WO 2011/ 161007PCT/ EP2011/ 060074 REVERSED PHASE HPLC PURI FI CATION OF A GLP-1
ANALOGUE FI ELD OF THE | NVENTI ON The invention refers to the

puri fi catworroofieawal ogues of hunman gl ucagon-|i ke pepti decI/HPBURA0E)074
particularly to a process for the purification of the GLP-1 anal ogue with
the am no acid sequence according to SHQ I D No. 1:

5Hi s- Ai b- d u- G y- Thr - Phe- Thr - Ser - Asp- Val - Ser- Ser-Tyr-Leu-d u-3@ y-d n- Al a- Al
a-Lys- G u-Phe-11e-Al a-Trp-Leu-Val -Lys-Ai b- Ar g- NH2, wherein 26 of these
amno acids are in the natural L configuration while four are not chiral.

Al b means a-am noi sobutyric acid anal ogues of human gl ucagon-1ike peptide-1
(G&.P-1) by reversed phase high performance |iquid chromatography (RP-HPLC)

10Thi s pepti i d, { maceut i cal
use and prepar @ﬁ@?/ Wﬂ(ﬁé‘g%@& g) eglﬁL%gP%@}\i(gég scribed in
t he PCT Publicati on WO 2000/ 34331 BACKGRClJND OF THE | NVENTI ON The

synthesis of G.P-1 anal ogues can follow a hybrid approach enconpassi ng both
solid 15 pFaEBEDEPTHHEINSYENNESNS (SPPS) and fragnent couplings in solution.
For exanple the PCT Publication WO 2007/147816 describes the preparation of

(A58 35) GrRicTiSE MR PHeRLARRLING NEE, L AHIRAR 3 A0S CRNLLRG hese

fragments I n 1 VI USU
hi ghl y (68/Peb) pa&‘elculhﬁy\m/eproceas forhtbe pndfieftioa OrEthet GEPdmnelogne wath tlsq/mmmeelpsi t he

pr oductseg by REGRihY tQEQRBNG. gRough to be used as a drug. The crude 20
product can theref ore be subj ected to reversed phase high performance

| iquid chropataogr RP- HPL to fur puri f ptide a

achizve putfitypib, YTIdf§8edt %r-eépé@@fgeaﬁefaw %ﬁf"t gf g%é %%@’%ge
the pr oductGlu@hedren:alaerOIbéuaVﬁlleﬂys-mHAﬁg Ner,m of a sol ution wlth a
concentration of typically 1 to 15 %(vv/w) of the peptide I n order

to obtain g h%%n 55 n? he?e;’_la(ljrglﬂg 01‘8? e in tﬁe " "EuIIaIaB cgn pgl{ratﬁ Hl'ieiu%u]; %I | Zglﬁﬂra?.n

t he sol ution Ion or
spr ay- dkipimgpns etcetmmqme@tyrlc am&mﬁ{w@s plﬁ hulfnm ahdp@gvnfldie pmttéml @Gb&a@cm li ke

pepti dg; W ey HRSGRS @®ptaprast. VO
2011/ 16100735@/ EPZgl?/ 060074 gﬁl ¢ Foré%g‘%s}}t A eaPLEd o di ng to the PCT

Publ j cation, WO 2007/ 147816 th a ue is subjected to at step
RP- HPLC pr ddésreptige fsialsgnaged ogﬁéﬁ’hﬁ% 9%1%%1 béﬂrw?@ltla 4 19pBRd e phases
a m Xt Yrepaatartsi sslid pawefpeptide Soetconi(SPPS)ds (dsePiped ivathe PCTaRMicaivg Woal |
anount 82[0%/315%7 and a m xture B conposed of 5 tetrahydrofuran (15%,

aceton I"e 0% , water (159 and snmall amounts of TFA and a second
chr omat ogr aphy at pH 8.8 applying as nobile phases a m xture A consisting
of acet oni BACKRGROAYD WNat ElE INDGEHNTENN ammoni um acetate buffer, and a

m xture B conposed of tetrahydrofuran (15%, acetonitrile (60% , water
(25% and am@w%ﬁ&@ﬁetﬁ.l%afo%ﬁes can follow a By BSE abBbhBHL6 B wsﬁ«ﬂg Ho@ghidt 0

form peroxides’ the eluent |s c ical for,a"RP-HPLC on a 1 scal e.
EP- B 1883 npgde ﬂ%llleégse@gswdrh@%fmm%m sa&rﬂ%%%gmk&@eﬁa i ke

