A METHOD OF PURI FYI NG A PEPTI DE HELD OF THE | NVENTI ON: The invention
relates, interalia, to the field of purification of peptides, notably
cyclic or 5 non-cyclic peptides their anal ogs or derivatives thereof Mre
parti cul arl wo tdogodsmwention relates to a sinplified andpopin2isaedion
purification process of cyclic peptides;froma conposition conprising the
said peptide and at |east one related inpurity by chromatographic
procedures enabl i i i iy UFgd desired end
product. The i ml‘%mﬁgﬁplﬁimﬁme&wmiim reparation of
10 eptifibatide, exenatide, atosiban, nesiritide and their respective
derivatives apgkianeF o INNIENTIONYPEpti des are prepared in high purity of at
| east about 96% and preferably at | east about 99% BACKGROUND AND PRI OR
ART OF THE | I\W\lemnpﬁelﬁsgmtérélﬁat@tthe%la%?hrﬁ{ca olﬂ%f éﬁcrwta%g ?glc o?corrbl hant
(genetically engineered) pep i hc [ ng it
derivativeS apri-cxlisl prpsideshibeisalops en detivativss @ﬁéﬁaﬁ@m rartigglerly, nthhumans or

ani mal s is thgvialéd felaktd QEim?ﬁfR;Qiea%é optnmﬁua%hﬁ&nort &o&m @{* d}cl%ﬁeEéuféb ently high
| evel of selectivity, productivit purit such t he desired

protein is es@%ﬁlca’FP‘V‘t‘PP SRMRJFSing S&h’l R?a‘fqed‘ﬁg i lepst QR% W&Ffédméur& BY ei ns whi ch
may arise in &hﬁaaﬂfgﬁﬁMSbta@@iuﬂE OB highONeMs| wleinhtyru;a pifity oM libdik s are
gener at ed durlggq(gdeg ént hesi s suych a ast reoners hydr ol ysi s
products of Ry Pgesst s B?F%“eaqlléie‘r‘fe L Toro hereRten3ritio i nant 1y i n
solid phase pepfitadd, s:gemthe,satcs;ban m&ertiieﬁrmtmnupda&e aerilatyes pidalatedss such as
pol ynor phic f Lne are formedd rotecti oups in the
final - step ofﬂ y%e)y REL KPHf ﬁemsgglépurﬂgf’faetheagt %Bmogga}‘l' ‘P‘H%grﬁﬁgahct s

associ at ed wileast abeut @8i on of 25 cyclic peptides containing disul phide bonds
173odansky et.al, Principles of Peptide Synthesis; Springer-Verlag; berlin,
1993] . Ther e BACKGROBND AND PRIGRARTOOHTVE INVENTIOND! € chr omat ogr aphi-c
purification procedure that may be operational on a large scale with

mni mal st eps 4; xﬂ&ﬂla%e@t dr i pRRSdbE6F rRRRbinge (éeﬂetfcgl?y éﬁglh&%d? bdpr froma
conplex m xturﬁﬁ related inpurities. Essenti al Bé nost_ o the inmpurities

gener at ed' durtory s reclis pepiien ds iderivatives aadanalogs therepfeiniepded ferdhasgpedtics i ngl e

chr onat ogr aphicinninhahr akivials rﬁﬂl@@ﬁﬂfbb’tlo@\ peseBddiim qdcson 0hbamtshBigisntsuCch as
Rever se- phas WD 2009/ 098707PCT/ 1. N. 2008/ 00019
| 2 exchange%é’ﬁh‘ r‘?gagé%%gﬁ&y péo‘{‘j’fbt'v?{ P%"W’h%’cg %é B datied Pl subst ance
in formul at i esserviafiyf éce as comanonumbnex\tnth(ﬁctrammsmrasmmwhichvreayt arBe.in THee subj ect

i nvention en oper ati onal chronat ographi c procedures including
Rever se- phaséggﬁ%ﬁgtg%eéér,\gphy and cation- exchange chromat ography. 5 A nunber
of differgnt chro graphi c.procedures r ed to obtain the desired
end resul V?rhoufggﬁ P 'B‘Pbﬁféﬁtve aﬁ&er?is ”“ ?‘g SH¥hesls YR Atat ogr aphy
i's one of thdiaseimepohpdrélydis n’eddmd;ﬁ“ labile prdide fbbm:la,t deﬂhﬁoﬁmh@y&domeul i zi ng
hydr ophobi ¢ | i SLack para Jon r| n Revehse phase

|ons the
liquid chronBtogra L{/ms@ iﬁ%epanay“r‘“é’%‘er‘%? iohace deﬁl &%g'ppe?q’“f)‘?ﬁﬁ ce liquid
chr omat ogr apWO(YhRFPhib-fblﬁLS@'f@ fopmed dogrgrembval dftpretetidn troupslin the fingtetepcul es such

as peptides gng. %fa%sg{ '?Eﬁ_se%%ﬁﬁpﬁglem"th@ib% P%Buc%ye{g%ola%{edthgrfc%rmgtl Qi nant

met hods. RP-LC C et can effticien ercl'dsel y related
i mpuriti @8 aﬁﬁ“%awed%e‘e’htaulwddlih@hphrhOﬁfiB fhadapsin «/en‘ sletmm!ee@ﬂlPestdé Lee et al.

" Preparati vegibGs, St Bl Rk eaInPY 9Y TRIERADLh thBhrt toldevaldhs Ghfle (1988)) .
Furt her, RP—L)Jg and %P—gEPLCr: ave beenysuccessfu y used ‘:tvo(g)l;‘;paur'}]I g/ nol ecul es,
part i cuI ar ychromatographlc purification procedure that may be operational on a large scale wit

minimal -steps to isolate the desired peptide in the mother liquor from a complex
mixture of related impurities. Essentially, most of the impurities generated during the
30  synthesis process cannot be removed by a single chromatographic method, but rather

by a combination of methods such as Reverse-phase chromatography and cation-



15proteins on an industrial scale (Asen et al., 1994,.! Chromatog. A, 675,
101). The lon exchange chronmat ography principle includes two different
approaches: ani on exchange and cati on exchange according to the charge of
t he | i gandswenopye@s10pn exchange resin. A conventional |E3J/puasdsfopaet i on
process usually consists of one or nores; equilibration sections,
application or |oading sections, wash sections, elution 20 sections, and
regeneration @cemg«mson(aafgrapﬁgenimmm tie dhlpgroductediiup ewbktaise iirefot@gatiofsennar o,
ed., Mack Pu 1990, or Remi ngton: The Science and
Pr actl ce of %h'gfrglgirsraqrgw%ﬁ%f%%éﬁ%]nf lc’r}?’\ Tb95)) Every attri bute of the

chr onmat ographiL ocedure has a significant role to i n obtaining the
desired protel™ g‘rb Eu ZHventign gREQMPAsSRY S CBYPUABR| Ehrﬂ@ﬁf’%{a gy BOBRINES used 25
for |arge scahdudigrRevérsaphagerthroniatop@ptyiad@cationexchMRE st&dnabgaa:fayr esi ns. Anobng
t he nost popul ar are those based on G4, C8 and C1 8 al kyl chains

attached t§) ?&esdg#befﬁfdsflf'eren?%roma (?girrgg)Pig]éroE urc?lg'go 1ed 00%81 b‘h‘gé‘ghleo s include

shape and si e resrn par kR onar me of the
ot her si gni f irsahtwithrrogpestttp erity pud pidid. Réversbplidse chrematbgaphytihenef dfake r at e, pH

etc. Despite f ﬁprW&%QBFpJﬁﬁgﬁfg %l%%d QHP&I%%@JH@R&&)?&%UO%E § fied

30peptides still contaln undesire e counterions.
Owi ng to thi ghe wzmgﬁle@ammﬁlqmmssedm@%r@nmmwé‘dltPtufébmyi of

operation, refekepkRe Ihsghrs&@&mmé crugb csxlaﬂat«am;myqa&p PPLED AN RSB S}gat e net hod

of purification to gvercone faced in art. 'US2006148699 rel ates

to a methdd b‘fedlf?lbpﬂfl’_@‘)lﬁa‘é"éd“ﬁ‘tﬂs|PFH“€%FtaP‘6W°6’f“S’ﬁé?ﬁ“FWé§’ cibarpynthsting washi ng of

the col uMm WirdcbmBiRan@ eHe@oEs R?QJCUénkiQIP FLEmBRds 0ae efficied) deparate A6LEPL abl e
counterion salt;, and .el ut tide fromthe colum vvlth a sol vent

1ng t
m xture of afc @Rt ’?@PQ/Q%‘F bﬁﬁ’dﬁ)sﬁ tourify gpny,dixerse maleawlasitkes ot phaccept abl e
count er -i on VPregagitine Hh?ecacﬂﬁ'embt&:hs@lbgymympoh&s, m RH9sfs1 @19k RFurtihout 6.

Subsequent d t ovier cI iC i des and ’
eptifibati deigﬁga'%eﬁga%‘ggﬂef? ftfécessé‘l' Bi "r?% to"plity m@%i‘@ﬁs‘l"tﬁ%@ﬁ”di scl oses
RP- HPLC pur i pioatsonan flusgiabseale (Qlaenmsaln§99a,cleChmmtzrogI/e6V\fatle1|). 10gr adi ent and
retrieving product with purity of 97.5% WZ2005019262 relates to the use of

pol ystyr ene/ ghyjon kAGHZ fonRR8Rbh S RLIR rf?:fudggptu?'d(;ffet?&ri abGiRldsOfligR! g} ucagon

| i ke pepti des. ere is a nee an efficrent romat o raphlc
protocol f or exsbinge @nd eftipn sexphwneet foagyding te dhel deres LRthﬂaélgWE o Ghep@pt i des post

preparation byhsel kedinP ﬂa%vém&{ahﬂﬁ BurfbrRatioR PREA! RudllyAhystPUF SreRpPL 1 de end
products. This need woul d be satisfied. when the procCess duplicates as nuch

as possi bl e TAE §qudibertiop seatipss, apnlicasion R lnading septighse ath srgtiaseriditionons of t he
chr omat 0go ap&tuconaraa@eg@emﬁ @ttrbnedcﬂnbmmgtbss PIRRAALCHRE Rn&sRARS S ol vent

system pHr d | at e er rocedur es may be
advant ageous“fa‘{]]qgar‘fgl?)liv '"FSP g Eac:llg? - bR tf"ba@“ %gﬁﬁ)ce Practice
of Pharamacy, 19th Edition (1995)).

Every attribute of the chromatographic procedure has a significant role to play in
obtaining the desired protein product. Various chromatographic media have been used
25  for large scale purifications of peptides on reversed phase resins. Among the most
popular are those based on Cm4, C-8 and C-18 alkyl chains attached to a silica surface.
Some of the important considerations .includ‘e shape and size of the resin particles of the
stationary phase. Some of the other significant properties include the buffer system, the
flow rate, pH etc. Despite the improvements for peptide purification, some purified

30  peptides still contain undesired amounts of unacceptable counterions. Owing to this



Anot her inportant advantage of the separation process according to the
present invention is that they nmay be scaled up in a reproducible and
consi stent manner. Further, the process of the present invention affords
product s whivetzee/essuperi or to those obtai ned by purifi eatieoosmesbods
hitherto known and give higher yields. 35The present invention on the
application of pH buffered solvents conprising a polar solvent as the
organi c el uti adliea@aRdosy éfpermitmiFRkkenpilis infad€ AtdugmthefapRitadonGo RERLARS and
anal ogs or deritxa_ifves t hereof at pH i r})the% rc?n%e of 2-8. The present

i nvention faclFPLeiPurficglpns Qusicoms s paabiegls 12epd @tency, hi gher purity and
easy operation for industrial use conmpared to the current state of the art
wi t hi n RP- HPLESHQp148pPatslasss 9f 2 erehpd | GfCRRBBLE dhesedy pirifigationoefeetidessol vent
Syst ems. SUr Pédnfprisigy YashHPet Bé Qi@ with &h GGheoty §didton MR pharmaceutically _
2009/ 098707PCT/ %%08/ 000191 4 peptjde conpounds and related inpurities is
i npr oved ng/ t $&° ??E?tﬁrbﬂoﬁaﬁgﬁf‘deeﬁ‘ﬁ’l“%y&dp@ e Fm sheacobimin WRY &rfeVEl and

resul ts in nomBupLshen dyahit Solvdnkedpe pid ofs Phasdudtially ThRptadieiéduflr-h peplti de
in formulation solution has advyant gge S_CO red to the conventiona
method.  The CAMER{ B SRHIRIHaTE o P 2 B8 BTy SUPEtarFRaOAHE= S f | ed 5
pepti de and raeeiysiad, vonagyclidpeptideeadeptifibatidd agobel@y spedifi@llgahited.on prior to
addition of excipients. The elution of peptide in formulation solution

avoi ds the op@02005200388 dis€16:87 RP-HRLE @hrifatbn’ & ebn8inQl udink adttdnfi@e Maed hus, when
used eithﬁgi al one or, in conbidnati@n Wi tF sto/andard extraction and

chr omat ogfAp SRR ATTHYENG Prodhet Wit Ppritk of 72 ret hods of t.he i nvention al | ow

for the isolation of cycl ic peptides of the subject invention in high yield
10and hi gh pulVPRIOSAIR2A2 fedargsrio gheeiss of pedystyspe/diviaylbenzens basedaesinyBnRiPonal

met hods. OBJEFTICusfidriod b RBERERTpdphENTI ON The princi pal object of the
pr esent inveg[i%i on is tg provide a gethod for purifying a peptide froma

m xture cont airfny aftdalt by eriliciey § qefaphic protagolifpyeselesiysdet of t he
present i nventgating Solecul@rsoahi A eydic pejtidechost préperatib ©8doli® phadé bythedihre 15

Rever se Phas I.gh Performnce Liquid Chraomatagra and. 1 on- Exchange
chr omat og{r%pﬁﬁ/&t 3th'g§‘5¥ofnﬁee|pepg'§f 5%‘?”8?"%%2%)P%eggﬁ?“ﬁ)‘rﬁ?/é%‘ﬁegn&?eg %% provide a
met hod for t pecgarduplicems romudf apppsibleals yikld,curig; ehroyphpitcandropaatingcycl i ¢

selected fro . i . £l . . nat j, d at gsi ban or
esi 11 41 de. antipE 8Pt HRHaalk RS Bhices AR Buidk SRk iR T e
| NVENTI ON Acédyedt syptem, phheangy andepiheri nalpied tfhators. i Qperating efoatdurss may & et hod of

puri 1ying a_R&RkhEBudy SPIGyelTor boiferGAYARALAY AL 1 east one related:
impurity, said nmethod conprising step of contacting the peptide m xture

with Revel®se Phase- Hi gh Performance Liquid
Another important advantage of the separation process according to the present

invention is that they may be scaled up in a reproducible and consistent manner.
Further, the process of the present invention affords products which are superior to

those obtained by purification methods hitherto known and give higher yields.

25  The present invention on the application of pH-buffered solvents compr.ising a polar
solvent as the organic elution agents for RP-HPLC purification of cyclic peptides and
analogs or derivatives thereof at pH in the range of 2-8, The present invention -
facilitates increased separation efficiency, higher purity and easy operation for
industrial use compared to the current state of the art within RP-HPLC purification of

30  cyclic peptides using aforesaid solvent systems. Surprisingly, separation of target cyclic



25 Chromat ographic matri x and/ or ion-exchange chromatographic matrix to
obtain purified peptide; a nethod of purifying a peptide using Reverse
Phase- H gh Performance Liquid Chromatography froma m xture containing at
| east one r éYQrEYOMTGuUrity, said method conprising stepBCHIN20ga0kinhg t he
Rever se Phase-H gh Performance Liquid Cgromatographic colum with silica
based pol yner resin followed WD 2909/098707PCT/ 1N2008/ 000191 5 by

equi | i br at i ngpéptidaricéripoalnts Uind SHaefl ipplrites Solnm;&nstedl by e mugaiathsdo&fgyd buf f er;

| oadi ng the p |t|o cont ai | atl east ..one rel ate rrpurlty on
the chromat Og?@%&?mt?%@s@nt n%ve lo]xll Ov\ye?ua ngre pyre %r\{cllc egﬂjlﬁpré) washi ng

the columm with the sane buffer solution as in Step (a); and el utlng t he
purified prodihet elf—ltmmftmatldsohLfmnuwofﬁsqiemhdmnamnagdmassamp:gcdadx @t of 8-14%

to obtain pur&otwe%ﬁo,aﬁnamﬁm&%ﬁamﬁné{ﬁ&dw ks Méeie)/drﬂﬁgf dﬂ?gtrm@& usi ng

i on-exchange chronat ography froma m xture containin one rel ated
i mpurity, 3ai RSt Iddedispiing shenficess diied pspvderciga Fqlmoamrng t peidition of

cat i on- exchang@ipfemts. Ul eMlidnbr BEptiadsl GO 12864 é{'ﬁdn@rpaMds%eVéﬁ@rKuﬁ%fieégyf fer;
| oadi ng the Reverse Phase-H gh Performance Liq Chr omat ogr.aphic col um

with purifiedrseptd gelissolyipn ﬂl"(ﬁo’\rﬂ’é‘ﬁl"i‘hj“t“ﬁé eé‘B‘f’d‘l'ﬁﬁ‘eé’ﬁéP grmebinaten vile pepti de
Wi th the buffgmdas exs@ton shdSihepndictaphio €dphigics, B dxfricark RRMbIsAS @¢ oduct ; and

a met hod of purlf eptide f a mxtyre containin | east one
rel ated i mpur P‘fe?t’%’a?iﬂgw%ﬂﬁdﬁ’lla& Wg]cr?ﬁpt‘éj’f‘se éheéf’b”cbé{‘d(?]“ﬁg "%éﬂ;‘é’l’eé‘b

Phase- H gho Peandl bighpunizewith quedteﬁk\mmé equisd by conealtionad mathbds. a si |l i.ca based
polymer resin foll ovved by equilibrating it with about 5% of polar sol vent

in an or ganl eptl de COI’T'pOSI tion containi ng
TR oS

atl east one re urm at a flow rate of about <100-400
cmhr follo e colum with the same byffer saolution as in
Step (a); mﬁ?’?ﬁé“‘i‘*ﬁ‘z llﬁ?ﬁ? %q’@d’reﬁ?’lﬁd'ﬂ’éfm’f’r'ﬁm lfrﬁ‘ég%ﬁl"}?%ﬁ S RYERSrAY ng a

| i near gr adi eaptidefrol-aifure canadningatichse ol rethtedlinfpuigtLic t from Rever se

Phase-'Hi gh Performance Liquid Chromatographic colum onto the cation- 20

exchange col Wiothexsjekd o@mtpeegemntv&t@m isA6l R GHS 2 MmEthbd thﬂnf?&fané’n Wegkheaci d

buf fer; aﬁr)j shi n% the ¢ g?l gmg and el Utln%ﬂthe peptide product in elution
buf fer t o “obt™ &Yt RBaspuHiehi SerfQsptce abiapiH o fhomatopiapivE apfSteriEpehaesd oF THE
ACCOVPANYI NGechieAMbapghy25F1 G 1. Chr omat ogram representing purity of
eptifibatide FIG 2. Chromatogram representing purity of atosiban FIG 3.

