WO 2(109/074483 Case 24689 PCT/EP2008/066585 INSULINOTROPIC PEPTIDE SYNTHESIS
USING SOLID AND SOLUTION PHASE COMBINATION TECHNIQUES The invention relates to
methods for preparing insulinotropic peptides, particularly glucagon-like pe tide-lé%LP-l and
counterparts ?g(gﬂ{%%ﬁ%g solid- and solution-phase processes. The pres})e%?m)\?g 88 ther relates
to intermediate peptide fragments that can be used jn these methods. 5Many methods for peptide
synthesis are described in the literature (for example, see U.S. Patent No. 6,015,881; Mergler et al.
(1988) Tetrahedrom Letters 29:4005-4008; Mergler et al. (1988) Tetrahedron Letters 29:4009-4012;
Kamber et al. (eds), Peptides, Chemistry and Biology, ESCOM, Leiden (1992) 525-526; Riniker et al.
(1993) Tetrahedron Letters 49:9307-9320; Lloyd-Williams et al. (1993) Tetrahedron Letters
49:11065-11133; and Andersson et al. (2000) 10 Biopolymers 55:227-250. The various methods of
synthesis afegistingOishEPiy PERYIDICSVNTHES IH &SNS 0 ilichNDeSSYD ITERN 3¢ 4 §liace,
namely liquid phase or solid phase. COnM83sihage PROERIGHIR SIS (SPPS), an amino acid or
peptide group is bound to a solid support resin. Then, successive amino acids or peptide groups are
attached to the support-bound peptide until the peptide material of interest is formed. The
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pharmaceuticals, such as therapeutic peptides, can be very expensive. Because of the cost of
reagents, synthesis time, many synthesis steps, in 30 addition to other factors, very small
improvements in the synthetic process of these larger biomolecular pharmaceuticals can have a
significant impact on whether it is even economically feasible to produce such a pharmaceutical. Such
improvements are necessary due to these high production costs for larger biomolecular
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WO 2009/074483PCT/EP2008/066585 -3-  This is clearly seen in the case of the glucagon-like
peptide-1 (GLP-1) and its counterparts. These peptides have been implicated as possible therapeutic
agents for the treatment of type 2 non-insulin-dependent diabetes mellitus as well as related metabolic
disorders, sutiP3808BEEY. Gutniak, MX., etal., Diabetes Care 1994:17: 105 A 2818415652t al.
determined that native GLP-1 was 37 amino aC|d residues long. Lopez, L. C., et al., Proc. Natl. Acad.
Sci. USA., 80:5485-5489 (1983). This determination was confirmed by the work of Uttenthal L. 0., et
al., J. Clin. Endacrinal. Metabol., 61:472-479 (1985). Native GLP-| may be represented.b notation
GLP-1 (1-37). THRESBiETOR FRACAS PO B TS RASSAPSRING SCREHOI T AL i through
37 (C-termirasitiNatithe e i { 3iagly fiagtisat 10iagrinly acikdidadaenp exsbseding tel SEQViIDINO. 1:
HDEFER%ﬁ@ﬁﬁﬁ%@ﬂ§§ﬁ&&@@%ﬂﬁ€sﬂ%ﬁ%@ﬂi@phaBehaﬁibE@nctﬁ@w&Qd thatontve GLP-1
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genefdlly imaorsaestat inddaminsupirndicopiatl lyrebtive @@unl@rp@rﬁlh@n&@ﬁﬁ%lww it thetance,
GLP-1 (1-3d4$ saibkalyisganraied to GLP-1 (7-37) in vivo. This peptide, in turn, can also undergo
additional processing by proteolytic removal of the C-terminal glycine to produce GLP-1 (7-36), which

often exists in theamidat t@@mﬁt&é, s 36N E A Aspaisingbytharapeutic fiertmeptemay involve
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treatment ﬁh@ diserse fsckin the therapy and treatment of hyperglycemia. According to EP
1137667 B1, these peptides or pharmaceutically acceptable counterparts thereof may also be useful
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GLP-1 (1-3%lhoftihdimdtvediasulinotropically active counterparts thereof according to SEQ ID NO. 1
through 3 are metabolically unstable, having a plasma half-life of 15 only 1 to 2 minutes in vivo.
Exogesously adymindsteratdatdtnd dlse inapiehy deQragiedehbigshetgbaticyntdiabiiypatdiviged the

gf;ageu;ﬁ%%gﬁgm éﬂﬁ%\é%%%%éd%@ﬂ@%@ﬂf@&%deﬁvlﬁ@e Mh% %ﬁéﬁﬁ)ﬁ? H}&Qlﬂ%d%m@ég) %;Zeto
SEQ ID N@el’ﬁl 55& R dReTAnEs! 4%‘6‘6%%1“’2‘8%&6@@*@ ?7%%\? %%ER’ELEFAW VKAIbR
This peptidesiScgimirarSonthesnade Gt Plormpicgsiirabeapathiaianie. etliras FesungatsTRapides, can
aminoisobbéyrigyasif(ShenBesehernatinadysbyfthegablr eyiatiess A} appeassnatidkie Bepndn35 positions
in plagg of the: rATeSARPLIBANALYE Qﬁ{yﬁ%ﬁﬂ&%ﬁ%@ﬁﬁp@@ﬂ%ﬁgﬁl&@mm@épm gminoisobutric
acid also i kno thylalanln péptide be desi the 25 formu I

(Aib8'35) GTPTD PR RS S HIGREFINC IS ST B SRS ™ NEeT £59R 681 Yrates that
the peptid@aﬁb&wr@@%@cm NG i c%!ﬂht@ﬁﬁﬁﬁ@@ﬁﬁ%@%ﬁﬂ%@&%@ﬁ@t@ fhagmhéght using
solid phaserteiianiauests ibelsipgl eifrag eenirsyihesisutipproaciusuggeisiedhbydcR bl 316G B is
problematic, £\S Aae hﬁ%tf&wthf%ﬁ\mmm e ead eigh. evels.ef erimsiiaation in the final amino
acid couplin |st ine in the case of 30 (Aib8'35)GLP-1 (7-36) for'instance. Additionally,
impurities h\%@cﬂ%’ﬁ td 8Wé‘?ﬁ%§§ tiring chromatographic purification, and the yield may tend to be
too low. Consequently, improved strategies for synthesizing peptides according to SEQ ID NO. 4 are
needed in order to be able to manufacture this peptide and counterparts thereof in commercially
acceptable yields, purities, and quantities. WO 2009/074483PCT/EP2008/066585 '-5-  In addition to
these concerns, issues relating to product recovery and product purity for the large-scale production of

peptides, as well as reagent handling, storage and disposal, can greatly impact the feasibility of the
peptide synthesis scheme. Thus, there is a continuing need for



peptide synthesis processes capable of efficiently producing peptide materials of commercial 5 interest
in large batch quantities with improved yields.  The present application relates to the preparation of
insulinotropic peptides that are synthesized using a solid and solution phase ("hybrid") approach. In
one method, Yrfé APpHPaEER includes synthesizing three different peptide infé&riER EMEEMents using
solid phase chemistry. Solution phase chemistry is then used to add additional amino acid material to
one of the 10 fragments. The fragments are then coupled together in the solution phase. The use of a
pseudoproline in one of the fragments eases the solid phase synthesis of that fragment and also

eases the subsehtidhtSHIlEATHHAEE 56 Bty SRFMETralR arPIY BhEH Paghiaf s sHBsrattnt
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and non-Nadur G ONAIGIRRALS gf%@@@nﬁﬁfmlﬂﬁhéiﬁdsBeiht%‘%@)c%dd@ii@&é@,!@GE‘ [Yedip N atur_al
counterpagls, ..In\one %%Iaoglmj%p)ég @geafggjgg?#l%agr_g}ﬂdes a method of making an insulinotropic

peptide, comprising thé steps of: a) providing a first peptide fragment including the amino acid

sequence of (SEQ ID .5) Z-QA FIAW 35-131 20wherein X35 is an achiral, optionally
sterica%y hinderEe%%zrﬁmag g%t?e re%fél%%ﬂl%“éen - érrﬁﬁ%a? pEriO ler}(?ti%cglégrfzggasﬁeﬁk)lgg-éﬁ? eazhg '(gge or more
residues oftshicPsequkticd ¢istiorallSihe RRIE$STId EhdiPRprotditideicoaBrdon Pl Ganermed Peptide
fragment ithselotiosf (darghaink. dnickealn brden. tBrpkavidd . aviedarld feplitld TlagAtent Muctuding the
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protecting.groyp; -6- X35 js.an.ac , Opti sterically
hindered al%hsl_r#)&é%ilaorél%} U8 Eh Qﬁ@%?%“%fﬁ?%%%gges%gftggp suéqjjt}g%%g ?&?&1]0 99@3%%1% side
chainfrotaerahacid sequ@ietoriagy dine e FRiHaMNS ofecting group to afford a third peptide fragment
including the amino acid sequence of (SEQ ID NO. 6) 5Z- QAAICEFIAWLVKX35R-NH2 wherein Z is
H-; X35 is an achiral, optidgHahy iSketisBiyThiholeree o A EIAN LA dHe or more residues of

said sequence optionally includes side chain protection; 10d) providing a fourth peptide fragment
including the arftihes ctal saguedckabh{SEGTD-N O -7))Zs Bankr 8D\ixatleli® vE @ BinuHarein X17-18 is a
dipeptide gsigha Qi nseulopralingmbes i dnMntaripatpriactinggradaniiisotdpicand one or
more residues of sajd s optionally: includes side chain. [10n5 +-+E).Couplin g‘}ﬁgourth
peptide frat *ﬁﬁ’é’%ﬁo %é%uﬁﬁ%gé%%ﬁ%‘é%g%e%t |Irllos%:fut?81rl1§nq e&?é&egr%tsg %trgg?d3e7 %fgﬁr%%ﬁt%e ragment
including the Mffido acid sequence of (SEQ ID NO. 8) 20Z-TFTSDVX174

8YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is an N-terminal protectinggroup; X17-18 is a dipeptide

is insulinotropic and has the amino acids from the 7 (N-terminus) to the 37 (C-terminus)
position of native GLP-1. GLP-1 (7-37) has a terminal glycine. When this glycine is absent, the
resultant peptide is still insulinotropically active and is referred to as GL.P-1 {7-36) according to
20 SEQIDNO. 3:

HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR

GLP-1 (7-36) often exists with the C-terminal arginine in amidated form, and this form
may be represented by the notation GLP-1 (7-36)-NH,.

GLP-1 (1-37) generally is converted into an insulinotropically active counterpart thereof in
25 wvivo. For instance, GLP-1 (1-37) is naturally converted to GLP-1 (7-37) in vivo. This peptide, in
turn, can also undergo additional processing by proteolytic removal of the C-terminal glycine to
produce GLP-1 (7-36), which often exists in the amidated form GLP-1(7-36)-NH,. Accordingly,
therapeutic treatments may involve administration of GLP-1 (1-37) or a counterpart thereof, with
the expectation that an insulinotropically active derivative thereof forms in vivo. More
30 commonly, however, therapeutic treatments under investigation involve administration of the

insulinotropically active GLP-1 fragments themselves.



X35 is an achiral, optionally sterically hindered amino acid residue; and WO
2009/074483PCT/EP2008/066585 -7- one or more residues of said sequence optionally includes side
chain protection; 1) removing the N-tenninal protecting group to afford a sixth peptide fragment
including the WAMEPA¢dtequence of (SEQ ID NO. 8) PCT/ER2008/066585
Z-TFTSDVX17118YLEGQAAKEFIAWLVKX35R-NH2 Swherein Z is H-; X1 7-1 is a dipeptide residue of
a pseudoproline; X35 is an achiral, optionally sterically hindered amino acid residue; and one or more
residues of said sequence o tionalléinclud_es side chain protection; 10 %{providin}aa seventh peptide

fragment includifg MR NAG &cid & %éﬂ%@%i@ﬁ@fb%%fﬂﬂ&% $92 91 uHereM %8 and X10
are each itddpbiTeEnthEchirahro ptibh siiycdicricnthe mimdeaa s dotacidlsl Svhesidbes; IR itides N-terminal
protelfztingﬁ@wmﬁiﬁ:ﬁm@tb@ﬂ%@@gbmﬁgﬂimdjﬁsqaa@s;_aﬂaf?WQ%g@@;ﬁh@iﬁu@mﬁm@n; and h)
coupling t vent fragm t t [ in.. rovide an
insulinotroaf:)gi%(§ teag{% g@ﬁ%ﬁgﬁ%t Iécggn&igr%& g({:?ll?fsée%ﬁ n‘éﬁgt_%% S"Ilzt}iiée %ség# %O Z&ﬁs}%@%@g{lﬁ’g‘%@ 1

SDV 71891 ANICE I PARAT KB ROK I S E s RS RS S PERE5 98 7118 is
a dipeptidereesivermnal ¥psmdophotinglucgon-likgpopitians W8&idre uath indupbadentpdchiral,
optionally gtatisatyoliindlerrekaming Rakkrasidyeshandatmone OhypOIEyesidiescobsaid eeaPence
optionally 1'1%»%‘%?@ dt%e%@% R&Q&%‘%%%Qr&[&o%&ﬁ%& RESh e %éﬁ&é%%ﬂ?ﬁl%éﬁﬁ Rhpaking an

[
insulinotropic p 8, 5 comprising the steps of; a). proyiding a first peptide fragment including the
amino aci&@é‘&tféﬁ%agflg§§@ [EPRRC L 8125 R RREIT ASAFCRHORIBE SRSIRM disordegsof Ihen achiral,
optionélly siericalyctivderddardeinertvit sasigoporo8E. watreNterminh s protdotase gretgnoBsis -OH; and
one or moxgEegiduas-atwaidasauenseraptionalh ieludrarsidaebaiadpetertigndisauRting e first
peptide fr ent | |0 inine. amide; I . ide: fr nt including
fhe amino S A e B S D A R A R R R e

N-teuninal proteeting aiaup Fmag X385, a0 2ehia Sptanalb.sisricallyindeted. anyino acid residue;
and one or maore resiaues or sald sequence oritlona Yy INCIUAES side chain protection .
according to SEQ ID NO. I through 3 are metabolically unstable, having & plasma half-life of
15 only 1 to 2 minutes in vivo. Exogenously administered GLP-1 also is rapidly degraded. This
metabolic mstability has limited the therapeutic potential of native GLP-1 and native fragments

thereof.

Synthetic counterparts of the GLP-1 peptides with improved stability have been developed.
For instance, the peptide according to SEQ ID NO. 4 is described in EP 1137667 B1:

20 HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAibR

This peptide is similar to the native GLP-1 (7-36), except that the achiral residue of alpha-
aminoisobutyric acid (shown schematically by the abbreviation Aib) appears at the 8 and 35
positions in place of the corresponding native amino acids at these positions. The.achiral alpha-
aminoisobutric acid also is known as methylalanine. This peptide may be designated by the

25 formula (Aib**YGLP-1 (7-36) or , in amidated form, (Aib***)GLP-1 (7-36)-NH,.

EP 1137667 B1 states that the peptide according to SEQ ID NO. 4 and its counterparts can
be built as a single fragment using solid phase techniques. The single fragment synthesis
approach suggested by EP 1137667 B1 is prablematic. As one issue, this approach may lead to
high levels of epimerization in the final amino acid coupling, e.g., histidine in the case of

30 (ADDYYGLP-1 (7-36) for instance. Additionally, impurities may be hard to remove during
chromatographic purification, and the yield may tend to be too low. Consequently, improved
strategies for synthesizing peptides according to SEQ 1D NO. 4 are needed in order to be able to
manufacture this peptide and counterparts thereof in commercially acceptable yields, purities,

and quantities.



20 c) removing the N-teouinal protecting group to afford a third peptide fragment including the amino
acid sequence of (SEQ ID NO. 6) Z- QAAKEFIAWLVKX35R-NH2 wherein Z is H-; 25X35 is an achiral,
optionally sterically hindered amino acidresidue; and one or more residues of said sequence optionally

includes side ¥ffari®8itteétion; 8a d) providing a fourth peptide fragment int§tfdiig e %aftho acid
sequence of (SEQ ID NO. 7) Z-TFTSDVX17-1 gYLEG-B' wherein X1748 is a dipeptide residue of a
pseudoproline; 5Z is an N-terminal protecting group; B' is -OH; and one or more residues of said

sequence optionally includes side chain protection; e coupling the fourth peﬁ)tide fragment _to the third

peptide fragmenEifIESIARAR B GraREEnS: 1SSUSRFGIAETS A paptidere TrRAteiRg e o acid
sequence GirESEQIDNOcE) 1 OZpTFTHSD WM U 8V EEQ Adnd B AWty K XMBERIEI2. venereixily is an
N-terminal ﬂ@&@@iﬂ%@eﬁ%@&ﬁﬁy& ?Hfﬁﬂépﬁd?:i ReRlda S esidue. Ofa DSRUE ARG NES isanschiral,
optionally stegically hindered amino acidresidue: and Lone or more esidues of, said sedugnce
optionally iﬁc?u és’side chain protection; 0 removin 3fﬁ’e Sermin protecting group to Aff6rd a sixth
peptide*fralisestt fdRIgMHeIarmIHS BelisByRIeN e BFESEQ ID NO. 14)
Z-TFTSDVX17-18YLEGQAAKEFIAWLVKX3gR-NH2 wherein 20Z is H-; X17-18 is a dipeptide residue
of a pseudoproline; X35 is an achjral, optionally sterically hindered amino acid residue; and one or
more residues of EaRISEUEREERBRGHATR FCRINESRIBEUh iSRRI TP 8% g a seventh
peptide fragmémwtincudingahelidrmidoduitd sadpenCh gif{GEQ I ND. 10 pReHiEBR 318 ‘aprorein X8 and
>|\<110 are e?ﬂam&g@ﬁﬂﬂ%tﬂ@@@é@&iﬁ&%@g@ﬂ%ﬁf@?ﬁ&lﬂ%ﬁ%@,gn@émjI '@Qsﬁlf‘géﬂmﬁg#é% chelgigny.
-terminal protecting group; B’ is -OH; and eac n optionally includes side ¢hain protection;
At 1y couh i e B O B e R Qi ot provide an
insulintirop e peRtId HCIGTE & &b ALl e e b S Y PS4 03 2- R BEXIOTE 1
SDVX17118¥tdeaQina KERKAMbY KXB5 BN EiRavHerein  pisaanshhtaen ndl profeetingtgnolipso< 1 748 is

a dipeptide fesidHe RH & HSYYAIRIRINGG 2 Kot BRI FRsarE 800N indeRre ndenthytachih-qptionally

clerically hlzrr]igfgrl; zgnai(qnxlfgzoy%%!e?uﬁeﬁs){d Po%.inagn%sulinotropic peptides such as GLP-1, GLP-1 (7-36} and

natural and non-natural counterparts of these, particularty GLP-1 (7-36) and its natura] and non-
15 patural counterparts.

Tn one embodiment, the application provides a method of making an insulinotropic peptide,

comprising the steps of:
a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 5)
Z-QAAKEFIAWLVKX™.B’
20 wherein
X35 1s an achiral, optionally sterically hindered amino acid residue:;
Z i3 an N-terminal protecting group;
B’ is —OH; and
one or more residues of said sequence optionally includes side chain protection;

25 b} coupling the first peptide fragment in solution to arginine amide in order to provide a
second peptide fragment including the ammo acid sequence of (SEQ 1D NO. 6)

Z-QAAKEFIAWL VKX R-NH;
wherein

Z is an N-terminal protecting group;



one or more residues of said sequence optionally includes side chain protection.  An "N-terminal
protecting group" means a group selected from the group consisting of Acr (acrylyl), Bz (benzoyl), Ac
(acetyl), Trt (trityl) Boc (t-butyloxycarbonyl), CBz (benzyloxycarbonyl or Z), Dts (dithiasuccinoyl), Rdtc
(R= Alkyl or A¥{1 282 4dfhiocarbamate), DBFmoc (2,7-di-t-butylFmoc or PCT/EFR2008/066585
1,7-di-t-butylfluoren-9-ylmethoxycarbonyl), Alto ¢ (allyloxycarbonyl), pNZ (p-nitrobenzyloxycarbonyl),
Nsc ([[2-[(4-nitrophenyl)sulfonyl]-ethoxylcarbonylp, Msc (2- methylsulfonylethoxycarbonyl), MBz
(4-methoxyCBz),,Poc (2-phenylpropyl1(2)-oxycarbonyl), Bpoc . .

[(1-[1, 1-biphendi-45y - < piratr ORSGRA) SSFEHY I itpEtEe2ab fsidifo sRtny 1)- ethoxylcarbonyli,
CBz [(phenylmethoxy)carbony1], Aoc [(1,1-dimethylpropoxy)carbonyl], and Moz .
[[(4-methoxypheRyHTieRFoseFjdasb B hsA: ?W@W&?Wltéﬁﬁh}ﬁﬁpﬂ%t% ifREgYBERISHARFmoc, Bpoc, Trt,
Poc and Boc.  An "achiral, optionally sterically hindered amino acid residue” is an amino acid that
may be derivectirsmaniantse-tehirgl gipteadngreipettie ederlraitiiprradidl ruaretdpiuding achiral,
optionally giesieaily fiddespenasinsagdbasidue is selected from the group consisting of glycine (G),
‘2-methylalanine (Aib) and 2-phenylmethyl-phenylalanine. Most preferably, the achiral, optionally
stericadly hindered amino acid residue isZrigaradERIAmin, VX *&eNH; In another embodiment, the
application provides a method of making an insulinotropic peptide, comprising the steps of: a)
providing a firstpgptide fragment including the amino acid sequence of (SEQ ID NO. 5)
Z-QAAKEFIAVVLVKX35-B' wherein X35 is an achiral, optionally sterically hindered amino acid
residue; Z is N-felmipal protecting group Fmoc-; B' is -OH; and one or more residues of said sequence
optionally includes side chain protection;  b) coupling the first peptide fragment in solution to
arginine amide {01 Vi i : ingludir ino acid sequence of
(SEQ ID NO. 6 W%da%fégg%giiﬁgﬁ%ﬁﬁ%@%gﬁog}lg&%gg%ﬁﬂ%_%&&%%@gﬁ%v@I065R_NH2 wherein Z is
N-terminal protecting group Emec ;X35 i an achirel aRtonally sterieay hindste gmino acid residue;
and 5one or more residues 0 salcPsequen e optlopnadllliy incllides side chain rotection;  c¢) removing

the N; inal tectin: ffard a third ide f t includina th . . ;
(SEQD NO. o ORISR Rl o S S s oy ¢

sterically WMihdered amino acid residue; and one or more residues of said sequence optionally includes
side chain protection;  d) providing a fourth peptide fragment including the amino acid sequence of
(SEQ ID NO. 7) 15Z-TFTSDVXI7-18YLEGIERSREIN XY74BGeR dipeptide residue of a pseudoproline;
Z is N-terminal protecting group Fmoc-; B' is -OH; and 20one or more residues of said sequence
optionally includé€s:siste chain protection;  e) coupling the fourth peptide fragment to the third peptide
fragment in solution in order to provide a fifth peptide fragment including the amino acid sequence of
(SEQ ID NO. 8)Z THT 5 Biyplide:8M G QAAGEPRNEVICX35R-NH2 wherein WO
2009/074483PCT/EP2008/066585

15 Z is an N-terminal protecting group;
B’ is -OH; and

one or more residues of said sequence optionally includes side chain protection;

¢) coupling the fourth peptide fragment to the third peptide fragment in solution in order to
provide a fifth peptide fragment including the amino acid sequence of (SEQ 1D NO. 8)

20 Z-TFTSDVX! " YLEGQAAKEFIAWLVKX>’R-NH;
wherein
Z is an N-terminal protecting group;
X' is a dipeptide residue of a pseudoproline;

X7 is an achiral, optionally sterically hindered amino acid residue; and



-10- Z is N-terminal protecting group Fmoc-; X178 is a dipeptide residue of a pseudoproline; X38 is an
achiral, optionally sterically hindered amino acid residue; and one or more residues of said sequence
optionally includes side chain protection; 50 removing the N-terminal protecting group to afford a sixth
peptide fragnEnEMBRTAHEE the amino acid sequence of (SEQ ID NO. 8) PCT/EPZ008/066585
Z-TFTSDVXI7-18YLEGQAAKEFIAWLVKX38R-NH2 wherein Z is H-; 10X1748 is a dipeptide residue
of a pseudoproline; X35 is an achiral, optionally sterically hindered amino acid residue; and one or
more residues of said sequence optionally includes side chain protection; ) providing a seventh
peptide fragme PRSI TR THEUsA 0 62 FARER RO BH S OB NI S 4B PIAREIO-B' wherein X8
and XI are each independently achiral, optionally sterically hindered amino acid residues; Z is
N-terminal prot&dtiip gL FheeminabRiceipg arvgR ik Brdpardeanittsiagrseiiedide chain
protectionjtanghino h dowpliogsthe §E8QATM POptEe fragment to the sixth peptide fragment in solution to
provide an insulinotropic peptide including the amino acid sequence of (SEQ ID NO, 10)
Z-HXBEXI'ITTSDVX1718Y L EQ@AAKEEIAWLYKKISR-BIH2 WY ORROR074483PCT1EP20081066585

Z is N-terminal protecting group Fmoc-; X17-18 is a dipeptide residue of a pseudoproline; Xj and
X35 arg each ingepgndently achiral, optionally sterically hindered amino acid residues: and one or
more residues of said sequence optionally includes side chain protection. In another
embodiment,the application provides the above method, further comprising the steps of: i)

removing the N-te&utinal protecting group of the insulinotropic peptide to afford the insulinotropic

peptide includingraming %ﬁ%ﬁ@@%@ﬁ%@ of J%EeQdUBMelO) o o
10Z-HX8EX1TFTSDVX17-18YLEGQAAKEFIAWLVICX35R-NH2 wherein Z is H-; X'748 is a dipeptide

residue of a ps%’d%Q%l@%r_%ggg%n%%\?@t%ﬁg%g%&&%@ 4&‘%&&%&93@&!%(11%‘3%@" optionally sterically

hindered amino aci resi one or residues of sald sequénce optionally includes side

chain protection; and J).contacting the insulinotropic, peptide resulting from step i) with acid in order
fo deprotect thd AU S CHAHS (AN S By e A OISR e incrucing

aminqg acid sequence qf (SEQ ID NO. 11) 20Z-HX8EXIT1- ) ) .
SDVS8YLEGQRAKEHR R?Yé’)igéﬁ’- %ﬁlﬁ%iH“il‘ﬁg%?ﬂ}fn%}m%’%e&ﬁal&%%fé?@%&

independently Hchiral, optionally sterically hindered amino acid residues.
Z-HX*EX-B
wherein

X® and X' are each independently achiral, optionally sterically hindered amino acid

15 residues;
Z 1s an N-terminal protecting group;
B’ is ~-OH, and
each of H and E optionally includes side chain protection; and

h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to
20 provide an msulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10)

Z-HX*EXTFTSDVX' ™ YLEGQAAKEFIAWLVKX"R-NH,
wherem
Z is an N-terminal protecting group;

X' is a dipeptide residue of 2 pseudoproline;



WO 2009/074483PCT/E132008/066585 In yet another embodiment, the application provides the
above method, wherein the deproteeted insulinotropic peptide has the amino acid sequence (SEQ. ID
No. 12) HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR-NH2 In one embodiment, the
application provides a method of making an insulinogropic 5peptide, comprising the steps of: a)
providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 5)
Z-QAAKEFIAWLVKX35-B, wherein X35 is an achiral, optionally sterically hindered amino acid residue;

10Z is an N-teétminal Pidtéctiffg Grokgdspradeatirphizde tatnialiyFisredy ks red ey drishid

sequencesbhtisnatly includes side chain protection; b) removing the N-terminal protecting group to
afford a second peptide fragment including the amino acid sequence of (SEQ ID NO. 5) 15Z-
QAAKEFIAWPRKX 350B: whidrsindf $a1ise@ince spligphiasechuies 5 (@5 dbaampetirsiomptionally
sterically hindered amino acid residue; and 20one or more residues of said sequence optionally

includes side chain protection; .c) provjding a thir ptide fragment, in solytion in¢luding the amino
i Secuonolndt FE TN 5 PP ORI N D et AR B RS OPIe pephde:

200910 443REE AP 2981066585 -13- X17-1 8 is a dipeptide residue of a pseudoproline; Z is an
N-terminal protecting group; B' is -OH; and one, or. more residues of said sequen tionally includes
Side chain proASEiTN L B OO RRETLE SHE S G AR AERTAOHE SLcS T e
fragment in solid phase in order to proviti® a AGUR paptiveixitiment including the amino acid
sequence of (SEQ ID NO. 13) Z-Tl- | SDVX1748YLEGQAAKEF AWLVKXis-B' wherein 10Z is an
N-terminal preteetang group; B' is a solid phase resin; X'78 is a dipeptide residue of a pseudopro line;
X35 is an achiral, optionally sterically hindered amino acid es due; and one or more residues of said
sequence optisnafyirdbiak apfieeHbiriersw Eibindess) serieviat tissidoarth peptide fragment from the
solid phase resin and couplina the fourth peptide fragment in solution to arginine amide in order to

prolfe a fifth/pisil PIRESHHGEIREAmMIno acid sequence of (SEQ ID NO. 8)
Z-TFTSDVXlé,48Yﬁg%ﬂﬁa&KEFIAWLVKXBSR-NH2 wherein 20Z is an N-terminal protecting group;
XI748 is a dipéptide residiiie of a pseudoproline;

one or more residues of said sequence optionally includes side chain protection;

b) coupling the first peptide fragment in solution to arginine amide in order to provide a second
peptide fragment including the amino acid sequence of (SEQ ID NO. 6)

15 Z-QAAKEFIAWLVKX*R-NH,
wherein
Z 1s N-terminal protecting group Fmoc-;
X* is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

20 c) removing the N-terminal protecting group to afford a third peptide fragment including the
amino acid sequence of (SEQ ID NO. 6)

Z- QAAKEFIAWLVKX*R-NH,
wherein
Zis H-;

25 X* is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;



X35 is an achiral, optionally sterically hindered amino acid residue; and one or more residues of said
sequence optionally includes side chain protection; O removing the N-letinal protecting group to afford
a sixth peptide fragment including 25 the amino acid sequence of (SEQ ID NO. 8) WO
2009/074483POFIPSHEE1 066585 -14- Z-TFTSDVX17-HYLEGQAAKEFIARGTGRUHIRARS2 wherein
Z is H-; X17-18 is a dipeptide residue of a pseydoproline; 5X35 is an achiral, optionally sterically
hindered amino acid residue; and one or more residues of said sequence optionally includes side
chain protection; . . g) providing a seventh peptide fragment including the amino acid se%uence of

(SEQ ID N&. B9 7Rz e R epHiddragmentiacliding 1y sraiee eRddaparash iy BRARN Gptionally

stcrically hindered amino acid residues; Z is an N-tenninal protecting group; B' is -OH; and 15each of
H and E optionally includes side chain prételdibrPdrd  HEGupling the seventh peptide fragment to
the sixth peptide fragment in solution to provide an insulinotropic peptide including the amino acid
sequence of (SEGIBINO. 10) Z-HX8E,X1TFTSDVX17-1sYLEGQAAKEFIAWLVKX35R-NH2 wherein
20Z is an N-terminal protecting group; X1748 is a dipeptide residue of a pseudoproline;  Xs, X1 and
X35 are each indépénsledtheptitinasidptiofatiyestiencaliyehindered amino acid residues; and one or
more residues of said sequence optionally includes side chain protection. -14a- In a second aspect,
there issprovided amethoshafigiingeandnssilinotropic peptide, comprising the steps of: a) providing a
first peptide fragment including the amino acid sequence of (SEQ ID NO. 5) Z-QAAKEFIAWLVKX35-B'
Swherein X35 isgnsaghiraln@ptionally sterically hindered amino acid residue; Z is an N-telli inal
protecting group; B' is a solid phase resin; and one or more residues of said sequence optionally

includes side chgip M%&Q@Qﬁd&@s@f@%ﬁ&%&ﬁgmﬁdﬁ{m”ﬁ!dﬂi@é?%%&%%&iﬂ&%&f&%d a second
peptide fragment including the amino acid sequence of (SEQ ID NO. 5) Z-QAAKEFIAWLVICX35-B'

wherein ¢) coupling the fourth peptide fragment to the third peptide fragment in solution ir order to
provide a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 8)

10 .z-TFTS;D\/*}S“SYLEGQ;sutuq«:FIAWLVKXE’5R-NH2
wherein
Z 15 an N-terminal protecting group;
X% is a dipeptide residue of a pseudoproline;
X** is an achiral, optionally sterically hindered amino acid residue; and
15 one or more residues of said sequence optionally includes side chain protection;

f) removing the N-terminal protecting group to afford a sixth peptide fragment including the
~ amino acid sequence of (SEQ ID NO. 14)

Z-TFTSDVX " *YLEGQAAKEFIAWLVKX>*R-NH,
wherein
20 Zis H-;
X'™? i5 a dipeptide residue of a pseudoproline;
X** i an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;



Z is H-; 15B' is a solid phase resin; X35 is an achiral, optionally sterically hindered amino acid residue;
and one or more residues of said sequence optionally includes side chain protection; 20 DK /
31.10.2008 WO 2009/074483PCT/EP2008/066585 1 4b c) providing a third peptide fragment in
solution including the amino acid sequence of (SEQ ID NO. 7) Z-TFTSDVX174 BYLEG-B' wherein
5X17-18 is a dipeptide residue of a pseudoproline; Z is an N-terminal protecting group; B' is -OH; and
WIC or more residues of said sequence optionally includes side chain protection; d) coupling the third
peptide fragment in solution to the second peptide fragment in solid phase 1.0in order to provide a
fourth peptigerfrejiient isckrdingettisafripoativdedugribe oii®ROdBNENEI) (SEQ ID NO. 9)
Z-TFTSDVXI'48YLEGQAAKEFIAWLVKX35-B' wherein Z is an N-terminal protecting group; 15B' is a
solid phase resin; X17-18 is a dipeptide residuezeHx fEldBproline; X35 is an achiral, optionally
sterically hindered amino acid residue; and one or more residues of said sequence optionally includes
side chain protectistzf) removing the fourth peptide fragment from the solid phase resin and coupling
the fourth 20peptide fragment in solution to argininc amide in order to provide a fifth peptide fragment

including the amixd agist SegyengefHRRNR, NQirS) Zpﬁﬁffa‘ﬁ%élgﬁiﬁﬁa@@&%ﬁ% Bkid
AWLVICX35R-NH2 wherein Z is an N-terminal protecting group; 25X17-18 is a dipeptide residue of a
pseudoprohne; Wg 5009/074483PCTTEP2008/066585 1 4 ¢ X35 is an achiral, optionally sterically
hindered amino acid reﬁidye; .anld one ar more residues of said sequence optionally includes side
chain protection; )%‘Hm\‘/‘iﬁ&’%ﬂ% Rf-%er?‘trﬁ}géfrﬁ?)é’fecting group to afford a sixth peptide fragment
including the amino, acid sequence of (SEQ ID NO. 8) 5Z-T1-1 SDVX17-18YLEGQAAKEFIA
VKX35R-NH2 wierdinFis?h; Xrm 8 is a dipeptide residue of a pseudoproline; X35 is an achiral,
optionally sterically hindered amino acid residue; and 10one or more residues of said sequence
optionally inc|udé§@i@§%}q§ﬁq§pp@fg&@gﬁ;memdes side chain protection; and

h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to provide an
insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10)

Z-AX*EX'TFTSDVX YL BGOAAKEFIAWLVKX "R-NH,
wherein |
Z 1s an N-terminal protecting group;
X'71® 45 & dipeptide residue of a pseudoproline;

X*, X' and X** are each independently achiral, aptionally sterically hindered amino acid
residues; and

one or more residues of said sequence optionally includes side chain protection.