aﬁpti g&&b\rllhtzttibna\)vp}ﬁdmﬁf@f%e@d@bﬁbé%&he pmaﬂan@mbﬂ(rAly W GnPeltéMBpﬂHgsy el uent,
ereby_the H 10 ut may not vary
fromtrpeeppaﬂn Elﬁl Bﬁ%msnﬁg%f‘éoﬁ%%lﬁe %i‘glgelf)t Hh?ﬁ)q‘f@ ‘I'n order to achieve the
desired purity t‘h'e met hod thus requires strict pH control. 15However, it
was found fIhatindividhalethtéingd stass whalbnarcthighlyledéatiod, Ipurdvey atdgledd nbe mvei-

achi ev
e 18, Fs%pbcg@fé%ﬁa@ %@ﬁés?/s thg'grddﬁpt% ca‘ﬁg 52151% r%rel%%}l to be u]§e|:dcallseandr|u§g/ The crude The

obj &t mypdychearythercdyie Pﬁ\ﬂa?ﬁt%w rﬁh@ﬁ@ﬂ&ﬁé@ high pgr aréwpebqe RBIBteREPC s s
whi ch I(RPEHBLC)’ t@ RRHHCE B tBApébtide ahdtCadhics e pusit Mhmeos%e 99egeerreu)ng

excer | eMEItr RSP e TiAer B ekt proRlce it o g

@ solutiqn WAt ound
t hat t hioscaitjaget otiyplcdllpe to éaehed wyiof khetfeptight.ocess of t he present invention
as outlined bel ow.

In order to obtain a dry final product which is suitable for the drug formulation the solution

25 can either be subjected to precipitation, lyophilization or spray-drying techniques.

RP-HPLC purification for human glucagon-like peptide-1 (GLP-1) has been widely
described in the art.



The process for the purification of a GLP-1 peptide anal ogue appl yi ng
reversed phase high 25 performance |iquid chromatography (RP-HPLC)

conpri sesw@2bivwto0and a second chromat ography step w t hPaTHP011/060064 an
aqueous buffer with an organic solvent for elution, characterized in that
the organic solvent for the second chréatography step is acetonitrile and
that the second chronat ography is perfornmed using a basic buffer at a pH
bet ween 8. - i jon
cont ai ni ng 3¢ Brds fegrdinte oy pET ABIERIR WO 4R 2 oS WA SBBLE AN g
on t he svhictted ity tagetap RI'SEBLE peodsed;f er can be acidic or basic. WO

2011/ 161007PCT/ EP2011/ 060074 - 3- The term "G.P-1 pepti de anal ogue”

enconpassey, firiehRgthathSlap RHABNHIY L UG AYHY dsinksbiReMh i @-nhix{ued R dohsidid) egues
GP-1 (7-37%5.1an (%P- I(3 -03?) NA—|2 aﬁ]d synt h ,hi: anal ogues of the -1

pept i dépieppile (ANA). g5 7o) and small ppagnts PEGF Gy i WSGEmRRsed Phe human
GLP-1 asedlgdttdfutanh (5% heacaohindle 00%d) Seate(16%)andsmal dinognts of SEQ dnd No. 1:

Hi s- Ai b-d u-d y- Thr- Phe- Thr - Ser - Asp-Val - Ser-Ser-Tyr-Leu-GQ u-dy-A n-Ala-A a

-Lysd u- Phe- | e- Al a- Tr.p- |eu- Val - A B-Arg-NH2, . e. (Aibh8,35) . .
a b3 7 ey e B Bangl A bXSeha L adbR s e pRUBE ARRsiina of o,
WO 2000kcgesaile ({ Mobgvas)(86tdpand amgeniHpadetate bufperr aridcaumaytuicri eorapased Phe

short foniRyaRTANRE £3), A0ctdRit AR @IV Ewher (18Y MddShh¥&dmf dcemdaimit al human
G.P-1 (1-37) by deleting the amno acid residues Nos. 1 to 6, am dating at

the C-term_nus an ubstituting.the naturally occurring.amno i d residues
in positi or?l@e(t%tragya an EendgfQ forgyperpxy S?Eq éa%tlwiﬂacagﬁqr& R(tbAF@;C ona

Sui t@bllerganadlegues of the GLP-1 peptide can further be selected from GLP-1
(7-37), GLP1 (7-36)NH2, (Gly8) G.P-1(7-37), (GLy8) GA.P-1(7-36),

(e (y- BELIRE ORI e g pPpsd oarntfyte GHGER Isgitingai
D- Al a8IpfEButi¢rad aRoliol, partieilmldvph opiaonkas cdesnbtwisxsbyeht pRypegeananbasef ) GLP- 1
(7-37) Yefd&en kB hind pH 10, Bt thdy AdivahefoRNR AAUESoRE b% herGiBn 1/ Pepbidgican be

t he exendi n anal ogues sel ected from exendi n-3, exendi n-4 (exenatide) having

t he ami no aci d sequence according.to SEQ I D No. 2. .