Chr onat ogr amyre%w&%}ebtrwmeersetnvmoénn&ﬁgt Adr&u.&@ -mdthdF fék-th FIE&B&P&* am
representing . ur|t f exe atide. 30 DETAI LED DESCRI PTI Ok THE PRESENT

| NVENTI ON rlmmkxp eﬁgziegfrogn a group comprising eptifibatide,

exenandc, atos,lban or nesmtlde and related analogues or derivatives.
20
STATEMENT OF THE INVENTION

Accordingly, the present invention is iﬁ relation to a method of purifying a peptide
from a mixture containing at least one related impurity, sald method comprising step of
contactmg the peptide mixture with Reverse Phase—ngh Performance Liquid
25  Chromatographic matrix and/or ion-exchange chromatographic matrix to obtain
purified peptide; a method of purifying a peptide using Reverse Phase-High
Performance Liquid Chromatography from a mixture containing at least one related
impurity, said method comprising steps of: packing the Reverse Phase-High

Performance Liquid Chromatographic column with silica based polymer resin followed



The present invention is in relation to a nethod of purifying a peptide
froma mxture containing at | east one related inpurity, said nethod
conprising step of contacting the peptide m xture with Reverse Phase-Hi gh
Per f or mance o 2u#/¢p8@hr omat ogr aphi ¢ matri x and/ or i on- exeoumeers/000191

chromat ographic matrix to obtain purified peptide. 5In another enbodi nent
of the present invention said peptide is a cyclic or non-cyclic peptide
sel ect ed fronb;téz;emgraﬁngmtwnpbdusis%g;fqmairﬁdlmmdﬁ,or@xmaiaibdﬂer, asaamgban or
nesiritide an e%gecom gsna 09,% or aée X “i ?}' apot her errb}gdi ment of
the present invBRLToR DET IR Pnergac PR R 8PP quence of
order with satothmmadtrai ﬂwcmvafsaédxtcﬁm(sﬁﬂol wdhrbaghhgpbd yotemn evith el same 10St i | |
anot her enbody ng. 4l selected from
ot oup conpri e rutn ah R hnd MR el e R B o BB T 10
Sephar ose, d Sujsefprrng a M?Pfhw(h@ﬁ of %ti@/o toeeditain pucifiedpopjidepriaguct; aahdthod of e,

sul phopr opyl &xﬁh})r{él fpfide &Wgheﬁ(ymén@/ Ehéﬁﬂ@&b% froﬁylsmgtgxreod?ﬁ{ nﬁag%‘adex

sul phopr opyl g arose and car boxynet hyl sepharose, prefera 1y pol ystyrene
or divinyl ben‘i*’é gne rglated i'WR““&fné‘t“h@Fthmlﬁﬁ&ﬁeﬂ?foﬁ pruilibratisg e catispent i on t he

particle si ZQx&ﬂﬁgeﬂﬁfuﬁm&hﬂﬂmQ&ue@&ss'omtxmswe@( 8cid Bi¥EtrNBGadidz MR RevBGe - SOUM and
100 A -500 A reslp}? #) g}r Still another enbodi nent of the pr esent
&asﬁ 2k Perigrmane

i nvention sai eé’t’ﬂ?fdo%o'ﬁat%%’a&mcéﬂ'ﬂ'mﬂfw’ﬁ‘bl?}ulfe‘?%%‘?ﬁ abut 30% of

a pol ar orcganwaehxﬁgtﬁé &lunGiDAnd @ Niking Ith@ﬂdﬁ%ﬂﬂﬁM&xfﬁh@ﬁ@e@@@feﬁ'(d)kd’lg)taﬁﬂ or.gani c
acid buffer

fStl not er enpodi t fo prese nventj on wherein
sai d pol ar btﬁwf'éel’i RBf @eﬁfo pe: & f’o’ﬂ‘?g i Pe p‘" f’g 2 B?PSH%éj?on‘eﬁb'BH fffent of the
present i nverbitgning at tl:anroganélmteamnimbufaidememm s@h@3ing Gteps ©M ;ﬁcl@fgoup

S : hori q
Corrpr I Sl ng C:%Lér& F%ggedl'h]gﬁ"?ﬁr%n%argggﬁtnd% 0%1 k Fal }%c C%I{lmn \aN ggfsﬁlf%

I n anot her enbodi inve arit ffer IS
rangi ng fr ompolgmgrgesimioBovadey emnhlaﬂmgMewthemom@wémblaoiolwemn pr @gamivt | nvent| on

t he puri fijisca
2009/ 0987107PT?:§F7@?‘|’\|%%5§%’% i c@hp%gigk'c%n?ﬂgﬁ '5‘;& o fg‘a%ed?w"" resent .

i nventi on safh§ RMHFE2 ﬂ@Y"tfPfé r°f elopF108i4AY C‘B’hbf"i‘f@‘f"ﬁbw eshing thet aopmof

si ze-excl usi mh Gy gmt&%@wwmn as hms@p%h@ﬁt.r’gmghﬁﬁeﬁtm&ﬁu& fi6n RleeSENt
i nvention a p rifi Er?egltl de I{)roduct obt ai hod of i nstant
ylg gr

i nvention, whEBY \PB ¥ lineaaeradict o 8- 16@08’6@93 ithe qlutethpioguct figfh 97 5 %

100% In anORb&l‘scG’fmaﬂl@Em’Erf@fnalﬁcb&lcﬁf EERBiato @IS teMind Beo AkY takiyn-0f the

product 28 aexcﬁange co%umn equilibrated with an aqueous solution of a weak acid buffer; and
washing the column and eluting the peptide product in elution buffer to obtam the

purlf ied peptide product.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

25 FIC 1. Chromatogram representing purity of eptifibatide
FIG 2. Chromatogram representing purity of atosiban
FIG 3. Chromatogram representing purity of nesiritide.

FIG 4. Chromatogram representing purity of exenatide.

30 DETAILED DESCRIPTION OF THE PRESENT INVENTION



The present invention is in relation to a nethod of purifying a peptide

usi ng Reverse Phase Hi gh Perfornmance Liquid Chromatography froma m xture
containing at |east one related inpurity, said nethod conprising steps of:
10a) packi ngvahes/@ewer se Phase- Hi gh Performance Liquid Sbrmredsognaiphi c

col um with silica based polymer regin followed by equilibrating it

w t h about 5% of polar solvent in an organic acid buffer; b) |oading the
pepti de conpo%hetpramtdmﬁtmnm mgelaﬂidneasﬁnethﬁdéoff[ﬁh%ﬁﬁgda pdmuwrénya@mtﬁxbe) ‘ o
chr omat ogr aphj ¢, col u <1Q0- 400 5c) washi ng
the col u?m \I?\n YRS glaéarrsgo‘be rfeIa %"\“Ef’t Saéj matgo‘i Qmappe ey of cﬁrﬁ'ﬁ’t% 1-’EI uting the
purified prodeeptidef mixture heithc Reverse Bhasqp&lighoPerforgpnee | Liquédh iChgmesttigenphic of 8- 14%
to Obt arn pur#}&hf&hdﬂfﬂ)&) eQ&anQ e%g%ﬁlgtoigraphxc xpﬁmptro%ﬁtgﬂxt Ul"lﬁ%ﬂep% C{gn 1S 1n rel ation

to a method o purlfyl ng pep e us ng I on exc ography froma
m xt ure cogt

ast e rel ated said 20 met hod conpri si ng
steps of: c?['ﬁ?e 5?’8? Ry oﬁ eé’é‘?? 83?8%‘%%‘“%@? BAFYHITH "8'?103ﬁgﬁeous
sol ution of apepiiak seiected floont fthe grdmp dmdsnm eptifibatidiey examtiddh assivid gh
Per f or mance um with purified peptide; and 25c)
washi ng the (L:dgﬁﬁgr'm aﬁ%&%ﬁ%ﬁﬁ%%?%ﬁv&%“ de with the buffer as used in step
(a) to obtain rified tide product. The esent jnvention is in
relation to aY%E@f‘ EB B'Pg‘ﬁ'g?ritp @reée“b@ﬁ"f'ﬁ‘bsaﬁ‘?fm' TS EONASIE 4t ni ng at
| east one r elaag edudnogafiordelywilasatt maiih@ehpewdpf silith Bged p@psteridfresin. WO
20091098707PCT/ 1N2008/ 000191 8 a) packi ng Reverse Phase-Hi gh Performance

Li qui dbmrmmlﬂgﬁ&@iﬂﬁﬁlbg&h?ﬂ%f)&hetf ;k}esamshdeh% tP@-fe,@Q RS Y Rlected Fom 4 3' LO}N]?d by
equilibrating it wi abau 00 r ent in_an qrganic_aci uf fer;
b;q | oadi ng t%@“ﬁe‘é’ﬂpﬂﬁn%mg‘?"u H’P‘"’g tLE‘?ﬁ %?j’h%ﬁci‘eggé Serbade¥| Grild i mpurity
on the col umsegtiarose, fs@mmtrﬁetmaceymjtesﬁ,leé}beq@ﬁetayd tdllufosd, [sopRsprdpyl Washi ng
the colum w elnos €.52 mepnu > i on aﬁfi dSt'eg)uIl]ogja%; ﬁ;) %I uting the
purified prodticloss BROIETR, Sﬂ’nﬁ B?ys Ef’g?‘fr?ﬂy ‘??8*‘ & THRRSRORYY AERAPERTC of 8- 14%
d) | oading tlhed cethgkxenhﬂpﬂl sgibcosef rdfemtRe pdysyeenPhatientbaghbenPer f or mance Li qui d
10Chr omat ogr aphi ¢ col utmm onto the cati on-exchange columm equilibrated with
an aqueous sGlillkdothdr @iibodimeReds tidGrddenp il dn€ibn thepdticle size and pore size of resin

beads are ranging from 1 pm -50pm and 100 A - 500 A respectively.

Still another embodiment of the present invention said purification employs a gradient
of about 2% to about 30% of a polar organic buffer solvent, in an aqueous phase

containing an organic acid buffer.

20  Still another embodiment of the present invention wherein said polar buffer solvent is

acetonitrile.

_ Still another embodiment of the present invention said organic acid buffer is selected

from a group comprising citric acid, acetic acid, perchloric acid and formic acid.

In another embodiment of the present invention molarity of the buffer is ranging from
25 10 mM -50 mM.

In another embodiment of the present invention the purification is carried out at a pH

ranging from 2 - 9,



e) washing the colum and eluting the peptide product in elution buffer to
obtain the purified peptide product. In another enbodi nent of the present
invention the resin nay be selected froma group 15 conprisi ng Sephadex,
met hyl acryl at@2o00e®8m; car boxymet hyl cel | ul ose, car boxynmetimNossphadex,

sul phopropyl cellulose, and sul phopropyl sephadex, preferably polystyrene
or divinyl benzene. Yet another enbodi nent of the present invention the

particle size aatbterethbsdifientodf thes‘p'rdaenbeﬁdﬁtuoarﬁndr b Gurfhe® Bdrdprigiy - 50pm and
100 A -500 A respect.ively. .20 Stj not her nbodi ment of the present

i nvention sai d°HEtR %Pafﬁ%toﬁé?e'% f"? F Yier optional step of

si ze- excl usi on chr onat oqg ph anot her _enbodi ment of the present

i nvention sai (i 3PP icaeed @er‘éog?%P‘Fi?“UPveﬁB?? eRpified Popida pradicsetaded 8BY from t he

group conpr | sa xﬂ&h&lpiflnfstabtah\}edﬁm, aneaRpirdeof tAd Rplidbaodutt DRSkiRS frble7 and
rel ated an bq(agé derivatives. -25Sti1 |1 another enbodi ment of the present

i nvention it buffer solvent is acetonitrile. Still another

enbodi nment of the present invention the organic acid buffer is selected

from a group 18awMer enbagineent ofithe pagserd inveption the PufBty of thgprodust ispidcas 6%,

Still another enbodi nent of t-he present invention nolarity of the buffer
used is rangi¥hg pBGent inyentiv® isiMrel8Bn v mehGi 20PBIOBBT IHACT. I RO084000191 9

carried our i ea agh Pefimlee y AEIPCRSERberRY W ERIE Hithbhd SO LS
present |nver?E‘i=f§|'1‘teA"pP}rfif>f F%mﬁib?ﬁqoaeﬂm&ﬁme@f obt'ai ned. 5by the methods of

instant invention, wherein the purity of the peptide product is ranging
from 97 %0 10090 paSking the RewdrivchhaenbighliPaornast Liduid Chresetgraphivvedhtnnon t he

beptide eptifibabigyeapendiiite AhIBIRAR BB kiR 868 9550c! at ed

with purity of atleast ove a obj ects 0 e present
i nvention are prioar ebniin amorggréccicldibybitt y 10 del i neat ed process for forning

and purifying b?MSAd'in% e pﬂme ewoglamp&%mf‘g &Q&PQW@%&%@M@% #eter solid
phase synt hesi s. for the purification of peptides, the said

process conpris @ro&qpoéﬁam%@lwt F ﬂow rate of about <100-400 cm/hr;

15 c) washmg the column with the same buffer solution as in Step (a); and
| d) eluting the purified product from the column by performing a linear gradient of 8-
14% to obtain purified peptide product.
The present invention is in relation to a method of purifying peptide using ion-
exchange chromatography from a mixture containing at least one related impurity, said

20  method comprising steps of:

a) equilibrating the cation-exchange column with an aqueous solution of a weak
acid buffer;
b) loading the Reverse Phase-High Performance Liquid Chromatographic column
with purified peptide; and
25 ¢) washing the column and elbting the peptide with the buffer as used in step (a) to
obtain purified peptide product.
The present invention is in relation to a méthod of purifying a peptide from a mixture

containing at least one related impurity said method comprising steps of:



purification via reversed phase high performance |iquid chromatography by
enpl oyi ng a gradient of about 2%to about 20% pol ar buffer solvent,
preferably acetonitrile in an 15 aqueous phase contai ning an organic acid
buf fer at awsrbobeismen about 2 and about 5. It is an ob¢eEmtemsfcodibe present
invention to provide a chromatographi c gedi unf sol vent system wherein the
process is based upon RP-HPLC and cati on-exchange chromatography. 20 In a
broad aspect, ‘the aprpeseny RdveryePHateoHigh @trédrasnct Qiqaid Ehrbitégraphiceaminpgr aphy
process for purifying,a peptide froma m.xtu conpri.sing.said pti de and
related inpurities, v%%’r?psgfcglgaﬁaae‘fqr]yémg eé'ﬁ?’l?c‘()) ?‘5 %’e%qgf ﬁt'%‘tg’gﬁ%’oﬁ% i de and
sai d rel ated i npuri tof @elaofolvsatiimamarganigraeid byffee] ut i on t hough a RP- HPLC col umm

packed with a pol wﬁ&dﬂgi%%d;ggfgecr@m&gwoh !cmtmiﬁgad@gmng (Pa(lt;%%d if?%ﬁerﬂ% ot POl ar

solvent in an organic a , loading sofutlon eptide on
the col ummP at a desitheeglupingia fley wteif abougslH#0h emiha o viey tyhveeslied them with a
l'ower percentage (5%@umh witf tRkanR A Gl A4 &éted @), 50™ organic acid,

el uting the peptide product tg_y performng a |inear gradient of 8-14%wth
sai d conbi nation ©f e’gmg%? gurified produghfgoimthe kol by pasfoftpiag & Hircaygradient ecogni ze
that there are vari gpgiagri abl es which can be 30adjusted during the
chromat ogr aphi ¢ procedures of the present_invention. Such W .

2009/ 098707PCT/ 1@03@8’6@66"91’"% et BPB RS SB@CT%&'BiPﬁﬁ"ra’ﬁ'&ee‘r'ﬂw‘i’ ng

condi ti on®) such asChomangaphiesdinth, ontathd @fios QRIRMEE tdldih equiflbraie@ B BAL UT €,
addition of a small anount tof gn or%aaibcffspl ?{ent, etc. However, such

vari abl es are routi ﬁ%ule?/uségllj“lﬁogto 8“’?% FRPS ¥1%8fd and those skilled in the art
can readi |y est abd)i shshogtthawonrnond eluiignbe pdtiBefrodiet mxghltian hufifeg tadbtdieast one
enbodi nent of the igl\é?mﬁegg# Ne detai ! by way of exenplary draw ngs,
experinmentation, results, otl procedures, it is to be understood that the
i nvention i s Imanothes gmbodishentofithepresend inventivn tha rasip ndyebedelectdd| fonof growpnst ruct i on
and the afs aRGRIRRM, RbhddBE ntIRATRRSsHS Shrobtethyl Betfufde, fcRbb:QRie M0
descriPtion or 1llustrated in 10 the draw ngs, éxperinentation and/ or

resul ts. The SiPhydskt sulbRonrepyt sghialopce ansk subahmﬁapyg fepBicranieterably pelystyyeeng
practiced or ocdvinjiBGhz&dt 1 n various ways. As such, the |anguage used herein
is intended to be given the broadest possible scope and neani ng; and the
enbodi ment s ' VAN cToli . ] voflkdeial S 1O be
under st ood tﬁgt&“?‘ﬁgrégﬁ’%?g‘g|°§§§9}§%g{'¥“§? {r‘?‘n% %p'%ﬁ%?ég“y%# ﬂ%roé:fgsnmi s for the
purpose of 1B@ds¥? rapginsfiomhamsheum mdriel ApSop dgespersidels |imiting. This
invention relates to processes and procedures useful in purifying

cycl i c/ n@A- c§dl mcothpe pmibodimer zof i theg priojeol inyéntian szid tieitiot | feghes icomprisingt 0 t hat  of
t he nat ur al ' ' [ ' to processes which utilize
RP- HPLC, chr%ﬁg{et) ‘rag?)])?/t %ﬁmégﬁﬁ?g){l%lﬁgk?%ééypg&i ve peptide substance from
ot her substar&gﬁ:sv eirglgb- oAl tfﬂpa\{e nwnchn act i.(yit . and sg 20 maé l.be regar ded
as inpurities e pur T Tied pepth de" pretet®s %epé‘?ee‘f)é?yec P ME For nul at i on
sol uti on usi pegtidatsélatede kot athg egraipr comgtrisigg agptifybadde, aexemnitid, nadsibem opf

cati on- exchapge..chr qnat.oor aphy, a0f.fl.ze exclusion chromat ography. One
aspect of the present Inventron provides a method of purifying a peptide,

pol ypepti,de qr.,,protein prepare solid phase synthesis said nmethod

conpri si ﬁg Zg{‘% Lﬁ?fté%rt PR Odfrﬁcé‘t ﬁgﬁg%/@ées?éd‘b‘f%@m{“othﬁ ?‘?l?rsﬁuféf é‘failvfﬂt 'Burification
t hr ough reveacseniptiase chr omat ogr aphy conpri sing an pol yner based resin
mat ri x under chromatographic conditions sufficient for obtaining said
peptide of naarinh&O%h U chiofandpdant ikehticnuinE 8ghhid acil Ber@lidicpeepept i de to
cation- exchatﬁogr? chr omat O_%ra hiy f,g)r c_onc(?nt ration jn a formul ation solution
to prepare t %gragp @m& pg citric acid, acetic aci and formic acid. i

Still another embodiment of the present invention molarity of the buffer used is ranging
3¢  from 10 mM -50 mM.