An “N-terminal protecting group” means a group selected from the group consisting of Acr
(acrylyl), Bz (benzoyl), Ac (acetyl), Trt (trityl) Boc (-butyloxycarbonyl), CBz (benzyloxy-
carbonyl or Z), Dts (dithiasuccinoyl), Rdic (R= Alkyl or Aryl, dic = dithiocarbamate), DBFmoc
(2,7-di-z-butylFmoc or 1,7-di-r-butylfluoren-9-ytmethoxycarbonyl), Alloc (allyloxycarbonyl),
pNZ (p-nitrobenzyloxycarbonyl), Nsc ({[2-[{4-nitrophenyl)sulfonylj-ethoxy]carbonyl]), Msc (2-
methylsulfonylethoxycarbonyl), MBz (4-methoxyCBz), Poc (Z-phenylpropyl(2)-oxycarbonyl),
Bpoc [(1-[1,1'-biphenyl]-4-yl- I-methylethoxy)carbonyl], Bapeoc [[2,2-bis(4-nitrophenyl)-
ethoxy}carbonyl], CBz [(phenylmethoxy)carbonyl], Aoc [(1.1-dimethylpropoxy)carbonyl], and

Moz [[(4-methoxyphenylymethoxy]carbonyl]. Preferred N-terminal protecting groups are Fmoc,
Bpoc, Trt, Poc and Boc.

An “achiral, optionally sterically hindered amino acid residue” is an amino acid that may
be derived from the native achiral glycine or another achiral amino acid. Preferably, the achiral,
optionally sterically hindered amino acid residue is selected from the group consisting of glycine
(G), 2-methylalanine (Aib) and 2-phenylmethyl-phenylalanine. Most preferably, the achiral,
optionally stericallv hindered amino acid residne is selartad fram 3 ar Ath



g) providing a seventh peptide fragment including the amino acid sequence of (SEQ ID NO. 9)
Z-10C8EX18-B' wherein X8 and Xl are each independently achiral, optionally sterically hindered
amino acid 15residues; Z is N-terminal protecting group Fmoc-; B' is -OH; and each of H and E
optionally includes side chain protection; and ~ h) coupling the seventh peptide fragment to the sixth
peptide fragment in solution to provide an 20insulinotropic peptide including the amino acid sequence
of (SEQ ID NO I @) Fhbi %8EI TS DX 2 1i8aioR GOy B FRAME\IK X3 REN 5HHEPERPY is

N-termi ﬁ%g%g%%mgﬁg%gmcﬁiXNS is a dipeptide residue of a pseudoproline; X8, XI and X35
are each independently achiral, optionally sterically hindered amino acid residues; and one or more
residues of Sagiﬁr&%ﬁﬂ e sttﬂ%@ ldrelusest sida.ehaimRrotastionid Whence of (SEQ ID NO. 5)
2009/074483PCT/EP2008/066585 -15- In another embodiment, the application provides a method
of making an insulinotropic peptide, compsisingtheSigpe Rfc&)providing a first peptide fragment
including the amino acid sequence of (SEQ ID NO. 5) Z-QAAKEF1AWLVKX35-B' 5Swherein X35 is an
achiral, optionalhl sterically hindered amino acid residue; Z is N-terminal protecting group Fmoc-; B' is
a solid phase F"e;s?ﬁ?lgnd one or more residues of said sequence optionally includes side chain
protection; 10hk) removing.the N-terminal protecting, group to atfo% a second peptide fragment
clucing the s Sot CE e S D NG B S A K TR O35, & wherein 215 H-;
15B' is a solid phase resi,g;aJOS is an achiral,_optionally sterically hindered amino acid residue; and one
Or more residfe® Ot &4 d?ﬂ@WEBWSHEI@’ﬁﬂ%'IUdeS side chain protection;  c¢) providing a third
peptide fragment in solution including the amino acid sequence of (SEQ ID NO. 7)
20Z-TFTSDVXa 714 8YiEmdB' wherein X1748 is a dipeptide residue of a pseudoproline; Z is N-terminal
protecting group Fmoc-; B' is -OH; and WO 2009/074483PCT/EP20013/066585 -16- one or more
residues of saidrseqjuerca wistishafyitiaae SarBmatprotbrigsside chain protection;

b) coupling the first peptide fragment in solution to arginine amide m order to provide a
second peptide fragment including the amino acid sequence of (SEQ 1D NO. 6}



d) coupling the third peptide fragment in solution to the second peptide fragment in solid phase in
order to provide a fourth peptide fragment including the amino acid sequence of (SEQ ID NO. 13)
5Z-TFTSDVX17-18YLEGQAAKEFIAWLVICX35-B' wherein Z is N-terminal rotectintn; roup Fmoc-; B'
is a solid pha¥® r&i"%¥7-18 is a dipeptide residue of a pseudoproline; 15&%’@%"% fi%ﬁﬁal, optionally
sterically hindered amino acid residue; and one or nyore residues of said sequence optionally includes
side chain protection;  e) removing the fourth peptide fragment from the solid phase resin and
coupling the fourth peptide fragment in, solution to arginine amide_in order to provide a fifth peptide
fragment including the amino acid seq%l' é%?g%r .%Z-TI, I
SDVX17-18YLEGQAAKEFIAWLVKX R-N112 wherein Z is N-terminal protecting group Fmoc-; X1748
is a dipeptide r@Gief58 of a pseudoproline; X35 is an achiral, optionally sterically hindered amino acid
residue; and 20one or more residues of said sequence optionally includes side chain protection;  f)
removing the NZérRvitfampieiaeiag Beaipu fesd a sixth peptide fragment including the amino acid
sequence of (SEQ ID NO. 8) Z-Tl, | SDVXI748YLEGQAAKEFIAWLVKX35R-NH2 WO
2009/074483P&T/ER200BI066585n1- sicrirglls bintlpugtideire siddecstlagpsadidoproline; X35 is an
achiral, optionally sterically hindered amino acid residue; and one or more residues of said sequence
optiondlly includes sidechakidpestetiion sequenag optovidingralséwesitle peptigeoteationent including the
amino acid sequence of (SEQ ID 5 NO. 9) Z-HX8EX1-B' wherein X8 and Xn5 are each
independently athirasyvoptibaallycaterichhotrindered apninafacick rdsid pestidOFisnNsentiinihprotecting
group Fmegs»Bils aghlé@g&g&@%@@f}j(bqﬁq\@p@tionally includes side chain protection; and  h)
coupling the seventh peptide fragment to the sixth peptide fragment in solution to provide an
insulinotropic peptide including the amjn éﬁ’h@ﬁ%\%ﬂ%@é}éﬁ'ﬁ@{? NO. 10) 15Z-HX8EXITFTSD
VX17-18YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is N-terminal protecting group Fmoc-; XI 7-] 8 is
a dipeptide res@ﬂ‘%—é}};a pseudoproline; X8, Xl and X35 are each independently achiral, optionally
sterically hindered amino acid 20 residues; and one or more residues of said sequence optionally
incluqr%s side c%ai rotection. In another embodiment, the application provides the above method,
further'comprisi bs e steps of: I) removing the N-teiminal protecting group of the insulinotropic
D it SPate psiidng Aming ssfsagiency of (SEQ D No- 10) Wo

one or more residues of said sequence optionally includes side chain protection;

d) providing a fourth peptide fragment including the amino acid sequence of (SEQ ID NO.

7}
15 Z-TFTSDVX'"™YLEG-B’
wheréin
X' is a dipeptide residue of a pseudoproline;
- Z is N-terminal protecting group Fmoc-;
B’ is ~OH; and
20 one or more residues of said sequence optionally includes side chain protection;

e) coupling the fourth peptide fragment to the third peptide fragment in solution in order to
provide a fifth peptide fragment including the amino acid sequence of (SEQ 1D NO. §)

Z-TFTSDVX! " *YLEGQAAKEFIAWLVKX"R-NH;

wherein



-18- Z-HXBEX1TFTSDVX1 7-1 8YLEGQAAKEFIAWLVKX85R-NH2 wherein Z is H-; X8 is a dipeptide
residue of a pseudoproline; 5X8, Xm and X35 are each independently achiral, optionally sterically
hindered amino acid residues; and one or more residues of said sequence optionally includes side
chain protectiR: 24f0f¢¢Bntacting the irtsulinotropic peptide resulting fronF StEEEFREPFERI to deprotect
the - amino acid side chains to afford the deproteg} d insulinotropic peptide including amino acid 10
sequence of (SEQ ID NO. 11) Z-HX 8 EXIDTFTSDVSSYLEGQAAKEFIAWLVICX35R-NH2 wherein Z
is H-; and X8, X181 and X38 are each independently achiral, optionally sterically hindered amino
acid 15 residueé.’s N-ieiel AsieisnsEM MERE the application provides the above method, wherein
the deprotected insylinotropic peptide has the amino acid sequence (SEQ. Il) No, 12) HAIbEGIF |
SDVSSYLEGQAAKEFHANRDYRNiBRANGeS pssufiePpHESe resin” means any type of support suitable in
the practice of solid phase 20 peptide synthesis that can be made from one or more polymers,
copolymers or éormibiratidvreloppétebr steieiadipsiyethsainpulidmrshmaandubstituted polyethylenes,
polyethyleneglyc,ol, phenolic resins, polysaccharides, or polystyrene and that typically includes a
linking moiety towhichishergridwingfseidtidgusncouplathdyrimglegenhidsish#rgfarablipnthe solid phase
resin is selected from the group consisting of 2-chlorotrityl chloride (2-CTC) resin , trityl chloride resin,
25 4-nfethyltrityh)chiasidegr ey -teméathigpegtatyinghloricde s esiordda aimiln pbtide ftagn2 ot dohadrity | resin,
4-aminomgihylhenzew ehlaretsitys esim R@ninopropan-I-ol 2-chlorotrityl resin, bromoacetic acid
2-chlorotrityl resin, cyanoacetic acid 2-chlorotrityl resin, 4-cyanobenzoic acid -19- 2-chlorotrityl resin,
glicinol 2-chlorotrityl resin, prg@@q@&g@mwﬂyé@ngngthmgorotrityl resin, N-Fmoc
hydroxylamine 2-chlorotrityl resin, hydrazine 2-chlorotrityl resin, polystyrene-divinylbenzene resin (PS
resin) with 4-hy%%oxgi1methylphenyloxymethyl anchoring groups, and

4-hydroxymethy -%r-methoxyphenoxybutyric acid resin. Most preferably, the solid 5 pahse resin is
2-chlorotrityl chg)giqdftf__(Z-CTC) resin.  In a third aspect, the application provides a method of making
an insulinotropiC peptide, comprising the steps of: a) providing a first peptide fragment or
counterpart thereof dncluding the amino acid sequence of (SEQ ID NO. 13)
1OZ-1FI(—5TSDVX§%48W;E%@%5 Eﬁ}i‘%ﬁ/&%@ﬁ% B WH&rein z is an N-teiminal protecting group; B' is
-OH; X1718 is a dipeptide residue of a pseudoproline; 15X35 is an achiral, optionally sterically
hindered amino’acit #B&iE.- RYBHL LI ERGALYdLRgGRS ardasreddaanes 8Mionally include side chain
protection; b) coupling the first peptide fragment in solution to arginine amide in order to provide a
second peptideMEGHTEAte ﬁ%ﬂ@@ﬁﬁ@fﬁ@%ﬁ@%%&&@@@ﬁéﬁé@%@@g@% [Bagorrahection;
Z-TFTSDVX17'18YLEGQAAKEEIAWLVKX35R-NH2 20wherein Z is an N-terminal protecting group;
X1718 is a dipepritte viddid desofcath sentdp fulgmecx 35 limg dehiraine pridranyed ReBERABered amino
acid residae) agnd one or more residues of said sequence optionally includes side chain protection;
WO 2009/674483PCT/EP2008/066585

15 Z-HXPEX'.B’
wherein

X* and X' are each independently achiral, optionally sterically hindered amino acid

residues;
Z is N-terminal protecting group Fmoc-;
20 B’ is ~OH; and
each of H and E optionally includes side chain protection; and

h} coupling the seventh peptide fragment to the sixth peptide fragment in solution to
provide an insulinotropic peptide including the amino acid sequence of (SEQ 1D NO. 10)

Z-HX EX ' TFTSDVX! " YLEGQAAKEFIAWL VKX R-NH;

25 wherein



-20- Z-TFTSDVXrm8YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is H-; X1748 is a dipeptide residue
of a pseudoproline; 5X35 is an achiral, optionally sterically hindered amino acid residue; and one or
more residuev‘sw%f,,s[%;)qﬂ;e:1 yence optionally includes side chain protection; __d rovidigg a fourth
peptide fragmentincluding the amino acid sequence of (SEQ ID NO. 9) yA s 9545787 owherein
X8 and Xl are each independently achiral, optionally;sterically hindered amino acid residues; Z is an
N-terminal protecting group; B' is -OH; and 15each of .H and E optionally includes side chain
protection; and ., . oupling the fourth peptide fragment to the third peptide fragment in solution to
provide an insunzn%%‘%?8’8%%?%8%&?%%%“@%%%%0 acid sequence of (SEQ ID NO. 10) Z-HX8EX
TFTSDVX1748YLEGCQAAKEFIAWLVKX35R-NH2 wherein 20Z is an N-telin& protecting group; X17-18
is a dipeptide residue’of 4 PG 2 PSEYI%TRAREX35 are each independently achiral, optionally
sterically hindered a residues; and one or more residues of said sequence optionally includes side

chain protection’~o acidAd 2508767 NEsBEE et sotiE owEsss!pstericalin pderis @pisodithent, the

applicationrgidvidesrd method of making an insulinotropic peptide, comprising the steps of: a)
providing a first peptide fragment or counterpart thereof including the amino acid sequence of (SEQ ID
NO. 13j 5Z-TFISER\Of ko3 ¥iEGQA AR AW EVIEXBha By Whrer s LdsINaterminaltprotecting group
Fmoc-; B'is -OH; X17-18 is a dipeptide residue of a pseudoproline; 10X35 is an achiral, optionally
sterically hindered amino acid residue; and one or more residues of said sequence optionally include
side chain protebtiemgther binbodipling the first @éptidedralgméntdbosoutidndolargininenamids in order to
provide a;seg peptide fragment including the amino acid sequence of (SEQ ID NO. 8)
Z-TFTSDVX17-'8YLEGQAAKEFIAWLVKX35R-NH2 15wherein Z is N-terminalprotecting group Fmoc-;

X17-18 is a dipsplde.saifie of epedonaling X35 anactliab anionall steraly hndered

amino acid residue; and one oresidues of said sequence optlonallﬁin u side chain protection; 20c)

removing tHSNIRFHIR BIHe SHE e AP RS MU YRS FERtde HadiHetincluding the amino acid

sequence of (SEQ ID NO. 8
a 10 (SEQ ZﬁXSEXmTFTSDVX”']SYLEGQAAKEFIAWLVICX3SR-NH2

wheremn
Z1s H-;
X' is a dipeptide residue of a pseudoproline;

X®, X" and X* are each independently achiral, optionally sterically hindered amino acid
15 residues; and

one or more residues of said sequence optionally inciudes side chain protection; and

j) contacting the insulinotropic peptide resulting from step 1) with acid in order to deprotect
the amino acid side chains to afford the deprotected insulinotropic peptide including amino acid
sequence of (SEQ ID NO. 17)

20 Z-HX’EX"*TFTSDVSSYLEGQAAKEFIAWL VKX R-NH,
wherein
Z 18 H-; and

X*, X" and X* are each independently achiral, optionally sterically hindered amino acid
residues.



Z-11 SDVX17-j 8YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is H-; 25X'718 is a dipeptide residue of
a pseudoproline; WO 2009/074483PCT/EP2008/066585 -22- X35 is an achiral, optionally sterically
hindered aming acidresid%e; and one or more residues of said sequence o tionallﬁincludes side chain
protection; “8)28?3@@?‘#9 a fourth peptide fragment including the amino C?J@ga Beat (SEQ ID
NO. 9) 5Z-HX'EX10-B1 wherein X8 and Xl are eash independently achiral, optionally sterically
hindered amino acid residues; Z is N-terminal protecting group Fmoc-; 10B'is-OH;and each of H and E
optionally includes side chajn protection; an e) caupling the fourth peptide fragment to the third
peptide fragment gg}u%#‘ﬁf B?g{?lé’g]%{ﬁ iﬁ%%ﬁﬂ%%%ﬁ%?p%%ﬁﬁ%siﬁ%‘fu RY S Wting 2P ¥§uence of
(SEQ ID N@pfycZdHXB8HEXI0THET SPNOK hadBY bRBCAKERPAW (SAQKE5ReNH2 15wherein Z is
N-terminal protecting group Fmoc-; X17118 is a dipeptide residue of a pseudoproline;  Xs, Xm and
X35 are each independentlyiachiall BptioNahy ety Kibderdd ArkintdBeNHesidues; and 20one or
more residues of said sequence optionally includes side chain protection. In another embodiment,
the application prqvides the above method, further comprising the st%%)s of i) remaving the N-telininal

protecting group df 8 HEEMPBREic PR FHRE RS WHErA e ids IS opic BE SRt n By Sino acid

sequernice pEfSEQeHhMBEInd Be2brskXBEXICTFTSDVX1548YLEGQAAICEFIAWLVKX35R-NH2 WO
2009(074483PCT1EP2008/066585 -23- wherein Z is H-; X'7-18 is a dipeptide residue of a

pseudoproline; a) nrXRiingd AREpS3RRR:eACR(IDRARBAd BNt PRIoRANY stesicaliphirslered

amino acid 5 resufues; and one or more residues of said sequence optionally includes side chain
protection; and  j) contacting the insulinoyogic peptigdewasyline from step i) with acid to &protect the
amino acid side chains to afford the deprotected insulinotropic peptide including amino acid sequence
of (SEQ ID NO. gejfgé-HXBEXITFTSDVSSYLEGQAAKEFIAWLVICX3512-NH2 wherein Z is H-; and
X8, X118 and X38 are each independently achiral, optionally sterically hindered amino acid residues.

15In yet anothegembodimen, the Apicalion piavides. the.above melhod, wherein the

16 Z 18 an N-terminal protecting group;
B’ is a solid phase resin; and
one or more residues of said sequence optionally includes side chain protection;

b) removing the N-terminal protecting group to afford a second peptide fragment including
the amino acid sequence of (SEQ 1D NO. 5)

15 Z- QAAKEFIAWLVKX™-B’
wherein
Zis H-;
B’ is a solid phase resin;
X* is an achiral, optionally sterically hindered amino acid residue; and
20 one or more residues of said sequence optionally includes side chain protection;

¢) providing a third peptide fragment in solution including the amino acid sequence of
(SEQ ID NO. 7)

Z-TFTSDVX " ®YLEG-B’

wherein



deprotected insulinotropic peptide has the amino acid sequence (SEQ. ID No. 12)
HAIbEGTFTSDVSSYLEGQAAICEFIAWLVKAIbR-NH2  Any of the above methods may employ
N-terminus histidine protecting groups (N-terminal protecting groups) selected from the group
consisting of B82W2AIfBxycarbonyl), CBz 20 (benzyloxycarbonyl or Z), Sgtﬁ?ﬁﬂ%sgﬂﬁéé%ﬁ‘oyl), Rdtc
(12= Alkyl or Aryl, dtc = dithiocarbamate), DBFmoc (2,7-di-t-butylFmoc or
1,7-di-t-butylfluoren-9-ylmethoxycarbonyl), Alloc (allyloxycarbonyl), pNZ (p-nitrobenzyloxycarbonyl),
Nsc ([12-{(4-nitrophenypsulfonyl1- ethoxylcarbonylp, Msc (2-methylsulfonylethoxycarbonyl), MHz
(4-methoxyCBz§? Elgn;@da[@siﬂeﬁ} 916 &‘ﬂ)%f]ljﬁ-eyﬁ??éﬁ{&ﬁylethoxy)carbonyl], Bnpeoc
1[2,2-bis(4-nitrophenypethoxy]- 25 carbonyl], CBz [(phenylmethoxy)carbonyl], Aoc [(1,

-dimethylpropo R dIOIS S TS oxy phenyOmethoxy]carbonyll, wherein if the
N-terminus histidine protecting group may be removed in the global side-chain deprotection step using
acid, prior remdvaboftHe Mdterminus histidine protecting group is not required. -24- In a fourth
aspect, the application provides a peptide of the amino acid sequence (SEQ. ID NO. 14)
Z-TFTSDVX 17018 v1 ECORAKES {3 id AcnierrT outensiySzciydss|sideeh s M e{edid:Fmoc-; B' is -OH
or solid phase resin; X17-18 is a dipeptide residue of a pseudoproline; and one or more residues of
said séquence dptiompdity ihcltidel sicteidhirgprotdotiohition to theanothé pentibo 8kramett thieselpblication
provides thg.abaverpenlide. wher e e, dipeptide Ao fesitisnefiBpseudapioling.isa S(SEEr residue.
In a fifth a@?\%ﬁ i@ application provides a peptide of the amino acid sequence (SEQ. ID NO. 15)
Z-TFTSD -18YLEGQAAKEFIAWLVKAIbR-NH2 wherein 15Z is selected from H- and Fmoc-;

X17-18 is a dipeptide residue f%@ﬁmg' : ém telygs of said sequence
optionally include side chain p%dtec ion. In%%%t%@%&%g |men‘%t{ e ;gplication provides the above

peptide, wherein the dipeptide residue of a pseudoproline is a Ser-Ser residue. 20The present
application relat¥€ 8 he preparation of insulinotropic peptides that are synthesized using a solid and
solution phase ("hybrid") approach. Generally, the approach includes synthesizing three different
peptidd intermediai Patiman PG s PRase chemistry. Solution phase chemistry is then used to
add additional amino acid material to one of the fragments. The fragments are then coupled together
in the solution phasé.sPhe Rigecoram5 pseudoproline in one of the fragments eases the solid phase
synthesis of that fragment and also eases the subsequent solution phase coupling of this fragment to
other fragments§ TheigprakpsmtideSesidue afiemssudenralisiul for forming insulinotropic peptides such as
GLP-1, GLP-1(7-36) and natural and non-natural counterparts of these, particularly GLP-1(7-36) and
its natural and Bonhinatreticoumterpatts sterically bimizthdagpiet atikrapdlieatish provides a method of
making an insulinotropic peptide, 5 comprising the steps of: a) providing a first peptide fragment
including the amvireasicrsesibrs® Dfafs EQuindy @ptktk KyFhaMdeV $EIE 8548 'prdieseim; 10X 35 is an
achiral, optionally sterically hindered amino acid residue; Z is an N-terminal protecting group; B' is a
solid phase resi) ramchafetns foond repitiseagisaidisaihenocddpiitanalyiinold desdidetoh&inrth

protection;,q.iiqe RhGIEAN NG {1t P ﬂﬁ&eféﬂgﬁé‘%%?éét%?a\f{m e sRlidRhessdasin to yield the
LVKX35-B' wherein B' is -OH;  ¢)

first 15 peptide fragment jn solution (S ‘ -E1A
coupling tﬁ‘é&ﬂ%‘f‘ﬁ%%%iﬂ@%%&%%ﬁ?%'EB‘TLﬂ?L(?ﬁEg&ég%éegémide in order to provide a second peptide

fragment including the amino acid seque of (SEO ID NO. 17 . _
g g Z—TFTSDC{/X ng?YL.éGQgAKE FEAWI?VKX‘ 5 R-NH,
wherein
20 Z is an N-terminal protecting group;

X' is a dipeptide residue of a pseudoproline;
X’ is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

f) removing the N-terminal protecting group to afford a sixth peptide fragment including
25  the amino acid sequence of (SEQ ID NO. &)



sterically hindered amino acid residue; and one or more residues of said sequence optionally includes
side chain protection; 25d) removing the N-terminal protecting group to afford a third peptide fragment
including the VBB 4A#E3equence of (SEQ ID NO. 17) WO 2009/0744838EFREEB30E66585 -26-
Z-FIAWLVICX35R-NH2 wherein Z is H-; X35 is an_aghiral, optionally sterically hindered amino acid
residue; and 5one or more residues of said sequence optionally includes side chain protection. The
"N-teiuiinal protecting group" is selected.from the group consisting of. Acr (acrylyl), Bz (benzoyl), Ac
(acetyl), Trt (trityl), Boc (.bu&%@é&?%ﬁgg%%%g%%%@% cﬁ"ﬁ%@ts (dithiasuccinoyl), Rdtc
(R- Alkyl or Aryl, dtc = dithiocarbamate), DBFmoc (2,7-di-tbutylFmoc or
1,7-di-/-butylflubEsHBLyImethoxycarbony1), ALloc (allyloxycarbonyl), pNZ (p- 10
nitrobenzyloxycarbonyl), Nsc ([[2-[(4-nitrophenyl)sulfonyl]ethoxy]carbonylD, Msc (2-
methylsulfonylethoXlycarbonyl), MBz (4-methoxyCBz), Poe (2-phenylpropyl(2)-oxycarbonyl), Bpoc
[(1-[1,11-biphenyl]-4-y1-1-methylethoxy)carbonyl|, Bnpeoc I[2,2-bis(4- nitrophenypethoxy]carbonyll,
CBz [(phenylma&thoxip eatibertydl; reeidy¢lfia timdtyiginmpoxy)carbonyl], and Moz
[[(4-methoxyphenyl)methoxylcarbonyl]. Preferred N- 15 terminal protecting groups are Fmoc, Bpoc,
Trt, Pde and BOE? is ardnchiratheptenbbdirased i gendpplication pealidedua;method of making an
insulinotropic peptide, comprising the steps of:  a) providing a first peptide fragment including the
amino acid sequene@en@f(SEQUE MNQail 63 ABAE MAWIC XRbk vihechamX85tdstmn;achiral, optionally
sterically hindered amino acid residue; Z is N-terminal protecting group Fmoc-; B' is a solid phase
resin; and 250ng plomeie; iesidens pnaid sagnencecoaiionalb.includes sidpahaipfpsgedion;  b)
cleaving tlﬁoﬁr t peptide fragment of step a) from the solid phase resin to yield the first peptide
fragment in soldtion (SEQ ID NO. 16) WO 2009/074483PCT/EP2008/066585 -27- Z-FIAWLVKX35-B'
wherein B' is -OH;  c¢) coupling the first pepti %%gglejg,in solution to arginine amide in order to
provide a second peptide fragment including the amino acid sequence of (SEQ ID NO. 17)
SZ-FIA%WLVKXS R-N1-12 wherein Z is N-terminal protecting group Fmoc-; X35 is an achiral, optionally
sterica y hinde "$Hino acid residue; and one or more residues of said sequence optionally includes
side chain protegtion; 10Qd) removing the N-terrrqlgrré)aal protecti to afford a third g)ce}gtide fragment

. g graqu
including the afing'4&d §é‘ﬁ‘fﬂ§ﬁé@ p?g@@lm& li%tlonaﬂy s%ermeﬂly hindered amineo
residues;
7 is an N-terminal protecting group;
B’ is ~OH; and

15 each of H and E optionally includes side chain protection; and

h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to
provide an insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10}

Z-AX EXCTFTSDVX ™ *YL EGQA AKEFI AWLVKX**R-NH,
wherein
20 Z is an N-terminal protecting group;
X' is a dipeptide residue of a pseudoproline;

X%, X' and X7 are each independently achiral, optionally sterically hindered amino acid

residues; and

one or more residues of said sequence optionally includes side chain protection.