20Hi s- G y- ard@rgnaﬂ%f%ﬁ@-%m%% ritxdhy ng Dg&usmweﬁ srigkPHEeRred u- Qg u- Al a- v
al - Arg-

LeuiPhe- | | éldave litpwasefound/tatwith Ehynél ag-cRreat Be deSexd-pkiyy &hdd RotdeRichicPed)- Ser

(1- o) TR AN iR, Sed ST SuBEP BN TSR SRl Dopne

exendi refficigntly28) ami de as wel | as AVE0010, an exendi n anal ogue having the
am no aci d sequence according to SEQ I D No. 3:

iISSI f/ aIG X @ okt dfthe PRSent MivedBbn ARR&RUs BRlevblp a@RMHERIC SobesPwhid -

Lew. Pheapipangligabic po pderhpical scals. whiphdy jafpregarging Bg soleets Apdwhich ipplje & - Lys
- Ly30 Lyseolids a lGIP- Lyslulibi2withiegeoslRat purity. Fi gure | a: RP-HPLC chr omat ogr am of
2'1 chromat ography of (A b8 35)G.P-1(7-36)NH2; 30 20 mM Ammoni um acet at e,

gg‘ii/ im&%@#@%@?lgwgﬁwl%mﬁm chr omat ogr am of 2nd

chr omat ogr aphy of éAi b8' 35) GLP-1(7-36) NH2; 20 nM Ammoni um acetate, pH=9.5;
Kromasi | Clgwapfpund thanthas ebipetropld begoaghed eaiphe pwces ofithy. present myentiowssr i ty
des- Serghfline@btw Al b8' 35] hGLP- 1(7-36) NH2 was efficiently renoved with
Acetonitrile as eluent. 5 Figure 2a: RP-HPLC chromat ogram of 2nd

chr omat ogr aphy of i b8' 35 P-1(7- H2; 20 Anmonj um acet af e, . 5;
Kromasi | CI e]%%ei%f,%lrg%% fephen étj q égé%l?epﬁﬁaﬁl%%:ap JW@fé?ﬁglﬁéggg?‘am
of 25d pehibanmmicediqajphshrahatoftabBy 3D -APR-C) (c4mpoipdsHfirsPéhdd\dcéombetiromnm@geipal e,
pH=9. 5;_ Kr il 8 0-16: ni-tril . t - but vl [ :

oy ittt PORE el o it ops diiep Rihiah fidpic W sttt bRk O R

or gani cherorgiafiicep lventopa theiseerindrchearadognapingt sicpis aceteniprilesadthat theewedrgn are as
out I negdiedi@Waphy is pelfBinSPRAN BIMCHRIRU! APAMCBI R G oRETf OF Med, as
outlined above wth acetonitrile as organic solvent and using a basic
buffer at a pH between 8.0 and 11.0, nore particular at a pHof 9.0 to 10.0
and even no e({)articlgjgegr. at a EH 05*19.5 +/:.0.2 Fori Ifgl a particular
embodi ment ‘5t 24UHTBUHREEE A 21 $HEREY BiPtoRECqRE R Pyifering ageps A PTRYES 45

met By| dhatyget iyilthepHeDemad mp@arthe bufiiding agent Sad thelbuffeacan bd avidic of basic.
acetonitrile / nethyl t-butyl ether of 99/1 (v/v) to 80/20 (v/v),



particularly of 97.5/2.5 (v/v) to 90/10 (v/v) , even nore particularly of
95/5 (v/v) is applied. The basic buffer can be selected from

comer ci avohroffwi®7known to the skilled in the art. AmPorPR@ECA@TL Or
ammoni um hydrogen carbonate were found to be particularly suitable. 20The
buffer concentration can be varied in #&-range between 10 to 25 nM wher eby
a buffer concentration of 20 nMis favoured. The first chromat ography

2t b b borliSammciLE] RESHCMLS ARRIR0 U, fﬁ?ﬁf‘ﬂ‘ﬁ%ﬂﬁéﬁ%ﬁ%ﬁ'ﬁ 50
and evensptidr-é (GAPt) entlaguestGleP- étéﬁﬁé) oreb@Lp- 13(7t3ﬁ)Tzl androwrthgsigranplogiesrafy at a

pH of ZLdGLP5T E&)tﬁg dLe- bufaigucgan be selected fromcomercial buffers
known to the s (g in the art. Amoni um phosphate was found to be

particularly suitable. The buffer concentration can be varied in a range

bet ween 10 4 ereb buf f er centrati on f 300
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usi ng posiduasrin posideed (étaa@il@%f@l}’bhfage%mn&&i)bléml@aq;@(@tf@ér| c phases can be
selected from but are not limted to PLRP-S 100-10 or AnberchromiM Profil e