30The elution of peptide in formulation solution has advantages as conpared
to the conventional nethod. The conventional nethod conprises of freeze
drying the purified WD 2009/098707PCT/1N2008/000191 11 pepti de and

redi ssol vi ngvd bwo/gsegze dried powder in a solution priopckRnAsitobiopn oOf
excipients. The elution of peptide in fgrnulation solution avoids the

operation of freeze drier and re-dissolution theron. The invention

features, in snpidoeer @ﬂj@@iﬁfemo&t%%?é@@iﬂhﬂénti@ﬂhie&&ﬂﬂ&gti@ iPERRId 2t b3y Met hod 5
i ncluding the ste Of: xbj ecting a mxture that includes the conpound to a
reverse phaseml‘!ﬁ*ﬂ%%% umh and eluting a sanple that includes the peptide
with an organi c sol vent, contacting the sanple with an i on exchange resin
under conditions that allow the conpound to be bound to the resin, and
washi ng the organic solvent fromthe resin with an aqueous buffer sol ution.
10The ef f ect i §tdl petherambadigentaf therpeespnt dnventton iAnpoeified paptideegroduceshtdited

i ndi vi duat kon rd i L f r j IX. to be
used:  the p Tal e aigs SFAABEIARoR it BB HHE' BOBP IR Rbb s, C ¢
purifi cati onsremsjeg§oru?t % WGt of the chronmatographi c procedure has a
significant role to play in obtaining the desired protein product. The

buf f er syst enStillsadthéroembotieentnfithe prasentonventon th&peplili@eritifibatilpr awmatiidie

separation Ofat(’i'sﬁb %gﬂ&?{i;iﬁegﬁ% a?{ég'ﬁétg?l"ﬁﬁé{’ﬁy &%ﬁeed Rt he hydrophobicity of

t he conpounds. er sys specified pH elutes the inpurities

early during the, elutio radi en This is achieved as the inpurities being

| ess hydr opho ecab?‘ﬁaaﬁ’dtoﬂgpﬁﬁfcé%mt the Bresqnt, fnypntiop argy prPYi‘geds‘Bé‘c?pF‘in“&”%ondi tion.
The pH ofelitcaed protdse for Syrsiirgmant phitifyiap cadic 9e par-gtliopeptdnddinpechdwi t h

hydr ophobi ci t f The change in pH attributed during
di fferent ste%tsaﬂlg?gfgeﬁrg@%?%ggéh Sﬁgsepar ation, effect the nmobility of

conpounds in the cplupm. The.beads used faqr the separation is .

pol yst yrene/ d# WFW??%&%E@W&ELB?O'T@GW@E&{ S POFESTCOPYSS SHRMBGE:@PS ze. The

| oad sanpl e hasfidatien adairdvedsyd pghasethighchetfamama diguidshrbfigogaphe bg edmglo@mNt rol s the
surface area_accessihle r. the ecul.es. Th ea ave high.pH stability
25as it is po%z%%??%fgé%uéag’ﬁgta?%ég@ip @?rcquzfersﬁog'%nq’v% F’a{}'ﬁ P%e\tﬁ"&igl}g t')'g?“t er

resol uti otb. Raycoud phase oentawhgian wgrnewid dsifdrporpHEptvden biati 2and AWt 5.
2009/ 098707PCT/ 1N2008/ 000191 12 '

It is an object of the present invention to-provide a chromatographic medium/solvent
system wherein the process is based upon RP-HPLC and cation-exchange
chromatography. | |

20  In a broad aspect, the present invention relates to a RP-HPLC chromatography process
for purifying a peptide from a mixture comprising said peptide and related impurities,
comprising the steps of: Separating said peptide and said related impurities of said
mixture by elution though a RP-HPLC column packed with a polymer based resin
equilibrated with about 5% of a polar solvent in an organic acid buffer, loading solution

25  of the peptide on the column at a desired flow rate of < 360cm/hr,washing the column
with a lower percentage (5%) of polar organic solvent in 50mM organic acid, eluting
the peptide product by performing a linear gradient of 8-14% with said combination of
buffers. .
Those skilled in the art will recognize that there are various variables which can be

30 adjusted during the chromatographic procedures of the present invention. Such



1. Injection: Each m consist of 2ng eptifibatide, 5.25ng Gtric acid and
solution pH 5.25 adjusted with acetic acid, water gq.s. 2. Infusion: Each n
consists of 0.75ng eptifibatide, 5.25nmg Citric acid and solution pH 5.25
adj ust ed wi two anebtdsmraci d, water g.s. 5 Atosiban 1. |nj eetin@iosdoach n
consists of 7.5ng eptifibatide, 50ny gﬁg}ni tol and solution pH 4.5 adjusted
with Ha, water g.s. DEFINITIONS OF TE : I n describing and cl ai m ng
the present | pyRBkd iudt NBadfn@! AfAVEIREhgt BInBIBR! QBH W lidnid StrhMS S6krdr N
accordance with the definitions set. out herein. The term' pol ypepti der,
‘protein', ' p&RRogHon, pHf empertiregaddisicy R st apRUAbLOLRY UgnisIVEBedC- not 1 ef er
to a specifi CHbwegE, buchfvariddRs pre @6liiaély adjitetd . in P@MelTIAR, thadk EIGMAGPIHE d@S, and
proteins are incl H&ed }%hi n the 8.efi nition of polypeptide. This term al so
does not ref ef*" I8N0 BPIBRRYTHIL PP expr essi on nodi fications of the
pol ypepti d& al t hough chem cal or post-expression nodifications of these
pol ypepti des be included or exclyded speci fi c. enbod| nent s
Ther ef or e, fo?gférfaer’fﬁlflé“,ngr?gg?aﬁ Ut ef"(’)r?%s]j' e %thf/p"évﬁ {"Hle? @%ﬂfkl{ ReY Qe the
coval ent att achmplaty dwiggsyopenjmentptioypsspltsaest yrocegnros)pisis tphosphatoed gr oups,
l'ipid groups : 1k ne.. .

l‘&ﬁ?hé 1938:14;(%1‘81@ n&l l§1 6@% [ 1%2&2{)%@?&%? ﬂ}@%gtaﬁgo nsttxn(?ml;m Glidthe

pol ypepti de. Further, po epti Wt ese noditications my be
speci fi ed as arsagerneafud|thesqomppnsnts isef forgh inrikd follewing desesision de dluftratsthin he pr esent

i nventi onyg | hORLavETROB B REntatibh GndB REHESE The iR eRMInY REBILEE oPlotdePel I

rel ated anal ogs or derivatives thereof. Preferably, the polypeptide is a
cyclic pepti ddbodipmenss 9F 9f beipe RFSHITE ror sREFG OFEH KHISHY MFENAS Bl ol ypept i de
i's a non- cycllazuepbddderein if infdhildd| to 8O @Vdrahe RoRESR PbRMISIBRALIRBIning! he

pol ypeptide is selected 25fromthe grou onprising . eptifibatide,

exenati de, at®BLiMFafMOAIMeRIS aFs PFagE o Q‘CF‘Bﬁﬁ% "‘f.’)tu"r"ih’f"%F‘Y‘Fg'Al%?’ Bebfd be from a
conposi ti on amdgstdmlithay the peragelpby de t@mnthoBeerbloyEd hereia @fontt papdss ot her eby

i ncreasin thd%scge rneagd&f lQurtibt¥ Orfddth? Begti de in the conposition by
reduci ng the COHPERCE" TPV Al e a8t B "€ fani nant from the pepti de
conposition. WD 2009/ 098707PCT/ 1 N2008/ 000191 13 An "inpurity" is a

mat eri al t hatThissnwdntfoheelges to proogsses had mlesdurexdisgfol iy panifyying eycpic/ochugytlicor pr ot ei n

of interest. j i i - i pmted to diastereomers,
v ol ysi s pPoct TP Holosl ACANORE it o afifiug hildiGftpd Ry b RpRY 00
predomi nant | yaigularly, tooiirpagssphhieh péise RER L chresptagraphyfor sepaatinpéipt | des and
by- products sugh g@ﬁ?iﬁ@%ﬂﬁé’tﬁﬁlzé BB CotteP §uBBiar BAUhiéH & roPhdTB dudlbivig afFigoVal - Of

protection group i nal__ st eE of the synthesis.
20 " may be regarded as impurities. The purified pepfide product is prepared in the
formulation solution using cation-exchange chromatography or a combination of

cation-exchange chromatography and size exclusion chromatography.

One aspect of the present invention provides a method of purifying a peptide,
polypeptide or protein prepared by solid phase synthesis said method comprising
25 subjecting the peptide sample to a first step of purification through reverse-phase
chromatography comprising an polymer based resin matrix under chromatographic
conditions sufficient for obtaining said peptide of nearly 99% purity and further
subjecting the eluted peptide to cation-exchange chromatograpﬁy for concentration in a

formulation solution to prepare the drug product.

30  The elution of peptide in formulation solution has advéntages as compared to the

conventional method. The conventional method comprises of freeze drying the purified



The term "chromat ography” refers to the process by which a solute of
interest in a mxture is separated fromother solutes in a mxture as a
result of differences in rates at 10which the individual solutes of the

m xt ure m grved eod/besoagh a stati onary nmedi um under the i pEtaeo&aoab a nmovi ng
phase, or in bind and elute processes. jhe term"H gh Performance liquid
chromat ography”, as used herein, refers to that chronatographic procedure
in which the ﬁeﬁbhﬂd ﬁid%dléﬁtvﬁ{gl tﬁ@%&eﬂh&ﬁﬁawddﬁﬁ)da kdluidhepric? bl AMIRAGKT Ny ar e
smal | (between3an mcr ular with little variation fromthe
15sel ect ed si Z&P8l§c CGH‘FB’H%‘? "T'SP%P'&%ﬂ’W" %‘fﬁb‘fsd@esOPF? i qf &% hi gh
(around 500- 3&ﬁ®arplse)hssoﬂunehthpfoessures. The term "ion-exchange" and

"i on- exchange chromat ography refers to the chronmat ographi C process in

& char ged conmsnanfihREgts iR RubhBl M e Bofh fblel Fea®Sdori o0
phase ion &xchelndes tratseps di SUQmGantahamuremaatsm udbsatl@fcompmmdesh révatser act s

non- spect 1 b Mbiccdilifn GRAGARE CORROUALIIRER B pli5e Etn%‘og gliyte

inpurities or contam nants In ure contdm na o+utes in the
m xt ure el ut esolVernsontaeting iersampletwids andm eész*@hﬁrrg@@l nlateemndltlmﬁsab%tt@ﬂovor sl ower

than the sol uh&chfpoindli&b&6Jun@¥o hE Pcsnpc%h@gashﬁg We o?é%ﬁic%gﬁﬂntfﬁ%ﬂ%etr@s?n resin

relative to the solute of interest t on- exchange 2 onat ography”
speci fi cal |y Yifanaanseusdaffersalubdehange, ani on exchange, and mi xed node
chromat ogr aphy. The Cati on-exchange chromat ography step may follow the

RPHPLC st Bp, TE elftctifc yfofRancEbethe f)@&hﬁ/mv&xhﬁl e@lile® Eheﬂ?f(ﬁh@lﬂlg@n mfgﬂfmt ogr aphy
raphi c ste "Cat i on exchange

step is foll owe chr omat S.

chr omat ogr aptﬁ?mgfl@%& ‘%r’ cﬂ%"é‘““\tWWﬁ‘gd’l‘?rB‘o@b{el‘\?& yhecpH vglugl 2R e iehi nd to a
negatively chaengbf hediffer for\dicRaiiOS8#A37PCT/ | N2008/ 000191 14 The "l oadi ng
buffer” is that which is used to | oad the corrp05|t|on corrpr|S| ng the

Do Lhbenet o TRES kB br LRt SHGAo AR MEele BR'CHEMRRLIAT, AR P Lor 1 P

exchange resin adi ng acon PH"such t hat
t he pol ypept |0b|femmeltl@cdﬁseedoﬂrotpmtm¢®stt T%ﬂawegmmaisbqfomms prificatipe isi npurities)

is/are bound 410 &NEkRB the separation of the impurities and molecule based on the
hydrophobicity of the compounds. The buffer system at that specified pH elutes the
impurities early during the elution gradient. This is achieved as the impurities being

less hydrophobic than the molecule of interest at the specified condition. |

The pH of the buffer system influences separation combined with hydrophobiéity of
20 compounds. The change in pH attributed during different steps of. chromatography

separation, effect the mobility of compounds in the column. -

The beads used for the separation is polystyrene/divinylbenzene of 10um particle size -
and 300A pore size. The load samiple has the ability to bind to beads as the pore size
controls the surface area accessible for the molecules. The beads have high pH stability

25 asitis polymer based and the particle size would provide better resolution.

‘Formulation solution composition

Eptifibatide



5exchange resin or such that the protein of interest flows through the
colum while the inpurities bind to the resin. "Polar buffer, solvent"” may
be any solvent that can dissolve ionic conmpounds or coval ent conpounds t hat
i oni ze usedvas2my/ipgiorer. Preferably in the context of therprzessndisi nvention
the polar solvent used is acetonitrile.;,10A typical exanple of a method for
the separation and purification of pepti des of the invention prepared by

solid phase Synﬂh%bdﬁo@m{ s emsifof LRAE eftAibhtel B nsd GRE acid-andaftltioRy t he
RP- HPLC col unm wi t 3’.5 &H%/g? based resin eqw i brated with about 5% of a
pol ar solvent in &H°0P§ With 3getfg gpifyater q.s. ii. Loading the peptide
conposi ti on contailnfugie:; datte as tcodive dsfed) aﬂ:ngieptmpum'bt y.28ng ChAc k&eahamm at a

flow rate of about ,<100- the colum with the sane
buf fer sol ution as()l?tlon PASOB agjusw({w% acftfcr?&' ‘Haée’gdn fied product fromthe

colum performng a linear gr adi ent of 8- 14% The eluted purified
sol ution of tMesippmptide is further | oaded on to a cation-exchange 20col um
to facilitate concentration of the product. Concentration of said peptide

conbined with efu ‘b ge
chr omat ogr aphy !:ohbér‘)’?%desIE aéhﬁhmh?{t%ﬁbngﬁgsépgggatt e %Eg "ﬁﬁk L?%ﬁ%&ﬂ?yﬂ
cati on- exchange cgﬁgﬂéﬁdwtﬁquwgq\ﬂ@@ﬂﬂs‘ sol ution of a weak acid buffer. 25b.

Loadi ng the RP-HPLC purified peptide onto the colum c. Washing the col um

and el uting theriRepioNSORTRAVE: W th the buffer as used in step 3. WO
2009/ 098707POU1N2008/ 000191 15 Buffer Ais 1-5%acetonitrile, and Buffer B

10-50mM organi c aci.d buffer and the sanple is |paded at _a flow rate of
about <100- 400 9ESe#iRe anthaigingd %WFgﬁ"h@éﬂ“%éhes{?Hwe& tqringlagy ilk Bn wi t h

respect the ssstghscpdict dith the defitious def dutBerein.

The term 'polypeptide’, ’protein’, ’peptide’ refers to a polymer of amino acids and

does not refer to a specific length of the product; thus, peptides, oligopeptides, and
proteins are included within the definition of .polypc'ptide. This term also does not refer

15 to or exclude post-expression modifications of the polypeptide although chemical or
post-expression modifications of these polypeptides may be included or excluded as
specific embodiments. -Therefore, for example, modifications to polypeptides that
include the covalent attachment of glycosyl groups, acetyl groups, phosphate groups,

v lipid groups and the like are expressly enéompassed by the term polypeptide. Further,
20 polypeptides with these modifications méy be specified as individual species to be
included or excluded from the present invention. In one embodiment, the molecule is a
polypeptide or their related analogs or derivatives thereof. Preferably, the polypeptide

* is a cyclic peptide. Ac;cording to another preferred embodiment, the polypeptide is a
non-cyclic peptide. In still another preferred embodiment, the polypeptide is selected

25  from the group comprising eptifibatide, exenatide, atosiban or nesiritide.

The-term "purifying" a peptide from a composition comprising the peptide and one or
more contaminants thereby increasing the degree of purity of the peptide in the
composition by reducing the contents of at least one contaminant from the peptide

composition.



The first step of the process herein involves purifying nolecules from

m xtures 5 containing themby |oading the m xtures on a reversed-phase

| i qui d chromat ography colum. The colum may be | ow pressure or

hi gh- pr essumeo {o#%98J07 t he | atter of which is packed w t RCwiNme@iosehavi ng a
particle diameter |ess than about 20 pmjs Preferably, the colum is packed
with a nmedium having a particle dianmeter of about 5-40 um nore preferably
about 10-40 um and nost preferably about 10-15 pm In context of the 10
present invention the particle size of the resin packed in the colum is 10

pm Hence, then cilpupity"iis a plaRtir e Ixydlﬁaertdl?leg ﬂa@ héwed pﬁ?&ﬁ@deadrc%(hﬂctfd?[]
col um as a pore

purification of peptides t uire it

si ze of aboutP itﬁg E{)Wrﬁhg& rB?Pé’ﬂtynﬁ‘f’!édeﬁ’r &8ple fsaB‘Pt P’&%‘E?ufo fi8esUPFangst r ons.

| n cont ext ofhyuheysprp&aeast oﬂlweﬁlhideborﬂklﬂelﬁmi’nee@bﬂces mt—macheedb@s;amypacked in

t he colurm IS ons. The colum. rably 10-50 15 cm
more pref ef ably 0?9 ase 5@ >yBfhesiy egon %46 by(ﬂr?ﬂugtﬁﬁ" g f’%&m?fwc be from
about 2 to abfomus l@at m famed thiring | rgmdévabofi prbeetion Fraups &b dwutfindl, stépr efth@bout 4 to
about 8, or fs% bout '5 to about 8, although the pH or pH range for
elution wll be 3eterm' ned according to the desired protein of interest and

the type of a cti.ced. ro epHra es for a | oading,
wash, = or g’ln’ﬁ%f B © f'géqyg i?ﬂ” Pefergor A&EYC {){‘H Wé&h B?Oléﬁe U et hods. such
t hat the pr otnsxuureof separhted Bt oiher sbmmmnerreadmramamesanbfdl&"eréfmém rdw¢anpl es of
reirlaglt L%nO]PH{ Lgagh?ch tf?er m&lbxdga! chths 5t the! rr%%tlu%?ngngr(rér{aett}érw ) aosgﬁnﬁ‘ﬁa%xg‘%ﬁ bUf f er s. The

pol yneri c- bas@dnﬂt@mewf MVlag pfssd, Droabbésletblmptp@sseer met hacryl at e nedi a.
Preferably, the mediumis 25 AVBERCHROM HPRI O. Cation exchange resins

cont enpl at ed merenuS‘HIghrPei—mampfcanwutehn@fna_tdgfappy’e&eaéed héreia)vefeBno thac| ude

cel Tur boer s REBRRFRRE wiRtrP B BB E B RS S b S5 T B PR haden

sul phopr opyl pmidgure@sell (@mqgm@pmdﬁﬂymcrs@hmﬂegularmm litheevatiatioe froRtiesent | y

Pvar cgel  Fopol ARSHE ARG ER D) QLY ERPLAURRIAN ARAIREEIRGN, o ¢ e
present |y no$t) pleesressyred cati on exchange resin for use in the practice of

t he present invention because WD 2009/098707PCT/1N20118/000191 16 of its
ready avai |l ahd ittryn dival-esstmegd’ emtd pienfexrhamgec ehrofiarographg! uskesntor @B ns used

o e SepnadeXehbh SRy RANRt, Oty SERNPIRIOI s o BB AR S 1S
on whet her t Héeraskroihaa dtgrgaﬁﬂ)wnnosndalmk@ﬂ Guabras b govalent atRehefeat) abd ;qhdt he peptide
o pepti o ofhion caftai tisPeuth B H25uP of FRASE Ml g A 0 Capact Ly
chr omat og _rl_ ﬁpwr'&: t@ébﬁ%ﬁt@@ﬁ@:ﬁ“&&g@@’éﬁﬁs thﬁ’ésog‘g; mggsé}ﬁdom%nﬁ"%ﬁt :c es .
presen €m x@ﬁ@“m dofR@nh Ries 11 BreCt xRN BIGte GRInH AMBIumA of or e
concentration ﬁ - Th es % t her non- |Imtlﬁ enbodlurrenots of0 t he present

i nvention ar &°FQg |"13§F"i‘o ffffd‘é’r ‘E"ffédhaﬁythf)ﬁ@“‘GfOdetﬂ'ieﬁa?rya’%IPP‘I"I" PPrthe art

upon readi ngemheeddlfﬁm{ Otﬁur &snﬁnd:laﬁllval 135t Qviutte bf haweésh. "loh-ekchangpder st ood

t hat thi 25 ent| on @ - ’J Fﬂ 0.t he artl cul ar met hods and processes

descri be 8 Ecd R SRR AN 8’@ Hes AP erBen Bt h Bded may,  of

course, var ymodetchtomaa)glfaph)& OhehEativincbehanipo ddorhhiegraphp etep mtyfoliol agRrpused herein

o ented o HERO 3 o ARSRHLPPRABR! e Whé of angéﬂ'cﬁfr%mamgrap%y Ygepdfd 18 nOt
followed by other chromatographic steps.