Z-FIAWLVKX35R-NH2 wherein Z is H-; 15X35 is an achiral, optionally sterically hindered amino acid
residue; and one or more residues of said sequence optionally includes side chain protection. In
another embodiment, the application provides a peptide prepared according to the above method
having the amino acid sequence (SEQ ID NO. 17) -E_IAWLVKXBSR-NHZ 20wherein Z is N-terminal
protecting group Fmoc-; and X35 is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection. In one variation of the
above peptiddnR355adisspistobvodsrravidse emethabobmBgsgsn gulinofpaiarridmbodiment,
the applisatipriggideseppeptide prepared accordin o the above method having the amino acid
sequence (SEQ ID NO. 16) Z-FIAWLVKX35-B' wherein B' is solid phase resin or -OH; Z is N-terminal
protecting grovaikENPsrERGHEPHE AR HEshartianallyisiercalbehirdstest aminqmeidresidue; and

one or more residues of said sequence optionally includes side chain protection. In one variation of the

above pep de, X35 is Aib. 10In anotherﬁq%qggg%w&%ﬂon provides a method of making an

insulinotropic peptide, comprising the step providing a peptide fragment including the amino
acid sequence f%SEQ ID NO. 18) Z-HX8EXI0T1-1SDVX17-18YLEGQAAKE-B' wherein 15X8 and Xth
are é%ch indeggﬁ ghtly achiral, optionally sterically hindered amino acid residues; X1748 is a
dipeptide residye of a pseudoproline; Z is an N-terminal protecting group; B' is a solid phase resin; and

200ne or moré-reiidiesirdanpieibntisrislioribngsrrd saasmaddsaifisiotection: and b) cleaving

the peptide fragment of step a) from the solid phase resin to yield the peptide fragment in solution
(SEQ ID NO. 18} Zn PiXSEXIRE PORVI72t@. EGQAAKE-B' wherein B' is -OH. -29-  In a seventh
aspect, the application provides a method of making an insulinotropic peptide, comprising the steps of:
a) providing apeptidefihgmentdrielLugiag the amino acid sequence of (SEQ ID NO. 18)
Z-HX8EX10TFTSDVX17-18YLEGQAAKE-B' 5wherein X8 and X10 are each independently achiral,
optionally sterigally. hinderedamine atidigaide s 48 haifiReriidecimsidye etpseudoproline;

10 b) removing the N-terminal protecting group to afford a second peptide fragment including the
amino acid sequence of (SEQ ID NO. 5)

Z-QAAKEFIAWLVKX>-B’
wherein
Z1s H-;
15 B’ is a solid phase resin,
X*° is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;

20
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Z is N-terminal protecting group Fmoc-; 10B' is a solid phase resin; and one or more residues of said
sequence optionally includes side chain protection; and b) cleaving the peptide fragment of step a)
from the solid phase resin to yield the peptide fragment in solution (SEQ ID NO. 1@% .

Z-HX8EX1TFTE A48y EGQAAKE-B' 15wherein B' is -OH. In anothet eHBSHRESt e
application provides a method comprising the stepgof: &) providing a first peptide fragment including
the amino acid sequence of (SEQ ID NO. 16) Z-FIAWLVICX35-B' 20wherein X35 is an achiral,

optionally sterically hindered amino acid residue; Z is.an N-ten.inal protecting group; B!l lid phase
esin: and DHECS NS 1o LS A S R L Ay i, RS LR Bro e o
2009/074483PBTIER2008/066585 -30-  b) cleaving the first peptide fragment of step a) from the
solid phase resin to yield the first peptide fragment in solution (SEQ ID NO. 16) Z-FIAWLVICX33-131
wherein B' is -OH; 5c¢) coupling the first p2gtiESPAGHIEliRibBGHRion to arginine amide in order to
provide a second peptide fragment including the amino acid sequence of (SEQ ID NO. 17)

Z-FIAWLVKX33RdNit2 wherein Z is an N-terminal protecting group; 10X35 is an achiral, optionally
sterically hindered amino acid residue; and One or more residues of said sequence optionally includes

side chain protegtishis 5 dRkFeERRAviGLENS N jiubinabRietecting group to afford a third peptide
fragment including the amino acid sequence of (SEQ ID NO. 17) Z-FIAWLVKX35R-NH2 15wherein Z

is H-; X35 is anggg@l{“@égﬂgﬂﬁlyrégg&g%:%mggered amino acid residue; and one or more residues of
ec

said sequence optionally includes sid ain protection; and e) providing a fourth peptide
fragment includ@g‘gu ﬁnHHQ acid sequence of (SEQ ID NO. 2018) Z-HX8EX
TFTSDVX1748YLEGQAAKE-B' wherein X8 and X10 are each independently achiral, optionally

sterically hindered amino acid fesidues;; WO 20091074483 CT/EP21108/066805:3 7 is an

N-telllinal protec%r?gorgroup,

d) coupling the third peptide fragment in solution to the second peptide fragment in solid phase
10 in order to provide a fourth peptide fragment including the amino acid sequence of (SEQ
ID NO. 13)

Z-TFTSDVX " *YLEGQAAKEFIAWLVKX B’
wherein
Z 1s an N-terminal protecting group;
15 B'isa soii& phase resin;
X% is a dipeptide residue of a pseudoproline;
X** is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

e) removing the fourth peptide fragment from the solid phase resin and coupling the fourth
20 peptide fragment in solution to arginine amide ir order to provide a fifth peptide fragment
including the amino acid sequence of (SEQ ID NO. §)

Z-TFTSDVX' " *YLEGQAAKEFIAWLVKX R-NH,
wherein
Z is an N-terminal protecting group,;

25 X" is a dipeptide residue of a pseudoproline;



B' is a solid phase resin; and one or more residues of said sequence optionally includes side chain
protection; and U cleaving the fourth peptide fragment of step e) from the solid phase resin to
yield the 5 fourth peptide fragment in solution (SEQ ID NO. 18)
Z-HX8EX10IFF8 R A48y L EGQAAKE-B wherein B' is -OH. In another efbb@EfAER( e &% pplication
provides a method comprising the steps of: évproviding a first peptide fragment including the
amino acid sequence of (SEQ ID NO. 1016) Z-F]I£l LVKX35-B' wherein X35 is an achiral, optionally
sterically hindered.amino acid residue; Z is N-terminal protecting group Fmoc-; 15B' is a solid phase
resin; and one of mérélradidale SSIAIE stdifeHEdBARSAMYINCIGHISSie:cMdin protection;  b)
cleaving the first peptide fragment of step a) from the solid phase resin to yield the first peptide
fragment in soluteho{SEQ:IBsKEESs D s#REAVOY KXEBHB!20Mhere indg deaiDpiotectineoupling the first
peptide fragment in solution to arginine amide in order to provide a second peptide fragment including
the amino fciensedgue ieeot(SEQ! o7 v AN K X SHFd-DirtGdw iergimniM@luding the

2009/074483PGH(ER 2008/00658% 38 1¢%3p in@nsgchiral, optionally sterically hindered amino acid
residue; and one or more residues of said sequence optionally includes side chain protection;  d)

removigg the N-terminal protegtingrgrouR toqHate Mﬁﬁgﬁ@mﬁgﬁ@cluding the amino acid
sequence of (SEQ ID NO. I 7) 5Z-FIAWLVICX35R-NH2 wherein Z is H-; X35'is an achiral, optionally

stet ically hindered amino acid residue; and one or more residues of said sequence optionally includes
side chain protection; and 10e) providing a fourth peptide fragment including the amino acid sequence
of (SEQ ID NO. énl%r) -HX5EX10TE 1 SDVX1748YLEGQAAKE-13 wherein X' and X5 are each
independently a ,‘optionally sterically hindered amino acid 15residues; X17 is a dipeptide residue
of a pseudoproling; £ is N-terminal protecting group Fmoc-; B' is a solid phase resin; and one or more
residues of said%equé%%glﬁ‘ﬁﬁ@ﬁéﬁ?@ﬁélﬁéﬁgﬁmmmbrotection; and 20f) cleaving the fourth
peptide fragment of step e) from the solid phase resin to yield the fourth peptide fragment in solution
(SEQ ID NO. 1 8§ Zitpregebatrorsengil verppileieymak po acid residue; and

10 one or more residues of said sequence optionally includes side chain protection;
g) providing a seventh peptide fragment including the amino acid sequence of (SEQ ID NO. 9)
Z-HXEX'"-B’
wherein

X* and X' are each independentiy achirai, optionally sterically hindered amino acid |
15 residues;

Z 18 N-terminal protecting group Fmoc-;
B’ is —OH; and
each of H and E optionally includes side chain protection; and

h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to provide an
20 insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10)

Z-HX EXTFTSDVX " *YLEGQAAKEFIAWL VKX R-NH;
wherein
Z 18 N-terminal protecting group Fmoc-~;

X" is a dipeptide residue of a pseudoproline;

X%, X' and X are each independently achiral, optionally sterically hindered amino acid

residues; and

one or more residues of said sequence optionally includes side chain protection.



wherein B' is -OH. WO 2009/074483PCT/EP2008/066585 -33- a) coupling a first peptide fragment
to a second peptide fragment in solution in order to provide a third peptide fragment including the

amino acid s%%ag@%%@ji@EQ ID NO. 10) PCTIEPIMR06GSSS

Z-HX8EXITF gYLEGQAAKEFIAWLVKX35R-NH2 wherein Z is an N-télininal protecting
group; X8 and Xm are each independently achirag gptionally sterically hindered amino acid residues;
7-18 is a dipeptide residue of a pseudoproline; X35 is an achiral, optionally sterically hindered amino

acidresidue; an 10°Q§ or n?)o[ie reﬁidéjles of said se ueé'uce 0 tigngllcljyé inclludes side chain protection.
anotier emba m%e:n € applicaiion g vides % etho " ma urlﬁ "ﬂ% insulmotrapic .
Preferably, the N-terminal protecting group’is Fmoc. Tn anothef embodimernt, the application provides a

method cespipHsiprhsistetbeofers o) providing a first peptide fragment including the amino acid
sequence of (SEQ ID NO. 1 6) 15Z-FIAWLVKX35-B' wherein X35 is an achiral, optionally ster cally
hindered amino®a & Yekigurehinst igepfide Fagmienl proteemigyroin BribsamehacpidSEQdRnd28bne or

more residues of said sequence optionally includes side chain protection; b) cleaving the first
peptide fragment of step a) from the solid FhaERABERIWISKINE M5t peptide fragment in solution
(SEQ ID NO. 16) Z-FIAWLVKX35-B' wherein B"is -OH; WO 2009/074483PCT/EP2008/066585 -34-
c¢) coupling the firb¢peptide fragment in solution to arginine amide in order to provide a second peptide
fragment including the amino acid sequence of (SEQ ID NO. 17) Z-FIAWLVKX35R-NH2 wherein 5Z is
an N-terminal protegtinggibupoXamis prachingthoptiadalbistesisaliydhingdered amino acid residue;
and one or more residues of said sequence optionally includes side chain protection;  d) removing

the N-terminal pratectiegraourde affere-auhirehreptide fragment including the amino acid sequence of
(SEQ ID NO. 17) 10Z-FIAWLVICX35R-NH2 wherein Z is H-; X35 is an achiral, optionally stet-wally

hindered aminO@qgggﬁiﬂﬁém%edQ& more residues of said sequence optionally includes side
chain protection; and 15e) providing a fourth peptide fragment including the amino acid sequence of

(SEQ ID NO. 18) Z- - - KE-B! ei .. X8 and.X| are each
‘independently a%%%lrézglég)g%gé}ga I)l/%t)(()e\fr%(%%;% I%'Xheéggogg}%%%’ E%% rqéqé?d;lﬁig'sn pm%ecqmn’

10 b) removing the N-terminal protecting group to afford a second peptide fragment including
the amino acid sequence of (SEQ ID NO. 5)

Z- QAAKEFIAWLVKX>.B’
wherein
Z1is H-;
15 B’ is_a solid phase resin;
X* is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

¢) providing a third peptide fragment in solution including the amine acid sequence of
(SEQID NO.7)

20 Z-TFTSDVX'*YLEG-B’
wherem
X'71% is a dipeptide residue of a pseudoproline;
Z is N-terminal protecting group Fmoc-;

B’ 18 —OH; and



X17-18 is a dipeptide residue of a pseudoproline; Z is an N-terminal protecting group; B' is a solid
phase resin; and one or more residues of said sequence optionally includes side chain protection; and
WO 2009/074483PCT/EP2008/066585 -35- f) cleaving the fourth peptide fragment of step e) from
the solid pha%@rariofg4field the fourth peptide fragment in solution (SEQRET ERIGHH66585
Z-HXBEX1TFTSDVX17-15YLEGQAAKE-B' wherei PB is-OH; 5g) coupling the fourth peptide fragment
to the third peptide fragment in solution in order to provide a fifth peptide fragment including the amino
acid sequence of (SEQ ID NO. 10) Z-HX8EXITFTSDVX1748YLEGQAAKEFIAWLVKX3512.-NH2
wherein Z is arPRE@ETMMArpiovesohseEtseperoxartner ol iardecHdm i AESatRPEchiral, optionally
sterically hindered amino acid residues; x'78 is a dipeptide residue of a pseudoproline; X35 is an
achiral, optionadlycstaritaltrhihtié rsttinfme e fesiudmind mswriraetidssitgasf sdiefidequence
optionally prekddessidasprividr atReiionbhls eferalbly, itubiide tiknatipsoieicting grasp Y FEQOC. In
another embodiment, the application provides a method comprising the step of: a) providing a first
peptide fragment including the amino acid sequence of (SEQ ID NO. 16) Z-FIAWLVICX35-B'

20wherein X35 is an achiral, O%WB%“L@%MEA%&%R W%@lue; Z is an N-terminal
nd one or more resi

protecting group; B' is a solid phase resin; a Ues of said sequence optionally

includes side ch%ln rotection; WO 2009/074483PCT/EP2008/066585 -36-  b) cleaving the first

peptide fragmeW 8 gtlep a) from the solid phase resin to yield the first peptide fragment in solution

(SEQ ID NO. 16) Z-FIAWLVKX -B', wherein B' is -OH; 5c) coupling the first peptide fragment in
solution to argifire SrsidETA 8F8@Ff€8gp$6‘%}f8 A¥econd peptide fragment including the amino acid
sequence of (SEQ ID NO. 17) Z-FIAWLVKX33R-NH2 wherein Z is an N-terminal protecting group;
10X35 is an achiral, otidrmitysiefally hindered amino acid residue; and

X'71¥ i a dipeptide residue of a pseudoproline;
10 X* is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

e) removing the fourth peptide fragment from the solid phase resin and coupling the fourth
peptide fragment in solution to arginine amide in order to provide a fifth peptide fragment
including the amino acid sequence of (SEQ ID NO. §)

15 Z-TFTSDVX "W LEGQAAKEFIAWLVEKX " R-NH,
wherein
Z is N-terminal protecting group Fmoc-;
X' is a dipeptide residue of a pseudoproline;
X is an achiral, optionally sterically hindered amino acid residue; and
20 one or more residues of said sequence optionally includes side chain protection;

f) removing the N-terminal protecting group to afford a sixth peptide fragment including
the amino acid sequence of (SEQ ID NOG. §)

Z-TFTSDVX' " *YLEGQAAKEFIAWLVKX R-NH,
wherein

25 Z.is H-;



one or more residues of said sequence optionally includes side chain protection; - d) removing the
N-terminal protecting group to afford a third peptide fragment including the amino acid sequence of
(SEQID NO. 17 Z-F VKX35R-NH2 15wherein Z is H-; X35 is an achiral, optionally sterically
hindered amir%édaégg}r@giy ue; and one or more residues of said sequence O}E)(E;]g gﬁ?f’%ﬁﬁ’cﬁ%s side
chain protection; and e) providing a fourth peptige fragment including the amino acid sequence
of (SEQ ID NO. 2018) Z-HX8EXIOTFTSDVX1748YLEGQAAKE-B' wherein X8 and Xl are each
independently achiral, optionally sterically.hindered amino acid residues; WO
2009/074483PC#?EP505!(;%?68%%%ge%)“:}l-e gﬁg Bn -Qt%lfﬂll%%il protecting group; B' is a solid phase resin;
and one or more residues aof said sequence.optionally includes side chain protection; and U
cleaving the fourth peftitd gﬂ?@ﬂ?goﬂysfé%l‘é EZC;.WI‘ B4 BRIOhEE G SAYREId the 5 fourth peptide
fragment in solution (SEQ ID NO. 18) Z-HX8EX TFTSDVXl?SlBYLEG%KE-B' wherein B' is -OH,;
g) coupling the It PORtERS GAEHISTIARCHST Qe tRagifentids sbaiiBrircEraer to provide a
fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 10)

10Z-HXSEX 10 TETSDVAErS R v E o REKEEImW IeKBs ngrang heid i escerr NIEihlral
protecting iOu®;  Xs and X' are each independently achira optiona y sterically hindered amino acid
residues; 15X17818 is a dipeptide residue of a pseudoproline; X35 is an achiral, optionally sterically
hindered amino acid residue; and one or more zesigtres' tfsaid sequence optionally includes side
chain protection; h) removing the N-teriiiinal protecting group to afford a sixth peptide fragment
including the amjing agid sequence of (SEQ ID NO. 10) 20Z-HX8EXITEI
SDVX17818YEEGQAAKEFIAWLVIC.X35R-NH2 wherein Zis H-;  Xs and Xl are each

independently aghiggh optignallysiericallyhinderad.amino agid residugs;. ATING Aci
2009/074483PCT/EP2008/066585 s X35‘t?"sgI an achirgpl],' opti%hany s@éﬁfgﬁﬁé"éﬁl&f‘%mo acid
residue; and8l&%r more residues of said sequence optionally includes side chain protection.

Preferably, the N-teiininal protecting group is Fmoc. hi another embodiment, the application provides a
methold comprisfnt§ IéeSiaprOPTS SIS Hily &t peptide fragment including the amino acid
sequence of (SEQ ID NO.

B is ~OH; and

cach of H and E optionally includes side chain protection; and

h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to
provide an insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10)

15 Z-HX EXTFTSDVX " *YLEGQAAKEFIAWLVKX**R-NH,
wherein
Z 15 N-terminal protecting group Fmoc-;
X" is a dipeptide residue of a pseudoproline;

X*®, X' and X*° are each independently achiral, optionally sterically hindered amino acid
20 residues; and

one or more residues of said sequence optionally includes side chain protection.

In another embodiment, the application provides the above method, further comprising

the steps of}

i) removing the N-termminal protecting group of the inselinotropic peptide to afford the
25 msulinotropic peptide including amino acid sequence of (SEQ ID NO. 10)



16) Z-FIAWLVKX35-B' where* X35 is an achiral, optionally sterically hindered amino acid
residue; 10Z is an N-terminal protecting group Fmoc-; B' is a solid phase resin; and one or more

residues of s@q}ﬁ nee optionally includes side chain protection; b) }gtel%' QOH/}% )Q;;st peptide
fragment of step a%&ror%%e solid phase resin to yield the first peptide fragment l|Hr% solutffénD(SEQ ID

NO. 16) 15Z-FIAWLVIOC35-B' wherein B' is-OH; .31g) coupling the first peptide fragment in solution to
arginine amide in order to provide a second peptide fragment including the amino acid sequence of

sehital, optionaly stericall . EE’DN P ik -tig group; X35 is an
%%rﬁge?ammo acid reg?ﬁ’udz; A RIOTENTS,

achiral, optionally steric and one or more residues of said sequence
optionally incluqﬁeﬁ‘,e%gle chain protection; WO 2009/074483PCT/EP2008/066585 -39- d) removing the
N-teiming protecting group to afford a third peptide fragment including the amino acid sequence of
(SEQ ID NO. 17) Z-FIAWLVKX3511-NH2 wherein 5Z is H-; X35 is an achiral, optionally sterically
hindered amino léial“residue; and one or more residues of said sequence optionally includes side
chain protection; and c) providing a fourth peptide fragment including the amino acid sequence of
(SEQ ID NO. 183 1oﬁﬁ%-8%§%ﬁ?ﬁ%ﬁ%@ff-n@v@£€rgﬁ%KE-B' wherein X8 and X10 are each
independently achiral, optionally sterically hindered amino acid residues; x1748 is a dipeptide residue
of a pséudoprolihe 1 5ZE N taipfirdl Hrisreedan yrerlpr Enfotionlis gesshdphadevé simimamsdne or
more residyeshafisaid sequence optionally includes side chain protection; and 1) cleaving the fourth
peptide fragment of step e) from the solid phase resin to yield the fourth peptide fragment in solution

(SEQ ID NO. 18)20Z XSl RVXE|4& L B MK EBuRerein Bitsyretektiong):eoupling the
fourth peptide fragment to the third peptide fragment in solution in order to provide a fifth peptide

fragment inClud'ggoﬂl[}_g InR-a5 i 5RA #1&@%%1@1&'@01%@}% i%with acid to deprotect the
Z-HX8EXITET Vé(l7ll YLEGOQAAKEFI |_tVK)é35R-NH2 \W 989[074 83PCT/EP2908/066585
amino acid side chains 10 arford the deprotectéd msutmotropic peptide mcludmg afming aci

10 sequence of (SEQ ID NO. 11)
Z-HXPEX*TFTSDVSSYLEGQAAKEFIAWLVKX R-NH,
wherein
Z 18 H-; and

X®, X'% and X are each independently achiral, optionally sterically hindered amino acid

15  residues.

In yet another embodiment, the application provides the above method, wherein the

deprotected insulinotropic peptide has the amino acid sequence (SEQ. ID No. 12)

HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAiBR-NH,

A “solid phase resin” means any type of support suitable in the practice of solid phase

20 peptide synthesis that can be made from one or more polymers, copolymers or combinations of
polymers such as polyamide, polysulfamide, substituted polyethylenes, polyethylenegiycol,
phenolic resins, polysaccharides, or polystyrene and that typically includes a linking moiety to
which the growing peptide is coupled during synthesis. Preferably, the solid phase resin is
sclected from the group consisting of 2-chlorotrityl chloride (2-CTC) resin , trityl chloride resin,

25 4-methyltrityl chloride resin, 4-methoxytrityl chloride resin, 4-aminobutan-1-ol 2-chlorotrityl
resin, 4-aminomethylbenzoyl 2-chiorotrityl resin, 3-aminopropan-1-ol 2-chiorotrityl resin,
bromoacetic acid 2-chlorotrityl resin, cyanoacetic acid 2-chlorotrityl resim, 4-cyanobenzoic acid



-40- Z is an N-teimine protecting group; X8 and X1 are each independently achiral, optionally
sterically hindered amino acid residues; X1748 is a dipeptide residue of a pseudoproline; 5X35 is an
achiral, optionally sterically hindered amino acid residue; and one or more residues of said sequence
optionally includes side chain protection; h) remqying the N-terminal protecting group to afford a
sixth peptide fragment including the amino acid sequence of (SEQ ID NO. 10)
Z-HX8EXITFISDVX17-18YLEGQAAKEFIAWLVKX35R-NH2 10wherein Z is H-; X' and Xl are each
independemigratitiraicupsheingsteridanymnbsan armriemed-selamiasybasim sthyleergbistliéresidue
of a pseutlopsaiitne rdshX 35 ienaie Aothitalylaptioaalyhisesically eineldred-annia0-akldreesighiassand one or
more resj ' ' ' j .Ar on: ' ing the
?Ql%ﬁn%& %M%ﬁ@%ﬂ%@%fgﬁﬁ%ﬁﬁﬂﬁﬁ%% ‘rg!ﬁ’éhﬁ&%zmetﬁ)y%ﬁk?g%legchains

insulinotropic peptide resulting from step h) with acid in , tect the"amino aci

to afford¥H¥fe BrOtECtEd RSIAGHb A SRR RRAIIRPAIR AT dessfashee brdiedhPls. 11)
20Z-HX PRSI TESHS B Y SBN LR AAKEHAWLVENBSR-NH2 wherein Z is H-; and -~ X8, Xl and X35
are each independently achiral, optionally sterically hindered amino acid residues. -41- In another

embodiment, the applisgiion Hevisartieaparedneihodhsbereinlba depiatertrtibsuliaptanic
peptide has the.amino acid sequence (SEQ. ID No. 12)

HAIbEGTFISBVSE f%&SQ‘iFAKEFlAWLWCAibR In another embodiment, the application
provides a peptide of he amino acid sequence 5 (SEQ. ID NQ. 18)_, ) , )
Z-HXSEXITFTSPURT T4 8V BHRAK %1%ﬁ%?&ﬁ?%‘?&éé’ig%}?é%"frtﬁﬂ‘ﬁh%@ﬁ%eﬂ Bi% -OH or
solid phaseuesinpl (M7 108N a Hipeptide residue of a pseudoproline; and one or more residues of
said sequence optionally include side chain protection.  In one variation of the above peptide, the
dipeptide residue of a pseudoprofiingisvx SefsSer casidy HRIANBIEK attbrdiment, any of the above
methods may employ N-terminus histidine 15 protecting groups (N-terminal protecting groups)
selected from g gxpup consisting of Boc (t- butyloxycarbonyl), CBz (benzyloxycarbonyl or Z), Dts
(dithiasuccinoyl), Rdtc (R= Alkyl or Aryl, dtc = dithiocarbamate), DBFmoc (2,7-di-t-butylFmoc or

1,7-di-t-butylflugren-9- yimethoxycar onz% Alloc (allyloxycarbonyl), pNZ (p-nitrobenzyloxycarbonyl),
Nsc ([[2-[(4- n%rlogﬁﬁﬁl)%gﬂﬁgf?ﬁ{é%%rﬁ %lgﬁylth Msc (2-methylsulfonylethoxycarbonyl), MBz (4- 20
methoxyCBz), B océ[i%-[l,1'-biphenyl]-4-y1-1-methylethoxy)carbonyl], Bnpeoc [[2,2-bis(4-
nitrophenyl)e O%/T onyl], CBz [(phenylmethoxy)carbonyl], Aoc [(1,1- dimethylpropoxy)carbonyl],
and Moz [[(4-methoxyphenyl)methoxy]carbonyl], wherein if the N-terminus histidine protecting group
may be removed inifedhsBEASERsIERaRT adFSrIIBHep using acid, prior removal of the N-terminus
histidine protecting group'is not required. 25In an eighth aspect, there is provided a peptide of the
amitfo acid sejlienee EEQLIEPND1BFEMNBEX1OFET SDVX 171 8XIEEQARKE wherein -4la- Z is
selected from H- and Fmoc-; -

one or more residues of said sequence optionally include side chain protection;

b) coupling the first peptide fragment in solution to arginine amide in order to provide a
second peptide fragment including the amino acid sequence of (SEQ ID NO. 8)

Z-TFTSDVX'" YL EGQAAKEFIAWLVKX "R-NH,
20 wherein
Z is an N-terminal protecting group;
X7 is a dipeptide residue of a pseudoproline;
X* ig an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

25 c) removing the N-terminal protecting group to afford a third peptide fragment including
the amino acid sequence of (SEQ ID NO. 8)



B' is -OH or solid phase resin; X17-18 is a dipeptide residue of a pseudoproline; and one or more
residues of said sequence optionally include side chain protection. 5In a nineth aspect, there is
provided a peptide having the amino acid sequence (SEQ ID NO. 17) Z-FIAWLVICX35R-NH2 wherein
Z is N-termin&ih#teiH& group Fmoc-; and 10X35 is an achiral, optionally StEHEAR/Y%M8red amino
acid residue; and one or more residues of said seqygnce optionally includes side chain protection. In a
tenth aspect, there is provided a peptide having the amino acid sequence (SEQ ID NO. 16)
Z-FIAWLVICX35-B' 15wherein B' is soli ase resin or -OH: Z is N-te,lrina] protecting group Fmoc-;
and X35 is an achiral, optior@vgtgﬂggﬁtghg:ﬁﬁgggwg ’a“t%g&%eg one or more residues of
said sequence optionally includes side chain protection. 20The embodiments of the present disclosure
described below#f&Rot intended to be exhaustive or to limit the invention to the precise forms
disclosed in the following detailed description Rather, the embodiments are chosen and described so
that others skillédsifithe art can appreciate and understand the principles and practices of the present
disclosure. -42- The present disclosure is directed to synthetic methods for making peptides such as
the glucagon-liRE Peptiddipidpr¢yidand Frapsraiepraliveh-natural insulinotropically active counterparts
thereof, using solid and/or solution phase techniques. Peptide molecules of the invention may be
protecfed, unpratédted aohipertatppibteotedh Brbtettion amayoincikdidesiNud tedminus protection, side
chain protection, and/or C-terminus protection. While the disclosure is generally directed at the
synthesis of these glutaganslike pehiitie ssdheiccoptiterpaits iregridatha@ngdbtettioounterparts, and
fusion products and their counterparts of these, the inventive teachings herein can also be applicable
to the synthesigippRifenpemtides reariieutapymihone thiaiare: symiesizbstysing: a CEBRIMBL0. of solid
phase ancb olution phase 10approaches. The disclosure is also applicable to the synthesis of peptide
intermediate fragments associated with impurities, particularly pyroglutamate impurities. Preferred
GLP-1 molecules useful in the practice of the pr Linvgntion include natural and non-natural GLP-1
(7-36) and counterparts thereof As used herein, the teini "including the amino acid sequence”
prefergbly means "having 15 the amino acid sequence”.  As used herein, a "counterpart" refers to

natural’and nonfAstufal analogs, derivatives, fusion compounds, salts, or the like of a peptide. As used

herein, a peptide,analog,generally refers to a peptide having a madified aming acid seqyence such as
by one or more b aclSRRHRABRR R %ﬁB’ﬁ%%rﬂ?éwﬁ f“ﬁﬁ‘ﬁ?&ygﬂ%% sapéli%cfi@é#o another
peptide orrpedtiche 20 counterpart. Substitutions may involve one or more natural or non-natural amino
acids. Substitutions preferably may be conservative or highly conservative. A conservative substitution
refers to the suBstitutidatafamapnirecaegeveth;another that has generally the same net electronic
charge and generally the same size and shape. For instance, amino acids with aliphatic or substituted
aliphatic aminoRcigl-gidg efihins have approximately the same size when the total 25 number of
carbon and heteroatoms in their side chains differs by no more than about four. They have
appropmately theisame Siaapepubeniihadautebsiotbransbestothaid side chains differs by no more
than about one or two. Amino acids with phenyl or substituted phenyl groups in their side chains are
considered to have ahaid dhersamesaaansahape histeadeipam.ivegRupi.abamipRagids.

Replacing an g g .3 someRuns N ANRIEHATING A (&R fisae 30 oroups generally
results in a conservative gUBS |%ut|on. roup I: glycine, alanine, valine, leucine, isoleucine, serine,

threonine, cysteine, met o[_rﬂ% ﬁqh - ral i i Q;%%:w' N, C1-C4 aliphatic or CI-C4
hydroxyl substituted alip[#é iC sm% c %?r?s istraig%‘%’%%ﬁ%%%gagmranchgd;. éroup [I: glutamic acid,
aspartic acid and nonnaturally occurring amino acids with 35 carboxylic acid substituted CI-C4
aliphatic side IS funbranched or one branch point).

