for example a 4-nitrophenoxy

-4 -



, I N NNH2 (EC119) with the reaction m xture wi thout isolating the conpound
of fornmula HO 15 The | eaving group Y nay be any of a nunber of | eaving
groups apmoaprivs®7for the acylation of the hydrazide. PoTamseoieosuds ment, Y
is the residue of an. al cohol which for an act%e ester with a carboxyllc

aci d_orWith % hEeTBHBEAW KR dFs 1 Hecd YoM HOIRZOF oY | SRR dNA7i t r ophenoxy
WO 20114&%{&;&(;%@%@&%g&zgg%ﬁ&%qﬁﬂa a 1-benzotriazol yl oxy residue or a
7-azabenzotri azol - 1-yl oXy Tesidue. In one enbodi nent, the acyl ating agent
is of the formula o )LxlI o o---NJaSyor{an aCde addltlon salt thereof. In
anot her enbodi nent, the acylati )LF fst he formula 5 and is

I ntroduced in the formof an aci dd|t|on salt. When the acyl ati ng agent
is introduced in the formof an acid addition 3alt, a base such as

t ri et hydraim ackl @iditttin sahphica@y] &b hiydther entbodmers etle hoylitireeagehies bage. folnmulanot her

enbodi ment, the acylating agent is of the fornula 10and is introduced in
the formof the free base. . For any of the above, one enbodi nent
is the process wherein the des yl \ﬂl\nbl asfi ydrazide is treated with

t he 5acyl ating agent in a solv cowpricsimgSacetonitrile.

and is introduced in the form of an acid addition salt. When the acylating agent is introduced in
the form of an acid addition salt, a base such as triethylamine or diisopropylethylamine is used

to free the base. In another embodiment, the acylating agent is of the formula
-0
SOy
07 Yo" \~8

10 and is introduced in the form of the free base.

For any of the above, one embodiment is the process wherein the
desacetylvinblastine hydrazide is treated with the acylating agent in a solvent comprising
acetonitrile.

For any of the above, one embodiment is the process wherein the

15  desacetylvinblastine hydrazide is provided in a highly purified form. As described in the
examples below, desacetylvinblastine hydrazide may be obtained as a highly purified solid
using a procedure involving dissolution/precipitation (denoted as crystallization) from ethyl
acetate and toluene.

For any of the above one embodiment is the process wherein the EC119 is

20  provided in a highly purified form. EC119 is synthesized using Fmoc-based solid phase
chemistry. First Fmoc-Cys(Trt)-OH is loaded onto the resin through esterification with
2-chlorotrityl chloride resin in the presence of diisopropylethylamine (DIPEA). The Fmoc
protecting group on the resin-bound Cys(Trt) is then removed by treating the resin with 6%
piperazine in 0.1 M HOBt in dimethylformamide (DMF). The resin is washed with DMF and

25  methyl t-butyl ether (MTBE). Fmoc-Asp(OtBu)-OH is coupled to the resin with
N,N'-diisopropylcarbodiimide (DIC) and N-hydroxybenzotriazole (HOBt). The coupling
reaction is monitored by a Kaiser test. The deprotection and coupling are repeated with Fmoc-
Asp(OtBu)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Asp(OtBu)-OH and Fmoc-Glu-OtBu. The
coupling of N10-TFA-Pte-OH uses 1.2 equivalents of NI10-TFA-Pte, 1.2 equivalents of PyBOP,

30 1.2 equivalents of HOBt and 2.4 equivalents of DIPEA. The trifluoroacetyl group is removed

-5-



For any of the above, one enbodi nent is the process wherein the
15desacet yl vi nbl astine hydrazide is provided in a highly purified form As
descri bedW'OrzOIllnE«mxanpl es bel ow, desacetyl vinbl astine hpdrasaa/osHy4 be

obt ai ned, a ghl urified so d usi ng rocedure |nvoIV|n
di ssol uw%ﬁ%ﬁn@fe it YR (t ( 1é§1%&Y%¢st?‘é‘BIﬂ?ezr§€1PdW} 3 rlomiiRg FRpECHcet at e
and t ol UgpeninFephp I%Qi)fna@él kb, t%?l%f%a@él{% LG EBRnelRhibNG 0F A5&SRoWIEREN the

EC119 is 20 provided |n a highly purified form ECL19is synthesi'zed using
Fnoc- basel®. 5;%IdededwterhgrlrmssmaqnonléﬂsosrbsmmmSI@ydt@erCtu)srﬁhbvaé of thaddih, #hf.0 t he
resin through esterificati th 2-chlor.otri resin in the

br osen B G OGPRETIE T B g i HEd fof ey VAT BEGPRTRE BY oup on ¢ he
r esisn- b@ado Yy Shel pirity bf clude B0V SImhic829(099 9 ThE Brel ?@ﬁhﬂnmdebqﬁ%d in

pi perazine in 0.1 M t in dinmethylformam'de (DMF). The resin is washed
wi t h DMRoggrigtaisines ¢xamplesput yl et her (MIBE). Fnoc- Asp(ClBu) OH is coupled
to the resin with-N, i S roplcabdll

N hydr oxybenzot 110 of FaE itk EBbEMEI e bk S ecismead tgtine

Kai ser dedsdetyl\inblashei 10ldecdideonitia mel a@}ﬂ)atﬁigl Aagntad €orhep eatesh miidthre comprising
FrmocAsp( Gt Bu) - OH,  Fnoc- Arg(PbO OH, Fnoc-Asp(QBu)-0OH and Fnoc- G u-Q Bu. The

couplin e gpmRpund. of FAPtle- OH uses 1. 2 equi valents of NI-OTFA-Pte, 1.2
equi val ents of PyBOP, 301.2 equivakents of HOBt and 2.4 equivalents of

2011/ 146707PCT/ US2011/ 037134 bo-Hydrazine in DVMF. The peptide is

cleaved fromthe resin wth\asgf i eagent cont ai ni ng approxi mately 85%
oL = i Yotriisopropylsilane, and 2.5%

dei oni zed water. This rie ' S in s§mnul ta;aeous renoval of the

t-Bu, Pbf, and trityl pr N ‘ *Udg {is precipitated with

MIBE and |soI ated by 5filtrat¥ ef. J off crude EC119 is

appiloxi mat el y 90% The preparat'i on |§H3d4es€W ed in nmore detail in the

le . ;
SEATP! S g ER1 VP AR SDON B 0 SRBOULITSIN R 0SS

acyl atlmse&gent to forma reaction mxture corrprl sing the corrpound of
formul a HO 10 and t he ste of treaﬁ)l ng EC 1%9 with the reaction m xture
are carried out |FPIERE O HisOpER QN SDYLEEF is the process further egmpEHPe Hie §i9he

above, QRGATROHL BRI mixtuklEndlx %%Eé1151fstd‘ﬂ€{ed%‘£ﬁ3&{r§ﬂe%ﬂfﬁeﬁﬁ 1 RBud RN N

the reaction m xture contai ni ng luted wth citrate buffered,
aquléousclﬁ@mﬂetmilﬁiﬁomhd loaded sotout pobystyasaiek-isagdenesrteqpodymeric resin column or

pur ) 11 CHETGRS RAMET R Broad paRte e b dRe il Teito Shenee podts Be The

dilute aﬁcﬁl%é&%r@&ﬁﬁﬁﬂﬁ%sldﬂmah 8% reddiidh M@k @ith BaFtic@Ralife tdtE&ind o )%
buffered saline (targeting a 10% acetonitrile content for the diluted

sol ut i captoarttld evatkinptpr i lusmi tplutom) end bading ik solntion gntaphs/cloomaivgrapifii s

el imnates the need.f Iraf| ion sequence and s boyt 12 to
24 20 rosineny KEGult e et i bivar i RASHER Al FIE SRUTIPRRR

el Wo nohduheinEfeddsipg ﬁdiéCtArfolt}wﬁbinfbedﬁ@nUfﬁiith@f comapriseh élgﬁnglﬂiefECHLSrmbdiddﬁ phase
conprising acetonitrile and citrate buffered, aqueous sodi umchlorjde
sol ut i offiomthgecalaan gf cytiidesvseaNehile RRgpR Mmmfwe%cer%ﬂ&/@d Oetﬁaée buffered,

chr omat v I
ctr engt He i ORGSR s P Bt cred Sl B BEA BRIV i g of
t he pr o:dmcrhaﬂogltapbxerprcbdws miusbvérel wing. Hiat, nlmmcma@ﬂpdms esengilhef t:héfouffertey of the

product for th statlo y phase is increased to the int that the
col um' S&l&%g@éﬁw Fsgrintiteners tReRAELipRINgQE @etm%mlcaB%}WF%fgglCWI\%ﬁeéé‘é&@%ﬁw

af fisni t 3haQds. 1R affinity of the product for the stationary phase is increased to the point that the
column’s capacity for crude EC145 is more than doubled. The increased affinity of the
stationary phase also eliminates the occurrence of product break-through (a portion of the
product passing through the column during the loading operation) while loading the crude
EC145 onto the column. The higher ionic strength also improves the kinetics of the

30  chromatographic process, affording a chromatographic peak shape that is more Gaussian like
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stationary phase also elimnates the occurrence of product break-through (a
portion of the product passing through the colum during the | oading

oper at i orwowhil/®etoeadi ng t he crude EC145 onto the col umerCT/Iseothioghes i onic
strength al sq i nproves, the _kinetics of the 30 chronmatographi c process,

af f or di Hif "BALR @ﬁa&lfg@ﬂawféﬂﬁéﬁa&%ﬁa{&& gt TR REME OBl S YR CPF_ ¢ e
2011/ 146 407PGTAUSRO 1A R34 36roa b RBKLRGor A9BhES LEASboR Bindwiagki on cut

poi nts easier. The inclusion of sodiumchloride in the nobile phase al so
results in reprodtwiapyef thetabnvé, one embodmeenandhgpodess ttulttzndwngtikisg the step