XT20. sm@blBPnMB’g&sfo%het@LP 1t Retifié £t fuAnek Befsele%%% GHIPOTRL-99y, @my

coneentr B TONHo1 (ARG Wiyt S DBy AL kA0 oo hiSiiB ?8}{%@@42. ng up
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byt he WRHFREgOTE s Yo R T2 o R G pr bR iR B DRAGS Res ANk

fracti dokP-ddit3d) (Elf“glih]é purified (A b8 35) G.P-1(7-36)NH2 can optionally
be concentrated and subsequently |yophilized as described in PCT

Publicatio rStl\fngtQQJe{n%ﬂ)égésGof tﬁ@@ﬁbﬁ Fﬁé}ftﬁde %% Yo tHaexPiHih hhBskUcEs08:t8P Fom

GP-1(7-36 be i'solated fromthe RP-HPLC fractions by rec&\Pltation
or by spf nép %qalsmr‘é&%ﬁpﬁwéé hpsrpgHicrging acid pequenes Jeqoidime targEQ
foll ow ng exanples shall illustrate the process of the present invention in

mor 20 det ai IHiwGIpasit- (Bl'blﬁli“ Hrim@ THreSes-0Bpd fSdriLys-OMMet-Glu-Glu-Glu-Ala-Val-Arg-

popti de. - LR R DGR AR AET erse o o NP B St

according to the net hods 5 descrl bed in WD 2007/ 147816 and WD 2009/ 074483
by pr oduendig-4tdsiceexéndagAhid9), gnehdiod gl 3Ry amitdesexchdinghen®®), exendimkif li-8%).

The purdnfﬂu@ a“lle‘%ﬂsﬂ’ﬂevé%lel‘{cﬁﬁ 4BarhidE §hd PRES zs@ﬂé 9£@1Td99ﬁ BB FaBiE Ll el dviat a pH
of 2.5, fol'lowed by a 2nd pass at a pH.o
010, an exendin analogue having the amino a01d sequence according to SEQ ID No. 3:

25 His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gln-Met-Glu-Glu-Glu- Ala-Val-Arg-
Leu-Phe-Ile-Glu-Trp-Leu-Lys-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Ser-Lys-Lys-
Lys-Lys-Lys-Lys-NH,.

Figures:

Figure 1a: RP-HPLC chromatogram of 2™ chromatography of (Aib>**YGLP-1(7-36)NH,;
30 20 mM Ammonium acetate, pH=9.2; Kromasil C18 100-16; Ethanol (100%).



Exanple Bl: 10RP-HPLC Techni cal Paraneters: HPLC System Novasep Hi persep
Lab LC 50 Col uimm Novasep LC 60.500. VE100 (4.6 mminternal dianeter)

St ati onarwORhHgw®1®P silica gel (Kromasil 100-16-Cl18, 10@CAEP2@18H69074 AKzO0
Nobel ) Detection W (250 nm 280 nm 300 nmor 305 nm 1st Chronat ography
step: Crude (Ai b8 35)G.P-1(7-36) NH2 wast-di ssol ved in

wat er/ acetonitrile/acetic acid (90/9/1 v/v/v) and | oaded onto a HPLC col um

| oadi st3 N tcati
br ogr ar e8I EPRER - cpBER e Br 2RRA R S B o ARG EOBLED O ATHE |V o1
or di | BROeuMadmoninium agdatexplded-§okiamiasi C18al0el 61 Acpignirke( K0§0)and

Purification Program of 1st Chromatography step: Paraneter Description

El uent dASHEPSFig MaPIhk 4 sehate’ SaH-RAiR) Thaagel @uid)NH, Svas 8Bacht N/ V)
El uent B Aqueou gcetic%g}éw 0. 1% ) / %}:etOleitriIGe? (635/725 v/iv) E bglent c
Aqueousre@ﬁg‘ﬁﬁWﬁ%Aﬁﬁ@%ﬂ]&taé 6?115 ‘2.5) | acetonitrile (60/40 v/v) WD
2011/ 161007PCT/ EP2011/ 060074 -7- Duration Flow rate Conposition Remarks
5 Figure 2a: RP-HPLC chromatogram of 2™ chromatography of (Aib®**)GLP-1(7-36)NH,; 20

mM Ammonium acetate, pH=9.5; Kromasil C18 100-16; Acetonitrile (100%).

Figure 2b: RP-HPLC chromatogram of 2™ chromatography of (Aib®**)GLP-1(7-36)NH,; 20
mM Ammonium acetate, pH=9.5; Kromasil C18 100-16; Acetonitrile / Methyl t-butyl ether
(95:5 viv). Purity and yield could be increased using Methyl t-butyl ether as organic modifier.

10 Particular embodiments of the present invention are as outlined below.

The second chromatography step is performed, as outlined above with acetonitrile as
organic solvent and using a basic buffer at a pH between 8.0 and 11.0, more particular at a pH of
9.0 to 10.0 and even more particular at a pH of 9.5 +/- 0.2.