20 7 is an N-terminal protecting group;
X177 is a dipeptide residue of a pseudoproline;

X5, X and X*° are each independently achiral, optionally sterically hindered amino acid

residues; and

one or more residues of said sequence optionally includes side chain protection.



Group IlII: lysine, omithine, arginine and nonnaturally occurring amino acids with amine or g-uanidino
substituted C1-C4 aliphatic side chains (unbranched or one branch point). Group IV: glutamine,
asparagine and non-naturally occurring amino acids with amide WO }
2009/074483BETEPY608/066585 -43- substituted CI-C1 aliphatic side chAE (EABFAREREd or one
branch point). Group V: phenylalanine, phenylglycing; tyrosine and tryptophan.  As used herein, the
term "counterpart" more preferably refers to the salts of a peptide, or to the derivatives thereof that are
arnidated at the C-terminus. 5A "highly conservative substitution” is the replacement of an amino acid
with another amifcPBRRFIFRPRLEHE S ARRlIFRUBNRICGISE it SiefeRakanl ahérHERdy e same size
and shapecrarhin@apidsngitle stiphaftic or substituted aliphatic amino acid side chains have nearly the
same size when the total number carbon and heteroatoms in their side chains differs by no more than
two. They have aiguoliding sdmershége wisercthey drameetherisheneohimbdingftheamuinesdnltheir 10 side
chains. Examples:ofrhigttyiponsengative substitutions include valine for leucine, threonine for serine,
aspartic acid for glutamic acid and phenylglycine for phenylalanine. A "peptide derivative" generally
refers to a peptide, a peptide analpgsoyotierpepiits coumernart Rayigg ghemical modification of one
or more of its side groups, alpha carbon atoms, terminal amino group, and/or terminal carboxyl acid
group. By way qf.example, a chemical 15 modification includes, but is not limited to, adding chemical
moieties, creating new bonds, and/or removing chemical moieties. Modifications at amino acid side
groups include, itfﬁ t limitation, acylation of lysine e-amino groups, N-alkylation of arginine, hist
idine, or lysine, g\llkgy d%%nr?%lﬁ? ﬂ%ﬁg%ﬁrgggg%%ogérboxylic acid groups, and deamidation of glutamine
or asparagine. I\éodifi\@_t}j_ons of the terminal amino group include, without limitation, the des- 20 amino,
N-lower alkyl, N=ti{fowetallcyl, and N-acyl (e.g., -CO-lower alkyl) modifications. Modifications of the
terminal carboxy group include, withqut limitation, the amide, lower alkyl amide, dialkyl amide, and
lower alkyl este%mod?ﬁ@é%er?éi.d?ﬁﬁqé%%?éélRf‘ﬂf%ﬂ]&}?ﬁrotected peptides constitute peptide
derivatives. In the practice of the present invention, a compound has "insulinotropic” activity if it is 25
able td&timulates orscHlLEd e WirknfaboREt Sy HaNsiesd santpe aitmgrbivn 8ithe synthesis or
expression of the hormone insulin. In preferred modes of practice, insulinotropic activity can be
demonstrated actordingtorexRdassodescrisatorrtostirumliNeslg887c8A9iamPe:708:365.  In
preferred embodiments, the present invention provides methodologies for synthesizing synthetic (X8,
Xl, X35)GLP-1(P36):paptiteditrapiegidedtighoming foima (SEGID #OddB)order to provide a
30HX8EXJ@I&E%Q%@%@%@@%&%@W&Ml&@gaeﬂeéﬂ&qge mpaKi thereof, wherein each of
the symbols X at positions, 8, 10, and 35 independently denotes an achiral, optionally sterically
hindered amino acid residue. Any-p{thesX8i53%}, pae/Rh X3 1egidyas epiogally may include side chain
protecting group(s). Peptides WO 20091074483PCT/EP2008/066585 -44- according to this formula
differ ffg)m the ”%ﬁ&‘é?e%'-P'lﬁ'%) at least in that the achiral, optionally sterically hindered X8 and X35
residuesare substituted for the native amino acid residues at positions 8 and 35. The X1 residue may
be derived from ihgﬂ_ gvei&qhilr%lg I%cineoor %noghgr achiral amino acid. The use of the achiral X8,

X10, and X35 afinoacids notponil egpgﬁro%pstgbifiie the resultant peptide, but it has also now been
discovered that the yse of these amino acids as ljinker, of building blocks also facilitate the synthesis
route of the present ifvé E e§ﬁ%3\ﬂ? ff#é@ﬁ% %plngﬁﬁ;described further below. A patrticularly
preferred embodiment of a (X8, X', X35)GLP-11 (7-36) peptide that may be synthesized in accordance
with principles of‘thé prebieinUR A It ety e ARRg iy 1#8%ormula (SEQ ID NO.

12): HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR-NH2 and counterparts thereof, which preferably
(as shown) is arfffateBEtFEICR RA TS SRS phteng HedrHadse kirs feedideeisption;
alpha-aminoisobutyric acid (shown schematically by the abbreviation Aib) as both X' and X35,
preferdbly has a®) sgnicldngt v \Gaenini P50 igstiseeresivive iisrofatidrd atvede kagmer Gepwudition, and
may be designatad hyithedesmaeler (G BS)NELRy1 (7-36)- 1\1E12. This notation indicates that an

amino acid residue corresponding to the amino acid "Aib" appears at the 8 and 35 positions in place of |
the native alanine. The achira} atphargmindisebyiro acicralsevs knewitasimethylalanine. The peptide
according to SEQ ID NO. 12 is described in EP 1137667 Bl . The presence of the Aib residues at the
Sand 35 positiong,slows metabolic 20 degradation in the body, making this peptide much more stable

in the body than the native GLP1 (7-36) peptide.  The present invention provides improved
methodologies f%rin'ﬁ_k,ing GLP-1(7-36) peptides such as the (Aib5'35)GLP-1(7-36)-NH2. By way of
example, Scheme 1'and Scheme 2 show two illustrative schemes for synthesizing GLP-1(7-36)

peptidg and thegglggunteéparts. Scheme gngg Src leme 2 are believed to be patrticularly suitable
for the Scaled-up syntﬁeasl 3?@!‘_’!5(31({}?%%]; p@“p(?l o8, cgfed-up procedures are typically performed to
provide an amount of peptide useful for commercial distribution. For example the amount of peptide in
a scaled-up procedure can be 500g, or 1 kg per batch, and more typically tens of kg to hundreds of kg
per batch or more. In preferred embodiments, the inventive methods can provide such improvements

as reduction in 30 processing (synthesis) time, improvements in the yield of products, improvements in
nrodiict niirity and/or rediiction in amoiint of reaneante and otartina matariale redriirad The



WO 2009/074483PCT/EP2008/066585 -45- Scheme 1
Fmoc-Q23AAKEFIAWLVKX35-ResinFmoc-Q23AAKEFIAWLVKX35-0H 3
Fmoc-T11FTSDV(X17-18)YLEGN-ResinFmoc-CrAAKEFIAWLVKX35R-N 112 2 -
Fmoc-T11FTSOARYY 46V LEG22-0HQ23AAKEFIAWLVKX3512-N 112 ~ PCT/EF2008/066585
Fmoc-TlIFTSDV(X1748)YLEG22023AAKEFIAWL\{§ZA_\ibR36—NH2 1 Fmoc4-17X8EX10-Resin ---
Fmoc-H7X8EX10-OH Fmoc-HX8EX"Ti1lFTSDV(X1718)YLEG22023AAKEFIAWLVKX35R36-NH2 .
HX8EX117"FTSDV(X17-19YLEG22C123AAKEFIAWLVKX35R36-NH2 Globall Deprotection
HXSEXIOT11FTSDYER e o0y BAAKE S |EAN RS 1 58 BNIGS ASEHEVIRC Scheme 1 involves
synthesizing peptide intermediate fragments 1, 2 and 3 on  the solid phase. Fragment 1 is a peptide
fragment includipif SRTEHERAGHSSiBIeE bCHIFPRS SN SBOTDRRD S99 BB EIR It Afherein X8 and X'
are as defined above, or is a counterpart thereof including the X8 and X" residues. One or more of the
amino acid residi@sovidingrefodgsidetiivairignsts canlgdame ips amnecwid sagecwitp EORVRrHoNE!
practices.  some embodiments, the peptide fragment 12 may be 10 resin bound via the C-terminus,
This fragment optionally may bear N-terminus and/or C-terminus protection groups. Fmoc has been
found te be a particularly useful N-terminus hisfidipesprgtegting group with respect to solid phase
synthesis and solution or solid phase coupling of the peptide fragment. Trt (trityl) has also been found
to be a particulagly Lisgful N-terminus histidine protecting group with respect to solid phase synthesis
and solution or solid phase coupling of the 15 peptide fragment. Boc, CBz, DTS, Rdtc (R-= Alkyl or
Aryl), DBFmoc (2s7-di-{-buty1Fmoc), Allo \Z (R-nitrobenzyl ester). Ns¢ . :

(-l niropheraitim e S b R el S iterss g acid o,
(4-methoxyE8EH are also particularly useful N-terminus histidine protecting groups with respect to solid
phase synthesis and solution or solid phase coupling of the peptide fragment.
[(1-[1,11-biphensijsASyicninthDietReiRe caperiiocwO 2009/074483PCT/EP2008/066585 -46-
[[2,2-bis(4-nitrophenypethoxylcarbonyl], [(phenylinethoxy)carbonyl], [(1,1- dimethylpropoxy)carbonyl],
[[(4-mé&thoxyphepy®miéthexrg]carbonyl] are particularly useful N-terminus histidine protecting groups
with respect to solid phase synthesis and solution or solid phase coupling of the peptide fragment.
5Fragment 1 includesftHet dinipinaciy iesidémsdercbspandiagida;thedamino acids in the 7 through 10
positions of the native GLP-1(7-36) peptide, and therefore may be represented by the notation (X',
Xrn)GLP-1(7-103) tapreferediembodifients: otkis withandX pdstgly tingrascdrdingtion IERORINO. 21:
H7A'bEGla£%gdﬁﬁ&8§§gg%@a& therrahingldind e AR esidusat e F0qgsiign. The peptide

fragment according to NO. 7 may be represented by the notation (Aib8)GLP-1(7-10) to note
the subs.nt.unon of Aib for &%ﬁ%{@?ﬁﬁﬁ%%m@&%@@g&ﬁgﬁﬁmﬂ?@@%ﬁ?10)- Solid phase
synthesis is generally carried out in a direction from the C-terminus to the N-terminus of the fragment

1. Thu]s the X1l amino.acid, which is present on the C-terminal portion 15 of the fragment, is the first
amino ‘gcid residué that is coupled to the solid phase resin support. Solid phase synthesis then
proceeds by consecutively, ai%irng amino acicrinpresid'ues in a manner corresponding to the desired
sequence. The &/RtheSE B thE PEReSHEPhES4te fragment is complete after the N-terminal residue
(for example, the N-terminal histidine residue (H) has been added to the nascent peptide chain. 20The
selection and us® of a5PRaRtItGFHEHE SECTRAMPTICSED ID NOS. 20 and 21 provides significant
advantages within Scheme I, Firstly, H (Histidine) tends to be a difficult amino acid residue to add to a
growing peptide¥hain @né *af reasesh peptadepivankianbangsnaly Mewalsiindgrdenringedhall
enough to adleniate shese concerns in large part. Yet, fragment 1 is long enough to have two chiral
centers. Thus, a simple crystallization allows the fragment to be 25 purified. If fragment 1 ended at Aib,
the fragiment wopld bayp @R ene chikaliceaienanehuaiithia Rea cansaakansacmere difficult to
purify. Causing the achiral G to be positioned at the Cteiminus also avoids racemization concerns that
might otherwise be a concern if fragment 1 were to end at the C-terminus with the chiral E. In short,
the selection of raameqt L 4,2 peatds, bulding Blosi makend! asiehimbulk e raamant, purily I
and couple it to other peptide 30 material. The fragment selection also enjoys low racemization of H.
Surprisingffi? Kises&dfded to this fragment with a very low level of epimerization, e.g., about 0.5% by

weight in some rﬁ?gr%gv%f [RE Rﬁ%mﬁnal protecting group of the insuhlinotropic peptide to afford the

insulinotropic peptide including amino acid sequence of (SEQ ID NO. 10}

25 Z-HXPEX O TFTSDVX Y Y LEGQAAKEFIAWL VKX R-NH;



Fragment 2 is a peptide fragment including amino acid residues according to SEQ ID NO. WO
2009/074483PCT/EP2008/066585 -47- TIIFTSDI'VX17-18YL2QEG  wherein the residue denoted by
the symbol X'7-12 is a dipeptide residue of a pseudoproline, defined further below, or is a counterpart
thereof includitfg 1E/%#484 8at the 17 and 18 positions. Fragment 2 includd<afind 8 ¥sidues
generally corresponding to the amino acid residues i3 5 the 11 through 22 positions of the native
GLP-1(7-36) peptide, except that the pseudoproline dipeptide residue X'7-18 is used instead of the SS
(Ser-Ser) residues that occupy the corresponding 17 and 18 positions of the native GLP-1(7-36).

One or more of ¥&"8Hino acid residues of fragment 2 may include side chain protecting groups in
accordance with conventional practices. In some embodiments, the peptide fragment 2 10 may be
resin bound via4Hé @-terminus. This fragment optionally may bear N-terminus and/or C-terminus
protection groups. Fmoc has been found to be a particularly useful N-teiminus protecting group with
respect to solid ¥hasés sydifiepside ot tisepeltinksetdagneding; The peptide fragment according to SEQ 1D
NO. 22 may be referred to by the notation (X17-18)GLP-1(11-22) to note the substitution of the X'18
pseudoproline r&éjdUé fod thE SerRbrindsidudent e ifhogtibrd posiioiy. hindwadsediin thid practice
of the gresl%glh@éggﬁi@n, the term pseudoproline refers to a dipeptide that includes a residue of a
hydroxyl functional amino acid such as Ser or Thr in which the hydroxy! functional side chain is

protected a5 a pilipeike, TEA At uRxazaUIRG g besuesihe alphaapioe and. thgsside chain

hydroxyl. As a consequence of the oxa ine ring, 20 the dipeptide functions as a reversible proline

tvpical pse ol ; i int .
represented by the fbrmlﬂ%%%amg&v%?%gfg)ﬁl j)ggte{(%sélgg,g@%%gr%{s%%éﬁ%%%S%C%n?ﬁl%ggéa%@%&%ach of R’
and le is indeperigihil o feaiardiva ﬁ?ﬁi’r{) T%‘Fé%ﬁﬁlf&?effﬂéf the

Rt THOTERPTRE RIS g
formula R42RaE- o WEELOIPINA4483PCT/EP20081066585 -48-  wherein each of R3 and R4 is
independently a monovalent moiety such as H, or lower alkyl such as methyl. R1 and R4 also may be
co-merobers of a ring structuies PasimEip s AR enukEF 14 WMk inRidbase of an
oxazoliclinine ring-protected Ser, R2 is the divalent moiety CH2, while in the case of Thr, R2 is the
divalent moiety (GE3)&H. 5The term "lower alkyl" refers to a branched or straight-chain monovalent
alkyl radical of one to six carbon atoms, preferably one to four carbon atoms. This term is further
exemplified by rgqgcgl_s: sych as methyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl, isobutyl, t-butyl,
n-pentyl, 3- methylbutyl, n-hexyl, 2-ethylbutyl and the like. Preferable lower alkyl residues are methyl
and ethyl, with methykheing-especiallyirieied: L BNg sspislactian bt mpletniscleaved to
provide a dipeptide residue according to the following formula: H 0 11l N C1 R12 OH wherein (1)
and R2 ard @ d&fined above. As applied to fragment 2, the pseudoproline residue preferably
corresi)onds to a Scr-Scr residue in which the Ser that is more proximal to the 15 C-teiluinus is
protectéd with thé"oxazaTaRE G UHaHas IR RBliSHiRR Birttdtrdie PR RytskyBEERngSide-chain
of the Ser apseedrdhesNmenanusis @roie diednsuchcrisbyentB8HPotBation: group. When the
protecting oxazolidine ring structure and t-Bu are cleaved, the Ser-Ser residue results. 20The use of
such a proline mimetic as a HuldHGIHOER VEBEL G e siK BF frageRtAdhyitevidles significant
advantages in the context of the present invention. Firstly, the solid phase synthesis of fragment 2 is
eased tremendously. When the pseudoproline is not used in the course of solid phase synthesis of
fragment 2, thera.canhiesibmificanthpis memswithy Firecmanovisis inopreesidesrd@tistgmie! It is
believed thﬁ%&ﬁl%iﬁg@eﬂysﬂlébé&@dd&@ﬁ%%%@h&%sﬁ%ﬂgaépgoawﬁsdewa&wgmgline makes
these 5671 O((:b@:%rzn)gg}a{;%ar %%y%%ar ,rlg%’(gi{ﬁigs%é%}ﬁ%gﬂ)ﬁg&{glﬁg:t I}Skyl or Aryl, dtc = dithiocarbamate),
DBFmoc (2,7-di-+-butylPmoc or 1,7-di-t-butylfluoren-9-yimethoxycarbonyl), Alloc
(aliyloxycarbonyl), pNZ (p-nitrobenzyloxycarbonyl), Nsc ([{2-[(4-nitrophenyl)sulfonyl}-
ethoxylcarbonyl]), Mse (2-methylsulfonylethoxycarbonyl), MBz (4-methoxyCBz), Bpoc [(1-
[1,1-biphenyl]-4-yi-1-methylethoxy)carbonyl], Bnpeoc [{2,2-bis(4-nitrophenylethoxy]-
25 carbonyl], CBz [(phenylmethoxy)carbonyl], Aoc [(1,1-dimethylpropoxy)carbonyl], and Moz
[[(4-methoxyphenylmethoxylcarbonyl], wherein if the N-terminus histidine protecting group

may be removed in the global side-chain deprotection step using acid, prior removal of the N-

mimetic. Ge eggllydcg

terminus histidine protecting group is not required.



WO 2009/074483PCT/EP2008/066585 -49- degree of beta sheet formation. Secondly, the subsequent
solution phase coupling of fragment 2 to fragment 3, as depicted above in Scheme 1, is greatly eased.
In the absence of the pscudoproline residue, the solubility of the fragment in typical solution phase
coupling solvents is very poor. The pseudoproline enhances the solubility characteristics of fragment
2, (and longer 5 fragments incorporating fragment 2), easing the subsequent solution phase coupling
of fragment 1. oli?}phase synthesis is generally carried out.in a direction from the C-termjnus to
the Ntermind@ drHET AGAERAC TIRISARS & ARiTD HRFE RIS BTUBSACEh R BRI |1§>omon of
the fragiiént] 43 the first amino acid residue that is coupled to the solid phase resin support. 10 Solid
phase synthesis then proceeds by consecutively adding amino acid residues in a manner
corresponding to the desired zetpEso& X 0iRYEGHa XKiBpsewdopkaliteRtipeptide is added to the
growing chain in a position corresponding to the 17 and 18 positions of GLP-1(7-36) instead of
consecutivelygdding a pair of the native Ser residues at the 17 and 18 positions, The synthesis of the
peptide intermediate fragment is complete after the N-terminal residue (for example, the 15 N-terminal
thre@nine resigue has beenadded.to the nascent peptide chain).  Fragment 3 is a peptide
frag(r%ent, or é%bsn ggﬁé?gstﬁglpe%ﬁ ﬁ%ﬁ%&llr?&émino acid residues according to SEQ ID NO. 23:
Q23AA25ICEF!ASOWLVKX%?%\{therein X35 is as defined above, or is a counterpart thereof including
the X35 residife XM SPHHPEASE#E Rmino acid residues may include side chain protecting groups
in accordance with conventional practices. Fragment 3 includes the amino acid residues
correspondingto thes AiRRPBGFISIH Hs DB REFBIRIT B8 1B0Ions of the native GLP-I(7-36) peptide,
except that X35 is at the 35 position in place of the native amino acid at that position. Fragment 3 may
be representeshbypitheornotesidncfXEEHB1 RqUER35H)iBBH womednshlzdimenisotieetpeptide fragment 3
may be resin bound via the C-terminus. This fragment optionally may bear side chain, N-terminus
and/or C-terminus protection groups. Fmoc has been found to be a particularly useful N-terminus
protecting graupewithaespbotiomadlithphasheayinthpsisidéthbepdptidefragimentberein thin dipeferded
embgdimenise 582 ﬁ%ﬁﬁbﬁﬁﬁ%gi@%@eﬁg@ﬂgim: 24: 30Q23AA25KEFIA30WLVICAIb" or a
counterpart thereof including the Aib at the 35 position. The peptide fragment according to SEQ ID
NO. 10 may be represented by the notation (Aib35)GLP-1(23-35) to note the substitution of Aib for the
native amino ekl 1B ARNRIALING AR CRTII0r O 2009AT 4ARARCTIBRZPPI006585
-50- Note that fragment 3 according to SEQ ID NOS. 23 and 24 does not yet include the R (Arg)
residue Mthe 36 position at the C terminus. The Arg is subsequently coupled to the C teiminus of
fragment 3 in the solution phase, preferably using Arg without side chain goteetion. This strategy
provides significant advantagred withiMSchefdd & @ ABBIA ¥le Hible 5 side reactions that
tend to occur as a consequence of using protected Arg. For instance, upon de-protection of protected
Arg, by-produstseofithe de-protection may tend to react with other constituents of the peptide, e.g.,
tryptophan. This reduces the amount of desired peptide available in the crude for purification. Solid
phage synthegissisceradaiysariegiauhiita direction from the C-terminus to the N- 10 terminus of the
fragment 3. Thus, the X35 amino acid, which is present on the C-terminal portion of the fragment, is
the first aminoyacid ﬁ%l‘iﬁ?@ﬂ@@é Rganpled R dhg.splidRhase resin support. Solid phase synthesis then
proceeds by consecutively adding amino acid residues in a manner corresponding to the desired
sequence. The séyntheosi.iésl.%f the, g)gpgigg the%@gdiaﬁofnra mgcui GO eplﬁatue aflgg{ethieo IIl\l-terminal residue
(for example, the ﬂ-{%rminasllg]llu Amine residue f&j as cen added 1o the nascent peptide chain.
Any of the amino acjds used in the synthesis of fragment 3 may include side chain protection |n
accordance vv]i’f’naEBmféﬁfmlﬁ\%ig&?pphﬁﬁ‘é"id}gf&ﬂ%ma1%988 BrBR Aol it %%S}B%é‘if support
resin, theesolupliricr pibsinpr ¢34 anal Matiber (83)oato the growing peptide chain can be problematic.
Even with an excess of amino acid, it is difficult to force these coupling reactions to completion.
Solvent choice and/or 20 end-capping can help to alleviate this problem. It has been found that the
natdfe of the dwplirgeadhrariicadinhmybaics theldggrpertoiwhidhithdicoupiingpgpeddotsampletion. In one
set of expeRmenty ﬁ@fn%%ﬁl?m?@%‘&'ﬂ%ﬁ?%@@ WGEE GaKtRdeH! ARl N MB ARG 1

NMP/DCM, 1:1 DME/DCM, and 3:1 DMF/DCM. Theratios in these solvent co lgl'% tions are on a
volume ERURIRHB TSRIAL R ATy PSR SN e I B ST R SRS refers
to dimetfpifeinmaphics. dhevaistfyunththatsiibteodg ikgiteaai onsprocubaatéfulthiepns ebhpletion when
using 13J&%ﬁ%ﬂ%.c%qﬁa%ﬂﬁrﬁ@ﬁﬁ&@geﬁf@[ﬁ@ﬁhﬁeﬁhéﬂwitﬂ@_ﬁ?ﬁtﬂﬁﬂ@@a@?ﬂl@ﬁ&ma|S_(I3_ be used to
prevent unreacted.resin-supperted material from proceeding in further. coupling. reactions. . The
v i B e S e R g R S N
30 techrigerssaaysequsatsolutpsisiry o skt sdhieanent hagrefrer ptaddSPusty with
Arg, are assembled to complete the desired peptide. Scheme 1 shows that Arg is added to the
C-terminus of fragment 3 in the solution phase to yield the intermediate fragment 3'. Preferably, the
Arg added to the peptide fragment in this way 35 does not include side chain protection. Fragment 2 is
then added to fragment 3' produce a larger, WO 2009/074483PCTTET2008/066585



-51- intermediate fragment incorporating amino acid residues according to SEQ ID NO. 25 in which the
Ser-Ser at the 17 and 18 positions is still in the protected pseudoproline form:
TFTSD15VX17-18YL2EG2Q1AA25KEF3 A 30 JA WLVKX35R-NH2 wherein X35 is as defined above
and is preferably Aib, and X17-18 is a pseudoprolir_lfsf_s dipeptide residue as defined above. The
intermediate fragment may be designated by the notation (X17-18, X88) GLP-1(11-36). To the extent
that the aming acids bear side chain protection, this protection desirably is maintained through this
step.  SURBHM BRSO tRaniRgahne o RepeRtdeTSRE IS ﬂ{k&nhe%léfeifr%aﬁiaﬁ in solution
to produsstihe debired peptidedGEQRDING (1R6), PAHSEXY GLPL1(7-36) and its natural and non-
SDVX17;:18YEEGQAAKEFIAWLVKX35R-NH2  In alternative preferred embodiments, the present
invention provides methodologies for synthesizing synthetic (X8, X' X35)GLP-1 (7-36) peptides having
the following fl%rranl{;% (%E(g.tl eNa(,)' ﬁgg;ciHrg(SE\)ﬁt JFTS I\, S¥LEE%%AAKEF .V\[{LVKXSSItQ(-iNHZ
15and counterparts eré’oﬁ wherain 6ach of the s;slr%Bloels at 6%%I]i %?ér,lsl l,né)nlé)lgg Pr?gelp%ndently
dencﬁes%ﬁéﬁﬁi@,ﬂéﬁ)ﬁ‘@ﬁ&W‘sterically hindered amino acid residue. Any of the X8, A anclior X35
. residues optionally may include side chain protecting group(s). Peptides according to this formula
differ from theahptivedBigR: £i7t I6pad ddamtireth atcheiaghiralaoptioactys stericatl y hiRBEr &0 X8®and X35
residuesygye substituted for the native amino acid 20 residues at positions 8 and 35. The Xl residue
may be derived from the native achirat glycine or another achiral amino acid. The use of the achiral
X8, X', and X35 aminoacids not only help ?ﬁ@%ﬂ;@%{?ﬁ%ﬂmm peptide, but it has also now been
discovered that the use of these amino acids as building blocks also facilitate the facile synthesis route
of the present invention as shown in Scheme 1 and described further below. 25A particularly preferred
embodiment Jf ™10, X35) GLP-11 (7-36) peptide that may be synthesized in accordance with
principles of the present invention includes af)e tide according to the formula (SEQ ID NO. 12):
HABEGTFTSEV S aciaalaamppptbstvrcalbrunfzed amgppestissadssits thereof, which preferably
(as shown) is amidated at the C-terminus. This 30 peptide uses the achiral residue of :
alpha-aminoisbuayrie-teidifshowtesthegatipally by the abbreviation Aib) as both X8 and X35,
preferably has an amide at the C-terminus, uses a residue WO 2(109/074483PCT/EP2008/066585
-52- of the natvasQabihephdpasiinnuand may be designated by the formula (Aib8'35)GLP-I (7-36)-
NH2. This notation indicates that an amino acid residue corresponding to the amino acid "Aib" appears
at the 8 and 33,pQ3IHERS BRIGEE e NAINERIBHINGTIDSRAMNIR! ARNAAMIPAISARYIric acid, also is
known as methylalanine. The peptide according to SEQ D NO. 4 is described in EP 5 1137667 Bl.
The presence of the Aib residues a g1 8 and 35 positi sloyws olic degradatiqn | tlﬂe ody,
making this [:?g ﬁ} gev mt cﬁ%l?n%r%_ %?g% g?ﬁral%rg%lgg f% egnaihnéeoﬁnahvees%?_%i _3635%13%»[&3% {Hel' nésp
syn%ﬁesig@ﬁg\ﬁ/mﬂ%‘?}ﬁé%@@ﬁ%ésﬁmﬁb%) of solid and solution phase techniques to prepare
the peptide product. 10Scheme 2 Fmoc-FIAWLVKX35-Resin s-Fmoc-FIAWLVKX35-0H 3Jr
Fmoc-HX8EX"T"FTSDV(X1748)YLE622023EM1R€§D§11—5%0-FIAWLVKX35R-N142 1+2 1
Fmoc-HX8EX1IT"FTSDV(X17-18)YLEG22023AAKE-OHFIAWLVKX35R-NFI2
Fmoc-HX8EXdAdtiFR SRVOFL7-1 ) YLEG22023AAKEFIAWLVKX35R36N H2 Jr
HXBEX"T"FTSDV(X17-15)YLEG22Q23AAKEFIAWLVKX35R36-NH2 Globall Deprotection

HX5EX’fT_UFT§Q¥§y§MgE{é%§9 AERI ALV X SRR3R N B%ini SRR REBeIS Hawlves
synthesmn% quptl ;I ermedijate rgggﬁ{ts 1+2 an%sijﬁon the sglzg;?gﬁﬁe@a%en 1+2 is a peptide
fragment SHRIIAISE SR RRPRET PRSlH CoMiny 8 SEF'BRS. ‘o7 '
20 Z-FIAWLVKX*R-NH,
wherein
Z is an N-terminal protecting group;
X** is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;

25 d) removing the N-terminal protecting group to afford a third peptide fragment including
the amino acid sequence of (SEQ ID NO. 17)



15HX8EXIT1,1SDVX17-18YLEGQAAKE WO 2009/074483PCT/EP20081066585 -53- wherein X8
and X' are as defined above, or is a counterpart thereof including the Xs and Xm residues. One or
more of the amino acid residues may include side chain protecting groups in accordance with
conventional 3?8388%@7%350me embodiments, the peptide fragment 12 ma@CEéEFég‘fﬁ/%gﬂﬁ?d via the
C-terminus. This fragment optionally may bear N-terspinus and/or C- 5 terminus protection groups.
Fmoc has been found to be a particularly useful N-terminus histidine protecting group with respect to
solid phase synthesis and solution or solid ) ggﬁ,ﬁ({w%ﬁ e peptide fragment. Trt (trityl) has also
been found to be a particularly useful N-tefiifus fistitine protecting group with respect to solid phase
synthesis and solution or solid phase coupling of the peptide fragment. Boc (t-butyloxycarbonyl), CBz
(benzyloxycarbéﬁﬁﬂrﬁ’PZ), Dts 10 (dithiasuccinoyl), Rdtc (R= Alkyl or Aryl, dtc = dithiocarbamate),
DBFmoc (2,7-di-t-butylEmoc or 1,7-di-t-butylfluoren-9-ylmethoxycarbonyl), Alloc (allyloxycarbonyl),
pNZ (pnitrobenz@l‘é@éarbonyl), Nsc ([[2-[(4-nitrophenyl)sulfonyl]lethoxylcarbonylD, Msc (2-
methylsulfonylethoxycarbonyl1, and MBz (4-methoxyCBz) are also particularly useful N-terminus
histidine protectfiq §rovsinitiosispety essitphade o athiasiscihdesdiutiondr solid 15 phase
coupling of the peptide fragment. Bpoc [(1-[1,11-biphenyl]-4-y1-1-methylethoxy)carbonyl], Bnpeoc
R2,2-bis(4-nitrophenytethoxsitaboilk @Bezciphemytmdth oocasady haopri(tation.
dimethylpropoxy)carbonyl], and Moz [[(4-methoxyphenyl)methoxy]carbonyl] are particularly useful
N-terminus histidine protecting groups with respect to solid phase synthesis and solution or solid
phase coupling Ghtlidgemtide! fragaseng Q0RrAgmentitd Zrimclidasthe @Dusinmadid fesitlyds

correspondingyasheaminaaeids Tthe: i seughtiinosiians 8ifhematbiaSlRyd4b36) Beptide, and
therefore may @H@E’i%ﬁ@?ﬁ%&"@@%@ PQJ%% XM= &éh}%%%ﬁ@%@:%ﬁﬂ%&@%%&

embodiments, Ib and cine according to SE .