For an f.the ahov ne_e i nt is..the ocess further. copprising the
Eoep orobine TR ion 0 ReBa0 | S R e R B E Rt PRligR B inRe ey,
aqueousyeRlsthé Bie ahdbfodREOSRRS 1RAVDLES] & NBssbéifRed 3th 1RFRdbaE gwhﬂltzyﬁérps S
(about 1% associated with | arge scale |yophilization. In addition, it
provi dels addisiopuit pravedes plreopruitedi prodigtiBloagsieeus) setution 1 A candibekippirepyiate for
approprjiate.for the further e di n f.filtering-.thro a,0.2.nm cron
Do D e pfipREmb et S Fer T B R AD Dhickin AEELAOTAAT SHAR Buldedyr EF

rel ati v@idrébidl®upt ddesdotokinewls thive it thedlrd@Bs witholake hik@toslet er m ned t hat

a potential problemin the process as described in any 10 of the )

enbodi ment s her ei fihasbega getsaratned shagp petepdal Boblewyig dhe Prpesss angessribedhid aalove,
on nmbodi {; d i S j nt ai ns
R S A S S i S R Sl
per m | dmlondifhpriy the process wherein tAs waree ugspiaciny ofeptchetaina déndlived pxydeaneai s
provi ded as one enbadi nent the conjugate ECl145 prepared by a process
descriU@@CWEW@PB§569@$Iﬁﬁéxﬁﬁgaﬁﬂﬁgggmf§IF%E“@@EéHﬁﬁhgate EC145 prepared by
a process conpri shfgnd 8e&i@PhedhyddtRal ihQ i@ pfRIRAUISnOEmbOdiMshanERNYNH HN. 1
HO2Css L. H 770 H - 0 H HO20 HO2CRNAT, N o i f NUT N HSJ

HO 20 HO 2@ n{u=aieli) 1 44 pripacd byrp pravdssafesdrdredhiegeinabggesnh@neembodimenialisktpe sul f onyl

|sul f onyl hi het lthio, jn th f
o B M Bl TS LR b0 PSSRl o

above, X is 2-thiopyridinyl. I'a®%further enbodi ment of the above
conj ugate, the process fufther nprises the step of treating
desacet yl vi nbl asti ne hydrafrﬁeaw&;h_@nqdﬁ | ati ng agent of fornula

%004%“%%2-&X,0r%§ﬁmﬁw N N reof ,owherein Y is a | eaving
group, to forma 25 reaeti on.dixtUre.cohprisi gﬁft&lﬁpﬂpound of formula
N N"NH,

(EC119)

with a compound of formula,

20  wherein X is alkylsulfonyl, arylsulfonyl, arylthio or heteroarylthio, in the presence of an
aqueous buffer wherein the buffer has a pH of 5.9 to 6.3. In one embodiment of the above, X is
2-thiopyridinyl. In a further embodiment of the above conjugate, the process further comprises
the step of treating desacetylvinblastine hydrazide with an acylating agent of formula
Y-CO-O-(CH»)»-S-X, or an acid addition salt thereof, wherein Y is a leaving group, to form a

25  reaction mixture comprising the compound of formula



WO 2011/ 146707PCT/ US2011/ 037134 and directly treating the conpound of

formula H2NyNH HN. 1 HO2Css L. H7 0H- 0 H H20 HO2CNNAJ, N_
ce..o i fWDNOHAI6®7HO Hj kj. 0 HO20H020 (EC119) 5 with th@/use@atdnd m xture
wi t hout isolating the conpound ofoornuIa HO A further

enbodi ment of the above is the conjugate 24 wherein the acylating agent is
of the fornula 10and is

As one aspect of the inventf
pharmaceutical conpositi
any of the above enbodi

t.oduced !n t he fornlof the free base.

jynjugate EC145 as described in
| a dilaent, excipient or carrier.
: mmven;lpp\\/g further described
H

and directly treating the compound of formula

HaN NH
i ¢

HN

HOZC L HOAC
HOLC m/\N)j/ T(\N)j’ “/\)s ﬂ\@ rk

HOC HOSC
NJ‘NH2

(EC119)

5 with the reaction mixture without isolating the compound of formula

A further embodiment of the above is the conjugate 24 wherein the acylating

agent is of the formula

10 and is introduced in the form of the free base.
As one aspect of the invention, there is provided as one embodiment a
pharmaceutical composition comprising the conjugate EC145 as described in any of the above

embodiments together with a diluent, excipient or carrier.

DETAILED DESCRIPTION
15 Embodiments of the invention are further described by the following enumerated

clauses:



cl auses: WD 2011/ 146707PCT/ US2011/ 037134 1. A process for preparing EC145
conprising the step of treating a conpound of fornmula HZN y NH HN, 1

HO2C, . .. .wokoHOA3&H 7 0 H _ n ¢ HO HO2C y, NN, 11), N.. PCT/USBDI&I{B)7134-|OHZC
-WOD HNH: UT2c¢ 00 ( Cllg% 5 mnhg a co og&qﬁgf f or nul ?rein Xis

al kyl sul f onyl , EI sul P BHSACSS 19F Propafl FUPHAIGS theistsP of HeRUNE Br esence of
an aqqupﬁxgﬂggpﬁng&mpH | ess than 8. 2. The process of clause 1 wherein X

is 2-thiopyridinyl or 3-nitro- 102-thiopyridinyl. 3. The process of clause
1 wherein X is 2- thlopyrldlnyI2M6W1The process of any of clauses 1-3

wherein the buffer has a pd—tof eEs Qe process of any of clauses 1-3
wherein the buffer has a pH ofOI ? rocess of any of clauses 1-3
wherein the buffer has" é Ej ﬁe essRof clause 4 wherein
the buffer has a pH of @ 9 teoz The proce%g[ f of clauses 1-5

wherein the buffer is a phosphate 7. The process of ﬁse 6 wherein the
buffer is a sodi um phosphate buffer. EC119)

5 with a compound of formula,

wherein X is alkylsulfonyl, arylsulfonyl, arylthio or heteroarylthio, in the presence of an
aqueous buffer of pH less than 8.
2. The process of clause 1 wherein X is 2-thiopyridinyl or 3-nitro-
10 2-thiopyridinyl.
3. The process of clause 1 wherein X is 2-thiopyridinyl.
3.1 The process of any of clauses 1-3 wherein the buffer has a pH of less
than about 7.

3.2 The process of any of clauses 1-3 wherein the buffer has a pH of less

15  than6.5.
4. The process of any of clauses 1-3 wherein the buffer has a pH of 5.9 to
6.3.
5. The process of clause 4 wherein the buffer has a pH of 5.9 to 6.1.
6. The process of any of clauses 1-5 wherein the buffer is a phosphate
20  buffer.
7. The process of clause 6 wherein the buffer is a sodium phosphate buffer.
8. The process of clause 1 comprising the step of treating a compound of
formula
H2NH\NFNH
oy ]\ HouC
R a A E ek e WY
HOLC HOAC
NH>
25 (EC119)

-9.



8. The process of clause 1 conprising the step of treating a conpound of
H2ZNy NH HN,1 H®2C,... LH®Z2CHZ O H- n,-, H 0 HR2CyN Ir?N),Ne.N),NO
HO HO HS'WBROHAZ©E7 H?N | Ne.1l, NH 2 (ECL119) -9- WO  PCT/US2011/037134
2011/146707PCT/USZQéﬁ/037134 with a conmpound of formula, in the presence of
a sodi uMithAGEPRA HiPretlahaving a pH of 5.9 to 6. 3. 9. The
process of any of cl ays whergin the treatnent occurs in a liquid
5ned|un1conpr|5|ng acl =R 10. The process of any of

K | ST, 1 €pyof treating desacetylvinblastine
hydrazide with an acyl atimg A o la Y-00-0-(CH2)2-S-X, or an acid
[ edving group, to forma reaction
’tba 10 and directly treating the
T A

o Pz

m xture conpri sing t he conpoﬂnd 0
conmpound of formula H2ZN y NH HN, i

in the presence of a sodium phosphate buffer having a pH of 5.9 to 6.3.
0. The process of any of clauses 1-8 wherein the treatment occurs in a liquid
5 medium comprising acetonitrile.
10. The process of any of clauses 1-9 further comprising the step of treating
desacetylvinblastine hydrazide with an acylating agent of formula Y-CO-O-(CH»)2-S-X, or an
acid addition salt thereof, wherein Y is a leaving group, to form a reaction mixture comprising

the compound of formula

10
and directly treating the compound of formula
H2NH\NFNH
HO2C \l\ HOZC
HOC
2 ﬁ(\N)j/ T(\N)j, )\Q
N
HOC HOC /\[ rk NH,
(EC119)
with the reaction mixture without isolating the compound of formula
15

10.1  The process of clause 10 wherein Y is the residue of an alcohol which
forms an active ester with a carboxylic acid or with the monoester of a carbonic acid.

10.2  The process of clause 10 wherein Y is a 4-nitrophenoxy residue, a

- 10 -



nL. H7 "-' HH®2C - 0 HO H2CN ,Tr."..NA N _ ......: if NUT NO HS) O H
HO2CO HO HOR2C N N NH2 (EC119) with the reaction m xture w thout isolating
t he conpowoadoofi4bmrnul a HO 15 10.1 The pr eceds2afi/ogiause 10

wherein Y is the residuye of an alcohol. which forns an active ester with a
car boxy]r'?D?:“Z;%‘”i‘a&O]dllo’"\)éirf’*ﬂg‘t‘en%r AGPSRETIZOl-d AEHAES-aci d.  10. 2 The process

of clause 10 whergin YrheSpBedks BF LLORNONOKNSeih8RE SYSatin@ agMPis of the formula
2011/ 146707PCT/ US2011/ 037134 1-benzotri azol yl oxy ‘residie or a

7-azabenzotriazol - 1-yl oxy residue. M. The pr 0GesS of clause 10 wherein the
acyl ating agent is of the formnul NY Lexh s--N's or an acid addition
salt thereof.

2

or an acid addition salt thereof.

5 12. The process of clause 11 wherein the acylating agent is of the formula

N —
At

and is introduced in the form of an acid addition salt.
13. The process of clause 11 wherein the acylating agent is of the formula

)

Nax N
\
N

Joi
\O O/\/S

10 and is introduced in the form of the free base.
14. The process of any of clauses 10-13 wherein the desacetylvinblastine
hydrazide is treated with the acylating agent in a solvent comprising acetonitrile.
15. The process of any of clauses 10-14 wherein the desacetylvinblastine
hydrazide is provided in a highly purified form.
15 16. The process of any of clauses 10-15 wherein the step of treating
desacetylvinblastine hydrazide with an acylating agent to form a reaction mixture comprising

the compound of formula

and the step of treating EC119 with the reaction mixture are carried out in the same reaction
20 vessel.
17. The process of any of clauses 1-16, further comprising the step wherein
the reaction mixture containing EC145 is diluted with citrate buffered, aqueous sodium chloride
solution and loaded onto a polystyrene-divinylbenzene polymeric resin column or cartridge for

purification.