In a particular embodiment of the present invention the acetonitrile is mixed with

15 methyl t-butyl ether as organic modifier.

Suitably a mixture of acetonitrile / methyl t-butyl ether of 99/1 (v/v) to 80/20 (v/v),
particularly of 97.5/2.5 (v/v) to 90/10 (v/v) , even more particularly of 95/5 (v/v) is applied.

The basic buffer can be selected from commercial buffers known to the skilled in the art.

Ammonium acetate or ammonium hydrogen carbonate were found to be particularly suitable.

20 The buffer concentration can be varied in a range between 10 to 25 mM, whereby a buffer

concentration of 20 mM is favoured.

The first chromatography step is performed with acetonitrile as organic solvent and an
acidic buffer at a pH between 1.0 and 4.0, more particular at a pH between 2.0 and 3.0 and even

more particular at a pH between 2.3 to 2.5, most particularly at a pH of 2.5.

25 The acidic buffer can be selected from commercial buffers known to the skilled in the art.
Ammonium phosphate was found to be particularly suitable. The buffer concentration can be
varied in a range between 100 to 400 mM, whereby a buffer concentration of 300 mM is

favourable.

The RP-HPLC is expediently performed using a silica gel sorbent as stationary phase.



[mn] [nmb/mn] Eluent A[%(v/v)] Eluent B [% (v/v)] Eluent C[% (Vv/V)]
1.0 0.7 90.0 ->58.50 10.0 -> 41.5 Linear Gadient up to the start elution
condi ti ors0 2DuBIG00N may be adapted. 40.0 0.7 58.5 -> 4@CH/EP2011/06007> 53. 5

Li near gradient 4.0 0.7 0 100 O Colum flush 7.0 0.7 90.0 0 10.0
-5-

Suitable silica gel types can be selected from, but are not limited to the following silica gel

sorbents: Kromasil™ C18 100 - 16, Kromasil"™ C18 100 - 10, Kromasil"™ C8 100 - 16,
Kromasil"™ C4 100 - 16, Kromasil"™ Phenyl 100 - 10, Kromasil"™ C18 Eternity 100 — 5,
Kromasil'™ C4 Eternity 100 — 5, Chromatorex' ™ C18 SMB 100-15 HE, Chromatorex' ™ C8

5 SMB 100-15 HE, Chromatorex' ™ C4 SMB 100-15 HE, Daisopak' " SP 120-15 ODS-AP,
Daisopak'™ SP 120-10-C4-Bio, Daisopak'™ SP 200-10-C4-Bio, Zeosphere'™ C18 100-15,
Zeosphere™ C8 100-15, Zeosphere™™ C4 100-15, SepTech ST 150-10 C18, Luna C18 100-10,
Gemini C18 110-10, YMC Triart C18 120-5 and YMC Triart C8 200-10.

The Kromasil™ silica gel types listed above were found to be particularly suitable.

10 Alternatively the RP-HPLC can be performed by using polymeric based stationary phases.
Suitable polymeric phases can be selected from, but are not limited to PLRP-S 100-10 or
Amberchrom™ Profile XT20.

The RP-HPLC for both the first and the second chromatography step is run with mobile
phase gradients, as a rule starting with a lower concentration of the organic solvent and over the
15 elution time ending up with a higher concentration of the organic solvent. The elution
parameters such as event time, mobile phase gradient and loading aspects can be varied by the

skilled in the art in order to optimize the purification.

The fractions containing the purified (Aib>**) GLP-1(7-36)NH, can optionally be
concentrated and subsequently lyophilized as described in PCT Publication WO 2007/147816.
20  Alternatively the purified (Aib**’) GLP-1(7-36)NH, may be isolated from the RP-HPLC
fractions by precipitation or by spray drying techniques known to the skilled in the art.

The following examples shall illustrate the process of the present invention in more detail

without limiting the scope of it.



Condi ti oni ng Proportions of A and C may be varied in order to achieve
a mnimal retention for the main peak (peptide (A b8 35)GP-1(7-36)NH2).
The eventwOi2ag/16gp0adi ent and | oadi ng aspects nmay be 5 vacirggém/oender to
optim ze the purification. The pooled fractions are further purified by the
condi tions of 2nd Chromat ography. 2nd €hr omat ogr aphy step: The

pool ed, diluted fractions from Chromatography 1 of (A b8 35)GP-1(7-36)NH2
are | oaded onto the HPLC col um and rification program (see exanpl es
for a 4.6 nmcolum 10 in Table 2 i it éJSted. Tabl e 2 Paraneters and
Purification Programof 2nd Chromat ography step: Paraneter Description

El uent D Adiasude Aimoni um acetate 20mM (pH 9.5 +/- 0.2) Eluent E Aqueous
acetic acid (1%w / acetonitrile (25/75 v/v) Eluent F Acetonitrile WD
2011/ 16100 Heedr QKA idé -8- Duration Flow rate Conposi tion Renmar ks

[ m n] [m_/m'%y(El uent D [% (v/v)] Eluent E [% (v/Vv)] Eluent F

The crude peptide (Aib***)GLP-1(7-36)NH, can be prepared according to the methods
5 described in WO 2007/147816 and WO 2009/074483 by producing three fragments and
coupling these fragments in solution.