“Cation exchange chromatography” is a process in whlch posxtlvely charged ions

30 ° bind to a negatively charged resin.



It will be appreciated that the use of the exenplified nmethod of
purification as described in the Exanples to obtain high resol ution
separations, coupled with the conponents used for separation, nmakes it
especi al | y &¥o pawd/easro7f or obt ai ni ng the desired peptide roraNzpedeioul arly
si mpl e, conveni ent and i nexpensive manngy. 20The technol ogy of the instant
Application is further elaborated wth the help of follow ng exanpl es.
However, the Ekatipidig sifed| @ thatwHish isasdtts Uad tieocdmpabtion fnpsisiopeeof t he

invention. The. follow : |les represent preferred enbodi nents of the
present inven oy %Ptl(%ﬂ%%ﬁ%xo?%%sf%ggﬁet i rl"%rgt'?@’égﬁo'gﬁl? 8p egcg'%gﬁur ity
prepared by swhindTighkading puffdndes 8 asaductingtycanflior pHusuch ittea ttheopolypieptplel ymer
based resin pagk tadd L fibat | . sal.t i sspl ved
initially in g&?ﬂ&% ﬁtﬁé&%ﬁ (TJJI,&“S@L]){ é%$€rr+&§égg@3§§d%ﬁ%\§§%%i tgstgecioa to obtain
a cl ear sob ut ¢xehrngeigain gosugh thaithe broteinad dnterest flevy thtaugh thecolmn whié thg 50

acetic aci.d tigpuifes BRORY RO 7PCT/ IN2008/ 000191 17 acetonitrile
concentration of 5% and eptifibatide concentration of <2g/L. The solution

was filtered , Col | u cked with Arberchrom HPRI O
(particle si zﬁ%ﬁ’?ﬁﬁgﬁ%ﬂ%g?e&%f ggergg’yogﬁ%nég?tem nﬁs\aﬁgge A FTBPHCEE Wi th | over
per cent age ( 5%yalent compauodsi thati joriz¢ nse8Guridl budfet. iPeeferablyl .in THeecohiekt eff thel sol uti on

of eptifibatide.WaReliRRHR PR solvER SRl B ofiiid flow rate of <360cn hr. The
pepti de | oading on the colum was perfornmed to concentration of <10g/L of

resin. The,co d after | oadi with | I percent (5% of
acetonitrile i Wﬁlﬁ%ﬁn&é@? ?g mésg}oé?%r()t}mu?e?%gr}g"fﬁ%p 'ﬁﬂf?’\é\ﬁeoﬁrdgd’ﬁ%tfde%&aigtﬁ%l uted from
t he col um 10nvsytiqperdparedrbnsyplid phasievathesiprcan prisas of atie f8HAWIAG dps:Acet onitril e
(buffer B) for 25Cvs while 50nM acetic acid is buffer A The pressure drop

across the col umpadking kg RIREPPO rebiuing atithanpot@ser 23scd GreddREGuilibldd@ wigh | T i bat i de

obtai ned fromthi rQ Sis 0 urity 98, 7% with yield of 54% The
conditions for AHIﬁs_O&EtaSrfgﬁsP%larosf’rvggﬂ zﬁnio%gﬁf"lcacé({%‘g%e@i ven in the bel ow tabl e,
15 TABLE 1: G.adient table, . o

_ it. - Loading the peptide composition containing atleast one related impurity on the

15 column at a flow rate of about <100-400 cm/hr.
iii. Washing the column with the same buffer solution as in Step i.
.- iv. Eluting the purified product from the column performing a linear gradient of 8-
" 14%. ‘
The eluted purified solution of the peptide is further loaded on to a cation-exchange

20 ° column to facilitate concentration of the product.

Concentration of said peptide combined with elution in formulation buffer through

cation exchange chromatography comprises the following steps:

4

. a. Equilibrating the cation-exchange column with an adueous solution of a weak
acid buffer.

25 b. Loading the RP-HPLC purified peptide onto the column

‘c. Washing the column and eluting the peptide product with the buffer as used in

step a.



Anal ytical method Conditions Tine(mn) %1 Buffer A 0.1% TFAater 0 20
BufferB 0. 1% TFA+Acetonitrile 15 30 Colum SS Exsil QDS (80A, 5p), 25 50 Fl ow

rate Im/min

WO 2009/098707 PCT/IN2008/000191

15

Buffer A is 1-5% acetonitrile, and Buffer B 10-50mM organic acid buffer and the
sample is loaded at a flow rate of about <100-400 cm/hr. The gradients used are subject

to variation with.respect the sample peptide to be purified.

The first step of vthe process herein involves purifying moiecules from mixtures

5  containing them by loading the mixtures on a reversed-phase liquid chromatography
- column. The column may be low-pressure or high-pressure (HPLC), the latter of which

is packed with a medium having a particle diameter less than about 20 pm. Preferably,

the column is packed with a medium having a particle diameter of about 5-40 um, more
preferably about 10-40 pm, and most preferably about 10-15 um. In context of the

10 present invention the particle size of the resin packed in the column is 10 pm. Hence,
_ the column is preferably an HPLC column, especially for purification of peptides that
require it. Preferably, the column has a pore size of about 100-4000 angstroms; more
preferably about 100-500 angstroms. In context of the present invention the pore size of

the resin packed in thé column is 300 angstroms. The column length is preferably 10-50

15 cm, more preferably about 25-35 cm.

The pH of the elution buffer may be from about 2 to about 9, altematively' from about 3
to about 8, from about 4 to about 8, or from about 5 to about 8, although the pH or pH
range for elution will be determined according to the desired protein of interest and the
type of chromatography practiced. Appropriate pH rangeé for a loading, wash, or
20  elution buffer are readily determined by standard methods such that the protein of

interest is recovered in an active form. Examples of elution buffers for this purpose

include citrate or acetate buffers.

The medium of the column may be any suitable material, including polymeric-based
resin media, silica-based media, or fnethacrylate media. Preferably, the medium is
25 AMBERCHROM HPR10. Cation exchange resins contemplated for use in the practice
of the present invention include sulphopropy! sepharose, hydrogel polymerized ceramic
bead, carboxymethyl cellulose, hydrophilic spherical polymer beads, carboxymethyl
sephadex, sulphopropyl cellulose, sulphopropyl sephadex, and the like. Prese;mly
preferred cation exchange resins include sulphopropyl sepharose and hydrogel
30 bolymerized ceramic bead, with sulphopropyl sepharose being the presently most

preferred cation exchange resin for use in the practice of the present invention because



26 80 Colum tenperature 25C 27 20 Wavel ength 220nm 32 20 The purified
solution of eptifibatide was | oaded on a cation exchange columm to
facilitate the concentration of eptifibatide and performelution into

f or mul at i onwinufohees7oWO 2009/ 098707PCT/ 1N2008/ 000191 18 whimroosmudigh be t he

drug product concentrate. The eluate capy be diluted for the required
concentration and filled as drug product into vials. The cation exchange

col um was eqofl its Radt edilailith a2d eddelldnt péroragicel Sﬂlzé &c?t@}oﬁ_hesir{g_u{sédc hed L1 with
eptifibatide wa 0 n cat,| exc e colum after diluting 1:1 w
P g\éagandf’f ggﬁg’n&B?a%gx @%g’%p%?cx@?@i X. The col um was washed with

5 water to con _ she _
27mM citric acid pH 2.70. The elution was performed using 27mMcitric acid

pH 5. 25. The Bieudmeraphs ginerally atmst 20f40¢ omeurt srat-40ocolur@gydiunvd i(CY)/homrs  di | ut ed
[ug

to the requir Ry ' g d Vial s.the
product. The (% eengg‘g%g é‘r&g%)hgé;?h%és?%a%?ﬁ h”c%ﬁ%%gah%ﬁrﬁlgb?ﬁ%b rglggg;gﬂ? s 0.5 to
0.7 bars at aisfoadadion fregolyin ag0fkon e of Bgecrneyt i f i bat i de obtained from
The loading capacity of peptide on the column is generally 2-15g/L for »the‘ RP-HPLC
chromatographic separations based on the molecule and the impurities present. The

* loading capacity for ion-exchange columns is <70g/L for the concentration step.

A These and other non-limiting embodiments of the present invention are readily
10 understood by one of ordinary skill in the art upon reading the disclosure and claims
provided herein. It is understood that this invention is not limited to the particular
methods and processes described, as such desired protein/peptide products and methods

may, of course, vary. It is also to be understood that the terminology used herein is for

the purpose of describing particular embodiments only, and is not intended to be

15 limiting.

It will be appreciated that the use of the exemplified method of purification as
described in the Examples to obtain high. resolution separations, coupled with the
components used for separation, makes it especially efficient for obtaining the desired

peptide in a particularly simple, convenient and inexpensive manner.

20 * The technology of the instant Application is further elaborated with the help of
foliowing examples, However, the examples should not be construed to limit the scope

of the invention. The following Examples represent preferred embodiments of the

present invention.

EXAMPLE 1:

25  The eptifibatide TFA salt of 66% purity prepared by solid phase synthesis was used for
purification on polymer based resin packed column. The eptifibatide TFA salt was
dissolved initially in a mixture of 1:1, acetonitrile and 50mM acetic acid to obtain a

clear solution. The solution obtained was diluted further using S0mM acetic acid to



10t his process is of purity 98.6%wth yield of 100% EXAVPLE 2: The
eptifibatide TFA salt of 69.5% purity prepared by solid phase synthesis was
used for purification on polyner based resin packed colum. The

eptifi bati devorfes/@ator was di ssolved initially in a m xtecembosbodiol
acetonitrile and 50nM acetic acid to obtzain a 15 clear solution. The

sol ution obtained was diluted further using 50nM acetic acid to

acetonitril e menorift croad:emmaitxoofof 5%aadepti@pdtidé cdnadnitraitoncad Nt Mat sadmionf <2g/ L.
The sol ution. o) I on the colum. The pH of sodium acetate
was adj usted %@ﬁvﬁéﬁeﬂo%a% I?e @%9'3 0. The col um packed with Anberchrom HPR
10 (particle size | Opmand pore size 300A) 20 resin was equilibrated with a
| ower percentage (5% of acetonitrile in 10mM sodium acetate pH 3.0. The
filtered solution of eptifibatide was | oaded on the columm at a flow rate

of <360cn hr . Thykelupe prekefvittodmbaighrasnHPRE (pastidewizanlpmsed pere peaB04)
concentratg onegf wa?sjeqmlﬁrat@fl with SR peT&ﬁmgeQIS%ngééﬁﬁ niMASRASBmRY JoBfc 4-p2di ng_ W th

| ower percentage (5% of acetonitrile Tn |um acetate pH 3.0. The
pure product Thadileredtsalytion ghreptibatiss was| loadad 99 throeslompiahg fiow raveaf gradi ent

of 9-12% of A@@GcﬁlVHrt The h@tlﬁ@%&lﬁé oxB}hef&’)l'um%wspcMMe@ thHMeﬁ%deJm acetate pH
3.0 is buffer A E r,@&sure across. the colum during t
puri ficati on AL 953t r"gl“m*FH’@s é(bsthF‘? #ishlopdiae With loMRERFTTRBHR (tS'H’P 8f process is

of purity 98.a6f%6nwtik!n 50neV1 deeit addBsdlifon. The purd fredudtiwasielvisl o i édlll?mpf

eptifibatj de was Ioade on C e.co ate the
concentratl oY BF TABIE R B‘ﬁ?ﬁ%@feghﬁfoggg}f( 8{1‘%?689“5? (gﬁqﬁh%gqug?ﬁg ﬁ"on buf f er
WO 2009/ 0987 GURaT éc]:ﬁtz@ﬂ&/xﬁ)(wﬂferlA;L%e/\lptesshrevmw derbs mbe:ommgdmhgdhtct
concentrate. | f equi red concent.ration and
filled as dr mﬁa&&%ﬁs n"ap& Tﬁé C'H#jﬁ‘g'de% ta%naegxcﬂgn E9cess I PR

equi | i brat ed 98v7%hvﬂﬂfmlﬂ @fift"r% Ehamndltlprrsl for HRLC ahhlpsipof dpfifieddeis given lnatl de was

| oaded on a @abligR ekchange colum after diluting 1:1 with 5 water to
concentration of > 65011 of matrix. The colum was washed with 27mMcitric
acid at piE 2 QLthe el ution was perfornmed using 27nMcitric acid pH 5. 25.
The el uate obtAal ned was of concentration >9g/L which was diluted to the

requ| red concentrati-on-to-be filled-in-the vials as dru pr oduct. The
pressure drop across the col urm during the pr&adientgghled 5 to 0.7 bars at a
flowrate of L180cm hr. The eptifibatide product 10obtained fromthis _
process i s of puri tAnabyicelonethadiCopdisions of 10(EmEMANFI%BI: The eptifibatide
TFA salt of [69.5%purity prepared by solid ghase synthegis was used

Buffer A 0.1% TFA+Water 0 20

BufferB "170.1% TFA+Acetonitrile 15 | 30

.Column . SS ExsilODS (80A°,5um), 25 | 50

Flow rate Iml/min 26 80

Column temperature 25°C 27 20

Wavelength - 220nm : 32 20

The purified solution of eptifibatide was loaded on a cation exchange column fo

facilitate the concentration of eptifibatide and perform elution into formulation buffer



for purification on polyner based resin packed colum. The eptifibatide TFA
salt was dissolved initially in a mxture of 1:1, acetonitrile and 50mM
acetic acid to obtain a 15 clear solution. The solution obtained was

di | uted fur meroouedistg 50mM acetic acid to acetonitril e eonoendsraiibon of 5%
and eptifibatide concentration of <2g/lLjg The solution was filtered to | oad
on the colum. The col um packed with Anberchrom 1-JPR10 (particle size
10um and por ewbick @806 he dmgpmdum&n&qmtb |Tthé alugelcani b lilkieiver thpefErat age (5%
of acetonitri tr| aci 2.5. The filtered solution of
eptifibatide é\/\93'?%" ratmgméﬁ fitds %%rf)‘gu Nt V'aés flow rate of 5360cm hr. The

pepti de | oadi on the coI umm was d.to _concentration of <10g/L of
resin. The coﬂ%rﬁ‘im%?%ﬁéﬁ limp was eﬂ‘ﬂé{’ﬂi‘t%“ﬂ‘tzﬁm%ﬁﬂc ik Bt dfde (509 of
acetonitril e purifitdefdfibatide ivas &aded qak Gitibn exthangpusiempaaGuRLtngas] /imit ed from

t he col umm erformn t f 9--12% of trile (buffer
B) for gSC?/s F|1Q AL’ "irgtrﬁ{}loé‘%gfﬁ %Wrdx Sﬂf? ']‘gasbv{ﬁ“feg W'tf\%“ﬁ% ¢ eSSl(.II’e
drop across tdeel gbl.lnThe eluiiongwdsiperfpmed ﬁsn@zmcwasacﬁlaﬂ{ 0228hbeloge The
eptifibatide t?) I%h% offcoﬁ)c@!tlé)p %O?@Qi Sdllﬁ)ted {%L{flé %udre oErsltgz/en ratfonééll eld of

57% The puri uton de was | oad n exchange
col um to fadielftigd én @helab@wemugamdgﬁ Bfe pegssuré dioptagrds t@msblqzrmrducngn el ution

into formil atthé)ﬁ‘ro&kkf it 85 t0 YPr20RY/ ﬂQ%ZtQ ZP {gDEFAT 3‘98@;&%@?&!9 gﬂa;'?eéir#}ﬁ]c h would

be the drug product concentrate. el uate can ute e required
concent r atq orfhigAgeess 15Péﬂ”@’s98ér/u‘g'ﬂw@€m@t00ﬁnto vials. The cation exchange
colum was equilibrated with 27nMcitric acid pl-1 2.70. The purified
eptifibati de E¥ASMPbEded on a cation exchange colum after diluting 1:1 with
5 water to concentration of? 50g/L of matrix. The colum was washed with
27mM citric a?hb eptffitlatdie TFA shinef €9.395 pl(irlly pﬁﬁar@ﬂiiyf Dlidekhsé Snihgsis2wasMsed tric aci d
pH 5. 25. The e

to the requi rfoerd) uf:llgcnagcénn %q[wmer\’;’?sgd f5ain P?ﬁrllg‘gﬁ’t] -?ﬁ%%?‘gﬁ@e i’EAthé"%;r gijlug: ?d
The pressur e dgsadydadtidlysin aheixtoel afriTl, destanitgle tahd SpnMceas aadso Obtaintao 0. 7 bars
oL 8 110t 3ol 00T NG5 o) AL IS ORARLP S prccess
of 66% puri tycemnéplawcwerusan@mﬁ&ﬁ» i gpiéfibaijdetdereshteatipmof u@gu Themolptioni f i cat i on
on poly mer. bagefldr&Sb Moal 3k KR olGRh. WHE pH BR SR hdefalROlds QQUS-QEiAM&aJcéncwas

acid to 3.0.

The coluﬁm packed with Amberchrom HPR10 (particle size 10um and pore size 3004A)

20 resin was equilibrated with a lower percenta.ge‘ (5%) of acetonitrile in 10mM sodium
acetate pH 3.0. The filtered solution of eptifibatide was loaded on the column at a flow
rate of <360cm/hr. The peptide loading on the column was performéd to concentration
of <10g/L of resin. The column was washed after IoadAing with lower percentage (5%) N
of acetonitrile in 10mM sodium acetate pH 3.0. The pure product was eluted from the

25  column by performing a linear gradient of 9-12% of Acetonitrile (buffer B) for 25CVs
while 10mM sodium acetate pH 3.0 is buffer A. The pressure drop across the cblumn
during the purification was 25-29 bars. The eptifibatide obtained from this process is of
purity 98.6% with yield of 43.0%.