-11 -



512. The process of clause 11 wherein the acylating agent is of the formula
N--- and is introduced in the formof an acid addition salt. 13. The process
of clausewO2omwhgs®7n t he acyl ati ng agent is of the fornmeCa/US20110aM4d4i s
introduced in the formof the free b?@ ocess of

e .. 14. Th r
any of clauses 1083 whi RIPSESE RECIgRE JPVP?H‘}‘PH}Péléir’igr?éuthP%\EE&gs pedpfteat ed

wi th the,acyd kg ofegRdd %sﬁg%%mmp}ﬁ%%ﬂlﬁisﬂ%t AR drldl Girate buffered,
15. The process of any of clalses 10-14 wherein the desacetyl vinblastine

hydr azi dmedss sodow dddridescdutiinghl y purified form 1516. The process of any of
cl auses 10-15 wherein the step of treatd de t vl vi nbl asti ne hydr.azi de
with an acyl ati ng{d;gen'thetl?)ro‘f%gﬂf%?%%%&ficgagls i?g? B%PP%?I%&Fﬁé%coénpound
of fsor nis ultra-filtr@tsh th REfosd BO14Y ad 4 Satfiddpr&fucl Elagikebdy dongioheacti on m xture
are carried out in the same reaction 20vessel. 17.The process of any of

cl auses 1-16, furither TEonpesess ajamhenesifeppruagrel-&? wheteen the awatdramedrinanyr e

cont ai nsitfr:}gcoE? 1r:1's4 c? ssi ?Ve%i olxut eendatvz\f (S[ohcé:rlit}a[ig‘ftl ?hap Hg fsenro?g)tceg‘&la %lf% 9S0agtisurf]:1r chloride
sol uti oh fand toaded ontd”a polystyrene-di vi nyl’benzene po? ym‘arl? ¢ PESi n

col um @fllieagpi)dge for purification. WO 2011/146707PCT/ US2011/ 037134

18. The process of clause 17 further conprising eluting_the ECl45 product
fromthe col um otl carths epigats Fgld pispirekbppResersalepriteddt amecet onitril e
and; Ci tglg%gs bufyf ered, aqueous sodi um chloride sol ution. 19. The
process of any one of clauses 1-18 further conprising the step of 5using
ultra-filtration 2 afTler ebnh@h®eFE @k Seprppured byed pprecoduminpridinaghestes ool ut i on.
20. The étpr.ocess of a one of clauses 1-19 wherein the water used in any

step coORt3HNASE CameSY} oBRVden at a concentration that does not exceed
about 0.9 parts per mllion (pprgw 21. The conjugate ECl145
prepared by a process descH:gCi; bed\n any of 10cl auses 1-20. 22.
The conjugate EC145 prepargt @L_pl’@C,QS’@ZCC@rT‘pI’i sing the step of treating a
conpound of fornula HOZCJ/NY'\N Ny N N“/\/LN o
o H O H 0 H N
HS HOLC HO.C H/\E [ j‘\H
N""N""NH,
(EC119)

15  with a compound of formula,

wherein X is alkylsulfonyl, arylsulfonyl, arylthio or heteroarylthio, in the presence of an
aqueous buffer wherein the buffer has a pH of 5.9 to 6.3.
23. The conjugate of clause 22 wherein X is 2-thiopyridinyl.
20 24. The conjugate of clause 22 or 23 wherein the process further comprises
the step of treating desacetylvinblastine hydrazide with an acylating agent of formula
Y-CO-O-(CH»)»-S-X, or an acid addition salt thereof, wherein Y is a leaving group, to form a

reaction mixture comprising the compound of formula

-12 -



H2NNH HN, 1 HO2C,... L.HQR2C H 70H n , -, HO HXRCyN, I r?Nyyn. N, N 0 HO HO

HS' ) HO2CHO2CO "CNNH H ?N | N*(NH2 (EC119) 15 with a conpound of formula,
wher ei n Xvo=oalikgtogul f onyl , aryl sul fonyl, arylthio or heCerusasyiostBo, in

t he presence of an aqueous buffer (\)NhEI‘EI n the buffer has a pH of 5.9 to

6. 3. 23. The conj ugate of clause 22 wherein X is
2-thiopyridinyl. 2024. The c clause 22 or 23 wherein the process
further conprises the step ofL desacet yl vi nbl astine hydrazide with
an acyl ating agent of f ¥)24S-X, or an acid addition salt
t hereof, wherein Y is Llo-f/orm a reactjon m xture

i si WO 2pad/ 146 7Q7P /US2011/ 037134 and
directly treating the conpound.o TN ~~H?\<N\§NHOH Css nHO2C H7 - H -
0 HO | CHa H "OH

and directly treating the compound of formula

HaN NH
i ¢

HN

HOZC L HOAC
Hozc:r m/\N)j/ T(\N)j’ “/\)s ﬂ\@ rk

HOC HOSC
NJ‘NH2

(EC119)

5 with the reaction mixture without isolating the compound of formula

25.

and is introduced in the form of the free base.
10 26. A pharmaceutical composition comprising the conjugate EC145 as

described in any of clauses 21-25 together with a diluent, excipient or carrier.

As used herein, the term “‘alkyl” includes a chain of carbon atoms, which is
optionally branched or cyclic, and which is optionally substituted or may contain an oxygen,
15  sulfur or nitrogen atom, as a heteroalkyl. It is to be further understood that in certain
embodiments, alkyl is advantageously of limited length, including C;-Cs, and C;-Cj.
Mlustrative alkyl groups are, but not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, tert-butyl, cyclohexyl and the like.
As used herein, the term “aryl” includes monocyclic and polycyclic aromatic
20  carbocyclic groups, each of which may be optionally substituted. Illustrative aromatic

carbocyclic groups described herein include, but are not limited to, phenyl, naphthyl, and the

- 13-



HO2CNNAJ, N .....: |i N....UT NO HS) 0 H HO2C0 H 0O H®RC ,| N N NH2 (EC119)
5 with the reaction m xture w thout isolating the conpound of fornula HO
25. The compugateemf cl ause 24 wherein the acyl ati ng agerCTits2@fi/oshe4 f or nul a
and is jntroduc in the formof the free base, 1026. A pharmaceuti cal
conposi ¢ ?l?rgma et 'Ren CRIFTOgaT engeiasagage! Gl gﬁo‘aﬁye@ ¥l auses
21-25 tQgeh ey v otplﬂoﬁalfy duBHited © Xl sRLEVY 2:8MaG@REERLyclic eroups include, it Meed
herein, the térm "al kyl™ i1ncludes a chain of carbon” atons, ichis

opt i onahdtyinbfedricHepyratingdy 3initey-2-gyddintyl, @hd il 1dget | onal | y substituted or may
contain an oxyge 15sul,fur or nitrogen atom. as a heteroal kyl. It i.s to be
Further under ot ool REE "piloedly HasBAED aF Hom nefoinfrepiier exdiat rragiabier y ot

I Mt edhydesghhitorheitH iR fiakti&al cpdihs G tkedradichll Matit 8ptivtR1IskddindeQUPEhar €,
but not limted to, nethyl, ethyl, n-propyl, |_sppro%l, n-butyl, isobutyl,

t ert - buether, fuastionahereyps idnsirativelyl ingdade, but are not limited topgalgs@igfohandghalike.he t er m
"aryl" includes nocvclic. and pol yecyclic argmatic 20carbocycli.c..groups,
each of which may BUTSRETGical TR SEaibe st Peri ad i el

car bocy&Inposioauaspted fg thdgdedemEadminehtickeof BO145mre not limted to,
phenyl, naphthyl, and the WD 2011/146707PCT/US2011/037134 |ike. As used

herein, the term"heteroaryl"” includes aromatic heterocyclic groups, each
of mhich may be optionally substi tdui)@gMﬂyﬂSUSt rative aromatic heterocyclic
groups include, but are not limted to, 2-pyridinyl, 3-nitro-2-pyridinyl,

and the |ike. TheThefoibWwoptdxampldsyfushdnsilustrateasgécifis embedintearsaifnhd metntdbas t he
repl acement of 5hydrogen atons with other functional groups on the radical
t hat ish%w%ﬂaqﬁovw%gﬂmf%wsﬁ@ﬁs Bromehn tﬁ?ﬁélitF@FFé?‘g@_ra@ém’%aﬁ P 11§ vel y
i ncl udeyyBitfonai®niiAbnl} L £BrdvPaticn@k@e. i JolRnts2RY o dfi€arld KBtecting eroups, are A
pharmaceutical conposition as described herein neans a pharnmaceuti cal
conposi tsed hemia g8l i ased toalepatedint earbdmeyd disvifsteriateimediat (£C145.

15 HPLC Methods used for fraction and sample evaluation in the examples include

the following:

EC145-CMC-1P-0001

Sample preparation: dilute material to approximately 0.5 mg/mL with 8 M guanidine HCI.
20

Column: Waters XBridge BEH C18, 3.5 pm, 2.1 x 100 mm.

Mobile Phases: A) 500 mM ammonium bicarbonate, pH 9.2; B) 75:25 acetonitrile-methanol.

Injection volume: 10 pL.

UV detection: 280 nm
25  Column temperature: 50 °C

Sample temperature 5 °C

Gradient: Time (min)  Flow(mL/min) %A %B
0.0 0.55 95 5
0.5 0.55 95 5
30 1.0 0.55 80 20
5.0 0.55 73.5 26.5
21.0 0.55 71.5 28.5
27.0 0.55 70 30
29.0 0.55 55 45
35 30.0 0.55 30 70
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10EXAMPLES The foll ow ng exanples further illustrate specific
enbodi nents of the invention; however, the followng illustrative exanpl es
shoul d novohkelms®rpreted in any way to limt the inventconsS2@omsondy used
abbreviations for_e.g., solvents, reagents_and protecting groups, are used
herein. CDSl is uSEd to den%g\ig t he car bam)%ﬂ di sul fi intermedi ate (4).
15HPLC Met hods usgg;for fragtion and sanplgs eval uatigon in the exanples

i nclude the foll ow ng: EC145-CMC-1P-0001 Sanple preparation: dilute
material to approdibmately 00.B5nmg/ L with 83M guani dihe HC1. 20 Col um:
Waters XBridge BEH C18, 3.5 lam 2.1 x 100 nm Mbbile Phases: A) 500 nM
anmoni um bi carbonate, pH 9.2; B) 75:25 acetonitrile-nmethanol. Injection
vol ye: E&P44-CMCLAVAGO@ECHERTon 289 nm 25 Col unm tenperature: 50 C Sanple
tenperature 5 C Gadient: Tine (mn) Flow nlL/mn) %A% 0.00.55955 0. 50. 55955
301. 00. $880¢ prepany oB5HBIGPEtegale approzEratelyAgns/nply with phesTha® rdfeod. BEBS45
3530. 00, 53307 onit\f\fﬂa-%v%g‘e%/(vl/é?m? PCT/ US2011/ 037134 33. 00. 553070

Column: Waters Symmetry C18, 3.5 um, 4.6 x 75 mm.
10 Mobile Phases: A) 10 mMtriethylammonium acetate, pH 7.5; B) acetonitrile.
Injection volume: 10 pL.
UV detection: 280 nm
Column temperature: 25 °C