H7AIDEGTPFEDVIT.- 16 Vi £ BORAIES 298K X CothREFbar IR A NG e FrGsidue at the
10 postiomiEhecpeptiseciragméntacch it norSEeniD N8 etimyx e adpretentéd By the notation
(Aib8, X17:A8¥Gki i l-AkiR Hota fheraubstitulion,efAib:-fordhenative Rianine abihe.Bpagition of the
native GLP'log'ée—;LI ThPel r%sﬁd}ég g?ﬂ%&&h@f& gxszégr%olnxyéS iﬁsoa Lﬂ?}g_%ti g_residue of a
pseudoproﬁiﬁ’e, (ﬁ fined further é W, Or IS count rpar Hiereof meluding the X17-18at the 17 and 18
positions. SRR oRdRREhitEatRP ratimsEr gerariny Eortesdbhding to the amino acid
residues indineth¥ithopug@vbpogitiand didthf @HativeiGlPhi(yB6)theptidebexgh pb thiatthieN-
pseudpprok@%ﬁm%gg@t@gggpg;%@&&mjqﬁgp(dcgfﬂgwgoﬁs (Ser-Ser) residues that occupy the
corresponding 17 and 18 positions of the native GLP-1(7-36). WO 2009/074483PCT/EP2008/066585
-54- may be resin,bound.vi ‘Q&i&f‘%{r%g% p%m@%ﬁ%%%@& QRHQ;BS‘HH'Mﬁ%%“lﬁ%%ﬁ%ﬂ%ﬁ@d@ C-
terminus protection groups. Fmoc Ras beeh found t6 be a particularly useful N-terminus protecting
group withPRe&SecoBrsiRe prragersghthesis of the peptide fragment. The peptide fragment 2 according
to SEQ ID NO. 29 TFTSDVX17-18YLEGQAAICE27 . may be referred to by the notation
(X17-18)GLP-1(AP27I 46 hbtT ThBBLBS titRBbIHE AL Fi FEERRIBPIOITHE TR Qb éToRtHe 88r-ser
residue at the 17 and 18 positions.  As used in the practice of the present invention, the term
pseudoproline refers to a dipeptide that includes a residue of a hydroxyl functional amino acid such as
Ser orZBhr in which 10 the hydroxyl functiondl-$itleVéh ik 38 potected as a proline-like, TFA labile,
oxazolidine ring between the alpha-amino and the side chain hydroxyl. As a consequence of the
oxazolidine ringxihedipeptide functions as a reversible proline mimetic.  The use of such a proline
mimetic as a building block in the synthesis of fragment 1+2 provides significant advantages in the

context of the presSeqt,inyantion. frissty the-Ralid phased a-swathedisefliagment 2 is eased
tremendously. When the pseudoproline is not used in the course of solid phase synthesis of fragment

2, there can be %fqp}ﬁg@gﬁigg@?[%ggaiwé;@gg%qqﬂmovaLs from residues 13 through 11. It is believed
that this difficulty may be due to beta sheet formation. Use of the pseudoproline makes these Fmoc
removals much ga%ears %ﬁiéh%ﬁgj%gxﬁegn&educing the degree of beta sheet formation. In the absence of
the pseudoproline residue, the solubility of the 20 fragment in typical solution phase coupling solvents
is very,poor. Th%]pseudo rolin enthc%s the solubg%%ai ara t%rlstlceggjgagmenp (and longer

. e O male TESIAUES, S41¢ sequenoc o ITICIAES § 1 protection .
fragménts incorporating fragment 2, such as fragmen ), easing the subsequent solution phase

coupling of fragment 1+2. Solid phase synthesis is.gene a:#y cayried out.in a dir.ection‘érom tge
C-teiminus to th Nﬂ%fﬁﬁ%&%ﬁ%&%&%ﬁwwﬁﬁaﬁ RESS SoHhBAdSWIER R DS ERE on the
C-terminal P& pés titngoesha fralgiientS KRR ISt &Mino acid residue that is coupled to the solid phase
resin support. Solid phase synthesis then proceeds by consecutively adding amino acid residues in a
manner corresponding to the desired sequence. However, the Xi748pseudoproline dipeptide is added
to the growing chain in a position corresponding to the 17 and 18 positions of GLP-1(7- 36) instead of
consecutively adding a pair of the native Ser residues at the 17 and 18 positions. 30 The synthesis of
the peptide intermediate fragment is complete after the N-terminal residue (for example, the N-teintinal

threonine residue (T) has been added to the nascent peptide chain.  Fragment 3 is a peptide
franment or cotintaernart thareof inchidina aminn acid recidiieae aceordina to SEFO ID NO 20 \AMO



In preferred embodiments, X35 is Alb according to SEQ ID NO. 31: FIA30WLVKAIb35 or a counterpart
thereof including the Aib at the 35 position. The peptide fragment 15 according to SEQ ID NO. 31 may
be represented by the notation (Aib35)GLP-1(28-35) to note the substitution of Aib for the native amino
acid at the 35 POt Ffife native GLP-1(7-36).  Note that fragment 3 a@sSHERR@ISEES ID NOS.
30 and 31 does not yet include the R (Arg) residue i J,'he 36 position at the C terminus. The Arg is
subsequently coupled to the C terminus of fragment 3'in the solution phase, preferably using Arg
without side chain protection. 20 This strategy provides siqrs'lificant advantages within Scheme 2,
because it avoids undesirable side reactions4tHat:t&Ad"ie6ccBr as a consequence of using protected
Arg. For instance, upon de-protection of protected Arg, by-products of the dc-protection may tend to
react with other vdpstinRhis-éMlthe peptide, e.g., tryptophan. This reduces the amount of desired
peptide available in the crude for purification. 25Fragment 3' according to SEQ ID NO. 32 is a peptide
fragment, or counterpein¢heedofitipgitidinfaaminoincidutisidues gceeraing.to SEQr 1o MO &2
FIA3OWL VIS 3B RepVEL 2 iunesginX3iis @fquﬁﬁﬁgc@@%e%%@égwfmt thereof including the
X35 residue. One  or more of the amino acid residues may include side chain protecting groups in
accordance with 30 conventional practicesZ_Flic@gWE@t&isﬁl_ es the amino acid residues
corresponding to the amino acids in the 28 through 36 positions of the native GLP-1(7-36) peptide,
except that X?;S";\;ﬂ e WO 2009/074483PCT/EP2008/066585 -56- 35 position in place of the native
amino acid at that position. Fragment 3' according to SEQ ID NO. 32 may be represented by the
notation (X35)GkP-£{_%8-36 i _Solitd ghase %ynthesis is generally carried out in a direction from the
C-terminus to th& Ri-terminus BFHHa g%’élﬁt 3"%fus, the X35 amino acid, which is present on the
C-terminal portiQn 5 of the fragment, is the first amino acid residue that is coupled to the solid phase
resin support. Solid'pAa& {ABLRDHHE T FrGR LR AL 57 Ehaddra iy sl gXmino acid residues in a
manner corresponding to the desired sequence. The synthesis of the peptide inteimediate fragment is
complete after tRESNTEIRFAPESHRE HE sesusmisI e e sténsinisr §ideahaitentosidie{Q) has been
added to the nascent peptide chain. Any of the amino acids used in the synthesis of 10 fragment 3
may indlude sidé)daiRvprat&etdnamaEs oravbeatithuponvstitidrreatbphptives: fagbaet tocteiin
hindrance piexinisd teithe:x3hdoadesksuppsrbrasin, the coupling of lysine (34) and valine (33) onto the
growing peptide chain can be problematic. Even with an excess of amino acid, it is difficult to force
these coupling reactions to completion. Solvenkehoigg Rg/aggnd-capping can help to alleviate this
problem. It has been.found that the nature of the coupling 15 solvent can impact the degree to which
the coupling gogsite.gempletion. In one set of experiments, for example, coupling reactions were
carried out in a 3:1 NMP/DCM, 1:1 NMP/DCM, 1:1 DMF/DCM, and 3:1 DMF/DCM. The ratios in these
solvent combinagigng are on a volume basis. NMP refers to N-methyl pyrrolidone, DCM refers to
dichloromethane, and DMF refers to dimethylformamide. It was found that the coupling reactions
procegded farthesio. 20 completion when using 1:1 DME/DCM. Enéj-ca ing gfter each of the lysine
and vgl%ne coupﬁ{]g%S cana g@’b@%@%@ﬁﬁ?\%ﬁ’tﬁﬁ%reerggt% Tesii: 5%%%‘??egq$waterial from proceeding
in further coupling reactions. The end-capped material is more easily remaoved during purification if
desired. Converﬂ%{ ﬁél%%rg-@ﬁé%ﬁ?isgo esgh%fgﬂl‘é??‘ﬁ3?%@%%8?%%’%&%%@%?@??8Scheme 2,
fragments I, 2, and 3, along with Arg, are assembled to complete the desired peptide. =~ Scheme 2
shows that Arg i -terminus of fragment 3.in the solution phase to yield the intermediate
fragment 3' accoilc%%ggt%%é %PE(()ilNglr.ESt eF?R%IbﬁEW% §l\?ﬂ§%é\‘?v erein §§°¥sr%l%gd@fi '§d above
and is preférRisiaisdmeefazabnamine As seieered IHQ Pepifde flagment in this way does not include
side chain protection.  Fragment 1+2, in which the Ser-Ser at the 17 and 18 positions is still in the
protected pseudoproline Rum, according t&SEQONDWICS 27:NWO 09/074483PCT/EP2008/066585 -57-
HX8EXIaTFTSDVX17-18YLEGQAAKE which may be designated by the notation (X'7™8,
X35)GIP-1(11-36%ns1then coupled to fragment 3' in the solution phase. To the extent that the other
amino acids bear side chain protection, this protection desirably is maintained through this step. The
desired peptide Z5sincospoiatipgoftagnrests:i Fnd, aggording to SEQ ID NO. 26:
HX8EX1(IFTSDVX17-18YLEGQAAKEFIAWLVKX35R-NH2 is then formed, wherein, in a preferred
embodiment, XsdS Aibs ¥dHisdhe pativeGuand % bia-asewdepieline dinepside residue as defined
above. In carrying out the reaction schemes of Schemes 1 and 2, solid phase and solution phase

one or more residues of said sequence optionally includes side chain protection..

In one variation of the above peptide, X is Aib.



10 syntheses may be carried out by standard methods known in the industry. In representative modes
of practice, peptides are synthesized in the solid phase using chemistry by which amino acids are
added from the C-terminus to the N-terminus. Thus, the amino acid or peptide group proximal to the
C-terminus oFWaOngf’)t?gUf*é&F}ragment is the first to be added to the resin. Thif%@&ft@ ?g’?éting the
C-terminus functionality of the amino acid or peptide,group with 15 complementary functionality on the
resin support. The N-terminus side of the amino acid or peptide group is masked to prevent undesired
side reactions. The amino acid or peptide group desirably also includes side chain protection as well.
Then successive ARG SRS SR A PBRFEAR Ritstdfad tBmE S BpBarehs & material
until the peptidenethntereghisifornmes. vidstofdhes8 Blsinclute side chain protection in accordance
with conventional practices. With 20 each successive cougling, the masking group at the N-terminus
end of the resin bound peptide material is rePBMAY ITHINS tBén reacted with the C-terminus of the
next amino acid whose N- terminus is masked. The product of solid phase synthesis is thus a peptide
bound to a resinvaaggort. In order to minimize the influence of quality differences of the fragments such
as amount 25 of residual solvents, residual dibenzofulvene or variation in assay or quality, the concept
was touse the tetat peptigeassanef-e@h; fragment as a basis for calculation. As most of the peptidic
impurities of Fragment 2 have more or less the same weight as Fragment 2 and react as Fragment 2

and most of thepggﬁqw%m&%gw%&_p@y@ more or less the same weight as Fragment 3'
and react as Fragment 3', the total peptide concept allows for adjusting the ratio of 30 the reactants.

For calculation gurposes Mikenzeiilyape:isiaanaiplh-natiaken JAIP.8660UNERS it is not a peptide and

regarding mass massively overestimated by its'UV-signal (same response factor as the fragments).

Thus, the total tl of r ulat s follows: WO .

200510744837 LT D S & e Ao A B s PRS2 bruvene in
%-area) / [quality (%-area)l or b) sum of main .cogyponent and all peptidic impurities in %-(w/w) -
dibenzofulvene%%%?(Vsré%%nr%g%lgnagg\%g%} 1&%’ pg;?)tling%Any type of support suitable in the practice
of solid phase peptide synthesis can be used. In 5 preferred embodiments, the support comprises a
resin that can be made from one or more polymer olymers or co Fijn lan such as
polyame, polysu a%ﬁ?é%? substitutec ’p{cﬁ;fy%}%ﬁiﬁgﬁe%%g%ﬁ%%h@ e%%ela ygg , 6%%%5?(? Jr%%sﬁlr%léﬂggﬁ
polysacchariede slopotysng8iestepheipolymer support can aLso be any solid that is sufficiently
insoluble and inert to solvents used in peptide synthesis. The solid support typically includes a linking
moiety to which&herejrisiiag nerpépfidemsonpheding thn gsipniseiisenenghidi Tar Be Bealed under
desired conditions to release the peptide from the support. Suitable solid supports can have linkers
that are photo-cleavable, TFA-cledvaBiEXITERNDIE,; Mubidelisnkka/able, reductively-cleavable;
Pd(0)-cleavable; nucleophilically-cleavable; or radically-cleavable. Preferred linking moieties are
cleavable undervgancitions such that the side-chain groups of the cleaved peptide are still substantially
globally 15 protected.  In one preferred method of synthesis, the peptide intermediate fragments
synthegized on a1 aeidisensitivendatiehsuppoly thatrinchydies ity aroups handeiaieipseferably on a
resin that ip&!%@é trityl groups having pendent chlorine groups, for example a 2-chlorotrityl chloride (2-
CTC) resin (Barbs et al. (1989) Tetrahedron Letters 30(30):3943-3946). Examples also include 20
trityl chloride regin,4-methyltrityl rideresin, 4-methaxytrityl chloride resin, 4-aminobutanl-ot
2-chlorotrityl reiiir':l? 4-5£rrnéié%&%y‘%%ﬁgg)?ﬁ-ﬁc‘%ﬁ)grr%%fl?ésin, 3-aminopropan-I-ol 2- chlorotrityl resin,
bromoacetic aci 2-chlﬁr9trit | resin cyagoacetic acid 2-chlorotrityl resin, 4- cyanobenzoic acid
2-chlorotrityl res nl,sgallllCInb?r?Xgﬁo%% %/P}r@%r?,uﬁropionic 2-ehlorotrityl resin, ethyleneglycol2-chlorotrityl
resin, N-Fmoc hydroxylamine 2-chlorotrityl resin, hydrazine 2- 25 chlorotrityl resin. Some preferred
solid supports inclutid FGERAEHESRHIZH can be copolymerized with divinylbenzene, to fowl support
material to which the reactive groups are anchored. = Other resins that are used in solid phase
synthedls includ@8VargTsEsitaehPichIE SRIPRRE aREFemar B ttyidhebaRdesaBeA2éne with
4-hydroxymethylphenyloxyrnethyl anchoring 30 groups (Wang, S.S. 1973, J. Am. Chem. Soc.), and
4-hydroxymethylt: Slpasikoip et Rymeaet acit e sifmiRidheesodid aih {3084l Terraliabrarntdters
35(27):4705241%08) il BeMaNEGES ehiprotrity] chloride, and 4-hydroxymethy1-3-methoxyphenoxy
butyric acid resins can be purchased from, for example, Calbiochem-Novabiochem Corp., San Diego,
California. WO 2009/074483PCT/AIRZOOR/OB6DS0 voO ind pranagiedswith a suitable solvent. The
pre-wash solvent may be chosen based on the type of solvent (or mixture of solvents) that is used in
the coupling reagtign.ogvigenarsa. Solvents that are suitable for washing, and also the subsequent
coupling reaction include dichloromethane (DCM), dichloroethane (DCE), dimethylfoirnamide (DMF),
and the like, as well as mixtures of 5 these reagents. Other useful solvents include DMSO, pyridine,
chloroform, dioxane, tetrahydrofuran, ethyl acetate, N-methylpyrrolidone, and mixtures thereof. In
some cases coupling can be performed in a binary solvent system, such as a mixture of DMF and
DCM at a volume ratio in the range of 9:1 to 1:9, more commonly 4:1 to 1:4. The syntheses of the

present invention preferably are carried out in the presence of 10 appropriate protecting groups unless
nthernnvice noted The natiire and 1ice nf nrotectina arorine ie weall known in the art Cenarallyy o cintahle



-60- type protecting groups. photolabile groups such as nitro-veratryloxycarbonyl (NVOC); and fluoride
labile groups such as 2-trimethylsilylethoxycarbonyl (TEOC). Preferred side chain protecting groups
for amino acids commonly used to synthesize GLP1 peptides in the practice of the present invention
are shown in the following Table A: 5Table A AmingyAcid Side Chain Protecting group(s) Aib None
Ala None Arg None Asp t-butyl ester (OtBu) Gin trityl (trt) Glu OtBu Gly None His trityl (trt) lle None
Leu None Lys t-butyloxycarbonyt (Boc) Phc None Ser t-butyl (tBu) X1748 (corresponding to Ser-Ser)
oxazolidine rifg %%qméaéﬁﬂ%a g APerOrPHdSe? asg@ﬁtsﬁﬁ@le%ﬁﬁmg?m%ﬁ%ﬂﬁ%ﬁx@er Thr

tBu comprising the steps of:
a) providing a peptide fragment including the amino acid sequence of (SEQ ID NO. 18)
Z-HX EXTFTSDVX! " Y LEGQAAKE-B’
5 wherein

X® and X'° are each independently achiral, optionally sterically hindered amino acid
residues;

X% is a dipeptide residue of a pseudoproline;
Z is N-terminal protecting group Fmoc-;
10 B’ is a solid phase resin;. and
one or more residues of said sequence optionally includes side chain protection; and

b) cleaving the peptide fragment of step a) from the solid phase resin to yield the peptide
fragment in solution {SEQ ID NO. 18)

Z-HX*EX"TFTSDVX' " *YLEGQAAKE-B’
15 wherein B® is -CH.
In another embodiment, the application provides a method comprising the steps of:

a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO.
16)

Z-FIAWLVKX"-B’
20 wherein
X* is an achiral, optionally sterically hindered amino acid residue;
Z is an N-terminal protecting group;
B’ is a solid phase resin; and

one or more residues of said sequence optionally includes side chain protection;



Trp Boc WO 2009/074483PCDEP2008/066585 -61-  An amino-terminal protecting group includes a
chemical moiety coupled to the alpha amino group of an amino acid. Typically, the amino-terminal
protecting group is removed in a deprotection reaction prior to the addition of the next amino acid to be
added to the §rbEB{%ptide chain, but can be maintained when the pePtHET IR from the
support. The choice of an amino teitninal protecting3g[oup can depend on various factors, for example,
type of synthesis performed and the desired intermediate product or final product. Examples of
amino-terminal protecting groups include (1) acyl-type protecting grqups, such as formyl, acrylyl (Acr),
benzoyl (B2) it SEEHIE AR D) AR AR PEM AR b T Rt S BRnd e d e st
benzyloxyparadnirkéZieant solostitut8BQ [180¢R.d$ pchlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
p-bromobenzyloxycarbonyl, pmethoxybenzyloxycarbonyl; (3) aliphatic urethan protecting groups, such
as t-butyloxycarbonyl (Boc), diisopropylmetBdilycaibBEy; isdpropyloxycarbonyl, ethoxycarbonyl,
allyloxycarbonyl; (4) cycloalkyl urethan-type protecting groups, such as 9-fluorenyl-methyloxycarbonyl
(Fmoc), 15 cyclepastyBxycappnyl, adamantyloxycarbonyl, and cyclohexyloxycarbonyl; and (5)
thiourethan-type protecting groups, such as phenylthiocarbonyl. Preferred protecting groups include
9-fluorenyl-metbylexyaashan vi-iFpapale Zrigniphrnyli-propydichoxysddanyitBposhvide a
2-prieny PIRYHELGCRIbA (anAnd DUPREan (SPRuEyBnRs Toc ke chemioty s

highly preferr ase peptide synthesis, 20 inasmuch as cleaving the resultant peptide in a

" protected state is relatively straightforwar(?t ing.mildly acidic cleaving agents. This kind of
cleaving reaction is relatively clean in fein s—%ﬁqe%%mr}gr}g%ucts, impurities, etc., making it
technically and econpmically feasible to recover peptide on a large scale basis from both the swelling
and shrinking WASHEL enhancing yield. As used herein, "large scale” with respect to peptide synthesis
generally includes the 25 synthesis of peptides in the range of at least 500 g, more preferably at least
2 kg per batch. % &gt NesiBLehpesd e dIftRily performed in large reaction vessels, such as steel
reaction vessels, that can accommodate quantities of reagents such as resins, solvents, amino acids,
chemlals for cBupifri: Hhadepiiraatipatraselivhndrsd armgAsH @5lB% 38¢ production of peptides in
the kilogram to metric ton range. WO 2009/074483PCT/EP2008/066585 -62- Additionally, the Fmoc
protecting groupreatt metsarsidivsiycieidveduiein erpepibereldreids thasigplthitiprotecting groups
so that the side chain protection are left in place when the Fmoc is cleaved. This kind of selectivity is
important durind)ammnsisgidcbuptingabmittierineasiy shalferéachivhseptsidoampit thelsidechain
protectingtgsaiips £allde selestivelgpipaveddolsyremove them relative to the Fmoc, leaving the Fmoc
in place. This latter selectivity is very advantageously relied upon during purification schemes
described further below.  The solid phasg.gpapling keadtiogcan be performed in the presence of one
or more compounds that enhance or improve the coupling reaction. Compounds that can increase the
rate of yeaction gpdeduce the rate of side reactions include phosphonium and uronium salts that can,
10 in the presence of a tertiary base, for example, diisopropylethylamine (DIEA) and triethylamine
(TEA), convert Ergtg[gted amino acids into activated species (for example, BOP, PyBOP, HBTU, and
TBTU, which generaté HOBt esters, and DEPBT which generates an HOOBL ester). Other reagents

help prevent rageenization by, providing a, protectin L Th include carbodiimides
(for example, D%QC oF Wéla%ﬁ’)?ﬁﬂﬂngqngfa%%%% &ﬁg?%%?ugﬁé%%ﬁ?%er( E?rgﬂegie’grﬁrf%le, 15
1-hydroxy-benzotriazole %HQI%t \ .1-ng&o%;azabengotgﬁzolel He(g@lt?ég HOSu). TLhe mixed anhydride
method, using i%%ﬂwp ehidFstorma e,%vi SFWitHout an added auxi 1)ary nu eop‘fu?e,’may also be
utilized, as can the azjde method, due,%) {tEhe low racemizatjon associa%ed with it. @:55 ﬁsp[\eI of
compounds carFaiS8YHEe AJ8HE RERESH, aa%‘(?aﬁim‘fa}g‘ﬁ?e PG S WaIN <%rev‘e t
dehyditatiol®df Asn and GIn residues. 20After the coupling is determined to be complete, the coupling
reaction mixture is washed with a solvent, and the coupling cycle is repeated for each of the
subsequent amino acid residues HHNERESTHE SRaia! Al YA BfA tddoiile the next amino acid,
removal of the N-terminal protecting group (for example, an Fmoc group) from the resin-bound
material is typicatigratcomplished by treatment with a reagent that includes 20-50% (on a weight
basis) piperidine in 25 a solvent, such as N-methylpyrrolidone (NMP) or dimethylformamide (DMF).
After removal ofsthenff mapredectinggratiptiseraial wpsbes gre dipitialhipkradmeiddad@move residual
piperidine %@ﬁ@;{}oc by-products (such as dibenzofulvene and its piperidine adduct).  The
subsequent amino acids can be utilized at a stoichiometric excess of amino acids in relation to the
loading. factor o tid terial resi .. Generally, the amount of 30 amino acids used
in ther%oupling gé?i?ft%%@%ﬁ%%lgiﬁgﬁe lo g(lgrgiéi(e?éctor of the first amino acid on the resin (1
equivalent or more). Preferably the amount of amino acids used in the coupling step is at least 1.3
equivalent (0.3 excess) or more, and most preferably about 1.5 equivalent (0.5 excess) or more. In
some cases, for example, the coupling step utilizes an amount equivalent of amino acids in the range
between 1 and 3. WO 2009/074483PCT/EP2008/066585 -63- Following the final coupling cycle, the

resin is washed with a solvent such as NMP, and then washed with an inert second solvent such as
DCNM in order t0o remove the evvntheci7zed nentide matarial from the recin a ecleavina freaatment i



~ 15 reagent is added to the vessel containing the resin-bound peptide material. The resin, typically in
the form of beads, is immersed in the reagent as a consequence. The cleaving reaction occurs as the
liquid contents ar (‘?59(55%5@9 at a suitable temperature for a suitable time pe&@gggﬂj&%g}@elps prevent
the beads from clumping. Suitable time and temperature conditions will depend upon factors such as
the acid reagent being used, the nature of the peptide, the nature of the resin, 20 and the like. As
general guidelines, stirring at from about -15C to about 5C, preferably from about -10C to about OC for
about 5 minutes,tg twaqh ?#ﬁnﬂr c?t%%%%%p { 25 minutes to about 45 minutes would be suitable.
Cleaving time may be in the range of fronT about 10 minutes to about 2 hours or even as much as a
day. Cleaving isBdesirab%éc rried out indsuch a chilled temperature range to accommodate a reaction
exotherm that mlgﬁst%fﬁicaﬁyaosgéﬁsrﬁéuaﬁlng the 25 reaction. In addition, the lower temperature of the
cleavage reaction prevents acid sensitive side chain.protecting groups, such as trt.groups, from being
removed at thisABE O AU A B R BRASG PR RTINS YR MBI R OREHERAEE This may be
achieved, for example, by combining the cleaving reagent with a suitable base, such as pyridine or the
like, and contindirfdety agitatdomt 86rier Sieauatiohsrparifaradbn sRbdanass Seionats Hinutes to 2
30 houfs, freferabhyidbtag@Eomimsiesita SOWERONDINES. Adding the base and continued agitation
causes the temperature of the vessel contents to increase. At the end of agitation, the vessel contents
may be at a temperature in the rangeétfSmrasout 8T foyaboud ABE Fereferably about 5C to about
10C. Factors such as swelling and shrinking the resin in order to improve aspects of the peptide
35 recovery carsaptionallyshencorporated into the overall synthesis process. These techniques are
described, for example, in U.S. Pat. Pub. No. 2005/0164912 Al. WO
2009/074483PCTHERINBURLRR:8 45 opd SAMEASRELIS IR LleaNGd RRPHTS FAaments can be

prepared for solution phase coupling to other peptide fragments and/or amino acids. Peptide coupling
reactions in the, QR: ' ' T in. Penti ing
Reagents; %Bber['i%c '(;[1,6 k@g}ﬁ%ggg;@ %II{I’]?((:}%I |a,§%$§’egﬁ|);&§§% ﬂ%?%%@%aﬁg%%%gé@g%ﬂ?'Organic
Prepa]rgtioﬁ and 5 Procedures International (2003), 33(3), 203-303. Coupling of peptide intermediate
fragments to other fragments or amino acid(s) in the solution phase can be carried out using in situ
coupling reagents, for example benzotriazoIZIf)}IAWLVKX -B
oxy-tris-(dimethylamino)phosphoniumhexafluorophosphate (BOP),
benzotriazol-1-yiestgifipyrrolidinophosphonium hexafluorophosphate (PyBOP),
o-,(benzotriazol-l;ygl)-N,N,N',N'— 10 tetramethyluronium hexafluorophosphate (HBTU),
0-(7-azabenzotdéizat-anythital GrgotetinseiralivronidarehexdaiuersboradectHATU),
0-(7-azabenzotriazol-1-y1)-1,1,3,3- tetramethyluronium tetrafluorophosphate

(TATU),0-(1H-6Z bldrachenmdisiazatb-yrtetrdmethyluronium hexafluorophosphate (HCTU),
0-(1H-6-chloro-benzotriazol-1-y1)-1,1,3,3- tetramethyluronium tetrafluoroborate (TCTU),
0-(benzotriazol-ByP exybioshépymesiliding)- 15 uronium hexafluorophosphatc (HAPyU),
dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide,

3-(diethoxyphosphcsylas rhskischenzatiiaginand(3htoaney (RERRT kivalemsplyblaisarbodimide

(WSCDI), o-(cyano-ethoxycarbonyl-methyleneamino)-N,N,N',N"- tetramethyluronium tetrafluoroborate

(TUTU) or o-(benzgtiiazplshaydlsNhdldleNa %@H@&ﬂ%ﬁﬂ&ﬂﬁ@!@ﬁ@ﬁﬁ@@&ﬁﬁ (I BLDmOher
coupling tech ﬁfu)%?‘ use refomed;ﬁ!ﬁ? (?qgst{e s such as hydroxysuccinimide (HOSu) and
p-nitrophe RSP IO E8tePs BrErimaasymmatrical anhydrides; non-symmetrical anhydrides such as
N-carboxyanhydrides (NCAs); or acid halides such as acylfluoride as well as acyl chloride. A suitable
coupling solvent can be used in the solution leﬁﬁ%\g@eaction. It is understood that the coupling
solvent(s) used can affect the degree of raccmization of the peptide 25 bond formed; the solubility of
the pefitide and/BhgeBtRleifragftents; and the coupling reaction rate. In some embodiments, the
coupling solvent includes one or more water-miscible reagents. Examples of water-miscible solvents
include, for exarpiterDiviSh: Hyriaiensidetfeeorhin drixarie teatizinipdrofitant etdyr topraile a
N-methylpysslidong:diniethyifoiitamnite; dioxane asitixdusasdbersal) 30Inothenm embodiments, the
coupling reaction may include one or more non water-miscible reagents. An exemplary non
water-miscible solvent is methylene chloridg. A veseremagiments, the non water-miscible solvent is
preferably compatible with the deprotection reaction; for example, if a non water-miscible solvent is
used preferably {{ilogg not adversely affect the deprotection reaction. WO
2009/074483PCT/EP2008/066585 -65-  After the peptide of SEQ ID No. 10 is formed, the product
can bg subject tg ger@_rgg%ﬁgg@&gmﬁgtgggﬂ pilization, further processing (e.g., reaction with
another peptide to form a fusion proteih); combinations of these, and/or the like, as desired. For
example, according to the invention, the side-chain protecting groups are typically 5 retained on the
peptide intermediate fragments throughout solid phase synthesis and also into and throughout the
solution phase coupling reactions. Generally, after solution phase step is completed, one or more

deprotection steps may be performed to remove one or more protecting groups from the peptide. The
reamov/al of cide chain nrotectina arorine by alohal denrotectinon tvnicallvy 1itilizee a 10 denroteaction