The purified solution of eptifibatide was loaded on a cation exchange column to

30 facilitate the concentration of eptiﬁbétide and perform elution into formulation buffer



dissolved initially in a mxture of 1:1, acetonitrile and 50nM acetic acid
to obtain a 15 clear solution. The solution obtained was diluted further
usi ng 50mM acetic acid to acetonitrile concentration of 5% and eptifibatide
concentrat i ovo zhyeRyL. The solution was filtered to | oadraxeodshesiool umm.
The col um packed with Anberchrom HPRI {3 (particle size 10um and pore size
300A) resin was equilibrated with | ower percentage (5% of acetonitrile in
0. 05% 20 Per clhrhiol ivouldibé tile frirp prodi@t cohbeatrite. IMeéeaemlbuUilmEd fof the pyiifedbat i de was

| oaded on the rat Ocni hr. "The peptide | oadi ng on
t he col umm \Na%&'geny?or rr;é%ﬁ{ega%on i urcg'tmloc}'ﬁ?of <109/|1 of resin. The colum

was washed after l.oadi % wth | owner rcentﬂug,{ng /% of acetonitri le in

0. 05% Per chl of 1524 EIXCB gicqlbm"ﬂ‘?ée‘ﬂ}ﬁ' forated, Mesdtrigjagid P 27O mbE he col umn
by perfor m ngpuified egdibatigle adi Gatedodn BealidPexahanbe edlomh bftérl Ruify (buwither B) for
25CVvs whilg 0.05% Per chl or buff er ssure drop
across t hegcowger e lﬁ‘ﬁ"ﬁ%“ot"t?g gfﬁ/ﬁ’ F’E%f”f éﬁ ﬁwbﬁawsﬁgr@th%ﬁgéﬁfl fibatide
obt ai ned fr onacidmat gH @ﬁ@(fléhs slufin vedfs pprfiorintd/usBig 2GedAwittib agid pli d.26Thd BRate The
purified sol Lion exc hanecolurmto
facilitate tﬁ%'tagr{c%‘rilg'fgsn ﬁc}g%ﬁ'g’* Q%Wﬁnclt\?%%ggwgﬁéﬁe r%&}"e LRI rf3 T8 i nto

formul ati on bhgffilled in W@@@Sﬂl@@@ﬁl@ﬁ@dﬁbl’m@&&ﬁmm<mtl@lcolummd@hngmul d be the
drug product &&@&e&)&sr ?‘5 & O-Eh%rse thuéltfﬁwcr@@ (ReISQénll/th eﬁ’:e fe%:lﬁl;ange Fr%ﬁwsl red

concentration and f product 1nto via on exchange
col um wa¥® ecﬂmamewrav&uswqew ip mlm%ﬁ%@l@o@e@qﬂw@%?o The purified
eptifibatide was | oaded on a cation exchange colum after diluting 1:1 with
5 water to cHMAMPLEBI on of > 50g/L of matrix. The colum was washed with
27mM citric acid pH 2.70. The elution was performed using 27nMcitric acid
pH 5. 25. The Tak Hﬁttfﬂbatﬁi@t’l@lz\l’bﬁlﬂoﬂ\B&BS%fpurﬁtQﬁ&ﬁméd’l@IwDﬂlpR&@éﬂmm&w @hs wes di |l uted

to the required c entration to be. dru roduct
The pressure pu"P%?g?'b%"sp yeT & ﬁewﬁ%md’ucr'ﬁe%amf"ﬂ'e B? 8"5@?"1\?&?[\ %9’? 0.7 bars
at a.flowr atd(sscwfediﬂﬂzdlﬂlhra miXtye «fpt i, kedymitiild @nd braMneeticfacainw bbtahias process

I's of pur,| Ly cggr s%%hm tﬁ(ej)é%lﬁ (ﬁ; aér;legqx/aos quhﬁerﬁxsméﬂ%mgpgca i¢ ac 9 de TFA salt

of 69. 5%pur|ty prepare hase synthesis r purlflcatlon
on pol yner bageéfd'lm‘leésﬁcﬁmf?a@k@fcﬁ”/cmdmﬁbamowntr@pmaf i<d@LTHA sglatian was

di ssol ved i Nighk Blkdrdd th Dadod & tdhign. 0f 1:1, acetonitrile and 50nM acetic acid
to obtain a 15 clear solution. The sol utlon obt ai ned was diluted further
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resin was equilibrated with lower percentage (5%) of acetonitrile in 10mM citric acid

20  pH.2.5. The filtered solution of eptifibatide was loaded on the column at a flow rate of
<360cm/hr. The peptide loading on the column was performed to concentration of
<10g/L of resin. The column was -washed after loading with lower percentage (5%) of
acetonitrile in 10mM citric acid pH 2.5. The pure product was eluted from the column
by performing a linear gradient of 9-12% of Acetonitrile (buffer B) for 25CVs while

25  10mM citric acid pH 2.5 is buffer A. The pressure drop across the column during the A
purification was 22 to 28 bars. The eptifibatide obtained from this process is of purity

98.6% with yield of 57%.

The purified solution of eptifibatide was loaded on a cation exchange column to

facilitate the concentration of eptifibatide and perform elution into formulation buffer



The col um packed with Anberchrom HPRI O (particle size I Qum and pore size
300A) resin was equilibrated with | ower percentage (5% of acetonitrile in

| OnM sodi um 20 formate pH 3.0. The filtered solution of eptifibatide was

| oaded on t o zwb/easw7at a flow rate of 5360cm hr. The peprixkeosioo@di ng on
the colum was performed to concentratign of <I OA of resin. The colum
was washed after |l oading with | ower percentage (5% of aeetonitrile in 10mM
sodi um f or mat Whllewaulﬂ)be thérérup piio@ucp Eonckinerite VIS eldteitantbe UiaEd fobde fQlitkan by

performng a Line 7% of . Acetonitrile (buffer B) for 25Cvs
25 whil e 10rr1\)f°"ce ?ﬁ"r% éj{#ﬁ??%ﬁ?%"’é’ WO ¥Yer A The pressure drop across

the colum du the urification was 30-33 bars. The eptifibatide

obtai ned fro }feh gatiompxspange colume, was aquikibratedawighy 2 (M itgie @pid nb¥ 220 The, The
purified sol uprigied Q:ftxf'ezmdbfWab&Iaﬂéﬂ&mWaSanb@a:&ﬁﬂtg@&l&n@@%&r%u%hﬁ%ﬁ colum to
facilitate.the concentr t|o f and per orm Qn into
formul ati on bu?t?rg? conf@" ? 58@%%’@‘7% "5’0‘6?9‘_‘?3 M/ﬁStﬂ‘Fd be the
drug product =@ndEhTe. aﬁxeeluﬂﬁnavaelpaﬁbrmedaﬁngkmm b:tﬂcezdzdprsizha‘hé eljatt r ed
concentration ct Int The cation exchange
col um was equi bglm%gpg% &ggm%&ﬁq%@ﬁtl& ?}f ‘(R:'aséj(':q}“ iy e2re°?"(5m°] ?‘F?(Se"é)mﬁol"f? ed
eptifibati de befHled dattiedialgnas drug atodeat. mek‘rawgedrcm#qmmttwcnbmndiuhmgtimg 1:1 with

o vater 10 copgentyabisanoaly o@fbaPs S aPPAbL Bl oAbl THIG dﬁ&lﬁmmg@éd phed wi th

27mM citric acid pH tion was perfor usin tric acid
pH 5. 25. The taiF praeess 'éBfla‘i“ﬁeQ? Gkmwitivyield 0h 08Kt r at i on >9g/ L V\:hl ch was dil uted
to the required concentration to be filled in the vials as drug product.
The pressure EXAYPBRErdDSs the col utm during the process was 0.5 to 0.7 bars
at a flowrate of 180cm hr. The eptifibatide obtained from 10thi s process

s of puri ty MBcARbud: h‘F)}(isﬂiﬁf@%dpihQQp@repWﬁEd prasdhiauegd wis s ole TFA sal t
0 . 5% puri t epar e sol i nt ur| i cation
on pol yneP bzi’éﬁ%ﬂ%%’p?’hp‘g%’a%ebas"éoffﬁ Gidn‘é Wt e‘?‘? (5BY GE‘IIJeTﬁ% §§T Fe%ha

di ssol ved i nidisisc&'&ekiynitimlyan i mikureeofaf 1, hcciqmtaleehd)mmm deaticadotd t5®BanaCetl c acid
to obtain ) 52 Jcéa Sition glhgts!)lgtrbn (;Il-)ltja%{e BTa‘.étdu&le ngt‘leall{sll%gn )Kygce furt her

usi ng 50n1\/| acetic ac e concen ept| fibatide
concentrati oﬁcemﬂltﬁlzgsml_cemfﬁh@ efFutrideptifitatidef dohdeatragidn 60O <l2ﬂth henolufiem col um.

The col um pagkee: b RafoaE Siyn HPRI O (particle size | Opm and pore si ze
300A)

The column packed with Amberchrom HPR10 (particle size 10um and pore size
300A) resin was equilibrated with lower percentage (5%) of acetonitrile in 0.05%

20  Perchloric acid ;‘)H 1.70. The filtered solution of eptifibatide was loaded on the column
at a flow rate of <360cm/hr. The peptide loading on the column was pérformed to
concentration of <10g/L of resin. The column was washed after loading with lower
percentage (5%) of acetonitrile in 0.05% Perchloric acid pH 1.70. The pure product was
eluted from -the column by performing a linear gradient of 8-12% of Acetonitrile

25  (buffer B) for 25CVs while 0.05% Perchloric acid pH 1.70 is buffer A. The pressure
drop across the column during the purification was 28-32- bars. The eptiﬁbatide
obtained from this process is of purity 96.6% with yield of 40%.

The purified solution of eptifibatide was loaded on a cation exchange column to

facilitate the concentration of eptifibatide and perform elution into formulation buffer



resin was.equilibrated with | ower percentage (5% of acetonitrile in 10nM
Boric acid 20 pH 4.0. The filtered solution of eptifibatide was | oaded on
the columm at a flow rate of <360cnfhr. The peptide | oading on the colum
was per f or i 0ep/981zent rati on of <l10g/L of resin. The eol/INIDSHERIMWAShed
after loading with | ower percentage (5%; of acetonitrile in |OM Boric acid
pH 4.0. The pure product was eluted fromthe colum by performing a |inear
gradi ent of 54tk euldieahadrig produet dobtehfrae. TR elfiady car DEWSutathtod the RGuirk®MM Bor i ¢

acid pH 4.0 i ressure drop across the colum during the
purification %ﬁ%enéﬁlc’%@n%ba{lres ‘%‘1%" "f“?tlot‘)"aa i de obtained fromthis process is

of purity 98. O/V\Ath eld of 51.0% . The puriflied solution of eptifibatide
was | oaded on 'ﬁocéﬁ‘f"i ?5%*’38%%?1 Y%WG%F&PHJ%“’ECH ‘Y'&‘c%"?“fl:ﬂtﬁc £fig PEoh@edts at i on of

eptifibatide mrdedatifibatioe ehsiloadsd dnni @tifrEahEngE tohiimD biftdr Qluting@: 2O/ 098707PCT
N2008/ 0001, the. dru roduct conce The el uate can
be dilute for§rmcop‘éeaﬂq1938f Q%Iéﬁti'?aé'f’iggﬁe‘%? I 3s vaEghe §’“g>ﬁ'ﬁMﬁf Buct into
vial s. The catcidgil ZH: Thngjatianolas perfoxmed esipgi A7indf itrizcheldi piHh5.257 T elidte i ¢ aci d pH
2.70. The pur cation, exch e _col um

db k@%wgsootf I)rchrﬁlIat 81%9%@ A:&Wa@glhﬂ?d B e r%.qu;e%fj)nftilj?zﬂ?) rt“?at rix. The

after diluting Concent ration o
col utm was vvdstﬁéldd ini thehvidly adlirog profhest. dbe dre{sﬁHezirmcrdﬁhéleemen@mng/ak per f or med
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>9g/ L which was diluted requi red concentration to ed in the
vials as H3rugh‘bi”é@éﬁc'fOfWH@(%ﬁ%‘s‘S'mbéCl@I?fb‘ﬁo%cr oss the colum during the
process was 0.5 to 0.7 bars at a flowrate of 180cm hr. The eptifibatide
obt ai ned fr omXAMPLESprocess is of purity 98.6%with yield of 100% WO
2009/ 098707PCT/ 1N2608/ 000191 24 EXAMPLE 7: ATOSI BAN The at osi ban crude salt

of 733% puri tTye ﬂi’tﬁbﬂfdede)salSGﬁGQCB"/pblﬁtByEprspaﬁ’ddh@Ssde plase syaeekid wds ugadr i fi cation

I bas d ‘ | t 5
a'soatved i i ar i TorRRRT ne B ek P B AP S st e et ¢ aci
to obtain a dlsgdwed srothamwma midthe of df lubdemnitriibted SiraMwagicdickdud eptaihur t her usi ng
50mM ace“ c @féércgohxgorﬁ“‘iﬁé gﬁlhtgolh'cjbﬁmgg) Waf QtlJté%tfu &rcb 185 %%Ppacgtﬁcoasckc{)%e col urm.

concentrat| on Ion was fi tere
acetonitrile concentratlon of 5% and eptifibatide concentration of <2g/L. The solution

was filtered to load on the column.

The column packed with Amberchrom HPR10 (particle size 10um and pore size 300A)
resin was equilibrated w1th lower percentage (5%) of acetonitrile in 10mM sodium

20 formate pH 3.0. The filtered solution of eptifibatide was loaded on the column at a flow
rate of <360cm/hr. The peptide loading on the column was performed to concentration
of <10g/L of resin. The column was washed after loading with lower percentage (5%)
of acetonitrile in 10mM sodium. formate pH 3.0. The pure product was eluted from the
column by performing a linear gradieht of 5-17% of Acetonitrile (buffer B) for 25CVs

25  while 10mM sodium formate pH 3.0 is buffer A. The pressure drop across the column
durmg the purification was 30-33 bars. The eptifibatide obtained from this process is of
purity 96.8% with yield of 54.0%.

The purlﬂed solution of eptifibatide was loaded on a cation exchange column to

facilitate the concentration of eptifibatide and perform elution into formulation buffer -



The col um packed with Amberchrom HPRI O (particle size 10um and pore size
300A). 10 resin was equilibrated with | ower percentage (5% of acetonitrile
in 50mM acetic acid. The filtered solution of atosiban was | oaded on the
colum at awa ww/9atoe of <360cm hr. The peptide | oadi ngpommebwoenbumm was
performed to concentration of <10g/L ofy,resin. The col um was washed after
| oading with | ower percentage (9% of acetonitrile in 50mM acetic acid. The
pure product wiich eduld Bcthé driogplolet et e e QN BE Butel f35thd felBRE gr adi ent

of 9-12% of Acet opitri Ide 1& uf%{er Bg f.or 25CVs while 50mM acetic acid was
buffer A The PrBLgp adiliss s drpe iR ¥alSym during the purification is

26- 32 bars. Tﬂgﬁggt i fipbatide obtained fromthis process is of puri ty 98.6%
with yield of onTHEAEEH AYvTRMEs Falibptsd ovittnaimMicirip peid phis?-BarThé s gi ven in
the bel ow t abjudifiedlBEiBatide walAoagidesmta dag &changmdwéﬁ Gfdr dﬁ@gdx (e ; hdSDIA\OgSZ4
[ ' 0 . 189 -t0 . 3. WM
ELF? (elm g) SAB water It?f)ucfo]:we;:rntrz'xat\iog oiL§ {8& gtNx;a\{rViL)}. %Le caowml}lisvga% washed Evith 27mM citric
acid pH 2.70. The elution was performed using 27mM citric acid pH 5.25. The eluate
obtained was of concentration >9g/L which was diluted to the required concentration to
be filled in the vials as drug product. The pressure drop across the column during the
process was 0.5 to 0.7 bars at a flow rate of 180cm/hr. The eptifibatide obtained from

10 this process is of purity 98.6% with yield of 100%.

EXAMPLE 6:

The eptifibatide TFA salt of 69.5% purity prepared by solid phase synthesis was used

for purification on polymer based resin packed column. The eptifibatide TFA salt was
dissolved initially in a mixture of 1:1, acetonitrile and 50mM acetic acid to obtain a

15 clear solution. The solution obtained was diluted further using 50mM -acetic acid to
- acetonitrile concentration of 5% and eptifibatide concentration of <2g/L. The solution

was filtered to load on the column.

The column packed with Amberchrom HPR10 (particle size 10pm and pore size 3004)
resin was-equilibrated with lower percentége (5%) of acetonitrile in 10mM Boric acid
20 .f)H 4.0. The filtered solution of eptifibatide was loaded on the column at a flow rate of
<360cm/hr. The peptide loading on the column was performed to conécntration of
<10g/L of resin.'The column was washed after loading with lower percentage (5%) of
acetonitrile in 10mM Boric acid pH 4.0. The pure product was eluted from the column
by performing a linear gradient of 5-17% of Acetonitrile (buffer B) for 25CVs while
25 10mM Boric acid pH 4.0 is buffer A. The pressure drop achss the column during the
purification was 30-33 bars. The eptifibatide obtained from this process is of purity

98.0% with yield of 51.0%.

The purified solution of eptifibatide was loaded on a cation exchange column to

facilitate the concentration of eptifibatide and perform elution into formulation buffer



Acetonitri le 15.0 38 Col um Supelco (180/0,5um 15.1 50 Flowrate | m/mn
19.0 50 WD 2009/ 098707PCTTI N2008/ 000191 25 Col umm Tenperature 25C
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‘which would be the drug product concentrate. The eluate can be diluted for the required

- - concentration and filled as drug product into vials.