Sample temperature 5 °C

15  Gradient: Time (min)  Flow(mL/min) %A %B
0.0 1.0 85 15
20.0 1.0 50 50
25.0 1.0 20 80
30.0 1.0 20 80

20 31.0 1.0 85 15
41.0 1.0 85 15

EXAMPLE 1
Preparation of EC119
HaN pNH

HN

HO2C L HO.C
o

H

\? H > @ H %
HOZCJ/N\n/\N N](\N N“/\/LN)'\@ o
hs= O M © H o i H

N
2 Ho? O Hae e fN:NkNHZ
(EC119)
EC119 is synthesized using Fmoc-based solid phase chemistry as follows:
1** Coupling

Add 2-chlorotrityl chloride resin to a peptide synthesis vessel. Swell in DMF
30  (10mL/g resin). Wash with DMF 2 times (10mL/g resin). Add 0.8 equivalent of Fmoc-
Cys(Trt)-OH in DCM/DMF. Add 2 equivalents of DIPEA. Stir for 30 min. Add methanol
(1mL/g resin) and stir for 10 min. Wash with DMF 3 times. Wash with MTBE 3 times. Wash
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33. 10. 75955 40. 00. 75955 5 EC145- CMC- AM 0001 (version 2.3) Sanple
preparation: dilute material to approximately 1 ng/nL with phosphate
buf f er ed wal2one1461071: 1 acetonitrile-water (v/v). Col ummPCVAISer13/08adet ry

C18, 3.5, .6 75 10Mobi |.e Ph A1 i et hyl oNi
acet at ewlt%ﬁﬁfg;ﬂﬂeax& ads ﬁPtHeraZée lﬁ Qi %@?f@%t lvﬁm}%éwi%r' @f .1§-2§%2L@560/6n:
280 nm Golypme HEOPET BOBE & DRAE ShdSATRbEl 0- SREK WU wah ©MF AR 2AVaH with M

(m n) Fl'ow mL/ m n) %AY8B
MTBE 3 times. Perform Kaiser test to confirm completion of the coupling.

5 2" Coupling
Wash with DMF 3 times (10mL/g resin). Add 2 equivalents of Fmoc-
Asp(OtBu)-OH in DMF. Add 2 equivalents of HOBt in DMF. Add 2 equivalents of DIC. Stir
for 1.5-3 h. Confirm the coupling with Kaiser test. Wash with MTBE 2 times. Wash with
DMEF 2 times. Add 6% piperazine in 0.1M HOBt in DMF and stir for 10-20 min. Add 6%
10 piperazine in 0.1M HOBt in DMF and stir for 10-20 min. Wash with DMF 3 times. Wash

with MTBE 3 times. Perform Kaiser test.

3" Coupling
Wash with DMF 3 times. Add 2 equivalents of Fmoc-Asp(OtBu)-OH in DMF.
15  Add 2 equivalents of HOBt in DMF. Add 2 equivalents of DIC. Stir for 1.5-3 h. Confirm the
coupling with Kaiser test. Wash with MTBE 2 times. Wash with DMF 2 times. Add 6%
piperazine in 0.1M HOBt in DMF and stir for 10-20 min. Add 6% piperazine in 0.1M HOBt in
DMF and stir for 10-20 min. Wash with DMF 3 times. Wash with MTBE 3 times. Perform
Kaiser test.
20
4" Coupling
Wash with DMF. Add 2 equivalents of Fmoc-Arg(Pbf)-OH in DMF. Add 2
equivalents of HOBt in DMF. Add 2 equivalents of DIC. Stir for 1.5 -3h. Confirm the
coupling with Kaiser test. Wash with MTBE 2 times. Wash with DMF 2 times. Add 6%
25  piperazine in 0.1M HOBt in DMF and stir for 10-20 min. Add 6% piperazine in 0.1M HOBt in
DMF and stir for 10-20 min. Wash with DMF 3 times. Wash with MTBE 3 times. Perform

Kaiser test.

5™ Coupling
30 Wash with DMF 3 times. Add 2 equivalents of Fmoc-Asp(OtBu)-OH in DMF.
Add 2 equivalents of HOBt in DMF. Add 2 equivalents of DIC. Stir for 1.5 -3 h. Confirm the
coupling with Kaiser test. Wash with MTBE 2 times. Wash with DMF 2 times. Add 6%
piperazine in 0.1M HOBt in DMF and stir for 10-20 min. Add 6% piperazine in 0.1M HOBt in
DMF and stir for 10-20 min. Wash with DMF 3 times. Wash with MTBE 3 times. Perform
35  Kaiser test.
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WO 2011/146707 PCT/US2011/037134
60 Coupling

Wash with DMF 3 times. Add 2 equivalents of Fmoc-Glu-OtBu in DMF. Add
2 equivalents of HOBt in DMF. Add 2 equivalents of DIC. Confirm the coupling with Kaiser
test. Wash with MTBE 2 times. Wash with DMF 2 times. Add 6% piperazine in 0.1M HOBt
in DMF and stir for 10-20 min. Add 6% piperazine in 0.1M HOBt in DMF and stir for 10-20
min. Wash with DMF 3 times. Wash with MTBE 3 times. Perform Kaiser test.

7" Coupling

Wash with DMF 3 times. Add 1.2 equivalents of N'°-TFA-Pte-OH in minimum
amount of DMSO. Add 1.2 equivalents of HOBt in DMF. Add 1.2 equivalents of PyBOP in
DMEF. Add 2.4 equivalents of DIPEA. Stir for 3-5 h. Confirm the coupling with Kaiser test.
Wash with DMF 2 times. Wash with MTBE 2 times.

Deprotecting — removal of trifluoroacetyl group
Wash with DMF 2 times. Add 2% hydrazine in DMF and stir for 5 min. Add
2% hydrazine in DMF and stir for 5 min. Add 2% hydrazine in DMF and stir for 5 min. Wash

with DMF 3 times. Wash with MTBE 3 times. Dry the resin under vacuum at room

temperature.

Cleaving from the resin

Add cleaving reagent (10mL/g resin) containing 85% TFA, 2.5%
triisopropylsilane, 2.5% water and 10% ethanedithiol to a flask. Cool the mixture in an ice-
bath. Add the resin and allow to react for 2-3 hours at room temperature. Filter and collect the
filtrate. Add the filtrate to cold MTBE (10mL of MTBE per 1 mL of filtrate) . Stir at 0-5 °C
for 30 £ 10 min. Filter the precipitated product through a medium porosity glass filter. Wash
the precipitate with cold MTBE 3 times. Dry the product under vacuum at room temperature.

Store under nitrogen at —20 °C.

Purification

Crude EC119 is purified by preparative HPLC using a reverse phase C18
column (6-inch column, 2.8kg, 10 um, 100A). The mobile phases are 0.5% NH4OAc (A) and
0.5% NH4OAc/ACN(1:4) (B). 40g of the crude EC119 is dissolved in 1-5% TFA, filtered

through a 1 um glass fiber filter and load on the 6-inch column. Fractions are collected and
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Preparati on of EC119 HO2C 0 HSHOCHO2C Ork, NH HNNH2 (EC119) EC119 is
synt hesi zed usi ng Fnoc-based solid phase chem stry as follows: 1st Coupling
Add 2- chlwoabrivtagtorchl oride resin to a peptide synt hesi eCrass@li/038del | in

DMVF 30 (10nL Wash wi th tinmes re3| . Add_0.8
eqU| val Sélmple#f%ﬁﬁg’w %’l?g/(“?r thhe ‘P%ﬁmﬂ is stg é‘h@u VA aéelas@ftﬁsi PEA.
Stwfom%&am it DRI BRMer OFULH & t)@@ﬁe ifictf a% i th
DVE 3 times. VASH wth HTTEE frufr%gg 2o @ite bl 1%670% S Pied Pt a4
with Dl\zs»caqtnfms wasted @%m Persathend stoﬁ:d]awlzm until fifer pnetesding. Tln:r 10 20
m n. Add 6%p|pera2|nﬁ IMHOBt in DVF and stir for 10-20 mn.
wi t h DMPn4iRgriaie blanke mhtrﬂtrweéuéme cruafugation gpsrties @apdycg he R%e%h qrr m

(o10) et t
i mos. (TO0RD: B8 pROHALLRRaye Rt PRPLb AP of DAre! QG BY PABIE ada 2
equi val @p§%, etheH@BBlurity1< DIF%. Malsamegwfmmpi,SDmsp@hﬁa DSE'ysrcafnﬁdSt bk rem3véd

Confirmthe coupl Ieﬂ/@q Wi th Kaiser test. Wash with MIBE 2 tines. Wash with
DVF 2 thyisp-ERYdC and Piopkd bezsupercissedon the ssiombesis praorss. dhg naaterials that meetabe ni n.

Add 6% - . i 1D th
A 7o BhRER TR ST o QR B Ll gl ey o (1
w t h DMrot3tablele$he ﬁﬂdybfaqiﬂmaabmdh& 1@fgrd§tmmaﬁm€/ﬂIBa)owadlllyﬁelﬂ)prurk5 Add 2
equi val ent s of HOBt DIVF. d2eqU|vaIents of DI C Stlr for 1.5-

Conlfd r nE¢hE @%B}qgﬁallwhwem@%?s ekspurifiggden {ziapRroppately 407%ekhe mgéwt\m th
DVF 2 1 %a@ﬁéd i3 4 Q%Q?Wﬂ%gﬁdér’ﬁu%wé%ﬁ@ﬁ%réd%% nd stir for 10-20 mn.

Add 6% pl perazine 1n tir for 020 mn. Wash with DW
3 times. Wash with MIBE 3 tines. Perform Kai ser test.
EXAMPLE 2

A. Typical Conversion of Vinblastine Sulfate into Desacetylvinblastine Hydrazide

hydrazine

R —
methanol
58 -65C

Vinblasteine Sulfate

15 2

Materials

Vinblastine Sulfate: USP; FW = 909.05 g/mole; Methanol: anhydrous; Hydrazine: anhydrous;

FW =32 g/mol; De-ionized water; Ethyl acetate: LC/GC grade; Toluene: LC/GC grade;

Monobasic sodium phosphate: >99.0%; FW = 120 g/mole; Dibasic sodium phosphate: >99.0%;
20  FW = 142 g/mole; Sodium chloride: reagent grade; FW = 58.4 g/mole; Sodium sulfate:

anhydrous; 5-norbornen-2-carboxylic acid.

Procedure
The reaction, extractive work-up and isolation are run under a nitrogen or argon
25  atmosphere. Pressure filters are used to remove the sodium sulfate and capture the product.
The sodium chloride solutions used in the quench and wash are sparged with nitrogen or argon
until the dissolved oxygen level is not more than 0.9 ppm.
Vinblastine sulfate and anhydrous methanol are charged to an argon purged

reactor. 5-Norbornene-2-carboxylic acid and anhydrous hydrazine are added to the reactor.