The present invention also provides useful techniques for purifying a wide range of peptides, including
GLP-1 peptides and their counterparts. 30A particularly preferred purification process involves at least
two purification passes through chromatographic media, wherein at least a fi S s at a first
pH and at Iea‘gfgz{éoegggﬁ‘és%ass occurs at a second pH. More preferably, th%af{fﬁgpgg@sﬁgg%%rs at an
acidic pH, while the second pass occurs at a basic_phl. In preferred embodiments, at least one pass
under acidic conditions occurs prior to a pass occurring under basic conditions. An illustrative mode of
35 practicing thigspurification approach can.be described in the illustrative context of purifying fully WO
20051074453P T L PSSR RS (s G Sbbtce fs globally
de-protected. Both N-terminus and side, chain protecting.groups are. cleaved. A first chromatographic
pass is carried BUE f AWAPAENY Al SRR HBUUR TEATE 5160 A B EF WBout 1 to 5,
preferably about 2. A second pass is then carried out in a water/ACN gradient using a little ammonia
and/or ammonidiTERRtERE B S1HENRE HOBFo0HE QUpHOGES MO8 EreTarmAT 88t B0,
Thevaluesihwhetheracideon base) fffaidie Maifdinity in that a uniform ionic species is present in each
instance. Thus, the acidic pH desirably is sufficiently low so that substantially all of the amino acid
residues in the peptide material are protonateich Wha/BasiRpNHs desirably high enough so that
substantially all of the amino acid residues in the peptide material are 10 deprotonated. The acid and
base chromatogyaghy,can be carried out in any order. It is convenient to do the basic chromatography
last when the peptide acetate is a desired product inasmuch as the acetate may be the product of
chromatography:. ;. Hggommonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile
(AIBN), atmospheres (Atm), 9-borabicyclo[3.3.11nonane (9-BBN or BBN), tert-butoxycarbonyl (Boc),

15 di-tert-butyl Byeaarbagaln o A0E.AD MGG (RAG20) AEROISBR. BUYLABL), Chemical Absiracts
Registration Number (CASRN), %enzy oxycarbonyl (CBZ or Z), carbonyl diimidazole (CDI),

1,4-diazabicyclo 2.2.23&0tane.éDAB%%) diethxlaminosu”in.g(ij%y ri%le%%[c)@%?tf%bc%z%llid neacetone
. ] .4.0]undec-

(dba), L5-diazab|c%/8fo %’?.6?‘?110%? Sene ‘%Bﬁf{ﬁ‘f'@t (l)él%a‘giéyco -ene

N,N1-djcyclohexylcarhodiimide (DCC), 1,2- 20 dichlgrgethane %%%E , dichloromet ( , diethyl
ot borylats ENDRE GBS eTERB TS SRR AT Sh LoD,
di-isopropylarodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H),
di-isopropylethylamine (D1PEA), N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine
(DMAP), ethylene glycol dimethylZeHgHB VI SONXIif EYRyeReati8eRDMF), dimethyl 25 sulfoxide
(DMSO0), 1, I'-his-(diphenylphosphino)ethane (dppc), 1,11-his(diphenylphosphino)ferrocene (dppf),
1-(3-dimethylamimepfiapyl)-3-ethylearbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate (EtOAc),
ethanol (EtOH), 2-ethoxy-2Hquinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl ether (Et20),
0-(7-azabenzotridzale-*yk)-BichliN b ctelsameitiiaronioniiex affvioitiphaspheteasetiscatid (HATU),
aceticl%cidrggdqgg)Ac), 1-N-hydroxybenzotriazole (HOBLt), high pressure liquid chromatography
(HPLC), iso- propanol (IPA), lithium hexamethyl disilazane (LIHMDS), methanol (MeOH), melting point
(mp), MeS02- (mpesyt.or Ms)" methyl (Me), acetonitrile.(MeCN), in-chloroperbenzoic acid (MCPBA),
mass spectrumr}(}rii),1%%%%%%%&/%@%%&(%& ,If\lr(%égfnosuccinimide (NBS), N- carboxyanhydride
(NCA), N-chlor?guccjnimid%NCSe), N-methﬁr/] orpholine (NMM), N- 35 methylpyrrolidone (NMP),
pyridinium chlo hIONTEH @@3,%&}%&‘?& dithromate (PDC), phenyl (Ph), propyl (Pr), iso-propyl
(i-Pr), pounds per square inch (psi), pyridine (pyr), (benzotriazol-1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate (8YBBIBFer5M A0 2009/074483PCT/EP2008/066585 -67- temperature (it or
RT), tert-butyldimethylsilyl or t-BuMe2Si (TBDMS), triethylamine (TEA or Et3N),
2,2,6,6-tetramePRASTHBIHTE By I TEM R HFf SRS Bral p dssthaleprey e sl pacstina i (TFA),
1,1'-bis-2,2,6,6-tetramethylheptane-2,6-dione (TMHD), 0-benzotriazol-1-yl-
N,N,N2N-tetramétislgaviriiths tetralnerodo faemaB T cthin fuye thehieif atogeaishiy (TYE) the
tetrahydrofgyaim(JditiictiaetoysiyoarMeEHETMS)) piggluenesulfonic acid monohydrate (TsOH or
pTsOH), 4-Me-C6H4S02- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional
nomenclature including the prefixespmetmalimr o) Seconsianaiseds), tertiary (tert-) and neo have
their customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P. Klesney,
Nomenclature iR Qrganie- Ghemistry, IUPAC 1979 Pergamon Press, Oxford.). 10The principles of the
present invention will now be further illustrated with respect to the following illustrative examples. In the
following all percentages and ratios are by volume unless otherwise expressly stated. EXAMPLES
Examples 1-18 peiiaincther caiplingereagticnsthsmepaastsibe chihStbe madh aan mragments15 1, 2,
3,and 3 as 9%{ eegog]erggin. t'ﬁ%(?t@ é@ 1 Solid Phase Synthesis of Fragment | with Fmoc protection
at the %\f—t&'lp nus, and side chain protection on the His and Glu A. Preparation of Fmoc-Gly-loaded
2CTC Resin 20Initially, Fmoc-Gly-loaded 2CTC resin was prepared. Amounts of reagents used are
listed in following table: WO 2009/074483PCT/EP2008/066585



-68- Preparation of Fmoc-Gly-2-Chlorotrityl Resin Materials MW Eq mmol Grams [g] mL
2-Chlorotritylchloride resin - - 52.24 35.06 Fmoc-Gly-OH 297.3 1.0 13.06 3.88 - Dasopropylethylamine

(DIEA) 129. . 72 3.97 Dimethyl formamide (DMF) 1270 Dichlo , M) 1785
9:1 by vqungéIg?%%?(r}%ﬁgf)lEA et N

-33.

a) coupling a first peptide fragment to a second peptide fragment in solution in order to
provide a third peptide fragment including the amino acid sequence of (SEQ ID NO. 10}

Z-HAXPE O TRTSDVX!! gYLEGQAAKE?IAWLVKX”R—NHg
whersin
5 Z is an N-terminal protecting group;

X* and X'? are each independently achiral, optionally sterically hindered amino acid
residues; '

X% is a dipeptide residue of a pseudoproline;
X** is an achiral, optionally sterically hindered amino acid residue; and

10 one or more residues of said sequence optionally includes side chain protection.

Preferably, the N-terminal protecting group 18 Fmoc.

In another embodiment, the application provides a method comprising the step of:

a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO.
16)

15 Z-FIAWLVKX™-B’
wherein
X* is an achiral, optionally stericaily hindered amino acid residue;
Z 1s an N-terminal protecting group;
B’ is a solid phase resin; and
20 one or more residues of said sequence optionally includes side chain protection;

b) cleaving the first peptide fragment of step a) from the solid phase resin to vield the first
peptide fragment in solution (SEQ ID NO. 16)

Z-FIAWLVKX B’

wherein B” s ~OH;



350 Isopropanol (IPA) 1050 2-CTC resin was charged to a 500 mL peptide reactor and swelled
with 400 rnL DCM for 30 min at 25 C. The bed was drained and a solution of Fmoc-Gly-OH and DIEA
in 8 volume of DMF:DCM (87.5:12.5) was added. The mixture was stirred under nitrogen for 2 hours at
a 5 temperaliR BPE 83 The bed was drained and washed once with 350 fﬁ?ﬁ%ﬁ&&ﬁd once with
175 mL DMF. Then, remaining active sites on the 2,CTC resin were end-capped with 350 mL of
MeOH:DIEA (9:1) solution for 1 hour. The bed was drained, washed with 250 mL DMF two times, and
then with 350 n‘iL _DC%I?;OEr imes. The resin wtas d -sweltled b washir%}/gitoqﬂg%(%wr ml eIPaA. The 10
resin was dried 1§ R REHER I TTRRIRIES GRAES8! 3D 8H 8106580 “AREIYSI¥ ShowBd a 16ading factor
of 0.18 mAseery Barsdtidmmet Bylwiasihsunnprakssimes WES dBEY &0t starting with 20.0g of
Fmoc-Gly-2-CTC resin loaded at 0.18 mmoUg as prepared in Part A of this Example 1. The resin was
swelled in DCM (200 15 mL) for 30 min aZ2BLEWIHKBCRNblvent was drained and the resin was
washed three times with NMP (5 vol. each wash).  The resin was then treated twice with 20% by
volume piperidingeinitNMP (5 vol. each treatment) to remove Fmoc protecting groups. After the second
20% piperidine/NMP treatment, the resin was washed five times with NMP (5 vol. each wash) to a
negatiye chloramik tesN-\Wai20Q9dr448 3RGT/EP2008/066585 -69-  To prepare the coupling
solution, the amino acid (2.85 equiv.) and 6-Chloro-IHydroxybenzotriazole (6-CI-HOBT, 2.85 equiv.)
were weighed, gissplvegiia 2, 2pxomiumeat NyRdheadconinetiwitidIEAJ{3.25 equiv.) at 5 C to 10
C. TBTU (2.85 equiv.) was dissolved in 1.3x volume of NMP at 5C to 10 C. The two solutions were

then combinedqyJhe: higswianieptinn wasaddeditadhne rractianiessel phadask; was rinsed with
1.3x volume of DCM added into the reactor, which was then stirred for 2-3 hours at 25 C -27 C. The

sample was puller. for Saiser Teshinshegkhdeasiion farsamelsionslidbe conplingoeaston was
incomplete after 3 ho,Lérs %)smve é%%;fe@ﬁ?)l e reaction vessel was drained and recoupling was
o

performed Wit {PET! R4, in hcid. After completion of the coupling 10 reaction, the
coupling solution was drained and the resin was Waﬁgg}q with. NMP 4 times (5 vol. each wash). Then
remoVl of the Fmoc protecting group andzé%%“ﬂgv ot cle was repeated for the remaining
amino acids in the fragment (i.e., in the order of Glu(OtBu)-)Aib->His(trt)). Due to difficulty of the
coupling reactis®&tveen activated Fmoc-His(trt)-OH and H-Aib- 15 Glu(OtBu)-Gly-2-CTC and the
instability of the activated Fmoc-His(trt)-OH, the coupling reaction was forced to completion by draining
the reaction soltioH-after one hour and immediately performing the recoupling reaction with a second,
fresh activated Fmoc-His(trt)-OF1 solution. All reagents used in Part B of this example are listed in
following table: AMimenAchit . @k rdDBRg) D Endgydamineraciil TETUsgrAMP (mL) DCM (nit)
Coupling time (min)

one or more residues of said sequence optionally includes side chain protection; and

15 e) providing a fourth peptide fragment including the amino acid sequence of (SEQ ID NO.
18)

Z-HX*EXYTFTSDVX' " *YLEGQAAKE-B’
wherein

X® and X'° are each independently achiral, optionally sterically hindered amino acid

20 residues;
X" is a dipeptide residue of a pseudoproline;
Z is an N-terminal protecting group;
B’ is a solid phase resin; and

one or more residues of said sequence optionally includes side chain protection; and



Glu(OtBu) 4.34 1.76 1.55 51.0 3.28 26.0 26.0 150 Aib, 3.36 1.76 1.51 51.0 3.29 26.0 26.0 155 His(trt)
6.32 1.78 1.56 51.0 3.29 26.0 26.0 60 His(trt) recoupling 6.32 1.79 1.56 51.0 3.29 26.0 26.0 92 20

The resin-bo ide fragment was washed with NMP (5 vol.) 4 times, Ll dimes, WA
(5vol.) 3 timéégg@%e%g%;v{/elled resin was then dried at 35C under vacuump?og%ée%%@ég% resin and

resin-bound peptide. WO 2009/074483PCT/EP20084066585

f) cleaving the fourth peptide fragment of step €) from the solid phase resin to yield the
fourth peptide fragment in solution (SEQ ID NO. 18)

7Z-HXPEX TFTSDVX " *YLEGQAAKE-B’
wherein B 15-OH;

5 ¢) coupling the fourth peptide fragment to the third peptide fragment in solution in order to
provide a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 10)

7P EX O TFTSDVX P YLEGQAAKEFIAWLVK X "R-NH;
wherein
Z is an N-terminal protecting group,;

10 X? and X'° are cach independently achiral, optionally sterically hindered amino acid

residues;
X' is a dipeptide residue of a pseudoproline;
X*° is an achiral, optionalty sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection.

15 Preferably, the N-terminal protecting group is Fmoc.

In another embodiment, the application provides a method comprising the step of:

a) providing a first peptide fragment including the amine acid sequence of (SEQ ID NO.
16)

Z-FIAWLVKX-B’
20 wheremn
X*° is an achiral, optionally sterically hindered amino acid residue;
Z is an N-terminal protecting group;
B’ is a solid phase resin; and

one or more residues of said sequence optionally includes side chain protection; -



-70- C. Cleavage of the Fmoc and side-chain protected fragment from the resin ~ The built resin from
Part B above was swelled in DCM (12.5 volumes relative to the weight of resin used; 12.5 ml DCM per
g of resin or 12.5 liters per kg) for 30 min at 25C and then washed with DCM 2 time/s 6.25 vol. each
wash) to ren%@érﬁ?{)‘}'?ﬁﬁ@ﬁ:’ residue. The resin 5 was cooled with the last DEMHASH (625C. The DCM
was drained and a cold solution of 1% TFA/DCM (h@.vol. at -5 to -10C) was added and stirred for 30
min at OC. Pyridine (1.3 equiv. of TFA) was added to the reactor to neutralize TFA. The cleavage

solution was filtered off and collected, in.a flask. While the vessel ed up to 25C resin was
washed with D I\ﬁ%‘t’l‘f%@?'ﬁ@t\% ! dlehf(}_;:fl ma%%teéglgr\%/e é gl%?n%?ﬁ% V\\;\llaf{ﬁ & E?ggvg@%élséo ﬁ%lgﬁs The DCM
cleavage n@sdutisAARS CEBIPREPTHAIVALEr (9)5 vol.). The resultant mixture was distilled under
reduced pressure to remove DCM (350 torr at 28C). The, peptide fragment precipitated out from the
water when DCM was removed. The fragméehtl v&d-Whshedwith water and dried at 30-35C under
vacuum; A total of 4.73 g of Fmoc-(Aib8)GLP-1(7-10)-OH was obtained. Example 2 15A. Preparation
of Fmoc-Gly-loatkedi28TE -RE3in  Fmoc-Gly-loaded 2CTC resin was prepared. The amounts of
reagents used are listed in following table: Preparation of Fmoc-Gly-2-Chlorotrityl Resin Materials MW
Eq mraol grams)ndugtiihtbeditgtehigiibtefirasinnt5o ©6udom0s dEmoceGlyiddh 207810 P-P8i84 8.87
Diisopropyletiaviaging (LEAM18%@mE -8 4990 SA%-Rimethy forgamide (PMF)
Z-FIAWLVKX*R-NH;
wherein
Z is an N-terminal protecting group;
10 X* is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;

d) removing the N-terminal protecting group to afford a third peptide fragment including
the amino acid sequence of (SEQ ID NO. 17)

Z-FIAWLVKX“R-NH,
15 __ wherein
Z1s H-;
X737 is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection; and

¢) providing a fourth peptide fragment including the amino acid sequence of (SEQ ID NO.

20 18)
Z-HXPEX " TFTSDVX " *YLEGQAAKE-B’
wherein
X% and X' are each independently achiral, optionally sterically hindered amino acid
residoes;

5 X718 is a dipeptide residue of a pseudoproline;



1580 Dichloromethane (DCM) 1840 9:1 Methanol: DIEA 390 Isopropanol (IPA) 1050 WO
2009/074483PCT/EP2008/066585 -71-  2-CTC resin was charged to a 500-mL peptide reactor and
swelled with 400 mL DCM for 30 min. The resin was drained, and a solution Fmoc-Gly-OH and DIEA
in 8 volume of BRAEISE#%(87.5:12.5 by volume) was added. The mixture Wak EbF&YGFEr nitrogen for
2 hours at a temperature of 25C. 5The resin bed wag, drained and washed once with 400 mL DMF and
once with 200 mL DMF. Then, remaining active sites on the 2-CTC resin were end-capped with 390
mL of MeOH:DIEA (9:1 by volyme) solution for 1 hour. The bed was drained again, washed two times
with 350 mL DMF 3?18]1' PEUFHHESRIPY 350 mI. DCM. The resin was then de-swelled by
washing with 3x 350 ml. IPA. The resin was dried at 35 C under vacuum to a constant weight 10 to
give 48.51 g of FodtiadribpieacEsiRi¢ehowed a loading factor of 0.54 mmol/g. B. Solid Phase
Synthesis Solid phase synthesis was carried out starting with 27.59g of Fmoc-Gly-2-CTC resin loaded
at 0.54 mmol/g FRETENFEWREEH hseeamBon Ry so gy dashide ke PrREMIENM6ivent was
drained, and the resin was washed and three times with NMP (5 vol. each wash). 15The resin was
then treated twidelgathnz0bs Fybivenadsipegaizm oh S P) (Bovothe aekdtrbasawent) to yildobe Fmoc

protecting fatetipsephifie fidiensecond 2000 (HpeytineNMP treatment, the resin was washed six times
with NMP (5 vol. each wash) to a negative chloranil test. To prepare the coupling solution, the amino

acid (1.7 equiv.) and 6-chloro-I- kygroybenraprolé (6vCEHOBAKE-Bequiv.) were weighed,
dissolved in 4.6x volume of 20 NMP, and then combined with DIEA (1.9 equiv.) at 10C to 5 C. TBTU
(1.7 equiv.) wag, fissalredsind28 x volume of NMP at 10 C to 5 'C. The two solutions were then
combined. The resultant solution was added to the reaction vessel. The flask was rinsed with 2.28

volumes of DCM, il iR eiariiaiWASHRER SHRIH0 fefiRuisAlar & bl hgsample
was pulled for g Kaiser Test to.check the reaction for completion. After.completion of the coupling 25
reaction, tRE RS AL SBITHGR ToAT T B TG A e WALFR A TP P tHes (5 vol. each
wash). Removal of the Fmoc groyp and coupling reaction cycle was repeated for the remaining amino
acids}iﬂ the fragment (i.%‘WM%ET%P@?@(@%&)EQQMg{t‘?t%)(l&%ﬁéﬁgzused in this example
are listed in foIIon/ing‘ table: WO 2009/074483PCT/EP2008/066585

WHerem

7 18 an N-terminal protecting group;

X® and X' are each independently achiral, optionally sterically hindered amino acid
residues;

15 X!71% is a dipeptide residue of a pseudoproline;
X** is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

h) removing the N-ferminal protecting group to afford a sixth peptide fragment including
-the amino acid sequence of (SEQ ID NO. 10)

20 Z-HXEXTFTSDVX' " *YLEGQAAKEFIAWLVKX"R-NH,
wherein
Zis H-;

X* and X" are each independently achiral, optionally sterically hindered amino acid

residues;

25 X'""® is a dipeptide residue of a pseudoproline;



-72- Amino Acid g 6-CI-' HOBT (g) r DIEA (g) NMP (mL) TBTU (g) NMP (mL) DCM (nit) Couplingl
time (min) Glu(OtBu) 10.79 4.24 2.67 127 8.13 63 63 156 Aib 8.26 4.32 3.73 125 8.14 65 65 180

HIS('[I’t) 15'68\503%(%79%28%5 8.1265 PCT/EPZG0B/066585
~38-
X is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection.

Preferably, the N-terminal protecting group is Fmoc.

In another embodiment, the application provides a method comprising the step of:

5 a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO.
16)

Z-FIAWLVKX®-B’
wherein
X is an achiral, optionally sterically hindered amino acid residue;
10 Z is an N-terminal protecting group Fmoc-,
B’ 15 a solid phase resin; and
one or more residues of said sequence optionally includes side chain protection;

b) cleaving the first peptide fragment of step ay from the solid phase resin to yield the first
peptide fragment in solution (SEQ ID NO. 16}

15 Z-FIAWLVKX®-B°
wherein B’ is-OH,;

¢) coupling the first peptide fragment in solution to arginine amide in order to provide a
second peptide fragment including the amino acid sequence of (SEQ ID NO. 17)

Z-FIAWLVKX"’R-NH,
20 wherein
Z is an N-terminal protecting group;
X* is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;



65 180, C. Cleavage of the fragment from the resin The built resin was washed with NMP (5 vol.) 6
times and then DCM (6 vol.) 8 times to remove NMP residue. The resin was cooled with the last DCM
wash to -5 C. After dralnlng 5 DCM, a cold (-5 C to -10 C) solution of 1% TFA/DCM (,10 vol.) was
added, and tRé ¥ ?5‘?1418fjot mixture was stirred for 30 min at 0 'C. Pyrldlrf)eCaE?é’%W“ﬁ? TEA) was
charged to the reactor to neutralize the TFA. The clgavage solution was collected in the flask. While
the vessel warmed up to 25 C, the resin was washed with DCM (7.5 vol.) 11 times and drained into the
cleavage soluti n The. DCtEA ﬁlutlon as combined with \fsfatgz%(t a/ ﬂgt resultant 4xture 10 was
distilled under &u@gﬁlﬁe g 8(? eﬁ@ﬁ/lg@%ft%% EG }BS He! rag prec {B¥ed out
from watethwHamnpEM swascrsmol/eEQ He eghent was washed with water and dried at 30 C-35 C
under vacuum. A total of 11.12 g Fmoc-(Aib8)GLP-1(7- 10) -OH (78.8% yield) was obtained. Example 3
15A. Preparation of Fmoe-Gly-loaded 2C FFR¥IVEKERodl@ly-loaded 2CTC resin was prepared.
The amounts of reagents used are listed in following table: WO 2009/074483PCT/EP2008/066585
-73- Preparationtat&rmoc-Gly-2-Chlorotrityl Resin Materials MW Equiv. mmol grams [g] mL
2-Chlorotritylchloride resin - - 60.88 40.86 - Fmoc-Gly-OH 297.3 1.0 42.58 12.66
Diisopfopylethytagiihe (D1EA) 129.25 1.48 63.21 8.17 Dimethyl formamide (DMF)

X** is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chamn protection; and

¢) providing a fourth peptide fragment including the amino acid sequence of (SEQ ID NO.

1R)
10 Z-HXEXTFTSDVX ¥ YLEGQAAKE-B’
wherein
X* and X*% are each independently achiral, optionally sterically hindered amino acid
residues;
X' i3 a dipeptide residue of a pseudoproline;
15 Z 1s N-terminal protecting group Fmoc-;

B’ is a solid phase resin; and
one or more residues of said sequence optionally includes side chain protection; and

f) cleaving the fourth peptide fragment of step ¢) from the solid phase resin to yield the
fourth peptide fragment in solution (SEQ ID NQO. 18)

20 . Z-HX*EX “TFTSDVX' "™ ¥YLEGQAAKE-B’
wherein B’ is ~OH;

o) coupling the fourth peptide fragment to the third peptide fragment in solution in order to
provide a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 10)

Z-HXCEX TFTSDVX Y LEGQAAKEFIAWL VKX *R-NH;

25 wherein



1380 Dichloromethane (DCM) 1840 9:1 Methanol: DIEA 390 Isopropanol (IPA) 1000 2-CTC
resin was charged to a 500-mL peptide reactor and swelled with 400 mL DCM for 30 min The bed was
drained, and a solution Fmoc-Gly-OH and DIEA in 8 volume of DMF:DCM (87.5:12.5) was added. The
mixture was Sthad (R&E? nitrogen for 2 hours at a 5 temperature of 25 c PrAdhERRIaS Erained and
washed once with 400 niL DMF. Then, any remainigg active sites on the 2-CTC resin were
end-capped with 390 mL of MeOH:DIEA (9:1) solution for 1 hour. The bed was drained, washed two
times with 350£riL D%I]: and then four times with 350 mL DCM. The resin was de-swelled by washing

with 4x 250 mLA1BA™ 'tee?éllsl?ﬁ %egril%%%?li% 35C under vacuum to a constant weight to give 52.02 g

of loaded resin, Analysis showed, a loading factor of 0.72 mmollg.. B, Solid, Phase Synthesis Solid
ohase synthosk ML S POt SRR S B BALE Ty AL6 REIE S RN B 0,72 mmov,
The resiniggigusivelled in DCM (250 mL) for 30 min at 25 C. The DCM 15 solvent was drained and the
resin was washed and three times with NMP (5 vol. each wash).  The resin was then treated twice
with 20% piperifie in hpeptidvotsisacte freptendomyabnremove Fmoc protecting groups. After the
second 20% piperidine/NMP treatment, the resin was washed six times with NMP (5 vol. each wash)
to a neégative chISranih tesiira\MtROAHOT4ABBR ChvER2 A8HR66HBE:siAde Fmdrepare the coupling
solution, the amino acid and 6-Chloro-I-Hydroxybenzotriazole (6- CI-HOBT) were weighed, dissolved

in NMP and thesacormiirecsdtie d DA ab&teiocldhiond BT idchdesdisisalvad jrodidmt 5 C to 10 C. The
two solutions were then combined. The resultant solution was added to a reaction vessel. The flask

was rinsed with R (saeietondngis:tate-tonameupie) dfte dhereneigriwebivasistier dor 2-6
hours at 23C at&%ggcﬂgee%ﬁ&n%g&@ﬂ%fqr é<aiser Test to check the reaction for completion. If the
, £l NO. 1

coupling reaction was incomplete ours (positive Kaiser Test), the reaction vessel was drained

and a recoupling was peitf_(ﬁ&t%g(wjlﬂhas %legyﬂ%%%%ggﬁ%m@@g%ﬁﬂer the coupling

reaction was completed, the coupling solution was ed ana‘the resin was washed with NMP 4
times_(5 10 vol. each wash). Then, removal of the Fmoc group and the coupling reaction cycle was
repeatid for th& P8Fining amino acids in the fragment (i.e., in the order of Glu(OtBu)-Aib-His(trt)).

Zis H-;

X® and X' are each independently achiral, optionally sterically hindered amino acid

residues;
X7 is a dipeptide residue of a pseudoproline;
15 X ig an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection; and

i) contacting the insulinotropic peptide resulting from step h) with acid in order to
deprotect the amino acid side chains to afford the deprotected insulinotropic peptide including
amino acid sequence of (SEQ ID NO. 11)

20 Z-HXPEX " TFTSDVSSYLEGQAAKEFIAWLVK X R-NH,;
wherein
Z is H-; and

X®, X'% and X*° are cach independently achiral, optionally sterically hindered amino acid

residues.



All reagents used in this example are listed in following table: Amino Acid g / Eq 6-ClI- HOBT (9/EQ)
DIEA (g/Eq) NMP (mL) TBTU (g/Eq) NMP (mL) DCM (rnL) Coupling time (min) Glu(OtBu) 12.40 4.95
4.29/1.85 145 9.37/1.65 70 70 180 /1.65/1.65 Aib 9.48 4.96 4.23 /1.85 140 9.33 /1.65 70 70 352

-41-

In another embodiment, the application provides the above method wherein the
deprotected insulinotropic peptide has the amino acid sequence (SEQ. ID No. 12)

HAbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR

In another embodiment, the application provides a peptide of the amino acid sequence
5 (SEQ.IDNO. 18)

Z-HX*EXTFTSDVX! " *YLEGQAAKE -B’
wherein
Z is selected from H- and Fmoce-;
B’ is —OH. or solid phase resin;
10 X'7*% is a dipeptide residue of a pseudoproline; and

one or more residues of said sequence optionally include side chain protection.

In one variation of the above peptide, the dipeptide residue of a pseudoproline is a Ser-Ser
residue.

In another embbdiment, any of the above methods may employ N-terminus histidine

15 protecting groups (N-terminal protecting groups) selected from the group consisting of Boc (¢-
butyloxycarbonyl), CBz (benzyloxycarbonyl or Z), Dts (dithiasuccinoyl), Rdic (R= Alkyl or
Aryl, dtc = dithiocarbamate), DBFmoc (2,7-di~f-butylFmoc or 1,7-di-t-butylfluoren-9-
yimethoxycarbonyl), Alloc (allyloxycarbonyl), pNZ (p-nitrobenzyloxycarbonyl), Nsc ([[2-[(4-
nitrophenyl)sulfonyllethoxy]carbonyl]), Msc (2-methylsulfonylethoxycarbonyl), MBz (4-

20 methoxyCBz), Bpoc [(1-[1,1'-biphenyl]-4-yI-1-methylethoxy)carbonyl], Bnpeoc [[2,2-bis(4-
nitrophenyl)ethoxy]carbonyl], CBz [(phenylmethoxy)carbonyl], Aoc [(1,1-
dimethylpropoxy)carbonyl}, and Moz [[(4-methoxyphenylymethoxy]carbonyl], wherein if the N-
terminus histidine protecting group may be removed in the global side-chain deprotection step
using acid, prior removal of the N-terminus histidine protecting group is not required.

25 In an eighth aspect, there is provided a peptide of the amino acid sequence (SEQ. ID NO.
18)

Z-HX*EXTFTSDVX' " ¥YLEGQAAKE -B’

wherein



/1.65/11.65  Aib 4.73 2.48 2.15 /0.92 72 4.85 /0.83 36 36 120 recoupling /0.83 /0.83  His(trt)
21.18 5.80 4.99/2.14 140 10.98 70 70 180 /1.94 /1.94 /1.94

-41a-
Z 1s selected from H- and Fmoce-;
B’ is —~OH or solid phase resin;
X" isa dipeptide residue of a pseudoproline; and

one or more residues of said sequence optionally include side chain protection.

5 In a nineth aspect, there is provided a peptide having the amino acid sequence (SEQ ID
NO. 17)

Z-FIAWLVKX"”R-NH,
wherein
Z is N-terminal protecting group Fmoc-; and
10 X% is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection.

In a tenth aspect, there is provided a peptide having the amino acid sequence (SEQ ID NO.
16)

Z-FIAWLVKX™-B’
15 wherein
B’ is solid phase resin or —OH;
Z 1s N-terminal protecting group Fmoc-; and
X*° is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection.

20 The embodiments of the present disclosure described below are not intended to be
exhaustive or to limit the invention to the precise forms disclosed in the following detailed
description. Rather, the embodiments are chosen and described so that others skilled in the art

can appreciate and understand the principles and practices of the present disclosure.