The purification involves a first pass chromatographic purification at a pH of 2.5, followed
by a 2™ pass at a pH of 9.5.

Example B1:

10 RP-HPLC Technical Parameters:

HPLC System Novasep Hipersep Lab LC 50

Column Novasep LC 60.500.VE100 (4.6 mm internal diameter)

Stationary Phase | RP silica gel (Kromasil 100-16-C18, 100 A, 16 um)
(Akzo Nobel)

Detection UV (250 nm, 280 nm, 300 nm or 305 nm)

1% Chromatography step:

Crude (Aib***)GLP-1(7-36)NH, was dissolved in water/acetonitrile/acetic acid (90/9/1
v/v/v) and loaded onto a HPLC column (loading up to 20 g/L, bed depth approx. 25 cm) and the
15 purification program is initiated. Fractions are collected and may be diluted with water or diluted

ammonium hydroxide solution.
Table 1

Parameters and Purification Program of 1 Chromatography step:

Parameter Description

Eluent A Aqueous ammonium phosphate (pH 2.5) / acetonitrile (80/20 v/v)
Eluent B Aqueous acetic acid (0.1% w) / acetonitrile (25/75 v/v)

Eluent C Aqueous ammonium phosphate (pH 2.5) / acetonitrile (60/40 v/v)




[%(v/v)] 1.0 0.7 90 -> 76 0 10 -> 24 G adient up to the start elution
conditions. Duration may be adapted. 40.0 0.7 76 -> 56 0 24 -> 44 Linear
gradi ent @O0Qo/1610040 O 60 Columm flush 2.0 0.7 O 100PCT/EP2011/060074

-7-
Duration Flow rate Composition Remarks
Eluent A Eluent B Eluent C
[min] [mL/min] [% (v/V)] [% (v/V)] [Y% (v/V)]

1.0 0.7 90.0 — 58.5 0 10.0 — 41.5 |Linear Gradient up to
the start elution
conditions. Duration
may be adapted.

40.0 0.7 58.5—46.5 0 41.5 — 53.5 |Linear gradient

4.0 0.7 0 100 0 Column flush

7.0 0.7 90.0 0 10.0 Conditioning

Proportions of A and C may be varied in order to achieve a minimal retention for the main
peak (peptide (Aib®**)GLP-1(7-36)NH,). The event time, gradient and loading aspects may be
5 wvaried in order to optimize the purification. The pooled fractions are further purified by the

conditions of 2™ Chromatography.

2™ Chromatography step:

The pooled, diluted fractions from Chromatography 1 of (Aib*”*)GLP-1(7-36)NH, are
loaded onto the HPLC column and the purification program (see examples for a 4.6 mm column
10 in Table 2 is initiated.

Table 2

Parameters and Purification Program of 2" Chromato graphy step:

Parameter Description

Eluent D Aqueous ammonium acetate 20mM (pH 9.5 +/- 0.2)
Eluent E Aqueous acetic acid (1% w) / acetonitrile (25/75 v/v)
Eluent F Acetonitrile

15



O Flush and conditioning at acidic pH 7.0 0.7 90 0 10.0 Conditioning
Cal cul ated purity of (A b8 35 GP-1(7-36)NH2 in the nain fraction was

97. 0%

Thwocalitwi@red yield was 87% (see Fig.

b, 2a).

PxampR@ 180074 5The

procedure of Exanple Bl was repeated with the exception that for the second
chr omat ogr aphy step an anmoni um hydr ogea carbonate buffer (20nmM (pH 9.5 +/-
0.2) was used. Cal cul ated