- 18 -



20 4th Coupling Wash with DWF. Add 2 equival ents of Fnoc-Arg(Pbf)-OH in
DMF. Add 2 equivalents of HOBt in DMF. Add 2 equivalents of DIC. Stir for
1.5 -3h. \@Orzf)ilvmmhe coupling with Kaiser test. Wash w PhTNEBH123118341ES.
Wash with DMF 2 tinmes. Add 6% 25 pi perazine i 1M HOBt nd stir
for 10-DeF BEIe RfiEsh b‘?"g%Feéil?erﬁé? ifh 3o ﬁeﬁttﬂ? PRUESNAE taﬁam@a BMEO ¥10- 20

m n. Vaghy piah 8QM: wl?bntth@?e?lctlc\@ﬁﬁ RoWipleie, W@'f::ogle@l 'cﬁ'i%§che& Qhd Qﬁt@c‘@ ff eth@St -

5t h Coupling 30WA times. 2 equi val ents of

Fnoc- As%p‘(staeBA)fteﬂdrylmg Imd:promtd 1chngih\zed ﬁfnmsetluﬂ abi@BE and tdivdhe. Boklsdids are
equi val nts%%ff: DIC Stir ﬁg -3 h. Confirmthe coupling with Kaiser

t est . hYaBe ety §tr°\ﬂﬂktﬁn\l\)nefaﬁurﬁ)NF 2 times. Add 6% pi perazine in

0.1 HOBt in DVF pmdodteréd NOC1 dddtadis: MO o Add1,620®1 P80 aNAE,PO), D43 M OBt i n
DVF and stir for 10-20 min. Wash with DI\/% times. Wash with MIBE 3 tines.
Per f or nof3%ichliPEs and 8@ mL ofintoip THheiseBrion P@yargzlomh 371 SunigoReIOslyPIvad

Wash wnth eDIIIV(I:: ti{waaé. %ﬁl’g 2 equivalents of Fnoc-@Qu-OQBu in DV Add 2
equi val et MR 7 RP . Add 2 equivalents of DIC. Confirmthe coupling
wi th Kai ser 5 t esA.typhéd hsoMtédyibEBE 58 - b0 s . thd\heBrewtdl A, t i mes. Add 6%
pi perazine in 0.1M HOBt in DVF and stir for 10-20 mn. Add 6% pi perazine in
0.1M HOBt in DVF and stir for 10-20 min. Wash with DVF 3 tinmes. Wash with

MIBE 3 &i nes i th Coupling 10Wash with DVF 3 tines.
Adgl%l. B et A - 8ce-sg in mnimum anount of DMVSO. Add 1.2
equi val ents of HOBt i n,DVF Add 1.2 equivalents of PyBOP in DVF. Add 2.4
equi val ents of DI PEA. I or 3-5 h. Confirmthg coupl ing with Kaiser
test. Wash with DVE~At I mes./, S with MIBE 2 tfnes 15Deprotecting -
renmoval of trifl uoroagetly sy shg h DM 2 times. Add 2%
hydrazine i n DVF and st§‘|f|) Y OHCm”Nn Add@% drazine in DVF and stir for 5
mn. Add 2% hydrazine in DE/IEHand stir for 5 mzn. Wash with DVMF 3 tines.
Wash with MIBE 3 tines. Dry the resin under vacuum at roomtenperature. 20
Cleaving fromthe resin Add cl eavi ng reagent (10ni/g resin)
contai ning 85% TFA, 2.5%¢triisop OPtXn!tr?el | ane, 2.5% water and 10%
ethanedithiol to a flask. Cool thé“fi"Xt'ite in an ice-bath. Add the resin
and allow to react for 2-3 hoursjat roomte rature. Filter and coll ect
the 25 filtrate. A i‘Ntrate to cold MIBE (10nmL of MIBE per 1 ni of
filtrate) . Stir at Filter the precipitated product

t hrough a nmediump V@ he precipitate with cold MIBE
3 times. Dry the pr tenperature. Store under
nitrogen at -20 C et Crude EC119 is purified by
preparative HPLC using a Ireve?se phase C18 colum (6-inch colum, 2.8kg, 10
iim 100A). The nohil e phases 4are 0. 5% NHAOA (A) and 0.5% NH40AC/ ACN( 1: 4)
(B). 40g of the crude EC119 is dissolved in 1-5% TFA, filtered through a 1
i.tmglass fiber filter and | goad on the G%Nir,m:h colum. Fractions are
col l ected and

HOLC,
Q COH O

o L
oo oo H
HO,Co N N N
0.2 M sodium phosphate : \“/\H)S/ ﬁ]/\ﬂ)ﬁ/ NH
pH 5.9-6.1 o o °
2 2

HOZC
COH O

W“:ﬁw*ﬁf*fw*@
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WO 2011/ 146707PCT/ US2011/ 037134 sanpl ed for HPLC anal ysis. The pH of each
fraction is adjusted to 3-4 immedi ately after collection using 50% AcOH
under ni twogen/i670pr eci pitate the product. The preci pit CEWSPII0ABTIBA | S

centrif eg, shed with 0.1% AcCH and stored at 2-8 C until further
pr ocessﬁ%#ﬁg@m% are bl anked with nitrogen during centrifugation
oper at i Pf¢ehiq)sf €duce the potential for Soxidation. The pool criteria are

purity 98% isomers of D-Arg4, D Glu2 and D Asp3 0.25% other inpurity
0. 5% Thesacephverbdasthe Dydsple: HWAREEO amiblRE) g, c2hotmdeMierdgvatoye (3):

Pr ep- HP, shoul e pressed | n.the synthesi rocess. The terials
Phat bl R REo 3B e Pt el AyaishitifS ot nd PEReRnBEe TSRS ol s e Bl 10
sol ut i of 2and nih&; NelPY 9Dt At 84 &IECNIGE BARB! €)8.6 TisolpW.§ tyHef: d.be final
product is greater than 98% The overall yield of pure 10EC119 i nci udi ng
solid pWadedsynt hesis and purification is approximately 40% The product is
packed in an anber glass bottle under nitrogen and stored at -20 C. EXAMPLE
2 A Typlic,]rcald Conversion of Vinblastine Sulfate into Desacetyl vinblastine
Hydr azi d@““““"vat eri al s Vi nbl astine Sul fate: USP, FW= 909.05 g/ nol e;

Met hanol :  anhydr oNste titht AII% RSy ataniked [P thSs proWss &2w SteMR injéRonQWRRd wat er ;
Et glyé)lp acetate: LC/ GC grade; Tol uene: LC grade; Monobasi c sodi um
ph h

ate: >99.0% FW= 120 g/nole; D basic sodium phosphate: >99.0% 20 FW
St gl e SodhmLGhL KL AFy. [S3A%M Aty Tl 50 3808 SRl g Sod um

sul fat e: anhydrous; °5-n n-2-car I'cac rocedure e’reaction,
ext r actvivslaviieKrydfazatedthi Seaddel i0 Po@h €y ddiistéddler, ifahd1pbtengenere 00D ahe
25at nosphere. Pressure filters are used to renove the sodium sul fate and

capt ur e“NafE pewd be £2- 8endClvsen UhvEht gof dbixed(Catbops (Rpiensyiadiuskd) quben and
h | i + i | net Al r a 0 I
wash ar %@gg%%ﬁ!&%@ﬂlé Jnﬂa%i&_%ﬁ@(%?g@?tﬂgafnh mﬁ%ﬁéf% gﬁiaﬁ]@@!y 9pt dopvel is

not nore astine sulfate a dr ous
met Hancl20-28 kowbkalgleda tampda farirC I ESdC MEaANMH000 B-vikoridio2 A MEheZexpactbd x y| i ¢

aci d and anhydrous razi pe. are added to the reactor. WO o
2011/ 14@%‘3?@@1‘7 @%9(9%?@?‘1&@% eﬁ%ilur npls cptinup @xing ygderargen 8- kot ds
di ssol v, 2hefurd fif FinpiddLid. 0 around 60 C. By HPLC anal ysis, when the
reaction is conplete, it 1s cooled, quenched and extracted into ethyl

acetate. After drying, the product is crystallized fromethyl acetate and
toluene. The solids are dried. under vacuum overnj ght at roomt erature.
5The buf f er ed NaCIP 8L sl Mk ool are il thedipstyed Gy vlgs o
4. 60 g @hn NIPPRIednddRbIMd Slyghalatl. TROISOIUE 1O d §f SBRMYFkbsPhitd dagien or
nitrogen (dissolved oxygen content < 0.9 BPrr)

heptahydrate in the deoxygenated water. To a suitable container, add 29.8+0.5 g of EC119;

(charge is potency adjusted). Add the sodium phosphate solution to the EC119 and mix under

argon. Measure the solution’s pH and adjust the pH to 5.8 — 6.2 with 0.5 N HCl if necessary.

25 Add the buffered EC119 solution to the reaction mixture. Mix under argon at
20-25°C for 60-75 minutes. Take a sample for HPLC (EC145-CMC-AM-0001, version 2.3).
If the ratio of EC145 to CDSI > 25:1, proceed. If not, continue mixing under argon at 20-25 °C
and sample again. If the ratio of EC145 to CDSI > 25:1, proceed. If not, add an additional 1 g
of EC119 and mix under argon at 20-25 °C for 30 minutes and sample again.

30

Prepare 6.9 L — 7.1 L of 25 mM phosphate buffer, 185 — 195 mM NaCl, pH 7.2

— 7.5 made from water sparged with argon until the dissolved oxygen level is less than 0.9 ppm.
Dilute the reaction mixture with this buffer. If the mixture develops more than a faint haze, the
product solution needs to be filtered (Whatman Polycap TC75 or TC150, 0.45 or 1.0 micron);

35  this filtration may be done while loading the product onto the Biotage column.
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A typical isolated yield is 50 - 60% of the theoretical maxi rum 10 B. Steps
2 and 3 of the ECl145 Process HO acetonitrile, TEA H, NyNH HN
HO, C WO 2011/146707 PCT/US2011/037134

Liquid Chromatographic Purification
Use a Biotage 150M, C18 cartridge. This size cartridge can accommodate a

reaction mixture twice the size of the one currently described.