His(trt) 10.80 2.90 2.48 /1.07 72 5.49 /0.97 36 36 180 recoupling /0.97 /0.97 C. Cleavage of the
fragment Fmoc-AA(7-10)-OH from the resin 15The built resin was washed with NMP (5 vol.) 6 times
and DCM (6 vol.) 7 times to remove NMP. The resimwas cooled with the last DCM wash to -5C. The
DCM was drained, and the resin bed was washed with a cold (-5 to -10C) solution of 1% TEA/DCM

(11.26 vol.) for,5 min at 0C. The cleavage,solutign was ¢ollected in the flask, to which had been added
pyriine (13 W S00SIOTARAB P B0 o EHS L7 S2te i, "BHBAFTER) R hectraiizing TFA

Then, thasdbesierpertidice Pepidiade (FEAMDE Mdaaargb pnd/aerankitrptdnpdinetiowicalhdastived for 2

min The secongaieavagefsoliiiproNasagainsiainaghate thehealieatirgftaskndbigthe vassel
warmed resin w h it times (8. 1), and drained intq the cleavage
solution.ﬁtﬁ)ﬁe}—:g}ég1 h%%olu?iglr%@vg?g %ﬁ%ﬁ#ggdﬁ%tﬁ%%éﬁgﬁ%%%%ettr:é:gg ftant H&%{l}r%ev%gs distilled

undet retfiEEEYSRGEEHEOR PR ShAIDPIN (ST 1AL E-trmiResTRIgierinpreaiBRaked out from water
when DCitanasreamevedihl biectiagment wasdsashedwithwateriandeicdsahdd C-35 C under

vacuum. A Jotabof L4020, 0L EMPSAIBBIGIET-10)- 0K 80,00 Veldages dig g REQD NO- 7
was obtained. Analysis‘showed a purity of 94.3% AN. 10Example 4 _ _

Fmoe- TR ISARY PHIIRGI SO RSTTASH GRS RP B E h S srphprasimByther peptides,
Tyr(tBu)feeteGar{ Oty Glyt- Ok sSolleRhakes Bynthesidinh G/ Fralginenis2 Salisbhiiasepsymhesis of
Fmeg- s22):x I | it .09 of H-.15 -2-CT resin loaded at 0.43
mm%?e%%&%%%@%ﬁ%@g' ?ﬁy[();g I%AZ%%V%E}‘% gée%sngfﬁegg%%%nenggﬁ solvent was drained

elled in DC - 2
and the PEEFPGHS W@&%‘Wé@ HRRELI i S B CORIRReLYGrate Hp S sals&neg S-Uolumes are
relative tmoherinkitialsdsinnibkight(20:00) the tor¢henninmbeionf imdlels obtoadadbminaacidl GH e resin

(8.6 mmetesy) IRdusRAEeHe eaysling solution, the amino acid (1.7 equiv.) and
1-hydroxybenzotriazole 20 hydrate (HOBT, 1.7 equiv.) were weighed, dissolved in 3.4 volumes of

ki DA (e R L AL R B e S R
adding DIEA (3.5 equiv.) at -5 C. 'H%e reslting so]Iu i6R Was adued fo Teaction Vesse containing
the YesinthhaienAmoAcRsRFas rinsed with 1.57 volumes of DCM into reactor, which was then stirred
for 4 hours at 25 C-27 C.. After 4 hours stirring coupling reaction mixture, the coupling

As used herein, a “counterpart” refers to natural and non-natural analogs, derivatives,

fusion compounds, salts, or the like of a peptide. As used herein, a peptide analog generally
refers to a peptide having a modified amino acid sequence such as by one or more amino acid
substitutions, deletions, inversions, and/or additions relative to another peptide or peptide

20 counterpart. Substifutions may involve one or more natural or non-natural amino acids.
Substitutions preferably may be conservative or highly conservative. A conservative substitution
refers to the substitution of an amino acid with another that has generally-the same net electronic
charge and generally the same size and shape. For instance, amino acids with aliphatic or
substituted aliphatic amino acid side chains have approximately the same size when the total

25 number of carbon and heteroatoms in their side chains differs by no more than about four. They
have approximately the same shape when the number of branches in their side chains differs by
no more than about one or two. Amino acids with phenyl or substituted phenyl groups in their
side chains are considered to have about the same size and shape. Listed below are five groups of
amino acids. Replacing an amino acid in a compound with another amino acid from the same

30  groups generally results in a conservative substitution.

Group I: glycine, alanine, valine, leucine, isoleucine, serine, threonine, cysteine,
methionine and non-naturally occurring amino acids with C-Cy aliphatic or C-C, hydroxyl
substituted aliphatic side chains (straight chained or monobranched).

Group II: glutamic acid, aspartic acid and nonnaturally ocowrring amino acids with

35 carboxylic acid substituted C;-Cy aliphatic side chains (unbranched or one branch point).

Group III: lysine, ornithine, arginine and nonnaturally occurring amino acids with amine

or guanidino substituted C;-Cy aliphatic side chains (unbranched or one branch point).

Group IV: glutamine, asparagine and non-naturally occurring amino acids with amide



25 solution was drained and the resin was washed with NMP 4 times (6 vol. each wash). The resin
was then treated twice with 20% piperidine in NMP (6 vol. each treatment) to remove Fmoc protecting
groups. After the second 20% piperidine/NMP treatment, the resin was w. ine.ti with NMP
(6 vol. each Wé)sﬁ[j?%/ﬁg%smoval of the Fmoc protecting group and coupling re’acg((l)n ?:%/}c €s were
repeated for the remaining amino acids in the fragment (i.e., in the order of 30 Glu(OtBu)---> Leu
--4-Tyr(tBu)--) Ser(OtBu)-Ser(vMe,Me)--> Val --4Asp(OtBu) -->Ser(OtBu) --->Thr(tBu) --*Phe

--->Thr(tBu)). All reagents used in.this,example are, Listed in following. table: WO
2009/0742@%‘2 6%1}8563&8%(_{-1@7“5’-38%'3‘%%8 %%di ﬁp%”%f’{élg‘%g%ﬁ Moc-AA(11-22)-OH Amino
Acid g HOBT HZ6 (P DY FEpRei R ALY BIEHS (BT RMPAIL BERIL) Coupling time (min)

Glu(OtBu) 6.50 2.26 5.2 68.0 5.55 26.3 31.4 240 Leu 5.17 2.24 5.2 68.0 5.55 26.3 31.4 240 Tyr(tBu)
6.75 As used herein, the term “counterpart” more preferably refers to the salts of a peptide, or to

the derivatives thereof that are amidated at the C-terminus.

3 A "highly conservative substitution” is the replacement of an amino acid with another
amino acid that has the same functional group in the side chain and nearly the same size and
shape. Amino acids with aliphatic or substituted aliphatic amino acid side chains have nearly the
same size when the total number carbon and heteroatoms in their side chains differs by no more
than two. They have nearly the same shape when they have the same number of branches in their

10 side chains. Examples of highly conservative substitutions include valine for leucine, threonine
for serine, aspartic acid for glutamic acid and phenylglycine for phenylalanine.

A “peptide derivative” generally refers to a peptide, a peptide analog, or other peptide
counterpart having chemical modification of one or more of its side groups, alpha carbon atoms,
terminal amino group, and/or terminal carboxyl acid group. By way of example, a chemical

15 modification includes, but is not limited to, adding chemical moieties, creating new bonds,
and/or removing chemical moieties. Modifications at amino acid side groups include, without
limitation, acylation of lysine e-amino groups, N-alkylation of arginine, histidine, or lysine,
alkylation of glutamic or aspartic carboxylic acid groups, and deamidation of glutamine or
asparagine. Modifications of the terminal amino group inciude, without limitation, the des-

20  amino, N-lower alkyl, N-di-lower alkyl, and N-acyl (e.g., -CO-lower alkyl) modifications.
Modifications of the terminal carboxy group include, without limitation, the amide, lower alkyl
amide, dialkyl amide, and lower alkyl ester modifications. Thus, partially or wholly protected
peptides constitute peptide derivatives.

In the practice of the present invention, a compound has “insulinotropic” activity if it is
25  able to stimulate, or cause the stimulation of, or help cause the stimulation of the synthesis or
expression of the hormone insulin. In preferred modes of practice, insulinotropic activity can be
demonstrated according to assays described in U.S. Pat. Nos. 6,887,849 and 6,703,365.

In preferred embodiments, the present invention provides methodologies for synthesizing
synthetic (X%, X'%, X**)GLP-1(7-36) peptides having the following formula (SEQ. ID NO. 19):

30 HX'EX'*TFTSDVSSYLEGQAAKEFIAWLVKXR-NH;

and counterparts thereof, wherein each of the symbols X at positions, 8, 10, and 35
independently denotes an achiral, optionally sterically hindered amino acid residue. Any of the
X®, X', and/or X*° residues optionally may include side chain protecting group(s). Peptides



2.25 5.2 68.0 5.55 26.3 31.4 240 Ser(OtBu)- Ser(vMe,Me) 7.47 2.28 5.2 68.0 5.55 26.3 31.4 240 Val
4.99 2.25 5.2 68.0 5.55 263 31.4 240 Asp(OtBu) 6.04 2.26 5.2 68.0 5.55 26.3 31.4 240 Ser(OtBu) 5.63

2.26 5.2 68.0 5.55 26.3
WO 2009/674483 PCT/EP2008/066585
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according to this formula differ from the native GLP-1(7-36) at least in that the achiral,
optionally sterically hindered X® and X residues are substituted for the native amino acid
residues at positions & and 35. The X'° residue may be derived from the native achiral glycine ot
another achiral amino acid. The use of the achiral X*, X', and X* amino acids not only help to

5  stabilize the resultant peptide, but it has also now been discovered that the use of these amino
acids as linker of building blocks also facilitate the synthesis route of the present invention as
shown in Scheme 1 and described further below.

A particularly preferred embodiment of a (X%, X', X*YGLP-11 (7-36) peptide that may be
synthesized in accordance with pririciples of the present invention includes a peptide according
10 to the formula (SEQ ID NO. 12):

HAIbEGTFTSDVSSYLEGQAAKEFTIAWLVKAibR-NH,

and counterparts thercof, which preferably (as shown) is amidated at the C-terminus. This

peptide uses the achiral residue of alphawaminoisobutyric acid (shown schematically by the
abbreviation Aib) as both X* and X*°, preferably has an amide at the C-terminus, uses a residue

15 of the native G at the 10 position, and may be designated by the formula (Ab***) GLP-1 (7-36)-
NH,. This notation indicates that an amino acid residue corresponding to the amino acid “Aib”
appears at the 8 and 35 positions in place of the native alanine. The achiral alpha-aminoisobutric
acid, also is known as methylalanine. The peptide according to SEQ 1D NO. 12 is described in
EP 1137667 B1. The presence of the Aib residues at the 8 and 35 positions slows metabolic

20  degradation in the body, making this peptide much more stable in the body than the native GLP-
1 (7-36) peptide. | |

The present invention provides improved methodologies for making GLP-1(7-36) peptides
such as the (Ab>**YGLP-1(7-36)-NH,. By way of example, Scheme 1 and Scheme 2 show two
illustrative schemes for synthesizing GLP-1(7-36) peptides and their counterparts. Scheme 1 and

25  Scheme 2 are believed to be particularly suitable for the scaled-up synthesis of GLP-1(7-36)
peptides. Scaled-up procedures are typically performed to provide an amount of peptide useful
for commercial distribution. For example the amount of peptide in a scaled-up procedure can be
500g, or 1 kg per batch, and more typically tens of kg to hundreds of kg per batch or more, In
preferred embodiments, the inventive methods can provide such improvements as reduction in

30 processing (synthesis) time, improvements in the yield of products, improvements in product

purity, and/or reduction in amount of reagents and starting materials required.

The synthesis shown in Scheme 1 uses a combination of solid and solution phase
techniques to prepare the peptide product.



31.4 240 Tly(tBu) 5.83 2.28 5.2 68.0 5.55 26.3 31.4 240 Phe 5.67 2.26 5.2 68.0 5.55 26.3 31.4 240
Thr(tBu) 5.85 2.25 5.2 68.0 5.55 26.3 31.4 240 The built resin was washed with NMP (6 vol.) 4 times
and DCM (6 val.) 7 times. Cleavage of the Fragment 2 (Fmoc-AA(l1-22)-9](;%{502%10?9. 'Llaggsin: The built
resin from aboPeWHL¢6Med with the last DCM wash to -5C. The DCM was ci)ralnec% and the cold
solution of 1% v/v TFA/DCM (10 vol. at -5 to -10C).y¥as added and stirred at O C. Pyridine (1.38 equiv.
relative to TFA) was added to the cleavage receiver to neutralize the TEA. After 30 min stirring, the
cleavage solution was collected in the cleavage %et(l:grh/ee{ Then another cold solution of 1% TFA/DCM
(5 vol. at -5 to -10C) was added and stirred for 0 C. Pyridine (1.38 equiv. to TFA) was added
to cleavage vessel (g, JORRUNAHZ R VR WYbHe vessel warmingr de=2o ksrd@rasisaRas washed with
DCM 6 times (6 vol.) and drained into the cleavage solution receiver. The jesulting DCM cleavage and
wash solution was concentrated (7.5 vol) and then combined with water (SLvoI.). The bottom DCM
layer was further concentrated (1.5 vol) and fed into heptane (20 vol) to precipitate out the WO
2009/074483PCT/EP2e080884E5 Y EBTHEEEL. The resulting niREGIR™Y iR reduced
pressure to remove thé remaining DCM (350-100 tort at 25 C). The fragment 2 precipitated out from

the heptane when thenRGM-veasrereguecbhe fragment 2 was waahedrwith hweptane,and dried at 30 C

to 35C under vacuum. A total of 14.35 g of GKmoc-AA(ll- )-OH with a purity of 88.4% AN was

L

Froc-TFTSDV (X' R)YLEGRQZAAKEFIAWL VK AIbR36.NH,

Fmoc-H™XSEXWResin — Fmoc-HTXSEX00OH

¥

Fmoc-HXCEX T MFTSDV(X17-8)YLEG2QRAMKEFIAWLVIO(R*®-NH,

¥
HXCEXTTIFTSDV{X T8 Y L EGPQBAAKEFIAWLVKX3SR¥®-NH,

Globat
Deprotection

HXEEX P TIFTSDVSSYLEGZOZAAKEFIAWL VIOCGSRE.NH,

As shown, Scheme 1 mvolves synthesizing peptide intermediate fragments 1, 2 and 3 on
the solid phase. Fragment 1 is a peptide fragment including amino acid residues according to
5 SEQIDNO. 20:

HXPEX®

wherein X® and X' are as defined above, or is a counterpart thereof including the X® and
X' residues. One or more of the amino acid residues may include side chain protecting groups in
accordance with conventional practices. In some embodiments, the peptide fragment 12 may be
10  resin bound via the C-terminus, This fragment optionally may bear N-terminus and/or C-
terminus protection groups. Fmoc has been found to be a particularly useful N-terminus histidine
protecting group with respect to solid phase synthesis and solution or solid phase coupling of the
peptide fragment. Trt (trityl) has also been found to be a particularly useful N-terminus histidine
protecting group with respect to solid phase synthesis and solution or solid phase coupling of the
15 peptide fragment. Boc, CBz, DTS, Rdtc (R= Alkyl or Aryl), DBFmoc (2,7-di-t-butylFmoc),
Alloc, pNZ (p-nitrobenzyl ester), Nsc ([[2-[(4-nitrophenyl)sulfonyljethoxylcarbonyl]-), Msc (2-
methylsulfonylethoxycarbonyl), and MBz (4-methoxyCBz) are also particularly useful N-
terminus histidine protecting groups with respect to solid phase synthesis and solution or solid
phasc coupling of the peptide fragment. {(1-{1,1-biphenyl}-4-yl-1-methylethoxy)carbonyl],



5 obtained, yield of 85.5%. Example 5  The above batch build was repeated. Mier cleavage of the
Fragment 2 from the built resin, the DCM solution was concentrated to 7.5 vol and washed with water
(3 times with 5 volumes each). The bottom DCM layer was concentrated ]qgain to 3.75 val. This DCM

solution was"18 t8HbiH&d with water (20 vol) and the remaining DCM rem ved underiacuum at 25 C.

The precipitating product was then filtered and driegkunder vacuum at 35 C. This gave 14.95 g
Fragment 2, 89% vyield with 93.1% AN purity. Example 6 Solid Phase Synthesis of side chain

protected Emogc-(Aib15) GLP-1 (23-35)-01-1.15 (Fragment 3): A..Pre ion of Fmoc-Aib-loaded

2CTC Regﬁ.#&"& m%%fiﬁg?fgé)&é%ofé (r)élg]}ﬂi a(rége“ enﬁgrﬂé) . )r%ébg%m];%ﬁ reagents used are listed
in followirdjmatisriaroxatrachomiid iB crbpapbarBEs i 1y il R RIHOC YEHU Nehiorotrity
Resin Matesials: V¥t Hépeyrabgiams dopk mith2Spdoratsplidhibaide yediesis a8 ©6:40:04 Bhdoc-A b-OH

?Sag)l.or;ﬁlagc%gp% Pt Seppyiethyamine (D1EA) 129.25 2.39 35.20 4.61 1 Dimethyl formamide

5 Fragment 1 includes the 4 amino acid residues corresponding to the amino acids in the 7
through 10 positions of the native GLP-1(7-36) peptide, and therefore may be represented by the
notation (X°, X'9)YGLP-1(7-10). In preferred embodiments, X® is Aib and X'” is glycine
according to SEQ ID NO. 21:

H'AbEG'™®

10 or is a counterpart thereof including the Aib residue at the 10 position. The peptide
fragment according to SEQ ID NO. 7 may be represented by the notation (Ab*)GLP-1(7-10) to
note the substitution of Aib for the native alanine at the & position of the native GLP-1(7-10).

Solid phase synthesis is generally carried out in a direction from the C-terminus to the N-
terminus of the fragment 1. Thus, the X'® amino acid, which is present on the C-terminal portion
15  ofthe fragment, is the first amino acid residue that is coupled to the solid phase resin support.
Solid phase synthesis then proceeds by consecutively adding amino acid residues in a manner
corresponding to the desired sequence. The synthesis of the peptide intermediate fragment is
complete after the N-terminal residue (for example, the N-terminal histidine residue (H) has been
added to the nascent peptide chain.

20 The selection and use of a peptide fragment according to SEQ ID NOS. 20 and 21 provides
significant advantages within Scheme 1. Firstly, H (Histidine) tends to be a difficult amino acid
residue to add to a growing peptide chain due, at least in part, to epimerization issues. However,
fragment 1 is small enough to alleviate these concerns in large part. Yet, fragment 1 1s long
enough to have two chiral centers. Thus, a simple crystallization allows the fragment fo be

25 purified. If fragment 1 ended at Aib, the fragment would have only one chiral center and would
be, as a consequence, more difficult to purify. Causing the achiral G to be positioned at the C-
terminus also avoids racemization concerns that might otherwise be a concern if fragment 1 were
to end at the C-terminus with the chiral E. In short, the selection of fragment 1 as a peptide
building block makes it easier to build the fragment, purify it, and couple it to other peptide

30 material. The fragment selection also enjoys low racemization of H. Surprisingly, H is added to
this fragment with a very low level of epimerization, e.g., about 0.5% by weight in some modes
of practice.

Fragment 2 is a peptide fragment including amino acid residues according to SEQ 1D NO.
22:



1480 Dichloromethane (DCM) 1840 9:1 Methanol: DIEA 450 Isopropanol (IPA) 1050 2-CTC
resin was charged to a 500 mL peptide reactor and swelled with 400 mL DCM for 30 min. The bed was
drained, and a solution of Fmoc-Aib-OH and DIEA in 8 volume of DMF:DCM (87.5:12.5) was added
The mixture WS4t thder nitrogen for 2 hours at a 5 temperature of ZEEXP2I${EEEY was
drained and washed with DMF, 400 ml. once and 204 mL a second time. Then, any remaining active
sites on the 2-CTC resin were end-capped with 400 nit, of MeOH:DIEA (9:1) solution for 1 hour. The
bed was drained. The resin was Washed,jqq%{e \@im\éﬁgj DLME/MeOH/DIEA (4:0.9:0.1), once with
200 mL DMF, and four times with 350 mL 10'DCM. ‘The resin Was de-swelled by washing with 3x 350
ml. IPA. The resin was dried to a constant weight to giyge 45.15.9 of loaded resjn. Analysis showed a

loading factor STRSSH Thhtsvius JeRgPHASs is 1S 2SS REITEE Kib PPRFERIEH with
loading fadtfined Oi2ienirioWganire chatgauts aresiioakorevbesel antitbovETendin YONIED20 mL) for
30 min at 28 dmchhe RGMSolvery wéasdipinadi-and thedsasipouampashedihisadinesiiits HNMP (6 vol.

each wasfy, | tm%é%?g ng%%t%@aﬁﬁ@a%a&xv&gﬁwmgég ﬁegg@égg%@egmﬁﬂ% R NME{Bevol. each

- treatment) to remov c-protecting groups, After the d 5% piperidineThIMP treatment, the

resin was HWERHEA 1 ties witHHINBSIBGAT BECH SR RS B0 S8 B B% /EP2008/066585
-79- To prepuspthdicplplng $dloeonothefdhtingtaecit(R:8754quiv.) and 1- hydroxybenzotriazole
monohydate (HOBT hydrate, 2.07 equiv.) were dissolved in 3.5x volume of NMP at 5C to 10C and
then combined@ittoanéd afthsetnornaf HBiTu{ 2 Dirgoivn) hriviRdLds xidokhaibhent2ctnat DIEA
(2.63 eq Uﬁg&-édﬁ\f@%:%F%ﬁaﬁ%%i@ﬁéh@%ﬂﬂdfﬁ%ﬁi@%é%@l_t%ﬁllése@kbxlﬂﬁné%ﬁd# li@@faagluéi@r?gﬂ&mtaansfir_rehd
to a reaction vessel. The activation.vessel was rinsed with 1.5x volume.of DEM into the r, or, whic
s o SR8 T AR At - (PR o D R RIS B R

repeated GHEHBIET ISR Push EEBASHS breadavattd Bamms aeraryarefdd) At second
coupling reactaimgvasgomitiatagcthe colip hes s olutiorssvabtbe picredlafdginente Sime wergideashed with
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followlifig tHbROSEBEling Reaction of Fmoc-AA(23-35)-OH Ammo Acid

As used in the practice of the present invention, the term pscudoproline refers to a
dipeptide that includes a residue of a hydroxyl functional amino acid such as Ser or Thr in which
the hydroxyl functiona! side chain is protected as a proline-like, TFA labile, oxazolidine ring
between the alpha-amino and the side chain hydroxyl. As a consequence of the oxazolidine ring,

20 the dipeptide functions as a reversible proline mimetic.

Generally, a typical pseudoproline residue as incorporated into a peptide may be

—{@NEE

O

represented by the formula

wherein @ represents the residue of any amino acid and each of R' and R” is independently
25 a suitable divalent linking moiety. Often, R' is a divalent moiety of the formula



g HOBT hydrate (g) NMP (mL) HBTU (g) NMP (mL) DCM (mLO DIEA (mL) Coupling time (min)
Lys(Boc) 2.12 0.76 30.0 1.83 15.0 15.0 1.1 120 Lys(Boc) recoupling 2.12 0.76 30.0 1.83 15.0 15.0 1.1

120 Val11.53 0.76 30.0 1.83 15.0 15.0 1.1 120 Val recouping 1.53 0.76
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wherein each of R* and R* is independently a monovalent moiety such as H, or lower alkyl
such as methyl. R* and R* also may be co-members of a ring structure. Desirably, each of R* and
R’ is methyl. In the case of an oxazolidinine ring-protected Ser, R? is the divalent moiety CHa,
while in the case of Thr, R” is the divalent moiety (CHs)CH.

5 The term “lower alkyl” refers to a branched or straight-chain monovalent alky! radical of
one to six carbon atoms, preferably one to four carbon atoms. This term is further exemplified by
radicals such as methyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl, isobutyl, t-butyl, n-pentyl, 3-
methylbutyl, n-hexyl, 2-ethylbutyl and the like. Preferable lower alkyl residues are methyl and
ethyl, with methyl being especially preferred.

10 During de-protection, the R' moiety is cleaved to provide a dipeptide residue according to
the following formula:

wherein & and R are as defined above. As applied to fragment 2, the pseudoproline
residue preferably corresponds to a Ser-Ser residue in which the Ser that is more proximal to the
15 C-terminus is protected with the oxazolidine ring and has the following structure:

~~ Ser ——N

O/

The hydroxyl~bearing side-chain of the Ser closer to the N-terminus 1s protected, such as
by a t-Bu protection group. When the protecting oxazolidine ring structure and t-Bu are cleaved,
the Ser-Ser residue results.

20 The use of such a proline mimetic as a building block in the synthesis of fragment 2
provides significant advantages in the context of the present invention, Firstly, the solid phase
synthesis of fragment 2 is eased tremendously. When the pseudoproline is not used in the course
of solid phase synthesis of fragment 2, there can be significant problems with Fmoc removals
from residues 13 through 11. It is believed that this difficulty may be due to beta sheet formation.

25 Use of the pseudoproline makes these Fmoc removals much casier by, it is believed, reducing the



30.01.8315.015.01.1 120 Lcu 1.58 0.76 30.0 1.83 15.0 15.0 1.1 120 Leu recouping 1.58 0.76 30.0
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degree of beta sheet formation. Secondly, the subsequent solution phase coupling of fragment 2
to fragment 3, as depicted above in Scheme 1, is greatly eased. In the absence of the
pseudoproline residue, the solubility of the fragment in typical solution phase coupling solvents
is very poor. The pseudoproline enhances the solubility characteristics of fragment 2, (and longer
fragments incorporating fragment 2), easing the subsequent solution phase coupling of fragment
1.

Solid phase synthesis is generally carried out in a direction from the C-terminus to the N-
terminus of the fragment 1. Thus, the G amino acid, which is present on the C-terminal portion
of the fragment, is the first amino acid residue that is coupled to the solid phase resin support.
Solid phase synthesis then proceeds by consecutively adding amino acid residues in a manner
corresponding to the desired sequence. However, the X'""*pseudoproline dipeptide is added to
the growing chain in a position corresponding to the 17 and 18 positions of GLP-1(7-36) instead
of consecutively adding a pair of the native Ser residues at the 17 and 18 positions. The synthesis
of the peptide intermediate fragment is complete after the N-terminal residue (for example, the
N-terminal threonine residue (T) has been added to the nascent peptide cham).

Fragment 3 s a peptide fragment, or counterpart thereof, including amino acid residues
according to SEQ ID NO. 23: '

QP AAPKEFIAYWLVKX™

wherein X°° is as defined above, or is a counterpart thereof including the X residue. One
or more of the amino acid residues may include side chain protecting groups in accordance with
conventional practices. Fragment 3 includes the amino acid residues corresponding to the amino
acids in the 23 through 35 positions of the native GLP-1(7-36) peptide, except that X is at the
35 position in place of the native amino acid at that position. Fragment 3 may be represented by
the notation (X" )GLP-1(23-35).

In some embodiments, the peptide fragment 3 may be resin bound via the C-terminus. This
fragment optionally may bear side chain, N-terminus and/or C-terminus protection groups. Fmoc
has been found to be a particularly useful N-terminus protecting group with respect to solid
phase synthesis of the peptide fragment.

In preferred embodiments, X is Aib according to SEQ ID NO. 24:
Q¥ AAPKEFIA*WLVKAib®

or a counterpart thereof mcluding the Aib at the 35 position. The peptide fragment
according to SEQ ID NO. 10 may be represented by the notation (Aib*)GLP-1(23-35) to note
the substitution of Aib for the native amino acid at the 35 position of the native GLP-1(7-36).



120 WO 2009/074183PCT/EP2008/066585 -80- Ala 1.42 0.76 30.0 1.83 15.0 15.0 1.1 120 Ala
recoupling 1.42 0.76 30.0 1.83 15.0 15.0 1.1 120 lle 1.59 0.76 30.0 1.83 15.0 15.0 1.1 120 lle

recoupling 1.59 0,76 30.0 1.83 15.0 15.0 120 Phe
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Note that fragment 3 according to SEQ ID NOS. 23 and 24 does not yet include the R

(Arg) residue in the 36 position at the C terminus. The Arg is subsequently coupled to the C
terminus of fragment 3 in the solution phase, preferably using Arg without side chain protection.
This strategy provides significant advantages within Scheme 1, because it avoids undesirable

5 side reactions that tend to ocour as a consequence of using protected Arg. For instance, upon de-
protection of protected Arg, by-products of the de-protection may tend to react with other
constituents of the peptide, e.g., tryptophan. This reduces the amount of desired peptide available
in the crude for purtfication.

Solid phase synthesis is generally carried out in a direction from the C-terminus to the N-
10 terminus of the fragment 3. Thus, the X°° amino acid, which is present on the C-terminal portion
of the fragment, is the first amino acid residue that is coupled to the solid phase resin support.
Solid phase synthesis then proceeds by consecutively adding amino acid residues in a manner
corresponding to the desired sequence. The synthesis of the peptide intermediate fragment is
complete after the N-terminal residue (for example, the N-terminal glutamine residue (Q) has
15  been added to the nascent peptide chain. Any of the amino acids used in the synthesis of
fragment 3 may include side chain protection in accordance with conventional practices.

Due to steric hindrance proximal to the X -loaded support resin, the coupling of lysine

(34) and valine (33) onto the growing peptide chain can be problematic. Even with an excess of
amino acid, it is difficult to force these coupling reactions to completion. Solvent choice and/or

20  end-capping can help to alleviate this problem. It has been found that the nature of the coupling
solvent can impact the degree to which the coupling goes to completion. In one sef of
experiments, for example, coupling reactions were carried out in a 3:1 NMP/DCM, 1:1
NMP/DCM, 1:1 DMF/DCM, and 3:1 DME/DCM. The ratios in these solvent combinations are
on a volume basis. NMP refers to N-methyl pyrrolidone, DCM refers to dichloromethane, and

25 DMF refers to dimethylformamide. It was found that the coupling reactions proceeded farther to
completion when using 1:1 DMF/DCM.

End-capping after each of the lysine and valine couplings can also be used to prevent
unreacted resin-supported material from proceeding in further coupling reactions. The end-
capped material is more easily removed during purification if desired. Conventional end-capping

30 techniques may be used.

Continuing to refer to Scheme 1, fragments 1, 2, and 3, along with Arg, are assembled to
complete the desired peptide.

Scheme 1 shows that Arg is added to the C-terminus of fragment 3 in the solution phase to
vield the intermediate fragment 3°. Preferably, the Arg added to the peptide fragment in this way
35  does not include side chain protection. Fragment 2 is then added to fragment 3’ produce a larger,



1.74 0.76 30.0 1.8315.0 15.0 1.1 120 Phe recoupling 1.74 0.76 30.0 1.8315.0 15.0 120 Glu(OtBu)
1.930.76 30.0 1.8315.0 15.0 1.1 120 Glu(OtBu) recoupling 1.92 0.76 30.0 1.8315.0 15.0 1.1 120
Lys(Boc) 2.12 0.76 30.0 1.8315.0 15.0 1.1 120 ys(Boc) ecoupling

10

15

20

25

30

WO 2009/674483 PCT/EPZOH0B/066585

-51-

intermediate fragment incorporating amino acid residues according to SEQ ID NO. 25 in which
the Ser-Ser at the 17 and 18 positions is still in the protected pseudoproline form: '

TFTSDPVX B YLPEG QP AAPKEFIAWLVK X R-NH;

wherein X°° is as defined above and is preferably Aib, and X'"'* is a pseudoproline

dipeptide residuc as defined above, The intermediate fragment may be designated by the notation
(X%, X**) GLP-1(11-36). To the extent that the amino acids bear side chain protection, this
protection desirably is maintained through this step.