purity of (A b8 35)GP-1(7-36)NH2 in the main

fraction g\@%tl(g] P(Voglo'I;Jhpdteca cul ated yl@&q m@S% 10Exaan e Bﬁemarks The
prOCEdlu e—of I|JI e—Bl—wapb P eated—wt LII the CA\.,cptl er—that—For—+he—secgond
chr omat ogr aphy step aceton t Eilycat Ras| r BicatBd |by Eﬁleﬁfiliture of acetonitrille
[/ met hyl t[nbof yl | efhhbmi@b: b. [% (v/v)] Cal(em)]at ed[%(w/w)]y
(A b8' 35) I(7136) T n fract{on was L ated
yield da L dals % (see F:ng 2b) . e B0k / 161b07pars Eb2013/ 4E0E ‘%&H%Sﬁh e
B4: The procedufe of Exanple Bl was| repeated [appl yi ng t/REU$'HF9 b
par aneters. Parameter Descfiption Eluent G Agueous anmor Yﬁ“ﬁEé‘iaé{té 20V
(pH 9.% +/- 0.2)|/ acetonitrile (80:R20 v/v) Eljuent H AquadiRtedacet i c aci d
(0.1% vy) I 4@0etoni trigle (2p/ 775 44/5\3) El uerg | Aquespus4amippiciinpradigitat e 20mv
(pH 9. 5+ -2.6}' Z) ou(f:7l o ?10\ 6640 VIOV) 60 Column flush

2.0 0.7 0 100 0 Flush and conditioning

at acidic pH
7.0 0.7 90 0 10.0 Conditioning

Calculated purity of (Aib®**)GLP-1(7-36)NH, in the main fraction was 97.0%. The calculated
yield was 87% (see Fig. 1b, 2a).

The procedure of Example B1 was repeated with the exception that for the second

chromatography step an ammonium hydrogen carbonate buffer (20mM (pH 9.5 +/- 0.2) was

Calculated purity of (Aib®**)GLP-1(7-36)NH, in the main fraction was 97.2%. The calculated

The procedure of Example B1 was repeated with the exception that for the second

chromatography step acetonitrile was replaced by a mixture of acetonitrile / methyl t-butyl ether

Calculated purity of (Aib®*)GLP-1(7-36)NH, in the main fraction was 97.4%. The

Example B2:
5
used.
yield was 93%.
10 Example B3:
95:5.
15

calculated yield was 98% (see Fig. 2b).



Duration Flow rate Conposition Remarks [mn] [nmi/mn] Eluent G [% (v/vV)]
Eluent H[% (v/v)] Eluent I [%(v/v)] 1.0 0.7 90.0 ->57.0 0 10.0 -> 43.0
Li near Gioizentioup7to the start elution conditions. Dur@CTor2etaipeses

adapted. 40.0 0.7 57.0 -> 27.0 0 43.0 -> 73.0
-0

Example B4:

The procedure of Example B1 was repeated applying the following parameters.

Parameter Description
Eluent G Aqueous ammonium acetate 20mM (pH 9.5 +/- 0.2) / acetonitrile (80:20 v/v)
Eluent H Aqueous acetic acid (0.1% w) / acetonitrile (25/75 v/v)
Eluent Aqueous ammonium acetate 20mM (pH 9.5 +/- 0.2) / acetonitrile (60:40 v/v)
Duration Flow rate Composition Remarks
Eluent G Eluent H Eluent I
[min] [mL/min] [% (v/V)] [% (v/V)] [Y% (v/V)]

1.0 0.7 90.0 — 57.0 0 10.0 — 43.0 |Linear Gradient
up to the start
clution
conditions.
Duration may be
adapted.

40.0 0.7 57.0—27.0 0 43.0 — 73.0 |Linear gradient

2.0 0.7 0 0 100 Column flush

2.0 0.7 0 100 0 Flush and
conditioning at
acidic pH

7.0 0.7 90 0 10.0 Conditioning

5 Calculated purity of (Aib***YGLP-1(7-36)NH in the main fraction was 97.1%. The calculated
yield was 99%.

Example B5 (Comparison)

The procedure of Example B1 was repeated with the exception that for the second

chromatography step acetonitrile was replaced by ethanol.

10 Calculated purity of (Aib***)GLP-1(7-36)NH, in the main fraction was 96.7%. The calculated
yield was 86%. The main fraction contained des-Ser'’, Ser'®-[Aib>*°1hGLP-1(7-36)NH, as
impurity (see Fig. 1a).



Li near gradient 2.0 0.7 0 O 100 Colum flush 2.0 0.7 O 100 O Flush and
conditioning at acidic pH 7.0 0.7 90 O 10.0 Conditioning 5 Calcul ated
purity ofwOANLB6BBYCE.P-1(7-36)NH2 in the main fraction RE3I/EPZ0118600The
calcul ated yield was 99% Exanpl e B5 (Conpari son) The procedure of
Exanpl e Bl was repeated with the exceptifon that for the second
chromat ography step acetonitrile was replaced by ethanol. 10 Cal cul ated
purity of (A b8 35)GP-1(7-36)NH2 in the main fraction was 96. 7% The
calculated yield was 86% The main fraction contained des-Ser1l7,
Ser 18-[ Ai b8' 35] hGLP- 1(7-36) NH2 as inqﬂrjty (see Fig. la).

aims

1. Process for the purification of a GLP-1 peptide analogue applying reversed phase high
performance liquid chromatography (RP-HPLC) comprising a first and a second
5 chromatography step with a mixture of an aqueous buffer with an organic solvent for elution,
characterized in that the organic solvent for the second chromatography step is acetonitrile and

that the second chromatography is performed using a basic buffer at a pH between 8.0 and 11.0.