Column preparation:
a. Flush the column with
1. 12 - 13 L of acetonitrile
1. 12 - 13 L of 80% acetonitrile and 20% water (v/v)
10 iii. 12 - 13 L of 50% acetonitrile and 50% water (v/v)
iv. 12-13 L of 10% acetonitrile and 90% water (v/v)

Purification:
Prepare a 25 mM phosphate bufter, (185 — 195 mmol) NaCl, pH 7.3 -7.5
15  Sparge the buffer with argon until the dissolved oxygen content is < 0.9 ppm.
Prepare: 41 L of 10% acetonitrile in buffered saline (v/v); 13 L of 16% acetonitrile in buffered
saline (v/v), 52 L of 27% acetonitrile in buffered saline (v/v).
Check the dissolved oxygen content of the mobile phase solutions. If the dissolved oxygen
content is greater than 0.9 ppm, sparge the mobile phase with argon or nitrogen until the
20  dissolved oxygen level is < 0.9 ppm.
Flush the column with 26 -27 L of the 10% acetonitrile mobile phase.
Load the product solution onto the column
Elute the product using the following sequence of mobile phases:
i. 13 -14 L of the 10% acetonitrile mobile phase.
25 ii. 13 L of the 16% acetonitrile mobile phase.
iii. 51 -52 L of the 27% acetonitrile mobile phase.
Notes: An inline uv detector is helpful; Product should come out starting at 15 —

19 L of the 27% acetonitrile mobile phase with a bandwidth of §-13 L.
30  Fraction Evaluation

i.  HPLC Method EC145-CMC-IP-0001
ii.  Passing fraction => 97.0% EC145 and no impurity > 0.8%
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H 0.2 M sodi um phosphate pH 5.9-6.1 HOCHS H N O HOC HO WO

2011/ 146707PCT/ US2011/ 037134 Step 2 and Step 3 Processes Materials
Desacet ylwonbliagtione hydrazi de: FWe768.9 g/ nol; 20.5 g, PR®/UR20mMB713M xed
Carbonate (3): FW384.9 g/nol; 10.7 g, 27.8 nnnl Acetonitrile: g.s.:

Tri et hyl ani ne: FVRIBHR ug(%ﬂ%?“%“ﬁ?“sg, 26.4 mol ; Na2PO4 7 H20: 47.84 g:

EC119:  29. Oy 2ftmbh U Sreulddnbl. HEthe Gigmn wiibe ubedSfor PEQERE Wi \RFVe\iff%)ﬁn ilig—at

all of the water used in this process is water for injection (
1v.

1. Flush column with 12 -13 L of 1:1 acetonitrile-water.
5 ii. Flush column with 20 -22 L of acetonitrile

iii.  Repeat column preparation steps ii - iv

Ultra-filtration
Sparge q.s. water with argon or nitrogen until the dissolved oxygen level is less
10 than 0.9 ppm. Passing chromatography fractions are combined and diluted with an equivalent
volume of sparged water. Assemble an ultra-filtration apparatus using a Millipore regenerated
cellulose membrane with nominal MW cutoff of 1000 (cat# CDUF002LA) and rinse it with 9 L
of deoxygenated water. Start ultra-filtration of the product solution. Maintain a backpressure
of 30-50 psi. Continue ultra-filtration until the retentate volume is 2to 3 L. Add 11 to 12 L of
15  deoxygenated water. Continue ultra-filtration until the retentate volume is 2 to 3 L. Add 11 to
12 L of deoxygenated water. Continue ultra-filtration until the retentate volume is 2 to 3 L.
Add 8 to 10 L of deoxygenated water. Continue the ultra-filtration until the retentate volume is
2 L. The ultra-filtration endpoint must be determined by analyzing a sample of the retentate via
GC and concentration. The specification is < 50 micrograms of acetonitrile per milligram of

20  ECI145. If not achieved, perform another cycle of the ultra-filtration.

The API solution’s concentration must be adjusted so that the packaged material
is 6 to 12 mg/mL. At the completion of the ultra-filtration, the apparatus will be rinsed with 1
liter of water. Therefore, continue ultra-filtration or add water as necessary. Once the product
25  solution is out of the ultra-filtration apparatus, rinse the ultra-filtration apparatus with 1 L of

deoxygenated water and combine with the product solution.

After the rinse is combined with the product solution, this solution must be
filtered through a 0.2 micron absolute filter, and this filtrate is packaged (performed under an
30  inert atmosphere).
A typical yield of isolated product is 50 — 60% of the theoretical maximum.

-22 -



Purge an appropriate vessel with argon. Charge 20.50.3 g of des-acetyl -

vi nbl asti ne hydrazide; this charge is potency adjusted, i.e., if the

pot ency We0e0DOL46My t he charge woul d be 22.8 g. Charge POTABG2@1893184 M xed
Car bonat e (potency adjusted). Charg§(80%i% mL of acetonitrile and 2.670.11g
of triethylamne. M x under argon AMPLEG for 15 20-28 hours. Take a
sanpl e §@ps HELLS OEGRE 4 1GNP O001, version 2.3). The expected result is
the rat1to of CDSI to hydrazide > 25:1. If not, continue m xing under argon
at 10-14C for 2-4 hour sanpl e agai n. Sparge 780-820 nlL of water with
argon until the dissolv en level is less 20than 0.9 ppm record

di ssol ved oxygen | \we, 47.8 0.5 g of sodj phosphat e di basic
hept ahydrate in th 04 g0, wat er . ~a U|t e contai ner, add
29.80.5 g of ECL19; (cHs 'p@f%ncy edT“ Add t he sodlun1phosphate
solution to the EC119 and nlx under argon. Nbasure the solution's pH and
adjust the pHto 5.8 - 6.2 with 0.5 N HC1 if ﬁecessary 25Add the buffered
EC119 solution to the reaction m xture. M x under argon at 20-25 C for
60-75 m nutes. Take a sanple for QQEEM(E0145 CMC- AM 0001, version 2.3). If
the ratio of EC145 to CDSI > 25: proceed. If not, continue m xing under
argon at 20-25 C apd sanple again. If the ratjo of ECl45 to CDSI > 25:1,
proceed. |If not, add an.additional 1 g of EC119 and m x under argon at
20-25C for 30 mnu | e agai n. Prepare 6.9 L -7.1 L
of 25 mM phosphat e 5\ 95 mM pH 7.2 - 7.5 made from wat er
sparged with argon h?g@ |l evel is less than 0.9 ppm
Dilute the reactio AN @hms ﬁuffer If the m xture devel ops nore
than a faint haze, |the produdf sol ution needs|to be filtered (Watman

Pol ycap TC75 or TCL50, 0.45 or 4.0 micron); 3bthis filtration may be done
whi | e | oadi ng the product onto the Biotage colum. WO

2011/ 146707PCT/ US2011/ 037134 Li qui d Chronmat egraphic Purification

Use a Biotage 150M C18 cartridge. This si&e cartridge can accommobdate a
reaction mxture twi ce the size of t@g one urrently descri bed. 5 Col umm
preparation: a. Flush the colunnrygtm i L@ cetonitrile
ii. 12 - 13 L of 80@@gmm$%p$trlle @? 9 j%g:L 12 - 13 L of
50% acetonitrile and 50% wat er |( v/ |W“’12 S 3 L of 1 Am onitrile and
90% water (v/v) Purification: Prepare a 25 nM phosphat e buféf{, (185 - 195
mmol ) NaCl, pH 7.3 - 7.5 15Spange the buffer with argon unt# 4 he dissol ved
oxygen content is < 0.9 ppm Prepare: 41 L of 10% acetonitrile"n buffered
saline (v/v); 13 L of 16%acetgnitrile in Quffered saline (v/v), 52 L of
27% acetonitrile in Buffered saline (v/v). Gheck t he di ssol ved oxygen
content of the ase solutions. If the dissolved oxygen content is

greater than 0 9 6 rge t he rmobiT® phase with argen or nitrogen until
t he - - HO:C JT:l
O%o/& E)SONHNH 07NN SN j j|/'\Ho)i)/ \“/\Ho)j

¥ | B Yo N/?//\N
H  NH,
5 Step 2 and Step 3 Processes

Materials

Desacetylvinblastine hydrazide: FW=768.9 g/mol; 1.00 g, 1.30 mmol; Mixed Carbonate (3):

FW=348.4 g/mol; 0.445 g, 1.28 mmol; Acetonitrile: qg.s.: Na;PO4: 1.10 g; EC119: 146 ¢
1.40 mmole; 0.5 N HCI: q.s.; WFL: g.s.

10
Procedure

Note that all of the water used in this process is WFIL.
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20di ssol ved oxygen level is < 0.9 ppm Flush the colum with 26 -27 L of
the 10% acetonitrile nobile phase. Load the product solution onto the

col um Elwbeotihgeroduct using the foll ow ng sequence ofPCralseéig/ophases: i .
13 -14 L of the 10% acetonitrile m)bllelphasg 2501 . éé L of the 16%
acetonitrile nobil®epARaRProprigte vespel vish pragy. huzo? H02HE2 8ltdes1 e mobi | e
phase. v r Ilgtg,u;,

starti n%g%}?ﬁri%ﬁ?gfe@yg%%}tdﬁethgﬁ&}? gégg% o!r)lt?{lér}ﬁcgﬁ#rébdbll Eeﬁgﬁﬁféoetéw t h&gggandvm dth
of 8 - 1Q@watge @A detlildrg. Evtairgead.#ént(. OOS@QWME@WbCE@ILM@O@@ ajugedl ii.

Passing.fractjon = 97. 0% no | rity%?2 0,8%, WO
2011 14 HEEaT b o APUREYE MUS e arEas (i 26 & Somt 23 Wihes CEKG oglt be
reU$ed RAePLd fECis-CalcusM-v0d 1, vBRidASEY. fIdk eRp&@&Rsulf 14Mhe RALIOODIIito - 1 V.