The cation exchange column was equilibrated with 27mM citric acid pH 2.70. The
purified eptifibatide was loaded on a cation exchange column after diluting 1:1 with
S water to concentration of > 50g/L of matrix. The column was washed with 27mM citric
acid pH 2.70. The elution was performed using 27mM citric acid pH 5.25. The eluate
obtained was of concentration >9g/L which was diluted to the required concentration to
be filled in the vials as drug product. The pressure drop across the column during the

process was 0.5 to 0.7 bars at a flow rate of 180cm/hr. The éptiﬁbatide obtained from

10 this procesé is of purity 98.6% with yield of 100%



19.1 24 Wavel ength 220nm 25.0 24 EXAMPLES: The atosi ban crude salt of
73.5% purity prepared by solid phase synthesis was used for purification on
pol ymer based resin packed colum. The atosi ban crude powder was 5

di ssol ved i iwe2oe9/898t7e of 5% acetonitrile and 50nmM acet pcT/acia/do@oobt ai n a
cl ear solution and product concentrati ofy <2g/L. The solution was filtered
to load on the colum. The col um packed with Anberchrom HPRI O (particle

si ze 10pm andEgaMPIE ze 300A) resin was equilibrated with | ower percentage
(5% of acetonitrile in 50mM acetic acid. 10 The filtered solution of

at osi ban was hpegdmhon the colum at a flow rate of <360cm hr. The peptide
| oading on the colum is perfornmed to concentration of <10g/L of resin. The
col um was waphy b 0 ARG of
acetonitrile i n%sm grg%‘{s?ggg?%ﬂ&% Argur e * @61@??\55%\,\213(& {%&?g% ??@(r)m t he

col um by per#Usifipation o pabyes basgd gefine packet cummofhst atpgiban imiderselt evag buf f er B)

for 25Cvs mhldlgonie‘% 5&@1\4 ﬂpaem@uaw f laaetau{rlieeindeomsceaé 8SS W Sbidif PP across
the colum durin Eu“ ication is - The at osi ban obt ai ned
0

fromthis prdt®s °lFt§’“ heiphytiey, °§§"%’%"% ‘l"H‘e9 f‘éThG' B¥ing730mgcaceis@cid i i £ i ed

sgl ution of adcasmbﬁd”bﬁw&ﬁtritﬁﬁdﬁﬂ%ﬂiga&)sﬁﬂi(doﬁ&E%ﬁét@hlaﬂgﬁg/quhB@Muttolﬁ v{a)@C' I Id t at eh

t he concentr ok cat exchange (C colum was equilibrated wt
lsfe o For i cen

5mM 20 acetic purl fied atosi ban was | oaded on a cation
exchange columm after diluting 1:1 with water. The | oading on the colum is

<509/ L of r esihs colyme peckedivih m%er%ﬁ%mﬂﬂiwww%weawemaed Bt 6izp1908) 3. The

el ution was Re.d RERGilibEicd Ui AN ARHRL o) a@a%&aﬁlﬁueoﬂ 56mPbt aclitSrcfl Uat e
obt ai ned was of concentration_>15g/L. pressure drop across the col um

during the pridé&&geduplutin of aiqsiben Easﬂ%ﬁdeda?“ the §qluRg qiétﬂéwcwe o580 My . The
at osi ban obt aihegebité maalﬁ@mh@wnm&saswor%d PUohdedtr9n 6Pa10bAIF Vsl d of 80%

The column was washed after loading with lower percentage (9%) of acetonitrile in
50mM acetic acid. The pure product was eluted from the -column by performing a

15 linear gradient of 9-12% of Acetonitrile (buffer B) for ~25C\/s while 50mM acetic acid
| was buffer A. The pressure drop across the column during the purification is 26-32
bars. The eptifibatide obtained from this process is of purity 98.6% with yield of 57%.

Thc conditions for HPLC analysis of atosiban is given in the below table,

TABLE 2:
Gradient table
Analytical method Conditions ' | Time(min) %B
0.18% Et3N+Water adjusted to pH

Buffer A 2.3 with OPA 0 24
Buffer B Acetonitriile ’ 15.0 38
Column “Supelco (180A°.5um) 151 50
Flow rate Iml/min 19.0 50




WO 2009/ 098707PCT/ 1N2008/ 000191 26 The el uti on pool obtained from cation
exchange colum was injected into the size exclusion colum to perform

buf fer exchange into acetic acid which would be the drug product

concent r at ewOrhves/@Bmwat e can be diluted for required coneeniNeadsiosmnomi t h
5formul ati on conponents and filled as dwug product into vials. The size
excl usion colum was equilibrated with | ow concentration of acetic acid (2-
5m\V). The sanpl e CdGimX el iti on pool) vol ume injefted into]lthe colum was
30% of col unm V@‘Imtlmeeém'léhe elution fr t he col um i31990| | pct g{i such that
the concentrdtion of atosiban is >I§g The profess’i's run ajflowrate
of I5cmhr w pssthe cplum. The el uate
obt ai ned from t NVEEan hwas the cotf@®RAtrate whikth &€ dijutél to the
required conacentration with addition of formulation conponents to be filled
in the vial. EXAMPLE 9: The atosiban crude salt of 84.1%purity prepared by
solid phase synthesis was used for 15 purification on pol yner. based resin
packed col umEXAMBLEBOSI ban crude powder was dissolved in a mxture of 5%
acetonitrile and 50mM acetic acid to obtain a clear solution and product
concent r at.i OrThe3@éiban chiae sSOIFUB ISApurGprdphrkd BY RHld pkusé ﬁ;ad]eﬁﬁwashﬁe&fel um. The
col um packed \l\iith Anberlchr(r)bm HPR| O 3rt-i cle_ size 101.yn and pore size
300A) 20 redPHIRHY WRATYTYsPated qesifi Rapked Salamn o Bie Aosibag &ruds pgwdst Watet onitril e
in | OM sadi uissehedtiataemixtdrd of) 5% ldeetofitrild ardeshndolatdticidofo @im6kkaar Wwas | oaded
on the colum a f,l ow rate of <36Q0c r. The peptide | oading on the

col um was pé?l?h Ejorn g ptrétljgu%tocr%%eﬂ{mrné)f] i%ﬁl%?heﬁg‘&f i W&? dljtg'??ﬁ ?"?ﬂé’gé‘bﬁ um was
washed after chloadi ng with | ower percentage (5% of acetonitrile in 10nM
sodi um acetate pH-3.0. The pure product was eluted fromthe 25 col um by
perform ng aThé &mrin @ERdiWRNAHerchBmADR10 {paARRISRBI D) bt foRdKidegboB) for 20CVs
whi |l e 10mM sodj um acet.ate, pH 3. 0 was bufé;}/g)r A. The pressure drop across the
col um dur i n§F*P'HES 6Wl?lﬂrﬁt?fja‘$‘f}’olﬁw9&d’§mi'§ég2 Af acetopgile dn JUNMA6eti5BEdi ned fr om
thi s pr odess Thesfiletedpoluiidnyof 3si6h wds tdadedi oaltit cofumA4t DBow rate of <FévRmpwir i fi ed

sol ution of 0S| s | oaded on.aicati exch e ¢o o facilitate
30 the conce?{ﬁer F%ﬁ.o%eonctg fcg%m%?@ﬁg%“%g%éfmg%%PLﬁ’?rﬁll%zﬂg"}e'aﬂ?'l i brat ed
with 5mM  WOTRO 009 870 RGH¢d hEDOI8dddROWBH I@vr moetthge 66 anpl4%3. &. The
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with water. %gﬁf}gﬁ%&gg&ggﬁeﬁgmﬁh&%g ‘ﬁgg? gﬁtoe? %ogglm ﬁioﬁlﬁg bgol um was
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purification is 26-32 bars. The atosiban obtained from this process is of purity 99.6%
with yield of 71.0%.

The purified solution of atosiban was loaded on a cation exchange column to facilitate

the concentration. The cation exchange (CIEX) column was equilibrated with SmM

20  acetic acid pH 3.3.The purified atosiban was loaded on a cation exchange column after

'dilutirig 1:1 with water. The loading on the colurﬁn is <50g/L of resin. The column was

" washed with 5SmM acetic acid pH 3.3. The elution was performed using 500mM

'ammonium acetate pH 7.8. The eluate obtained was of concentration >15g/L.. The

pressure drop across the column during the process was 0.2 to 0.3 bar at a flow rate of

25  60cm/hr. The atosiban obtained from this process was of purity 99.6% with yield of
80%.



5 pressure dropntross the colum during the process was 0.2 to 0.3 bar at a
flowrate of 60cm hr. The atosi ban obtained fromthis process is of purity
99.6% with yield of 80% The elution pool obtained from cation exchange
columm is i Wewirysiont o the size exclusion colum to pePCOINIVASWHKEr
exchange into acetic acid which would bg the drug product concentrate. The
eluate can be diluted for required concentration with 10fornmrul ation
conponents and filled as drug product into vials. The size exclusion columm
is equilibrated with I ow concentration of acetic acid (2- 5mV. The sanple
(C1EX el uti onThaGltibn oI WGined | fRET Efion BRarlgh @olGRh UV mlscté’zp%oo&le GRL UM
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15cm hr with woqncte&mmheat&.SThhf epuaef can3bddilutal f@Seqiiftd cmtdatmion TWigh el uat e
obtained fyo S concentraev\/nch was diluted to the
required c%n?cér ua“§ COHmonePSa"“(.i}lfetdla%%m%?m?uc lm.‘l)lvmll fon conponents to be filled
in the vial XAMPLE. 10: The atosi ban crude salt of 81.5% purlt pr epar ed
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resin packed sedumie. sarhple (QIEOSEIRRA posl) dumointerd iNasthelcoleah wagdigmon M xt ure

of 5% acetonitrile and 0 idto tal ¢l ear solution and
product conc&REPAYPIURS. Et'oﬁﬁ)g t@%f UTORe %g‘gc‘fsl“fql @?‘é ©BPER" 8 t he
colum. The ewbitiams pbﬁgﬁeﬁfha/\prb@ssqmmchﬂmnaHRﬂlﬁn(/mamm aqiresun drep 40um and

pore size 30 t enta (5% of
acetonitr |03 %)ba?%r#ﬁe@f??%ﬁa?% l&ahb%%%gﬁ% P F‘?ere g r|m(t3nm(t)f at osi ban
was | oaded omvhichewasoHiluied 4 the fr¢qywcdr &O@em@n@ae@ﬁlbnﬁddmonﬁfe fqmplmme | oadi ng

on the col un@ome,&qggpﬁr@qn;hgvgpncentratl on of <10g/L of resin. The colum
was washed after loading wth | ower percentage (5% of acetonitrile in 10mM
citric acid %/IIQ, ;I'he pure product was eluted fromthe colum 30 by
perform ng a Tinear ¢gradient of 12-20% of Acetonitrile (buffer ‘B) for 25CvVs
while WO 2009/ 098707PCT/ 1N2008/ 000191 28 10 CItI‘I acid pH 3.0 was
buffer A Th Eep*?‘@ a0 e ‘?ﬁaéﬁggﬂ’ég%" H’«Spaéﬂ@r?ﬂ'%?"r%" Evﬁﬁf"’iepl‘ﬁfatl on was
22- 23 barns. }F&rmcmoﬁ&htparymbbmmednfpam tdlisn. mhé)@bexSanV\&SdeCﬁowﬁwwisy 99. 8%
with yield. of r eds si b ded on a
cation exchahy eﬁ'gglm A m'ft(%'%f afjcg it ?“ém a["ﬁ%%‘fo“n%% ?f‘%{?q% ta'fhaealﬁaét i-on
exchange (Cl E)X)tloc@hdj prodywé Soreguitationh <2¢/le dThei sblatiGnivhsafildredc toaloaddorptie 3. 3. The
purified at O%’h‘pﬂ{] was | oaded on a cation exchange colum after diluting 1:1
with water. oading on the colum was <50g/L. of resin. The col unm was
washed with cetl i ution rforne i ng 500nM
anmoni um ace?léft BE’B’Plp3’C *f}h‘ég'gfréﬁ?'@ }%B‘f%&ﬁ’gﬁlefl\é% o™ LG REERFY gqoggn >15g/ L.
The 10 przessmmwdze@maﬁertaswm hrﬁvee(pkrumgelw%)n@f atcétemtail@memnmasqi&}nz to 0.3
l(;far ;u?‘f t)a/‘ fglgéjcg E—Ie%& T;hg%?grjehg%bt&n%f%ttoggan was l(%g da(l)nnt%d C(];l{xrgrma}phgwpr ocess 1s

rate of <360c:m/hr The peptide loading on the column was performed to concentration
of <10g/L of resin. The column was washed after loading with lower percentage (5%)
of acetonitrile in 10mM sodium acetate pH 3.0. The pure product was eluted from the

25  column by performing a linear gradient of 13-20% of Acetonitrile (buffer B) for 20CVs
while 10mM sodium acetate pH 3.0 was buffer A. The pressure drop across the column
during the purification was 19-22 bars. The atosiban obtained from this process is of
purity 99.6% with yield of 94.0%. |

The purified solution of atosiban was loaded on arcation exchange column to facilitate

30 the concentration. The cation exchange (CIEX) column was equilibrated with 5mM



The el ution pool obtained fromcation exchange colum was injected into the
si ze exclusion colum to perform buffer exchange into acetic acid which
woul d be the drug product concentrate. The eluate can be diluted for
requi red comseaoy®siopn with 15f ormul ati on conponents aneCT/iN2008domast dr ug
product into vials. The size exclusionolum was equilibrated with | ow
concentration of acetic .acid (2- 5mM). The sanple (CIEX el ution pool)
vol une i nj ectaetid aaidepH he Tieghurifitd anaibaiB @86 lodded od alomion exdiarge cdlinen sftetit i on from
t he col um s ) i on of .at.0si han was

] : . . g ;
1egr L The bl P RhE Gailthe tddithe b fe SRUSEINE S0 PLHEAELIBI L0 . o)
drop of <3 bavasgeashed vithhenM atatinmcid PHE.3e Thatletiabyasi pedomfed osing $8mdbl urm was
the concent r afyfn it ReelRSpidl 78U red efufle 0BG L bPOorfe (LG ORp th
addition of fornulation c%rrponentg_t% Etgmﬂalq?ed ?% %ﬁ%ﬁ(& a E/LE% PLE 11:
The at osi ban RESEiRIeRPIOS thegolumaipringithe pronessyuas O toy-3shar #ta flowaste oEynt hesi s
was used for e3émMiThé it6siiah Ohtaifdl R HiTBFocRRRVEpUr RS b9N6R Gk §dIdGBEd4M. The
at osi ban crude powder was dissolved in a mxture of 5% acetonitrile and

50nmM acetic agLd kg Al dCh e 50! ML gﬂg roduct ¢ ng.ration
<29/ L. The sol ut |J on' \(kgél #%"t?cgr#é £ aé%ﬁoegyag% t‘le rgclﬁ ﬁ’xe%&d '@\%q}% bk
2009/ 098707 PEWysigpGoRmo ¢oneafprm bufferprshangt interacgsisakiddvhight wouliisdlresinigom HPRI O
(particle sizg4lQPeonteaRsle PPRE eMhiE Card URAiIRS kR 8 Ubhdehfiidh S th | ower
per cent age (é% of_c acet o%i tri Iee i naO. 05‘% Per ch[%@gma% thl. 70? The
filtered Yol drmylatiesrcompersnts an fitked 23 Bugrserlugtintonidlscol urm at a flow rate of
<360cm hr. The peptide |oading on the colum was performed to concentration
of 5 <I0g/L dhe siesexslusipheolywh usrruilimtedasitheldwadonesntritipa dif mgetiniatith (-oner
percentage (34)OtheAGRbRNCIE kifitidnpod Q&%.E’%@J_?Jaqmoqp@smnplé sho/& The pure
product was eluted fromthe colum g’i/ pertorm ng a lrnear gr adﬂl_ent of
12- 20% of Acétlonr terme Theelpticarfrom) thy epunpsiaysoligeied such tigstis Feseentptioni ¢ aci d pH
1.70 is buff gf atdsibad Mas PI58AS Hhepric@ivad fnQs & bW §at€ Of L5aR/He With B grelshie _
purification was 2%— 24 bars. The atgsi ban obtained fromthis process is of

t

10purity '89. B9PWBItH S @Frgssothe galumn, Thepeluaty, phipipedytram e peltmbaaithssi ban was
| oaded on a eaténtBeewhibiangs Gikddnd the fegsitddi tatentdatiéh GOACKAfbAtJfON. The

cation exchapge ,(Cl EX) colu s .equiljbrated with 5rnM acetic acid pH
3.3. The puri FI e’agtéqué%'%oé'ﬁm@\%eﬁ@?d% ec‘S'ﬁI'a cati on exchange col urm after
diluting 1:1 with water. The | oading on the colum was 550g/L of resin. The
col um 15 waBX0¥Ed9l0%i t h 5nM acetic acid pH 3.3. The elution was perforned
usi ng 500nMM ammoni um acetate pH 7.8. The el uate obtai ned was of

concent r at i oRhex1a5ipan crudersalt pf B33 pusitiprensred by selisl phase spwhaginwaslused fog t he
process was firidicdtin OnJoRAESHAL Rsif bRWed &Iilﬁnrf?frhg%%ﬁrqrudl-ggﬁw?ér %g ban
obtained fromthis procéess was of purity 99.6%wth yield of 80% 20 The

el ution pool ditsBlved el Mixbinh Lt artaaikin g e0mM wrshc arid 1o Abtaigtaedear nto t he

si ze excl usi RMutie® b TProtiRt BeickMHafidn0LlfIe IThe%61@R0Ras filidedd®abddCond@d d Whi ch
woul d be the ﬂ{q{’g product concentrate. The eluate can be diluted for
required con®efftration with fornul ati on conponents and filled as drug
product. into vials. The size exclusion colum was equilibrated with | ow
concent r at i ofhegplume geaked wigh 4mperchrans HBRA) (partitie sigtalfpmeand oprEXze1004) on pool )

vol une i pi ectEdwhddcRibRfd GHhUIer Wareend D) FabHiNGh Y ci€,] ution from
the colum was_col lected such that the concentration of atosi ban was

>15g/ L. The RSt $Becbhe filtgeed spltion of atosibgyvasdpadedypn s cogjumn ahie lawaatpessur e dr op

of <3 bar aceeGm/k1€hs phphlR loadifg of HtadcRinBPRA ASRhd0 bREnERbYER Was the
concentrate %é/fk(\)fwas diluted to the required concentration with addition

of resin. The column was washed after loading with lower percentage (5%) of .
acetonitrile in 10mM citric acid pH 3.0. The pure product was eluted from the column

30 by performing a linear gradient of 12-20% of Acetonitrile (buffer B) for 25CVs while



30f ormul ati on conponents to be tilled in the vial. WO

2009/ 098707PCT/ 1N2008/ 001 9 30 EXAMPLE 12: The atosi ban crude salt of 73.5%
purity prepared by solid phase synthesis was used for purification on

pol ynmer bas&® e%i970packed col uim. The at osi ban crude pbadevossasoidi ssol ved
in a mxture of 5% acetonitrile and. 50yl acetic acid to obtain a clear

5sol ution and product concentration <2g/L. The solution was filtered to

| oad on the ci®mMmitricBhig peicd.Qiwas bpffeke dhevpressurbidivp aedossahe ddRMNQAugipgiht i cl e si ze

| Cpmand por ﬁ«::a%glb%sgg?‘} E,ge %?r nl"h"‘%%osﬁa%éétm&ng}r%g tl\ﬂlx“ﬁtgro]@es?\tl\%%e p%rgfnt age (5%

of acetonltrl Al ori'c ac ution of
at osi ban was PI$qawith veld ohB. Q%)I um at a flow rate 10 of <360cm hr. The

peptide | oading on the colum was perforned to concentration of 510g/L of
resin. The cdfham:ﬁeﬂsommi’tﬁdtoabirevasll@aeﬁm@w:&ﬁbﬁcwcwrﬁ@ﬂﬁoﬂg&(5% of

acetonitri % Pe ric acid The pur. r oduct s eluted
fromthe cgol e C(%cegéamf‘ "rﬁe ca?on © °§a"§ar(&lgg?‘zégé'ﬁ Y6 e‘fﬁﬁli%gffgﬁﬁ gg'g?oni trile
(buffer B) f@pet@5®d’$ﬂvﬁkﬁ Tfe mrlmfs%@émtmmmad@ @i etipH8hddge eollmif 4fer A, The

pressure dro thgtﬁlrgqsls grﬂ? wael I’Tﬁmadllégdw thl golﬁsrnrg ¥v9¥£§0ig)tLC(ﬁ%%s?rp (;I/zﬂ@&%l 3 2 bars.