2. Process according to claim 1, characterized in that acetonitrile is in addition mixed with

methyl t-butyl ether as organic modifier.

10 3. Process according to claim 2, characterized in that a mixture of acetonitrile / methyl t-
butyl ether of 99/1 (v/v) to 80/20 (v/v) is applied.

4. Process according to any one of claims 1 to 3, characterized in that the basic buffer is

selected from ammonium acetate or ammonium hydrogencarbonate.

5. Process according to any one of claims 1 to 4, characterized in that the basic buffer is
15 applied in a concentration of 10 mMol to 25 mMol.

6. Process according to claim 1, characterized in that the aqueous organic solvent for the
first chromatography step is acetonitrile and that the first chromatography is performed using an
acidic buffer at a pH between 1.0 and 4.0.

7. Process according to claim 6, characterized in that the acidic buffer is ammonium
20 phosphate.

8. Process according to any one of the claims 1 to 7, characterized in that the RP-HPLC is

performed using a silica gel sorbent as stationary phase.

9. Process according to any one of claims 1 to 8, wherein the GLP-1 peptide analogue is
selected from the group consisting of GLP-1 (7-37), GLP-1 (7-36)NH,, (Gly®) GLP-1(7-37),
25 (Gly®*) GLP-1(7-36), (Ser’ HYGLP-1 (7-37), (Val®)GLP-1 (7-37), (Val’,Glu**) GLP-1 (7-37),
(Aib***YhGLP-1(7.36)NH,., (N-¢-(y-Glu(N-a-hexadecanoyl)))-Lys’°Arg**-GLP-1(7-37), D-



WO 2011/ 161007PCT/ EP2011/ 060074 -10- C ai ns 1. Process for the
purification of a GLP-1 peptide anal ogue applying reversed phase high

per f or mrarmwe 2biigusit@7chr omat ogr aphy (RP- HPLC) conpri si ng &CTiEPge114n74 second
5 chromat ography step with a m xture of an aqueous buffer with an organic
sol vent for elution, characterized in-ihat the organic solvent for the
second chromat ography step is acetonitrile and that the second

chr omat pgaphy i e nd
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m xture of acetonltrll t- butyl ether of 99/1 (v/v) to 80/20
(v/v) ﬁ@»éﬁﬂﬁogéq 4 Process according to any one of clainms 1 to 3,
characterized in that the basic buffer is selected from amoni um acetate or
anmoni um hydr ogencar bonat e. 5. Process according to any one of
claifrs 1 td04Procharaacdrdingzedny ond dfatlaitisd tbds wbeteuf the IGIils 1 pbptajepinhlpgdue is a
concent, ED 25 mvol . 6. Process according to claima1,
characté?ﬁégd ?Rﬂf G”??e dqueous organic solvent for the first

chromat ography step is acetonitrile and that the first chronatography IS
performed usin an acidic buffer at a pH between 1.0 and 4.0.

Process acddr §iLRgl petide anspgie higinahie with2goeas pesatdingio deimtilctonGf fer is
ammoni um 20 phosphate 8. Process according to any one of the clains 1
to 7, characterized in that the RP-HPLC is performed using a silica gel
sorbent as stationary phase. 9. Prigcess according to any one of clains
1 to 8 wherein the G.P-1 peptide anal ogue is selected fromthe group
consisting of GP-1 (7-37), GP-1 (7-36)NH2, (Gly8) GP-1(7-37), 25 (Gly8)
G.P-1(7-36), (Ser34)A.P-1 (7-37), (Val8)@.P-1 (7-37), (Val8, Glu22) G.P-1
(7-37), (A b8 35)hGP-1(7_36)NH2.,

(N-8-(y-d u(N-a- hexadecanoyl)))-Lys26Arg34-GA.P-1(7-37), D WO

2011/ 161007PCT/ EP2011/ 060074

Al a8Lys37-(2-(2-(2-mal ei m dopr opi onam do( et hoxy) et hoxy) acetam de)) G.P-1
(7-37), exendin3, exendin-4, exendin-4 acid, exendin-4 (1-30), exendin-4
(1-30) amide, exendin-4 (1-28), exendin-4 (1-28) am de, 1l4Leu, 25Phe

exendi n-4 am de and 14Leu, 25Phe exendi n-4 (1-28) am de and AVE-0010. 510.
Process according to any one of clains 1 to 9, wherein the GLP-1 peptide
anal ogue is the (A b8 35 hGP-1(7-36)NH2. 11. G.P-1 peptide anal ogue

obtai nable with a process according to clains 1 to 10. ***