.Fl'ush colum with 12 -13 L of 1:1 acetonitrile-water. 5ii.Flush col um
wi t h 20hydrazide »R0:dc df maii ¢antinee miinRupdeatargonl ay ad-26r@ frarkad hewrs gnépanplp - jv
Utra- flltratlon Sparge g.s. water with argon or nitrogen until the
di ssol vVed ¢ oxygen level is less 10 than 0.9 ppm Passing chromatography
fractions are conmbined and diluted with an equival ent vol une of sparged
water. Assenble an ultra-filtration apparatus using a MI1I|ipore regenerated
ceI | ul ose menbr anePaiEs i Mbrht ﬂ%ﬁterl\)w}b%ﬁg@lﬁ pntitha digeplyechasy 2eblgrelos i %F%h?ﬁ

h t

br oact 2P el Qo RRARIEARkE] B Slve IGO0 g chtode BubuAlpsphdie
ul t r a- finlthe é&dxggenmidlWatélhérdaattembmoentamemrmldl1546&(1 03 8 oE ECAdI® (tHarp®is12 L of

15deoxygenat ed. wat er nt i .ue tra-filtratio ti e.retentate vol une
S ey gy Mg i spdipm Ripye irliden e FCT bt ionder aZon

ul tra- fifefdudd !h@@oMBBh" ‘H‘&hdra%éd%mlﬁtp?l ¥4 9'”%3§11tﬁ otPNH Y if ﬁ&‘ésé&o 10 L of
deoxygenated water. Continue the ultra- filtration until the retentate

volume is 2 L. The ultra-filtration endpoi nt rrust be determ ned by

ATl 09 2 on ! Saglpe b At Bl Prutiod Shied PR DLl T Padel Bfeon ks,

| T not zgchs /Y RML60PET thifufesamakdgkarkple k& 19PLE eC W 3-Catd-IANILGBDI Ofersion 2.3).
The APl solution's concentration nust be adjusted so that t he packaged

mat er i alf thesrago PBE@“W GDSI a20t1h eraseerh | 16 npo Ao inue maiximgtungderf4rper 2itlidork3 t he
appar at i T f ,
o bt S epngReagehd o et oA Ch LSl ChsYEYEN: bR P B af Rl

out of ghﬁE@lIQa&rdfmi;dmﬁibtarrgo@@tpa?raaamfowosﬁnﬁtheand gam:}ﬂefagaﬁﬂ.atl on apparat us
with 1 L of deoxygenated water and conbine with the product sol ution.
Aft%r the rinse is combined with the product solution, this solution nust

be filtered thr Ounlggpf}eg9g— 7h £ R No PG 2N @itlfahé ﬁlﬁ§erecﬁgﬁiuetom 8. lfMll\tIJthﬁ{'S%

packaged (perfor er an I nert at nosphere
— 6.5 made from water sparged with argon until the dissolved oxygen level is less than 0.9 ppm.

Dilute the reaction mixture with this buffer. If the mixture develops more than a faint haze, the
product solution needs to be filtered (Whatman Polycap TC75 or TC150, 0.45 or 1.0 micron);

25  this filtration may be done while loading the product onto the Biotage column.

Liquid Chromatographic Purification
Use a Biotage cartridge packed with polystyrene-divinylbenzene polymeric

resin.

30
Column preparation:
b. Flush the column with
1. acetonitrile
1i. 50% acetonitrile and 50% water (v/v)
35 iii. 10% acetonitrile and 90% water (v/v)
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A typical yield of isolated product is 50 - 60% of the theoretical nmaxi mnum
WO 2011/ 146707PCT/ US2011/ 037134 EXAMPLE 3 Steps 2 and 3 of the EC145
Process S580ep1i2i4emd Step 3 Processes Material s Desacet ylpeirnisk@swsmes
hydrazi de: FW768.9 g/nol; 1.00 g, 1.30 mml; M xed Carbonate (3): FW348.4
g/nol; 0.445 g, 1.28 mol; Acetonitrile: q.s.: Na2PO4 : 1.10 g; EC119: 1.46
g 1.40 pyi&iio® 5 N HCL: q.s.; WFl: g.s. 10 Procedure Note that all of the
water used in this process is W . WD 2011/146707PCT/ US2011/ 037134

Pur ge adPfreppprepritabeifered sigheonsshdiamgivoridesahugienlpld6@.-026.g of

desacetyl vi nbl asti ne. hydrazi de; this charge i s pot.en adjusted, i.e., if
he. pot VHESF Ve PaITB0Y 503 SPR e Ja-lst Bisen £o18y “ARgh 0. 4450, 005 g of
M xed Gaepapat eg(Relangd idthdisitRedd, abhdngSodtbh cHbridd ﬁv%?l%'a&étbﬂli@rﬂe% X
under argon at 10-20C for 22 - 23 hours. Take a sanple 5 for HPLC

( EC145- aferadvhgoos sedipgichlprie 3y/v), PRe %e seséetitde ineaifered, gquaess pediv® of CDS
to hydrC é(i)rclj(% Ty 0:1. If not, continue m xing under argon at 10-20C for 2-3
hours an sal(rple' again. Sparge 41 niL of water with argon until the

di ssol vEkecRXNgERsdIadadxyksn t@sént bhaiz éHileDhpRolutR@or o ti 818 llveoaxygen

| evel . Dissolve 1.10 0.0.07 g of dibasic sodi um phosphate in the

deoxy geititeddisgeas: than0.g peny seaseethesnebileribase Wiy argon@r piteggeyupl thecr19;
(chgy gegk 1\%9"0‘%2%&{11@9&1%2%@ £A\dd the sodi um phosphate solution to the

EC119 and m x under argon. asure the solution's pH and adjust the pHto
5.9 - 6Fl3sinihtlolinin WithHEE 100 aec@dsde pobilSpadet he buffered ECL19 solution to

the reactiop mxture, Mx under argon at 20-25 C for 60-75 m nutes. Take a
sanpl ealf?ﬂdtﬂlF’El@ Pﬁéﬂ?h@p@%‘)ﬁfﬁw%@?&’l version 2.3). If the ratio of EC145 to
CDSI > Rfielthe de?lﬁ@ﬁfiing‘tﬁe Rﬁfowi%%&‘@q%@ﬁt% JIfdoig p%Qé%@.f argon at 13 - 23 C and
sanple again. If the ratio of 145 to CDSI >"20:1, proceed. If not, add an

addi tional 1ivg cdhe B¢ heetanithilpinxobilagbasear gon at 13 - 23 C for 30 nminutes and

sanpl e again. 20 . .Prepare 399 - 401 nL of 0.02 nMcitrate
bufPered, aqueodd® %g'i%mcﬁﬁéf?ﬁﬂﬂ&g{efh-as%. 5 made fromwater sparged with

ar gon uphidon Baehtiegol ved oxygen level is less than 0.9 ppm Dilute the
reaction mxture wwth this buffer. If the m xture devel ops nore than a

faint haze, iit-he FlddMathabiGl4oaMeddd00b be filtered (Watnman Pol ycap TC75
or TC150, 0,45 q;atg%%gogg&forno:n;m%% Eb§4§ Ldd Irac?]&]&@it@%.% done whil e | oadi ng
0] I LT qui ro

t he product ont ot age col um. tographic Purification
Use a BUht:afilératadtri dge packed with polystyrene-divinyl benzene pol yneric
' es2|0n' Sparge q.s. water with argon or nitrogen until the dissolved oxygen level is less
than 0.7 ppm. Passing chromatography fractions are combined and diluted with an equivalent
volume of sparged water. Assemble an ultra-filtration apparatus using a Millipore regenerated
cellulose membrane with nominal MW cutoff of 1000 and rinse it with deoxygenated water.
Start ultra-filtration of the product solution. Maintain a backpressure of 30-50 psi. Continue
25  ultra-filtration until the retentate volume is approximately 20% of the original volume. Add
deoxygenated water to the retentate. Continue ultra-filtration until the retentate volume is
approximately 20% of the original volume. Add deoxygenated water to the retentate. Continue
ultra-filtration until the retentate volume is approximately 20% of the original volume. Add
deoxygenated water to the retentate. Continue the ultra-filtration until the retentate volume is
30  approximately 20% of the original volume. The ultra-filtration endpoint must be determined by
analyzing a sample of the retentate via GC and concentration. The specification is <50

micrograms of acetonitrile per milligram of EC145. If not achieved, perform another cycle of

the ultra-filtration.
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30 Colum preparation: b. Flush the colum wth i
acetonitrile ii. 50% acetonitrile and 50% water (v/v) 35iii.
10% acet omoOtniveemnd 90% water (v/v) WO 2011/ 146707PCT/PU$£II$1(11/1(037711484

Purification: Prepar ﬁ(iltl‘@.te buf fered, aque ciodlumchl rid sol,ufion,
pH 6.0 - 6.6. Spa lﬂf‘eXP B BFONGFIHIRA GO hstedep (e P Pgleria
cont entisia§out 19-He/RRM AOKRE 8RRPRtiot 3?/%%%ﬁ}a‘3ﬂluta'hbh Ghé Qpﬁa?zﬁusp{s&hf & ﬁﬁ’sed%&iﬂleous

sodi um chori de (v/ v); 16% acetonitrile i n buffered, aqueous sodi um chlori de
(v/iv), R 2e6 %% lrreformtontinue uitra- Blfafien edadda‘quteowesoﬁanym(hhbmlna pte(iudt\zgwlutlojmeck

t he di ssol ve en cont ent f t.he , se sol If t

i ssol vagUbRyben AT SEg Fietos, e AP ahrEART ootk SHE5e0ent eboi 1 o
phase vuvaterﬁfmﬂq&ﬁewitﬁ&mﬁadm%lhu@me 10di ssol ved oxygen level is < 0.9
ppm Flush the colum with the 10% acetonitrile nobile phase. Load the
product solution onto the colunn El ute the product u5|ng the foll ow ng
sequence of nDbllgﬂgn SeS:e Cmn d“q<)ﬁcet nlé&#uﬂml mso hase. ;. 15v. the
22.5% acetonitrile o F’ % HEQ X2 R PRSP Ion EépW%P%od
EC145- GMteréPthoO:h 4 02 nﬂa@alaagalﬁte dittet,@Ad ﬂu?fla?a.t@%pﬁaaafgéd Qﬂ:dfommdi oRdéiiahy ?
0.8%Utra- f||trat|on 20Sparge g.s. water with argon or nitrogen until the
di ssol Viggrt geseheebvel is | ess than 0.7 ppm Passing chromat ography
fragfions are conbined and diluted with an equival ent vol une of sparged
water. Assenble an ultra-filtration apparatus using a MII|ipore regenerated
cel | ul ose nenbr ang typitd yirddrohablatdd/produet fs SOf- ADOOF adredhedrasal axinninh.
deoxygenated water. Start ultra-filtration of the product solution.

Mai ntai n a backpres sure of 30-50 psi. Continue 25ultra-filtration until
the retentate volunme is approxi mately 20% of the original volunme. Add
deoxygenated water to the retentate. Continue ultra-filtration until the
retentate volune is approximately 20% of the original volune. Add
deoxygenated water to the retentate. Continue ultra-filtration until the
retentate volune is approxi mately 20% of the original volune. Add
deoxygenated water to the retentate. Continue the ultra-filtration until
the retentate volune is
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30 approxi mately 20% of the original volune. The ultra-filtrati on endpoi nt
nmust be determ ned by analyzing a sanple of the retentate via GC and
concent r avpan11/Tibm®7speci fication is < 50 m crograns of &CEtuské11081184 per
mlligramof ECl45. If not achieved, perform another cycle of the

ul tra- fWHARIS ODAIMEND BD11/146707PCT/ US2011/ 037134 The API
solution's concentration nust be adjusted so that the packaged material is
about 12 mg/nL. AL t heAPsrgspelior srepafing Ke 14} eqmapHising thasicare! tepdsdppar at us
will be, rﬁg%ﬁgowﬁﬁgm' ter. Therefore, continue ultra-filtration or add

wat er as ecessary ce the product solution is out of the
ultra-filtration apparatus, ri'fse"the ultra-filtration apparatus with
deoxygenated 5 water and gggbln@“ th the product sol ution.