The atosi ban o i'ne rom-t rocess | y| el d of
71. 0% The puiap Maghgd sidth $mMb peetis aceﬁ dé|3l§aﬁhm§loho\adeerfqmefhum50@mMexchange

colum to fagnkdohidhCactB FPHGEM aaatpebm.mfew&a&ﬂ %céﬁ%&&tf&ﬂw%%/(_orﬁ?() col um
was eqwllbrated with 5nmM acetic acid pH 3.3. The purif osi ban was

| oaded on'%a @%%“W’%Fﬂih@é°‘H‘6P%¢Hﬁm&fhﬁé>f°°‘zs®Wéﬁ?%lfq Ghybars o afjopHatpat er . The

| oadi ng on t lecngm TREhtodmEn SteARHd &0 thik BiBLdds is & rioRwiRscMapsed Wi th Smv
acetic acid pH 3.3. The elution was performed using 500 anmoni um acet at e

pH 7.8. The th@ﬁﬁo,ppao@'oa@ﬂemaQau&p&eﬁn%g @Jmnqn\f; ﬁgé!ed i tQ?héai ssure drop

across the colum during the process was ars at a flowrate of
60cm hr. Theesdusion S@Hmbmnfrfﬂr@ubwfﬁewhqﬂs%mssr%@ggldwémh@foub@p theyin@9. 6% wi t h

yield of - product concentrate. The eluate can be diluted for required concentration with

15  formulation components and filled as drug product into vials.

The size exclusion column was equilibrated with low concentration of acetic acid (2-
5mM). The sample (CIEX elution pool) volume injected into the column was 30% of
column v‘olum.c. The elution from the column was collected such that the concentration
of atosiban was >15g/L.. The process was run at a flow rate of 15cm/hr with a pressure
20  drop of <3 bar across the column. The eluate obtained from the column was the
concentrate which was diluted to the required concentration' with addition of

formulation components to be filled in the vial.

EXAMPLE 11:

The atosiban crude salt of 80.2% purity prepared by solid phase synthesis was used for
25  purification on polymer based resin packed column. The atosiban crude powder was
dissolved in a mixture of 5% acetonitrile and 50mM acetic acid to obtain a clear
solution and product concentration <2g/L. The solution was filtered to load on the

column.



25 80% The elution pool obtained fromcation exchange col um was injected
into the size exclusion colum to perform buffer exchange into acetic acid
whi ch woul d be the drug product concentrate. The eluate can be diluted for
requi red comaemwny/esioon with fornul ati on conponents and PCT/inedosasoidr ug
product into vials. 30 WD 2009/098707P@T/ EN2008/ 000191 31 The size

excl usion colum was equilibrated with | ow concentration of acetic acid (2-
5mV) . The sanPiesolu@hpxcked with Ambgyduwdny HPBI Qiéperticlajsiec t @ah dndtporetse3@d) urm was
30% of col um - Bt f c JNAS. lect such that
t he concent ra?e%égnwggqugigggﬁdﬁ%ﬁ l\%\\/gés? pg%%g%?ﬁ%%ag%rgt&sm&g% A’rel%ﬁc’%g)f'ca fl ow
rate of 15cn 4std pi .R0. Thpfilkesesi solution afiatppibarf wasdodded oratbe edentt 41@ flovirstem. The

el uat e obt ai t e t ' . diluted to
the required n@%ﬁ%@ﬁ@%ﬁo&g%ﬁ {I% dﬁ%ﬁ??&oﬁ?ﬁ%@c\?{% %rﬁ{’rg}e?@n&ggér;ﬂg%lﬁgﬁ% s to be
filled in ?hesphiof remalimp Elurg: wanpashey Fiioadior wéth hevst peredntiee GP@€E sal t of

59. 0% purity Resnaes dsosRkintbrieRaia SHSY Y. RS hire WRRuHSAL ehiRE froRUhd f i cation
on pol ynmer based resin packe esiritide crude powder was

d colum. The n | po
di ssol ved i n Qlummby geréergme ¢ diogen gradiei of 1510 afftrepitie GuienB) ff2PEVs o obtain a
cl ear sol uti owhileNdsBRAHGEH: SXNSIENTO Rtbuffer A2WE bresshRteiréPicktsd MBcdigmd i 1 tered to

| oad on the cpl.umm. 15 The col acked wi.th Anberchrqom HPR 10 (particle
size 10um and™p% Be EPisation s zg'ggibﬁrs\/\ﬁ? a05(ben phfpingd W?‘EW‘P%%FO ercent age

(5% of atet guoiityr9ple® with yldkhdl9gothi um acetate pH 3.0. The filtered sol ution
of nesiritide was | oaded on the colum at a flow rate of <360cm hr. The

peptide | oadiThg p@itick RElutioRl o BdsiWASyal Ralddr dXBLatioh XOIMRES Yoludin t6 TacBitate<100/ L of
resin. th | ower percentage (5% 20 of

The col um was. hed ,afteE I oac&i Qg . I

acetonitril e BnCoPeRRAOBdf henfrtieeshanes (C18XP colymp was cniliiraeswtth GAYM el ut ed
from t'he col eaticbyid pEB3f30Thepittfied alobiBmavas Ysadéeli @i cafifn dxchahfé dlumhc@toni tril e
(buffer B) faor 25Cvs while | OrM sodi acet at e Qs ffer A. The
pressure dr ogj'!‘étg’ gg{swmvé'atﬁroll”l‘ﬁﬁga%’lﬁﬁnﬁgé fc?i‘gmb‘d?sl %aglzrﬁqé‘??"\?\g ¢ ‘?&"@3 bars. The
nesiritide olwaawashed fvitlhh fmivhacstiqacaicids 8.3Wale abitiop wvak pyrfoddedesingi S0mMi el d of
50.0% The c N r n SLiS.: Sid 1t i iven in the
bel ow t abl e, 9@&@&":’92& etgt%pggﬁ gﬁpﬁt %Heebﬁa'ﬁ({?apgéﬁ&#gﬁﬁgg >(%:§ lI(‘J'i Ions

pressure drop across the column during the process was 0.2 to 0.3 bars at a flow rate of

60cm/hr. The atosiban obtained from this process was of purity 99.6% with yield of

80%.

20  The elution pool obtained from cation exchange column was injected into the size
éxciusion column to perform buffer exchange into acetic acid which would be the drug
prdduct concentrate. The eluate can be diluted for required concentration with

formulation components and filled as drug product into vials.

The size exclusion column was equilibrated with low concentration of acetic acid (2-
25 5mM). The sample (CIEX elution pool) volume injected into the column Was 30% of
«column volume. The elution from the column was collected such that the concentration
of atosiban was >15g/L. The process was run at a flow rate of 15cm/hr with a pressure
drop of <3 bar across the column. The eluate obtained from the column was the
concentrate which was diluted to the. required concentration with addition of

30  formulation components to be filled in the vial.
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EXAMPLE 12:

The atosiban crude salt of 73.5% purity prepared by solid phase synthesis was used for
purification on polymer based resin packed column. The atosiban crude powder was
dissolved in a mixture of 5% acetonitrile and 50mM acetic acid to obtain a clear

solution and product concentration <2g/L. The solution was filtered.to load on the

-column.

The column packed with Amberchrom HPR10 (particle size 10pum and pore size 300A)
resin was equilibrated with lower percentage (5%) of acetonitrile in 0.05% Perchloric
acid pH 3.0. The filtered solution of atosiban was loaded on the column at a flow rate
of <360cm/hr. The peptide loading on the column was performed to concentration of
<10g/L of resin. The column was washed after loading with lower percentage (5%) of
acetonitrile in 0.05% Perchloric acid pH 3.0. The pure product was eluted from the
column by performing a linear gradient of 12-20% of Acetonitrile (buffer B) for 25CVs
while 0.05% Perchloric acid pH 3.0 is buffer A. The pressure drop across the column

during the purifiéation was 26-32 bars. The atosiban obtained from this process is of

purity 99.4% with yield of 71.0%.

The purified solution of atosiban was loaded on a cation exchange column to facilitate

the concentration. The cation exchange (CIEX) column was equilibrated with SmM

acetic acid pH 3.3.The purified atosiban was loaded on a cation exchange column after

diluting 1:1' with water. The loading on the column was <50g/L of resin. The column .

was washed with SmM acetic acid pH 3.3. The elution was performed using 500mM
ammonium acetate pH 7.8. The eluate obtained was of concentration >15g/L. The
pressure drop across the column during the process was 0.2 to 0.3 bars at a flow rate of

60cm/hr. The atosiban obtained from this process was of purity 99.6% with yield of
80%. '

The elution pool obtained from cation exchange column ‘was injected into the size
exclusion column to perform buffer exchange into acetic acid which would be the drug
product concentrate. The eluate can be diluted for required concentration with

formulation components and filled as drug product into vials.

PCT/IN2008/000191

8



Flowrate 1.2 m/mn 25.1 80 Columm Tenperature 60C 28.0 80 Wavel ength
220nm 28.1 110 32.0 10 EXAWPLE 14: The nesiritide crude salt of 59.0%
purity prepared by solid phase synthesis was used for purification on

pol ynmer basé&¥o rwgiss7ggacked col utm. The nesiriti de crudePpouxbess/o@si _

di ssolved in a m xture of 10% acetonitr4) e and 50nM acetic acid to obtain a

cl ear '
The size exclusion column was equilibrated with low concentration of acetic acid (2-

5mM). The sample (CIEX elution pool} volume injected into the column was 30% of -
column volume. The elution from the column was collected such that the concentration
of atosiban was >15g/L. The process was run at a flow rate of 15cm/hr with a pressure
5 drop of <3 bar across the column. The eluate obtained from the column wés the
~ concentrate which was diluted to the required concentration with addition of

formulation components to be filled in the vial.
EXAMPLE 13:

NESIRITIDE

10 The nesiritide crude salt of 59.0% purity prepared by solid phase synthesis was used for
purification on polymer based resin packed column. The nesiritide crude powder was
dissolved in a mixture of 10% acetonitrile and 50mM acetic acid to obtain a clear

solution and product concentration <2g/L. The solution is filtered to load on the

column.

15 The column packed with Amberchrom HPR10 (particle size 10pum and pore size 300A)
resin was equilibrated with lower percentage (5%) of acetonitrile in 10mM sodium
acetate pH 3.0. The filtered solution of nesiritide was loaded on the column at a flow
rate of <360cm/hr. The peptide loading on the column Was performed to concentratioﬁ
of <10g/L of resin. The column was washed after loading with lower percentage (5%)

20  of acetonitrile in .10mM sodium acetate pH 3.0. The pure product was eluted from the
column by performing a linear gradient of 5-15% of Acetonitrile (buffer B) for 25CVs
while 10mM sodium acetate pH 3.0 is buffer A. The pressure drop across the column
during the purification was 28-33 bars. The nesiritide obtained from this process was of

purity 92.5% with yield of 50.0%. The conditions for HPLC analysis of nesiritide is

25- ‘given in the below table, . '

TABLE 3:

Gradient table

Analytical method conditions Time(min) %B




5sol ution and product concentration <2g/L. The solution was filtered to

| oad on the colum. The colum packed wth Anmberchrom HPR 10 (particle size
10pm and pore size 300A) resin was equilibrated with | ower percentage (5%
of acet oni t Wd 20%098700nM citric acid pH 3.0. The filter eeCEBDRUBO@MIIOF
nesiritide was | oaded on the colum at za flow rate of 10 5360cm hr. The
peptide | oading on the colum was perforned to concentration of <10g/L of
resin. The cdl umBumasA washed af 1% TFAeaeteng Wit h Tewer [perigentjage (5% of
acetonitrile|in 10mMcitric acid pH 3.0. The|pure product wag eluted from

t he col um by peRLAELBNT A ijlmapi:Ag}g@eg;jnﬁnk of 5-Jixpooff Aggtornitrile (buffer
B) for 25CVs Wmle 10mM ¢ tric acid pH 3.0 was buffer |[A. The |pressure drop

across the cgtum g t S—ZG—331bars—Fhe nesiritide
obtained fromt hltsmg'woces ymm&w%;r(gqoﬁ Etfﬁ‘kgvfw{“ yi el d ng 33. 0% EXAMPLE

15: The nesi nHti-de—erude alt-of 59 094 nllrl i I “l h\l solli d phase
synt hesi s was usBaY FHE purificat |2o'ﬂ{/‘8’|‘i pol ymegr rJt?'ésled esi*h packed col um.
The nesiritid r was _\AD 2009/ 098Y07PCT/ 1N2008/ 000191 33

di ssol ved in|a niCelumme of| 10% acetonitrile ahd 50nmM agetic ag¢id to obtain a

clear solution BAGdeRtAdUCt concenggeation <2gfL. >ghe solugponiwas filtered
to load on the colum. The col um1 packed with Anberch om HPRJO (particle

size 101.un and Ze ouur-\) 5 T wWas -qw br-atet—ntth | ower
per cent age ( :%W}&flé engﬂi onitrile ikznb nmM sodi u 3r]mat II—PB. D. The filtered
sol ution of | ,Lml-.—art__a—ﬁ-l_gw_r_ale of

<360cm hr. The peptide | gading on the col um \/\/as”zﬁerforrré(b tp concentration
of <10g/L oflLresin. The dolum was washed after |oadihg with!lower

percent age ( B¥AMALEHtonitrile in 10nmM sodium formate pH 3.0. The pure
product was eluted fromthe 10 colum by perform ng a |linear gradi ent of
12- 20% of Ac@&hanesititidel cpudg lsalf dfSP. O‘B)putﬁtgrpreaﬁédﬁsz snhd bhsd@nﬂm&m used for rat e pH
3.0 is buffe o the

purificati onEur&ca@ﬁ%ﬂg%@%%a&fiﬁkgp %F%d?ct%ﬁl trgeis}riil & ?rswaﬁr ocess is
of purity 98diywived ima tiixsurel oH10% geegitrile and Emam&d tb@bE)QEd\mﬁlDE The
exenat i de; TF&§@h tan@tamé&?/ocmemaxmp@gp@rﬂ@ sQMtléplvh.éljf‘Pé?@dsf% BRI S was used
for purification on polyner based resin packed he exenati de TFA
salt was di s€¥¥Wed initially in a mxture of 1:1, acetonitrile and 50mv
acetic acid to obtain a clear solution. The solution obtained was dil uted
further usi nfhe50lvivinpadktd witmdmberthgom HPR10 (particle size 10um and pore size 3004)

resin was equilibrated with lower percentage (5%) of acetonitrile in 10mM citric acid

pH 3.0. The filtéred solution of nesiritide was loaded on the column at a flow rate of

10 <360cm/hr. The peptide loading on the column was performed to concentration of
<10g/L of resin. The column was washed after loading with lower percentage (5%) of
acetonitrile in 10mM citric acid pH 3.0. The pure product was eluted from the column
by performing a linear gradient of 5-15% of Acetonitrile (buffer B) for 25CVs'whilé
10mM citric acid pH 3.0 was buffer A. The pressure drop across the column during the

15 purification was 28-33 bars. The nesiritide obtained from this process is of purity
97.2% with yield of 33.0%.

" EXAMPLE 15;

The nesiritide crude salt of 59.0% purity prepared by solid phase synthesis was used for

purification on polymer based resin packed column. The nesiritide crude powder was



20 acetonitrile concentration of 5% and exenatide concentration of <2g/L.
The solution was filtered to | oad on the colum. The colum packed with
Anber chrom HPRI O (particle size 10pm and pore size 300Al1 resin was

equi | i br at esvovopdiosdsmrer percentage (5% of aeetonitril epcineGusibamptri c aci d
pH 5.0. The filtered solution of exenatjzde was | oaded on the colum at a
flowrate of 25 <360cm hr. The peptide |oading on the colum was perforned
to concent ratdiﬂnlvﬁf in<a5gbdmrof>f 1036 hedtoniTile amd| 6OV acert: asiisto@btalfd @éar| 0adi ng

with | owner nt a e i,n.10nMcitric acid pH 5.0. The
pure product v?/glgoré ﬁf%rgélfé% SMEH %Fcogﬁ}r%ﬁ ﬁﬂe so‘%“*"o‘?'?ﬁ ﬁléer%ﬁj 0j IRl ﬁ? adi ent of
30-33% of Acewbwintrile (buffer B) for 20CVs while 10mMcitric acid pH 5.0

was buffer A. The pressure drop across the colum during the 30purification

was 15-25 barThe Thieme y&Red wieA @bdretkse HPR r0qpartidl §zep fEna p¥aSiz@fooRyrity WO
of

2009/ 09870 PCT/ I N2008/ 00191 34 92.2% w t i el 49% The conditions for
HNC anal ysi s "B¥" &%%fljomted with, f"\‘)’@hp‘?"f?“'?ﬁFe(Sffélo&iéc‘it%‘m"@ inTIR@ME sofium & adi ent

tabl e Anal fydriae:gdH Sretthediltdredradiirion bf Adiritide was loaded on the column at a flow
rate of S3600m/hr. The peptide loading on fhe'column was performed to concentration

* of <10g/L of resin. The column was washed after loading with lower percentage (5%)

of acetonitrile in 10mM sodium formate pH 3.0. The pure product was eluted from the

10 column by performing a linear gradient of 12-20% of Acetonitrile (buffer B) for 25CVs

while 10mM sodium formate pH 3.0 is buffer A. The pressure drop across the column

during the puriﬁcation was 24-28 bars. The nesiritide obtained from this process is of

" purity 98.7% with yield of 18.0%.
EXAMPLE 16:

15 EXENATIDE

The exenatide TFA salt of 56% purity prepared by solid phase synthesis was used for
purification on polymer based resin packed column. The exenatide TFA salt was
dissolved initially in a mixture of 1:1, acetonitrile and 50mM acetic acid to obtain a
clear solution. The solution obtained was diluted further using 50mM acetic acid to

20 . acetonitrile concentration-of 5% and exenatide concentration of <2g/L. The solution

' was filtered to load on the column.

The column packed with Amberchrom HPR10 (particle size IOpm and pore size 3004)
resin was equilibrated with lower percentage (5%) of acetonitrile in 10mM citric acid
pH 5.0. The filtered solution of exenatide was loaded on the column at a flow rate of
25 - <360cm/hr. The peptide loading on the column was performed to concentration of
<5g/L of resin. The column was washed after loading with lower percentage (5%) of
acetonitrile in 10mM citric acid pH 5.0. The pure product was eluted from the column
by performing a linear gradient of 30-33% of Acetonitrile (buffer B) for 20CVs while
10mM citric acid pH 5.0 was buffer A. The pressure drop across the column during the

30 purification was 15-25 bar. The exenatide. obtained from this process was of purity



Buffer A OA% TFA+WA er 0 25 Buffer B 0.1% TFA-F-Acetonitrile 10 35 Col um
Symretry CI8 (300A, 50nm) 20 40 Flowrate 1.2 m/mn 21 70 Col um

Tenperature 40C
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© 92.2% with yield of 49%. The conditions for HPLC analysis of exenatide is given in

the below table,

TABLE 4:
Gradient table
Analytical method Time(min) | %B

Buffer A 0.1% TFA+Water 0 25

Buffer B 0.1% TFA+Acetonitrile 10 | 35

Column Symmetry C18 (3004, 50m) 20 40

Flow rate 1.2 ml/nﬁn A 21 70
C;)lumn , '

- Temperature . 40°C 23 70

Wavelength 220nm ‘ 24 25

. 28 25

5  The elution pool obtained from the above process was diluted three times with water to
facilitate binding on the column. The exenatide elution pool from example 1 of purity

92.0% is diluted three times with water to facilitate binding on column.