After the rinse is conbined u?QH% solutlon this solution nust
be filtered through a 072 nr“m n this filtrate is
packaged (perforned und@r an 1, Hainnsphere NA t ftal yield of isolated

product is 50 - 60% of the theoretlcal maxi mum
2011/ 146707PCT/ US2011/ 037134 WHAT | S(E-AVED | S: 1 A process for preparing
EC145 conprising the step of treatlng a conmpound of forrmula H2ZN y NH HN

.1 HOR@ a compoundHgZOrmilZ, 0 H _ r, . _,HO HO2C NNAJ,N_}...N HS) HOH20
110 HNH: UT2¢ 00 (EC119) with a cq ound of formul a, “wherein X is
al kyl sul fonyl, aryl sul fonyl, heteroarylthio, in the presence of
an aqueous buffer of pH les e process of claiml1 wherein X is
2-thiopyridinyl or 3-nitro- i
2-thi opyridinyl. The pr
pH of 5.9 to

any f £ a[?B 1- 3 wherein the buffer has a

wherein X is alkylsulfonyl, arylsulfonyl, arylthio or heteroarylthio, in the presence of an
aqueous buffer of pH less than 8.

2. The process of claim 1 wherein X is 2-thiopyridinyl or 3-nitro-
2-thiopyridinyl.

3. The process of claim 1 wherein X is 2-thiopyridinyl.

4. The process of any of claims 1-3 wherein the buffer has a pH of 5.9 to

6.3.

5. The process of claim 4 wherein the buffer has a pH of 5.9 to 6.1.

6. The process of any of claims 1-5 wherein the buffer is a phosphate
buffer.

7. The process of claim 6 wherein the buffer is a sodium phosphate buffer.

8. The process of claim 1 comprising the step of treating a compound of
formula

HaN (pNH

HN

HOZC L HOAC
HOLC m/\N)j/ T(\N)j’ “/\)s ﬂ\@ rk

HOC HOSC
NJ‘NH2

(EC119)
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The process of claim4 wherein the buffer has a pHof 5.9 to 6.1. The
process of any of clains 1-5 wherein the buffer is a phosphate The process
of cl ai msowhewrasT7t he buffer is a sodi um phosphat e buf Per/USIdg/opriocess of
claiml1 conprising the step of treating a conmpound of H2ZNy NH HN .1
HoeCss Vith peomgoypd ofgormydaon HopeN yA, N)., N }.. if NUT N HSJ HO20H020
(EC119) WO 2011/ 1467@+RCT/M&S2011/ 837134 with a conpound of fornula, in the
presence of a sodi um{ ' efsuif e having a pH of 5.9 to 6. 3.

9. The process of any B yienein the treatment occurs in a

i qui d nmedi um conpri si ng ‘acet oy H ) 10. The process of any
of clainms 1-9 further coght g 3 efi of treating desacetyl vinbl astine
hydrazi de with an acyl ati ng Age Qg wdl a Y-00-0-(CH2)2-S-X, or an acid
addition salt thereof, wherein Y i s ol 6eeNHNgogr ugsﬁorm a reaction

m xture conprising the compound &% fornula /and diSecijl yltreating the
conpound of formula H2NyNH HN. 1 HX®2Css L. © H
HORCNNAJL N .

In thép

H- 0 H HO20

0. The process of any of claims 1-8 wherein the treatment occurs in a liquid
medium comprising acetonitrile.

10. The process of any of claims 1-9 further comprising the step of treating
desacetylvinblastine hydrazide with an acylating agent of formula Y-CO-O-(CH»)2-S-X, or an
acid addition salt thereof, wherein Y is a leaving group, to form a reaction mixture comprising

the compound of formula

and directly treating the compound of formula

HaN NH
i ¢
HN

HO2C \l\ HOSC
H X O HY Oy 5 oo
Hoch,Nﬁ(\N)j,NT(\N)j,N](\)sH»\@ o
o H o H 0 N
HS HOAC HOLC H/\E ]fkj‘\"'
N““N*“NH,

(EC119)

with the reaction mixture without isolating the compound of formula
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if NNHSJ O HO H kj. O HO20H020 (EC119) with the reaction m xture w thout
i solating the conpound of forrmula HO WD 2011/ 146707PCT/ US2011/ 037134
11. The pwocesisi4efo7cl ai m 10 wherein the acyl ati ng agent PC3/uskottiioa71Bor mul a
OX 0 0 or an acid additjion salt _ther 8 12. The process of claim1l
wherein the acyl athng ila%ﬁfpcq%o flah L0 PRl e SEHAURRASRE Pl dead AL he
formof an acid addition salt. 13.nJdhe process of claim 1l wherein the
acyl ating agent is of the fornu“ and/i\ ntgoduced in the formof the
free base. 14. The udﬁfeséJOﬁfgﬁy'of clains 10-13 wherein the
desacetyl vi nbl astine hydrazide i reated with-the acylating agent in a
sol vent rile. 15. The process of any of

cl ai s %%qukkﬁgggpﬁﬁ %%Q géacetyIV|anast|ne hydrazide is provided in a
hi ghly purified fmirm The process of claih® 11 Wherepn theasglatifig ageyit Bfof cheafiormulhO- 15
wherein the step of treating desacetylvinblastine hydrazide with an
acylating agent to forma reactlg\ m xture co pry si ng the conpound of

formula and the step of treatigg C 19 mnfh reaction m xture are
carried out in the same react esse 17. The process of any
of clainms 1-16, further conprl g the step wherein the reaction m xture

contalqh@gsﬁﬁk%ﬂéxuﬁtﬂgﬂy&qg i Ghfdoatgi buf fered, aqueous sodium chloride

sol ution an oaded onto a pol ystyrene-divinyl benzene pol yneric resin
columm or cartridbe foFheuoecdss oftlamnl] Whed the hd Ga0TPEENUS20 1y 84

S

and is introduced in the form of the free base.

14. The process of any of claims 10-13 wherein the desacetylvinblastine
hydrazide is treated with the acylating agent in a solvent comprising acetonitrile.

15. The process of any of claims 10-14 wherein the desacetylvinblastine
hydrazide is provided in a highly purified form.

16. The process of any of claims 10-15 wherein the step of treating
desacetylvinblastine hydrazide with an acylating agent to form a reaction mixture comprising

the compound of formula

and the step of treating EC119 with the reaction mixture are carried out in the same reaction
vessel.

17. The process of any of claims 1-16, further comprising the step wherein
the reaction mixture containing EC145 is diluted with citrate buffered, aqueous sodium chloride
solution and loaded onto a polystyrene-divinylbenzene polymeric resin column or cartridge for

purification.
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18. The process of claim17 further conprising eluting the ECl145 product
fromthe colum or cartridge using a nobile phase conprising acetonitrile
and citrawve 2ouffseroed, aqueous sodi um chl ori de sol uti on. PCT/US2011/037134 19. The

process of any oneg of clainms 1-18 further conprising the st f using
ultra-filtration t% af %HO@&&&%C%%@E‘MWF P%%%%lefmgﬂwa%ﬂ RO/t ut i on.

20. Therphessiudh oft B¥rtrRe u@fng%‘ AR pﬁfagegcd%ﬁi?risﬁfﬂg‘acteﬂﬁit}‘i@et £1d HERLbhife2DY
step contains di ssol ved oxygen at a concentration that does not exceed

about Cag@eparsodiupechlomidd saduwticqpPP) . 21. The conjugat e ECl145

prepared by a progess described.in an o%Bcl i - 20. . 2. The
Pony ugate EC145 pibpar D B9-2 B BBeS o Slam 3 TRfThE Sorupishie s s ph
Cormoun@lsi%fr@ffﬂym)nwa I - 14 K LpurifiedlprblREidhq(@bis $dlutionHO _
HC2CyN, It ?Nyyn. N), N 0 HO HO HS ) HO2CH02CO ' CNNH |5|1?|\|| N (NH2 (EC119) with
a conpound of for#ll a, Thespreeess at a0y encatfieldimg |l f iGyhereiarte water vsegdlin apy §tep hi o

or heteroaryl t.hi in_the presence..of ;an,agueous buf.fer erein t buf fer
s & g ppifisdRybdial SREARRNSL B EPR UM P YIRS R R, 1
i's 2-thipppyridinyl. 24. The conjugate of claim 22 or 23 wherein

the process further conprises the step of treating desacetyl vinblastine

hydrazi de with anrtlacyl Big sivegerkCHE rrepared by yposew-dessghed isany ofor  an aci d

addi tiof,;saltoghereof, wherein Y is a leaving group, to forma reaction

m xture conprising the conpound of forrmula WO 2011/146707PCT/ US2011/ 037134
22. The conjugate EC145 prepared by a process comprising the step of

treating a compound of formula

HZNYNH

HN

HO2C L HO.C
H \- O H X O H e
HOZCJ,N\'I/\NJ‘j/Nm/\N)‘j/N H)'\@ o
ot S0 O o RGP
Ho Ky N»)\

HOLC HOLC
NH>

(EC119)

with a compound of formula,

wherein X is alkylsulfonyl, arylsulfonyl, arylthio or heteroarylthio, in the presence of an
aqueous buffer wherein the buffer has a pH of 5.9 to 6.3.

23. The conjugate of claim 22 wherein X is 2-thiopyridinyl.

24. The conjugate of claim 22 or 23 wherein the process further comprises
the step of treating desacetylvinblastine hydrazide with an acylating agent of formula
Y-CO-O-(CH»)»-S-X, or an acid addition salt thereof, wherein Y is a leaving group, to form a

reaction mixture comprising the compound of formula
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and directly treating the conpound of formula H2ZN yNH HN HO2Css n L H7 -

HHO2C - 0 HO HO2CNNAJ, N_ .....: i N UT NO HSJ 0 H HO2C0 HO H®XC ,I N N
NH2 ( ECL1WD 20itvia6tone reaction m xture without isolatingpPChasecampsusd of
formul a HO 25. The conjugate of claim 24 wherein the acyl ating

agent is of the formula and i.s i nfRoduced in the formof the free base.
26. A pharnmaceutical conposi i sing the conjugate ECl45 as

described in any of clains gether with a diluent, excipient or
carrier.

and directly treating the compound of formula

HaN . NH
¥
HN

HO2C HOZC

HOwC Y‘N*I . H)Aj, ),\@N/\[ f

HOC

(EC119)

with the reaction mixture without isolating the compound of formula

25. The conjugate of claim 24 wherein the acylating agent is of the formula

N§,}j\j i ,O

and is introduced in the form of the free base.
26. A pharmaceutical composition comprising the conjugate EC145 as

described in any of claims 21-25 together with a diluent, excipient or carrier.
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