The column packed with Amberchrom HPR10 (particle size 10um and pore size 300A)
resin from Rohm and Haas was equilibrated with 10% percentage of acetonit'rile iﬁ
10 50mM acetic acid. The sample prepared of 92.0% pure exenatide was loaded on the
column at a flow rate of <360cm/hr. The peptide loading on-the column was performed
to concentration of <5g/L of resin. The column was washed after loading with 20% of
acetonitrile in 50mM acetic acid. The pure product was eluted from the column by
performing a linear gradient of 25-28% of Acetonitrile (buffer B) for 20CVs while

15 50mM acetic acid was buffer A. The pressure drop across the column during the



23 70 Wavel en
the colum. T
from Rohm and

10 50nmM acet i
on the col um

col um was pe?

washed after

gth 220nm 24 25 28 25 ©5The el ution pool obtained fromthe
above process was diluted three tinmes with water to facilitate binding on
he exenatide elution pool fromexanple 1 of purity 92.0%i s
di | ut ed t hr eeotdoes7oni th water to facilitate bindi ng onpcoingsoedibe col umm

packed wi th Amberchrom HPRI O (particle size 10gm and pore size 300A) resin
Haas was equilibrated with .10% percentage of acetonitrile’in

purAcitidn i RG2S BEE. meperxema@dbtaﬁed%rﬁ)%@t&&es@x&@%ffI pthty

was

| oaded

of <360cm hr. The peptide Ioadlng on the .
f%?ﬁg&y?@ligﬁgentratlon of <5g/1.. of resin. The col um was
| oading with 20% of acetonitrile in 50rnM acetic acid. The

pure product was eluted fromthe colum by performng a |linear gradi ent of

25-28% of Acetonitrile (buffer

buf fer A TheERAMPLENE: drop across the colum during the WO
20091098707PCT/ 1 N2008/ 000191 35

5
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The exenatide TFA salt of 46.2% purity prepéred by solid phase synthesis was used for
purification on polymer based resin packed column. The exenatide TFA salt was
dissolved initially in a mixture of 1:1, acetonitrile and 50mM acetic acid to obtain a
clear solution. The solution obtained was diluted further using 50mM acetic acid to
acetonitrile concentration of 5% and exenatide concentration of <2g/L. The solution

was filtered to load on the column,

‘The colﬁmn packed with. Amberchrom HPR10 (particle size 10um and pore size 300A)

resin was equilibrated with lower percentage (10%) of acetonitrile in 10mM Sodium

20

acetate pH 4.0. The filtered solution of exenatide was loaded on the column at a flow
rate of <360cm/hr. The peptide loading on the column was performed to concentration
of <10g/L. of resin. The column was washed after loading with lower percentage (10%)
of acetonitrile in 10mM Sodium acetate pH 4.0. The pure product was eluted from the
column by performing a linear gradient of 28-33% of Acetonitrile (buffer B) for 20CVs
while 10mM Sodium acetate pH 4.0 was buffer A. The pressure drop across the column

during the purification was 18-20 bars. The exenatide obtained from this hrocess was of

© purity 94.2% with yield of 57%.

The exenatide elution pool from above example, of purity 94.2% was diluted three

times with water to facilitate binding on column.

The column packed with. Amberchrom HPR10 (particle size 10um and pore size 300A)

_ Aresin from Rohm and Haas was equilibrated with 10% percentage of acetonitrile in

25

30

50mM acetic acid. The sample prepared of 94.2% pure exenatide was loaded on the
column at a flow rate of <360cm/hr. The peptide loading on the column was performed
to concentration of <10g/L of resin. The column was washed after loading with 20% of
acetonitrile in 50mM acetic acid. The pure product was eluted from the column by
performing a linear gradient of 25-28% of Acetonitrile (buffer B) for 20CVs while

50mM acetic acid was buffer A. The pressure drop across the column during the

B) for 20CVs whil e 1550mM acetic acid was



purification is 20-25 bars. The exenati de obtained fromthis process was of
purity 99.6%wth yield of 500 EXAMPLE 17: 5 The exenatide TFA salt of

46. 2% purity prepared by solid phase synthesis was used for purification on
pol ymer basewb reesismropacked col uim. The exenati de TFA sabtrmasostbasol ved
initially in a mxture of 1.1, acetonitfygle and 50nM acetic acid to obtain
a clear solution. The solution obtained was diluted further using 50mM
acetic acid t purHicsiion wak 2026 ba@NTiRNdxErmtideOsbtAied Fmaiht REREAVAIE pagcent ration
of <2g/L. The%%sj& utt%o.ndlw; filtered to load on the colum. The col um
packed with Anber &P EHY9PR" (particle size 10pm and pore size 300A) resin
was equilibrated with | ower percentage (10% of acetonitrile in 10nM Sodi um
acetate pH 4.0. The filtered solution of exenatide was | oaded on the col umm
at a flowrate of <360cmi hr. The peptide | oading on the col unm was
performed to concentration 15 of <10g/L of resin. The colum was washed
after loading with | ower percentage (10% of acetonitrile in 10mM Sodi um
acetate pH 4.0. The pure product was eluted fromthe colum by perform ng a
| i near gradient of 28-33% of Acetonitrile (buffer B) for 20Cvs while 10mM
Sodi um acetate pH 4.0 was buffer A The pressure drop across the colum
during the purification was 18-20 bars. The exenatide obtained fromthis
process was of 20 purity 94.2% with yield of 57% The exenatide el ution
pool from above exanple, of purity 94.2% was diluted three tinmes with water
to facilitate binding on colum. The columm packed wth Anberchrom HPR I O
(particle size 104m and pore size 300A) resin from Rohm and Haas was
equilibrated with 10% percentage of acetonitrile in 25 50mM acetic acid.
The sanpl e prepared of 94.2% pure exenatide was | oaded on the colum at a
flowrate of <360cm hr. The peptide | oading on the colum was perforned to
concentration of <l0g/L of resin. The colum was washed after |oading with
20% of acetonitrile in 50nmM acetic acid. The pure product was eluted from
the columm by performng a linear gradient of 25-28% of Acetonitrile
(buffer B) for 20Cvs while 30 50mM acetic acid was buffer A The pressure
drop across the colum during the WD 2009/098707PCT/ 1N2008/ 000191 36
purification was 20-25 bars. The exenati de obtained fromthis process was
of purity 99.6%wth yield of 50%



WO 2009/ 098707PCT/ 1N2008/ 000191 37 EXAMPLE 18: The exenatide TFA salt of

46. 2% purity prepared by solid phase synthesis was used for purification on
pol ymer based resin packed columm. The exenatide TFA salt was dissol ved
initially i waonoewre of 1:1, acetonitrile and-50mM aceCi/mNemiochivo obt ai n
a 5 clear solution. The solution obtaim@d was diluted further using 50mV
acetic acid to acetonitrile concentration of 5% and exenati de concentration
of <2g/L. TheEXAMILEAS: was filtered to | oad on the colum. The col umm
packed with Amberchrom HPRIO (particle size 101.im and pore size 300A)

rsez in V\/ilg ]?qurHelebd’naﬁcﬁdﬂM §afﬂﬁf mfml puRRy ;g@fzﬁelﬁg?s&luﬂ@?(?se@f'ntl@@i@%g@ﬁskd fokrf‘ ' 3 (]j-om\/'
odi um or e il tered so of exenatide was | oaded on
the col um atpughfalt'g'?/vo? Felymst %ﬁ%é‘fﬂﬁ Pﬁ"kedﬁ?ﬁmﬁ’eﬁ-lhf F&enalidea iy seth “ehe col umn
was per f or nedligsaveglanicielit inad mBur©df Kﬂ,Qgétdmxtﬁfe dan@S0MM ddagc s tredtanes washed
after loadin WIthJO [ r.cent a f. acetonitrile i.n 10mMM Sodi um
formate p gc F §qluion; m?he sléir%(t)“c)lnuclfm'ge% &a |4 te(?:I) ﬁfr&?fn’i'st"}%e Ot Gsriic ngﬁ%r fornming a
| i near gr adl @n@tOImflleZﬁn@E%tmﬁ oAé%tandHeXmatide corlzedtfadon B) <Rot. PIRCYRtidd whi | e

10mM Sodi um fQr ffer AL The pressure drop across the
colum during t erig)dutrgl ?gg%h:égﬁu%s 24-29 bars. The exenatide obtained from

this process urjty QU | d of 52% The exenatjde el ution

pool from ab(}l\% ‘g'ﬁ{%fﬁ‘iﬁcged v@%‘ O$V&y@ (Wé%detﬂ‘qel}%)é‘a apgpeesits ) wi t h wat er

Eo f aci : i t at eeshi wadi eqgilibrated Mith Mever pbreenagt um%)ma?ke@cdmmeﬁh l@rQMAS'EHd Richr om HPR10
article, size 10 30 sin . fro m.an S was

egui i brat Ozdsz %%10“3}51%5%@?{?@5@%89 opeéé’}agﬁl‘ﬁsll‘?age o §6W'5R:fétta Yacid. The

sanpl e prepan@doﬁﬁé%ﬂﬂW«ﬂmpem:@deaklodehe\mlamhmd@dfoﬁnedttbeormaitmm at a flow
t f <360¢ t I j I dt
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concentration o resin.
20% of acet oﬁfQCPtplllt!llq i 190MBadet foomspthd. Ddl‘ he Phre ppadp@ vwas dldied fromale el ut ed

fromthe col uammmg};}%mﬁgu ka nfﬁridlea?@ffnge%fg@étom.#e%ﬁuf?&% {%Lzo%‘\f%' onitrile

(buffer ])é5 for acetic acid e pressure drop

across the catismhondradiym Ffémifﬁl P 4.8 265 GifarsA-SFheomessure sropTaseosefhenat i de
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process is of purity 94.9% with yield of 52%.

The exenatide elution pool from abbve example, of purity 94.9% was diluted three
times with water to facilitate binding on column. The column packed with

20  Amberchrom HPR1O (particle size 10pm and pore size 300A) resin from Rohm and
Haas was equilibrated with 10% percentage of acetonitrile in 50mM acetic acid. The
sample prepared of 94.2% pure exenatide was loaded on the column at a flow rate of
<360cm/hr. The peptide loading on the column is performed to concentration of <10g/L

of resin. The column was washed after loading with 20% of acetonitrile in 50mM acetic

25" acid. The pure product was eluted from the column by performing a linear gradient of
© 25-28% of Acetonitrile (buffer B) for 20CVs while 50mM acetic acid was buffer A.
The pressure drop across the column during the purification is 20-25 bars. The

exenatide obtained from this process is of purity 99.6% with yield of 50%.

30



CLAIMS: |I. A method of purifying a cyclic, or non-cyclic peptide and

rel ated anal ogs or derivatives froma m xture containing at |east one
related inmpurity conprising contacting the said peptide m xture yjnggny
sequence of order, with a RP-HPLC chrog?tographic matri x and i on-exchange
chromat ographic matrix said separation matrix conposed of silica based

pol yneric §%%§$%$O obtain a purified peptide product of purity at |east
96% 2. Th od according to claim 1, wherein said purification is
carried out enploying a gradient of about 2% to about 30% or organic acid
buf f er conpr isimgheblodrpusidyingrit cydlicanr agquepls perdsle, a8l refifed mpelegsl or
accordi ng toﬁfLa%n11, mhereiq t he §Lljc%lqg%§dn gl%gﬁr.res%n m%ﬁﬁbg
selected fro epﬁ%“ﬁfgﬁﬁnébﬁﬁ?F§ﬁﬁﬁl 1Bﬁaéex, eghg Tﬁ?ﬁ)’é@p adéx G 25,
Sephadex 0- 1Qoni@ephaneseid SRk dexturd0h Ry asqushad of besdrNwithar RPXYITEE hy |
cel l ul ose, sul phopropyl cellul ose, carboxynmethyl scphadex, sul phopropyl
sephadex, sulchiropiegsyPhic 8faT HkionwasHeRy AVORPIoLaNRareE B sid seRarafal hod
according to i i.A; LS poLyS ra dicvi zene.
S “The. mat hod A0k e dine AL B8 Sfich st RhccPRIKSLY AR &'l eh BB e S 2o
of resin beagsodaceoffangy agledst 0651 um - 50um and 100 A -500 A respectively.
6. The nethod according to claim1l, wherein the cyclic or non-cyclic
peptide is,s c r o) | Si.Ng tifi Jjde tide,

B bsi ban o nbe: PrgodeREbri 2 PR ATRRAELATSER, plaRalbeDs ATk e
pol ar sol venemphyaged gratlient babo8t 2%he aheitl3oé atagadicngidtitmfel avmpsingher ei n
the buffer is an organic acid buffer selected fromthe group conprising
citric acid,p&@éﬁﬂﬁ“ﬁé@@?aﬁﬁ?ﬁﬁﬁﬁF?c acid and formic acid. 9. The nethod
according to claim?2, wherein the nolarity of the buffer used is ranging
from 10 m\.- 50e mMdthodiSbtdhSH difim Thehéreinhhd siice dasidngpyaeamyinahayt be
preceding clainms wherein the purification is carried out at a pH.rangi ng

From2 - 0. $eciqhEontRGHONE BOPETEE DrIBrabmethdiel Bt Seahtardtrad

| bri ber conpkl ] ofdhe j,@n P HetBiiIZETEXE! MSHON Ak ORBEHQEr aphy.
12. A peptidgb%%%gﬁggoggtgﬂﬁgghgbg%? ing t63§¥aﬁz1l, m?th Suri?y rgnging
from 97 - 1008Muldsd, Aulpképroplylofcefulosd,yiqaghaxyoydiyi c sephaden- cypidhiopropept i de
and rel ated anal ogs or derivatives froma mxture containing at |east one
rel ated inpuFﬂ%?ggbﬁpﬁgﬂFW@”?W@w§§deﬁ§HWP§QUa?%ﬁﬁ?@ein any sequence of
order, with a RP-HPLC chromat ographic matri x and ion-exchange

chr omat ograpfthe nmtholdX at@rdibg atn @aipurl, f iwddreprepthe deespr adupslysfreper ot y at

| east 96% said purification process conprising steps of a) packing the
RP- HPLC col ufdviilkenzenesi | i ca based pol ymer resin equilibrated with about 5%
of a polar solvent in an organic acid buffer; b) |oading the peptide

conposi ti o TRAKRIHYNINGcaldilLRlaigNE wihéhebe parulkidize oid gdesigobbraimt a
flow rate of about <100-400 cnihr; c) mashjgg the columm with the sane
buf f er sol ut besds axs repgigg djgmal pm -50pumand 100 A=500 A respectively.

6. The method according to claim 1, wherein the cyclic or non-cyclic peptide is

selected from the group comprising eptifibatide, exenatide, atosiban or nesiritide.
7. The method according to claim 2, wherein the polar solvent is acetonitrile.

8. The method according to claim 2, wherein the buffer is an organic acid buffer
selected from the group comprising citric acid, acetic acid, perchloric acid and

formic acid.

9. The method according to claim 2, wherein the molarity of the buffer used is

ranging from 10 mM -50 mM.



d) eluting the purified product fromthe colum performng a |inear
gradient of-14% e) equilibrating the cation-exchange colum wj, @L?P
aqueous solution of a weak acid buffer; 0 | oading the RP-HPLC puritied
pepti de onto the colum; and g) washing the colum and eluting the peptide
product with the buffer as used in step9a). 14. The nethod according to
claim 13 wherein the silica based polyner resin may be selected fromthe
group conprilsiigymstisdagestdingetoipy 28rthe atcecding claime atisesty ihet pryificedpn id ose,
car boxyt net hy | ,cellul ose, sul phopropyl sephadex.
MCSLLP 40 15.&WﬁgpﬁggﬁégHigé%E%?ﬁgp 09CIain113 wherein the silica based
polymer resin is polystyrene or divinyl benzene. 16. The nethod according to
cl ai m 13 wHér Ehmethed spiardiag hagledn ;bowf)/mm seeshethpe derthrasomppaing pedthersi ze of

1 -50pm (17.%% ﬁﬂqﬁ%h9qmg&%§§§hﬁgh%ﬁﬁﬁéﬁﬁﬁg}3 wherein the pore size of the

silica based ymer ‘resin A. 18, The nethod according to
claim 13 wherein said method further conprising another optional step of

si ze- excl udPoh nehtidmaradyetagiigined accotdiag ferchod lacwr dimly reogisg diam $3 -wher ei n
the cyclic orypon-cyclic peptide is selected fromthe group conprising
eptifibatide, exenatide, atosiban or nesiritide. 20. The nethod according
to claim 13 wherein the polar solvent is acetonitr le. 21. The nethod
accordi ng & &lmethed dfvineiiing a lsgclipupf eonicgclan peptidenied adpgd arkiogs @el ect ed

fromthe group comprising citric acid etic aci erchl ori cid and
form o actd. 55 AR T el Solfings S EMLFod Sifleq REPEM: oh&e ey of
the buffer used peptidangkng: from stQudit oBOrdeMwidBa RFhEPIEldMesha&6s@pRIcNg t O
claim 13, wherein the purification is carried out at a pHranging from2 -
9. matrix and ion-exchange chromatographic matrix to obtain a purified peptide

product of purity at least 96%, said purification process comprising steps of:

a) packing the RP-HPLC column with a silica based polymer resin

equilibrated with about 5% of a polar solvent in an organic acid buffer;

b) loading the peptide composition containing at least one related impurity on

the column at a flow rate of about <100-400 cm/hr;
¢) washing the column with the same buffer solution as in Step a;

d) eluting the purified product from the column performing a linear gradient

of 8-14%;

e) equilibrating the cation-exchange column with an aqueous solution of a weak

acid buffer;
f) loading the RP-HPLC purified peptide onto the column; and

g) washing the column and eluting the peptide product with the buffer as used in

step (a).

14. The method according to claim 13 wherein the silica based polymer resin may be
selected from the group comprising Sephadex, methylacrylate resin,
carboxymethyl cellulose, carboxymethyl sephadex, sulphopropyl -cellulose,

sulphopropyl sephadex.



15.

16.

17.

18.

19.

20.

21.

22.

23.
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The method according to claim 13 wherein the silica based polymer resin is

polystyrene or divinylbenzene.

The method according to claim 13 wherein the silica based polymer resin bead has

a particle size of 1-50pm.

The method according to claim 13 wherein the pore size of the silica based

polymer resin bead is 100 — 500 A.

The method according to claim 13 wherein said method further comprising

another optional step of size-exclusion chromatography.

The method according to claim 13 wherein the cyclic or non-cyclic peptide is

selected from the group comprising eptifibatide, exenatide, atosiban or nesiritide.
The method according to claim 13 wherein the polar solvent is acetonitrile.

The method according to claim 13 wherein the buffer is an organic acid buffer

selected from the group comprising citric acid, acetic acid, perchloric acid and

formic acid.

The method according to claim 13, wherein the molarity of the buffer used is

ranging from 10 mM -50 mM.

The method according to claim 13, wherein the purification is carried out at a pH

ranging from 2 — 9,