Scheme 1 further shows that fragment 1 is then added to this intermediate fragment in
solution to produce the desired peptide (SEQ ID NO. 26):

HXCEX TFTSDVX " ¥ YLEGQAAKEFIAWL VKX "R-NH;

In alternative preferred embodiments, the present invention provides methodologies for
synthesizing synthetic (X%, X'°, X*)GLP-1 (7-36) peptides having the following formula (SEQ.
ID NO. 19}:

HX*EX *TFTSDVSSYLEGQAAKEFIAWLVK X R-NH;

and counterparts thereof, wherein each of the symbols X at positions, 8, 10, and 35
independently denotes an achiral, optionally sterically hindered amino acid residue. Any of the
X®, X', and/or X°° residues optionally may include side chain protecting group(s). Peptides
according to this formula differ from the native GLP-1(7-36) at lcast in that the achiral,
optionally sterically hindered X® and X*° residues are substituted for the native amino acid
residues at positions § and 35. The X'° residue may be derived from the native achiral glycine or
another achiral amino acid. The use of the achiral X*, X'°, and X*° amino acids not only help to
stabilize the resultant peptide, but it has also now been discovered that the use of these amino
acids as building blocks also facilitate the facile synthesis route of the present invention as
shown in Scheme 1 and described further below.

A particularly preferred embodiment of a (3, XM X*) GLP-11 (7-36) peptide that may be
synthesized in accordance with principles of the present invention includes a peptide according
to the formula (SEQ ID NO. 12):

HADEGTFTSDVSSYLEGQAAKEFIAWLVKAIDR-NH,

and counterparts thereof, which preferably (as shown) is amidated at the C-terminus. This
peptide uses the achiral residue of alpha-aminoisobutyric acid (shown schematically by the
abbreviation Aib) as both X* and X*°, preferably has an amide at the C-terminus, uses a residue



2.110.76 30.0 a15.0 15.0 1.1 120 Ala 1.41 0.76 30.0 1.8315.0 15.0 1.1 120 Ala recouping 1.40 0.76

30.0 1.8315.0 15.01.1 120 Ala 1.41 0.76 30.0 1.8315.0 15.0 1.1 120 Ala recoupling 1.40 0.76 30.0
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of the native G at the 10 position, and may be designated by the formula (AB¥YGLP-1(7-36)-

NH;. This notation indicates that an amino acid residue corresponding to the amino acid “Aib”

appears at the 8 and 35 positions in place of the native alanine. The achiral alpha-aminoisobutric

acid, also is known as methylalanine. The peptide according to SEQ ID NO. 4 is described in EP
5 1137667 B1. The presence of the Aib residues at the 8 and 35 positions slows metabolic

degradation in the body, making this peptide much more stable in the body than the native GLP-
1(7-36) peptide. '

The synthesis shown in Scheme 2 uses a combination of solid and solution phase
technigues to prepare the peptide product.

10 Scheme 2

Froc-FIAWLVKX>-Resin eecememmmsmmmeemanen Fmoc-FIAWLVKX3-OH

3 J
Froc-HXCEX O TMFTSDV (XY 18 YLEG* QP AAKE-Resin Frmoc-FIAWLVEKIX**R-NH,

] 1

Frmoc-HXBEXTIETSDV(X TS YLEG? QP AAKE-OH FIAWLVKX*R-NH,,
~o yd

Frnoc-HXEEXITFTSDV(( -8 Y LEG*2 Q2 AAKE FIAWLVEX{35R35-NH,

l

HXCEX TR TSDV(XV18)Y LEGRQZAAKEFIAWLVKX3SR3*-NH,

Global
Deprotection

HXGCEXPTFTSDVSSYLEGPQZAAKEFIAWLVIK(3SR3%.NH,

As shown, Scheme 2 involves synthesizing peptide intermediate fragments 142 and 3 on

the solid phase. Fragment 1+2 is a peptide fragment including amino acid residues according to
SEQ ID NO. 27:

15 HXPEX"TETSDVX'"*YLEGQAAKE



0.76 30.0 1.8315.0 15.0 1.1 120 GlIn(trt) recoupling 2.76 0.76 30.0 15.0 15.0 1.1 120 WO
2009/074483PCT/EP2008/066585 -81-  The built resin was isolated by washing with 4 times with
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10 (dithiasuccinoyl), Rdtc (R= Alkyl or Aryl, dtc = dithiocarbamate), DBFmoc (2,7-di-t-butylFmoc
or 1,7-di-t-butylfluoren-9-ylmethoxycarbonyl), Alloc (allyloxycarbonyl), pNZ (p-
nitrobenzyloxycarbonyl), Nsc ({[2-[(4-nitrophenyl)sulfonyl]ethoxy]carbonyl]), Msc (2-
methylsulfonylethoxycarbony!), and MBz (4-methoxyCBz) are also particularly nseful N-
terminus histidine protecting groups with respect to solid phase synthesis and solution or solid

15 phase coupling of the peptide fragment. Bpoc [(1-[1,1-biphenyl]-4-yl-1-methylethoxy)carbonyl],
Bnpeoc [[2,2-bis(4-nitrophenyljethoxy]carbonyl], CBz [(pheryimethoxy)carbonyl], Aoc {(1,1-
dimethylpropoxy)carbonyl], and Moz {[(4-methoxyphenylymethoxy]carbonyl] are particularly
useful N-terminus histidine protecting groups with respect to solid phase synthesis and solution
or solid phase coupling of the peptide fragment.

20 Fragment 1+2 includes the 20 amino acid residues corresponding to the amino acids in the
7 through 27 positions of the native GLP-1(7-36) peptide, and therefore may be represented by
the notation (X%, X'%, X' HYGLP-1(7-27). In preferred embodiments, X° is Aib and X' is
glycine according to SEQ 1D NO. 28&:

- H'AEGTFTSDVX! ™ *YLEGQAAKE”

25 or is a counterpart thereof including the Aib residue at the 10 position. The peptide
fragment according to SEQ 1D NO. 28 may be represented by the notation (Aib®, X" HGLP-1
(7-27) to note the substitution of Aib for the native alanine at the & position of the native GLP-1
(7-36). The residue denoted by the symbol X% is a dipeptide residue of a pscudoproline,
defined further below, or is a counterpart thereof including the X' '*at the 17 and 18 positions.

30 Fragment 2 includes amino acid residues generally corresponding to the amino acid
residues in the 11 through 27 positions of the native GLP-1(7-36) peptide, except that the

17-18 -

pseudoproline dipeptide residue X' 7 is used instead of the SS (Ser-Ser) residues that occupy

the corresponding 17 and 18 positions of the native GLP-1(7-36).

One or more of the amino acid residues of fragment 2 may include side chain protecting
35 groups in accordance with conventional practices. In some embodiments, the peptide fragment 2



1.0 14.92 4.85 Diisopropylethylamine (D1EA) 129.25 2.35 35.20 4.55 Dimethyl formamide (DMF)
1280 Dichloromethane (DCM) 1840 9:1 Methanol: DIEA 400 Isopropanol (IPA) 1050 WO
2009/074483PCT/EP2008/066585 -82- 2-CTC resin was charged to a ide. reactor and
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5 temperature of 25 C.  The bed was drained and washed with 400 mL DMF. Then, any remaining
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protecting group with respect to solid phase synthesis of the peptide fragment. The peptide
fragment 2 according to SEQ 1D NO. 29

5 TFTSDVX "™ YLEGQAAKE"

may be referred to by the notation (X' "HGLP-1(11-27) to note the substitution of the X'
'¥ nseudoproline residue for the Ser-Ser residue at the 17 and 18 positions.

As used in the practice of the present invention, the term pseudoproline refers to a
dipeptide that inciudes a residue of a hydroxyl functional amino acid such as Ser or Thr in which
10 the hydroxyl functional side chain is protected as a proline-like, TFA labile, oxazolidine ring
between the alpha-amino and the side chain hydroxyl. As a consequence of the oxazolidine ring,
the dipeptide functions as a reversible preline mimetic.

The use of such a proline mimetic as a building block in the synthesis of fragment 1+2

provides significant advantages in the context of the present invention. Firstly, the solid phase

15 synthesis of fragment 2 is eased tremendously. When the pseudoproline is not used in the course
of solid phase synthesis of fragment 2, there can be significant problems with Fmoc removals
from residues 13 through 11. It is believed that this difficulty may be due to beta sheet formation.
Use of the pseudoproline makes these Fmoc removals much easier by, it is believed, reducing the
degree of beta sheet formation. In the absence of the pseudoproline residue, the solubility of the

20 fragment in typical solution phase coupling solvents is very poor. The pseudoproline enhances
the solubility characteristics of fragment 2, (and longer fragments incorporating fragment 2, such
as fragment 1+2), easing the subsequent solution phase coupling of fragment 1+2.

Solid phase synthesis is generally carried out in a direction from the C-terminus to the N-
terminus of the fragment 1+2. Thus, the ¥ amino acid, which is present on the C-terminal
25  portion of the fragment, is the first amino acid residue that is coupled to the solid phase resin
support. Solid phase synthesis then proceeds by consecutively adding amino acid residues in a

manner corresponding to the desired sequence. However, the X!

pseudoproline dipeptide is
added to the growing chain in a position corresponding to the 17 and 18 positions of GLP-1(7-
36) instead of consecutively adding a pair of the native Ser residues at the 17 and 18 positions.

30 The synthesis of the peptide intermediate fragment is complete after the N-terminal residue (for

example, the N-terminal threonine residue (T) has been added to the nascent peptide chain.

Fragment 3 is a peptide fragment, or counterpart thereof, including amino acid residues
according to SEQ ID NO. 30:



10 was dried to a constant weight to give 45.32 g of loaded resin. Analysis showed a loading factor of
0.30 mmol/g. B. Solid Phase Synthesis  Solid phase synthesis was carried out starting with 15.0g of
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2-methyla ; resin; there is considerable diffictlty to force the first two amino acid
coupling réBRYoNEtASyS ®dRs-BOPHAG RA8855to completion. Therefore, both coupling reactions for
(Lys(Boc)-34, Val-33) were performed three times (i.e., coupling was followed by two recouplings).
Also, acetic anhy@F %"5’%&@%%%%-&%’6@1@3%%%@@%2@%9n%jii'naterial after coupling
reactions of Lys(Boc)-34 and Val-33. This has improved the efficiency of the subsequent purification
by moving the impurities far from the desirabi&prédutkediifing chromatographic purification. All
reagents used in this example are listed in following table: Coupling Reaction of the
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' the substitution of Aib for the native amino acid at the 35 position of the native GLP-1(7-36).

Note that fragment 3 according to SEQ 1D NOS. 30 and 31 does not yet include the R
(Arg) residue in the 36 position at the C terminus. The Arg is subsequently coupled to the C
terminus of fragment 3 in the solution phase, preferably using Arg without side chain protection.

20  This strategy provides significant advantages within Scheme 2, because it avoids undesirable

side reactions that tend to occur as a consequence of using protected Arg. For instance, upon de-
protection of protected Arg, by-products of the de-protection may tend to react with other
constituents of the peptide, e.g., tryptophan. This reduces the amount of desired peptide available
in the crude for purification.

25 Fragment 3” according to SEQ ID NO. 32 is a peptide fragment, or counterpart thereof,
including amino acid residues according to SEQ ID NO. 32:

FIAYWLVKXR-NH,

wherein X°° is as defined above, or is a counterpart thereof including the X* residue. One
or more of the amino acid residues may include side chain protecting groups in accordance with
30 conventional practices. Fragment 3’ includes the amino acid residues corresponding to the amino
acids in the 28 through 36 positions of the native GLP-1(7-36) peptide, except that X is at the
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35 position in place of the native amino acid at that position. Fragment 3’ according to SEQ 1D
NO. 32 may be represented by the notation (X°*)GLP-1(28-36).

Solid phase synthesis is generally carried out in a direction from the C-terminus to the N-
terminus of the fragment 3. Thus, the X** amino acid, which is present on the C-terminal portion
of the fragment, is the first amino acid residue that is coupled to the solid phase resin support.
Solid phase synthesis then proceeds by consccutively adding amino acid residues in a manner
corresponding to the desired sequence. The synthesis of the peptide intermediate fragment is
complete after the N-terminal residue (for example, the N-terminal glutamine residue (Q) has
been added to the nascent peptide chain. Any of the amino acids used in the synthesis of
fragment 3 may include side chain protection in accordance with conventional practices.

Due to steric hindrance proximal to the X**-loaded support resin, the coupling of lysine
(34) and valine (33) onto the growing peptide chain can be problematic. Even with an excess of
amino acid, it is difficult to force these coupling reactions to completion. Solvent choice and/or
end-capping can help to alleviate this problem. 1t has been found that the nature of the coupling
solvent can impact the degree to which the coupling goes to completion. In one set of
experiments, for example, coupling reactions were carried out in a 3:1 NMP/DCM, 1:1
NMP/DCM, 1:1 DMF/DCM, and 3:1 DMF/DCM. The ratios in these solvent combinations are
on a volume basis. NMP refers to N-methyl pyrrolidone, DCM refers to dichloromethane, and
DMF refers to dimethylformamide. It was found that the coupling reactions proceeded farther to
completion when using 1:1 DMEF/DCM.

End-capping after each of the lysine and valine couplings can also be used to prevent
unreacted resin-supported material from proceeding in further coupling reactions. The end-
capped material is more easily removed during purification if desired. Conventional end-capping
techniques may be used. -

Continning to refer to Scheme 2, fragments 1, 2, and 3, along with Arg, are assembled to
complete the desired peptide.

Scheme 2 shows that Arg is added to the C-terminus of fragment 3 in the solution phase to
yield the intermediate fragment 3” according to SEQ 1D NO. 32

FIAYWLVEKX* R-NH,

wherein X is as defined above and is preferably Aib. Preferably, the Arg added to the
peptide fragment in this way does not include side chain protection.

Fragment 1+2, in which the Ser-Ser at the 17 and 18 positions is still in the protected
pseudoproline form, according to SEQ ID NO. 27:
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HXEX'"TFTSDVX' "*YLEGQAAKE

which may be designated by the notation (X', 3**)GLP-1(11-36), is then coupled to
fragment 3’ in the solution phase. To the extent that the other amino acids bear side chain
protection, this protection desirably is maintained through this step. The desired peptide,
5 incorporating fragments 1+2+3, according to SEQ ID NO. 26:

HXPEX"TFTSDVX " *YLEGQAAKEFIAWLVKX R-NH,

is then formed, wherein, in a preferred embodiment, X® is Aib, X'° is the native G, and
X7 is a pseudoproline dipeptide residue as defined above.

In carrying out the reaction schemes of Schemes 1 and 2, solid phase and solution phase

10  syntheses may be carried out by standard methods known in the industry. In representative
modes of practice, peptides are synthesized in the solid phase using chemistry by which amino
acids are added from the C-terminus to the N-terminus. Thus, the amino acid or peptide group
proximal to the C-terminus of a particular fragment 1s the first to be added to the resin. This
occurs by reacting the C-terminus functionality of the amino acid or peptide group with

15 complementary functionality on the resin support. The N-terminus side of the amino acid or
peptide group is masked to prevent undesired side reactions. The amino acid or peptide group
desirably also includes side chain protection as well. Then successive amino acids or peptide
groups are attached to the support-bound peptide material until the peptide of interest is formed.
Most of these also include side chain protection in accordance with conventional practices. With

20  each successive coupling, the masking group at the N-terminus end of the resin bound peptide
material is removed. This is then reacted with the C-terminus of the next amino acid whose N-
terminus is masked. The product of solid phase synthesis is thus a peptide bound to a resin
support.

~ Inorder to minimize the influence of quality differences of the fragments such as amount

25 ofresidual solvents, residual dibenzofulvene or variation in assay or quality, the concept was to
use the total peptide assay of each fragment as a basis for calculation. As most of the peptidic
impurities of Fragment 2 have more or less the same weight as Fragment 2 and react as Fragment
2 and most of the peptidic impurities of Fragment 3’ have more or less the same weight as
Fragment 3” and react as Fragment 3°, the total peptide concept allows for adjusting the ratio of

30 the reactants. For calculation purposes, dibenzofulvene 1s generally not taken into account as it is
not a peptide and regarding mass massively overestimated by its UV-signal (same response
factor as the fragments). Thus, the total peptide assay of the fragments can be calculated as
follows:



/1,71.719 1.7 ndVal2.621.33/1.17/39.02.49/ 20.020.0180 /1.71.71.9 1.7 .3rd Val 2.63
1.32/3.67/39.02.50/-20.0 20.0 141

10

15

20

25

30

35

WO 2009/074483 POCT/EP2008/066585

58~
a} assay (%o-mm) * (100 - amount of dibenzofulvene in %-area) / [quality (%-area)] or

b) sum of main component and all peptidic impurities in %-(w/w) — dibenzofulvene in %-{mm)
(same response factor as peptide).

Any type of support suitable in the practice of solid phase peptide synthesis can be used. In
preferred embodiments, the support comprises a resin that can be made from one or more
polymers, copolymers or combinations of polymers such as polyamide, polysulfamide,
substituted polyethylenes, polyethyleneglycol, phenolic resins, polysaccharides, or polystyrene.
The polymer support can also be any solid that is sufficiently insoluble and mert to solvents used
in peptide synthesis. The solid support typically includes a linking moiety to which the growing
peptide is coupled during synthesis and which can be cleaved under desired conditions to release
the peptide from the support. Suitable solid supports can have hinkers that are photo-cleavable,
TEA-cleavable, HF-cleavable, fluoride ionmcieavablé, reductively-cleavable; Pd(O)-cleavable,
nucleophilically-cleavable; or radically-cleavable. Preferred linking moieties are cleavable under
conditions such that the side-chain groups of the cleaved peptide are still substantially globally
protected.

In one preferred method of synthesis, the peptide intermediate fragments synthesized on an
acid sensitive solid support that includes trityl groups, and more preferably on a resin that
mcludes trityl groups having pendent chiorine groups, for example a 2-chlorotrityl chloride (2-
CTC) resin (Barlos et al. (1989) Tetrahedron Letters 30(30):3943-3946). Examples also include
trityl chloride resin, 4-methylirityl chloride resin, 4-methoxytrityl chloride resin, 4-aminobutan-
1-0i 2-chlorotrityl resin, 4-aminomethylbenzoyl 2-chlorotrityl resin, 3~aminopropan-1-ol 2-
chlorotrityl resin, bromoacetic acid 2-chlorotrity! resin, cyanoacetic acid 2-chlorotrityl resin, 4-
cyanobenzoic acid 2-chiorotrityl resin, glicinol 2-chlorotrityl resin, propionic 2-chlorotrityl resin,
ethyleneglycol 2-chlorotrityl resin, N-Fmoc hydroxylamine 2-chlorotrityl resin, hydrazine 2-
chlorotrityl resin. Some preferred solid supports include polystyrene, which can be
copolymerized with divinylbenzene, to form support material to which the reactive groups are
anchored.

Other resins that are used in solid phase synthesis include “Wang” resins, which comprise
a copolymer of styrene and divinylbenzene with 4-hydroxymethylphenyloxymethy! anchoring
groups (Wang, S.S. 1973, J. Am. Chem. Soc.), and 4-hydroxymethyl-3-methoxyphenoxybutyric
acid resin (Richter et al. (1994), Tetrahedron Letters 35(27):4705-4706). The Wang, 2-
chlorotrityl chloride, and 4-hydroxymethyl-3-methoxyphenoxy butyric acid resins can be
purchased from, for example, Calbiochem-Novabiochem Corp., San Diego, California.

In order to prepare a resin for solid phase synthesis, the resin can be pre-washed in suitable
solvent(s). For example, a solid phase resin such as a 2-CTC resin is added to a peptide chamber
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and pre-washed with a suitable solvent. The pre-wash solvent may be chosen based on the type
of solvent (or mixture of solvents) that is used in the coupling reaction, or vice versa. Solvents
that are suitable for washing, and also the subsequent coupling reaction include dichloromethane
(DCM), dichloroethane (DCE), dimethylformamide (DMF), and the like, as well as mixtures of
these reagents. Other useful solvents include DMSO, pyridine, chloroform, dioxane,
tetrahydrofuran, ethyl acetate, N-methylpyrrolidone, and mixtures thereof. In some cases
coupling can be performed in a binary solvent system, such as a mixture of DMF and DCM at a
volume ratio in the range of 9:1 to 1:9, more commonly 4.1 to 1:4.

The syntheses of the present invention preferably are carried out in the presence of
appropriate protecting groups uniess otherwise noted. The nature and use of protecting groups is
well known in the art. Generally, a suitable protecting group is any sort of group that that can
help prevent the atom or moiety to which it is attached, e.g., oxygen or nitrogen, from
participating in undesired reactions during processing and synthesis. Protecting groups include
side chain protecting groups and amino- or N-terminal protecting groups. Protecting groups can
also prevent reaction or bonding of carboxylic acids, thiols and the like.

A side chain protecting group refers to a chemical moiety coupled to the side chain (i.e,, R
group in the general amino acid formula HyN-C(R)(H)-COOH) of an amino acid that helps to
prevent a portion of the side chain from reacting with chemicals used in steps of peptide
synthesis, processing, etc. The choice of a side chain-protecting group can depend on various
factors, for example, type of synthesis performed, processing to which the peptide will be
subjected, and the desired intermediate product or final product. The nature of the side chain
protecting group also depends on the nature of the amino acid itself. Generally, a side chain
protecting group is chosen that is not removed during deprotection of the a-amino groups during
the solid phase synthesis. Therefore the a-amino protecting group and the side chain protecting
group are typically not the same.

In some cases, and depending on the type of reagents used in solid phase synthesis and
other peptide processing, an amino acid may not require the presence of a side-chain protecting
group. Such amino acids typically do not include a reactive oxygen, nitrogen, or other reactive
moiety in the side chain.

Examples of side chain protecting groups include acetyl (Ac), benzoyl (Bz), tert-butyl,
triphenylmethyl {trityl), tetrahydropyranyl, benzyl ether (Bzl) and 2,6-dichlorobenzy! (DCB), t-
butoxycarbonyl (Boc), nitro, p-toluenesulfonyl (Tos), adamantyloxycarbonyl, xanthyl (Xan),
benzyl, 2,6-dichlorobenzyl, methyl, ethyl and t-butyl ester, benzyloxycarbonyl (cBz or 7), 2-
chlorobenzyloxycarbonyl (2-CI-Z), t-amyloxycarbonyl{ Aoc), and aromatic or aliphatic urethan-
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type protecting groups. photolabile groups such as nitro-veratryloxycarbonyl (NVOC); and
fluoride labile groups such as 2-trimethylsilylethoxycarbonyl (TEOC).

Preferred side chain protecting groups for amino acids commonly used to synthesize GLP-
1 peptides in the practice of the present invention are shown in the following Table A:

5 Table A
Amino Acid Side Chain Protecting group{s)
Aib None
Ala None
Arg None
Asp t-butyl ester (OtBu)
Gln _ trityl (trt)
Glu OtBu
Gly None
His trityl (trt}
ile None
Leu None
Lys t-butyloxycarbony! (Boc)
Phe : None
Ser t-butyl (tBu)
X (corresponding to Ser-Ser) | oxazolidine ring between alpha
nitrogen and OH of Ser closer to the
C-terminus; tBu on other Ser
Thr tBu
Trp Boc
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Amino Acid Side Chain Protecting group(s)
Tyr tBu
Val None

An amino-terminal protecting group mcludes a chemical moiety coupled to the aipha
amino group of an amino acid. Typically, the amino-terminal protecting group is removed in a
deprotection reaction prior to the addition of the next amino acid to be added to the growing
peptide chain, but can be maintained when the peptide is cleaved from the support. The choice of
an amino terminal protecting group can depend on various factors, for example, type of synthesis
performed and the desired intermediate product or final product.

Examples of amino-terminal protecting groups include (1) acyl-type protecting groups,
such as formyl, acrylyl (Acr), benzoyl (Bz) and acetyl (Ac); (2) aromatic urethane-type
protecting groups, such as benzyloxycarbonyl (Z) and substituted Z, such as p-
chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, p-
methoxybenzyloxycarbonyl; (3) aliphatic urcthan protecting groups, such as t-butyloxycarbonyl
{Boc), diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, allyloxycarbonyi;
(4) cycloalkyl urethan-type protecting groups, such as 9-fluorenyl-methyloxycarbonyl (Fmoc),
cyclopentyloxycarbonyl, adamantyloxycarbonyl, and cyclohexyloxycarbonyl; and (5)
thiourethan-type protecting groups, such as phenylthiocarbonyl. Preferred protecting groups
include 9-fluorenyl-methyloxycarbonyl (Fmoc), 2-(4-biphenylyl)-propyl(2)oxycarbonyl (Bpoc),
2-phenylpropyl(2)-oxycarbonyl (Poc) and t-butyloxycarbony! (Boc).

Fmoc or Fmoc-like chemistry is highly preferred for solid phase peptide synthesis,
inasmuch as cleaving the resultant peptide in a protected state is relatively straightforward to
carry out using mildly acidic cleaving agents. This kind of cleaving reaction is relatively clean in
terms of resultant by-products, impurities, etc., making it technically and economically feasible
to recover peptide on a large scale basis from both the swelling and shrinking washes, enhancing
yield. As used herein, “large scale” with respect to peptide synthesis generally includes the
synthesis of peptides in the range of at least 500 g, more preferably at least 2 kg per batch.
Large-scale synthesis is typically performed in large reaction vessels, such as steel reaction
vessels, that can accommodate quantities of reagents such as resins, solvents, amino acids,
chemicals for coupling, and deprotection reactions, that are sized to allow for production of
peptides in the kilogram to metric ton range.
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Additionally, the Fmoc protecting group can be selectively cleaved from a peptide relative
to the side chain protecting groups so that the side chain protection are left in place when the
Fmoc is cleaved. This kind of selectivity is important during amino acid coupling to minimize
side chain reactions. Additionally, the side chain protecting groups can be selectively cleaved to

5 remove them relative to the Fmoc, leaving the Fmoc in place. This latter selectivity is very
advantageously relied upon during purification schemes described further below.

The solid phase coupling reaction can be performed in the presence of one or more
compounds that enhance or improve the coupling reaction. Compounds that can increase the rate
of reaction and reduce the rate of side reactions include phosphonium and uronium salts that can,

10  in the presence of a tertiary base, for example, diisopropylethylamine (DIEA) and triethylamine
(TEA), convert protected amino acids into activated species (for example, BOP, PyBOP, HBTU,
and TBTU, which generate HOBt esters, and DEPBT which generates an HOOBt ester). Other
reagents help prevent racemization by providing a protecting reagent. These reagents include
carbodiimides (for example, DCC or WSCDI) with an added auxiliary nucleophile (for example,

15 I-hydroxy-benzotriazole (HOBt), 1-hydroxy-azabenzotriazole (HOAt), or HOSu). The mixed
anhydride method, using isobutyl chloroformate, with or without an added auxiliary nucleophile,
may also be utilized, as can the azide method, due to the low racemization associated with it.
These types of compounds can also increase the rate of carbodiimide-mediated couplings, as
well as prevent dehvdration of Asn and Gln residues.

20 After the coupling is determined to be complete, the coupling reaction mixture is washed
with a solvent, and the coupling cycle is repeated for each of the subsequent amino acid residues
of the peptide material. In order to couple the next amino acid, removal of the N-terminal
protecting group (for example, an Fmoc group) from the resin-bound material is typically
accomplished by treatment with a reagent that includes 20-50% (on a weight basis) piperidine in

25  asolvent, such as N-methylpyrrolidone (NMP) or dimethylformamide (DMF). After removal of
the Fmoc protecting group, several washes are typically performed to remove residual piperidine
and Fmoc by-products (such as dibenzofulvene and its piperidine adduct),

The subsequent amino acids can be utilized at a stoichiometric excess of amino acids
relation to the loading factor of peptide material on the resin support. Generally, the amount of
30 amino acids used in the coupling step is at least equivalent to the loading factor of the first amino
acid on the resin (1 equivalent or more). Preferably the amount of amino acids used in the
coupling step is at least 1.3 equivalent (0.3 excess) or more, and most preferably about 1.5
equivalent (0.5 excess) or more, In some cases, for example, the coupling step utilizes an amount

equivalent of amino acids in the range between 1 and 3.
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Following the final coupling cycle, the resin is washed with a solvent such as NMP, and
then washed with an inert second solvent such as DCM. In order to remove the synthesized
peptide material from the resin, a cleaving treatment is carried out in a manner such that the
cleaved peptide material still bears sufficient side chain and terminus protecting groups. Leaving

5 the protective groups in place helps to prevent undesirable coupling or other undesirable
reactions of peptide fragments during or after resin cleavage. In the case when Fmoc or similar
chemistry is used to synthesize the peptide, protected cleavage may be accomplished in any
desired fashion such as by using a relatively weak acid reagent such as acetic acid or dilute TFA
in a solvent such as DCM. The use of 0.5 to 10 weight percent, preferably 1 to 3 weight percent

10 TFA in DCM is typical. See, e.g., U.S. Pat. No. 6,281,335.

Steps of cleaving the peptide intermediate fragment from the solid phase resin can proceed
along the lines of an exemplary process as follows. However, any suitable process that
effectively cleaves the peptide intermediate fragment from the resin can be used. For example,
approximately 5 to 20, preferably about 10 volumes of a solvent containing an acidic cleaving

15 reagent is added to the vessel containing the resin-bound peptide material. The resin, typically in
the form of beads, is immersed in the reagent as a consequence. The cleaving reaction occurs as
the liquid contents are agitated at a suitable temperature for a suitable time period. Agitation
helps prevent the beads from clumping. Suitable time and temperature conditions will depend
upon factors such as the acid reagent being used, the nature of the peptide, the nature of the resin,

20 and the like. As general guidelines, stirring at from about -15°C to about 5°C, preferably from
about -10°C to about 0°C for about 5 minutes to two hours, preferably about 25 minutes to about
45 minutes would be suitable. Cleaving time may be in the range of from about 10 minutes to
about 2 hours or even as much as a day. Cleaving is desirably carried out in such a chilled
temperature range to accommodate a reaction exotherm that might typically occur during the

25 reaction. In addition, the lower temperature of the cleavage reaction prevents acid sensitive side
chain protecting groups, such as trt groups, from being removed at this stage.

At the end of the cleaving treatment, the reaction is quenched. This may be achieved, for
example, by combining the cleaving reagent with a suitable base, such as pyridine or the like,
and continuing to agitate and stir for an additional period such as for an additional 5 minutes to 2
30 hours, preferably about 20 minutes to about 40 minutes. Adding the base and continued agitation
causes the temperature of the vessel contents to increase. At the end of agitation, the vessel
contents may be at a temperature in the range of from about 0°C to about 15°C, preferably about
5°C to about 10°C.

Factors such as swelling and shrinking the resin in order to improve aspects of the peptide
35 recovery can optionally be incorporated into the overall synthesis process. These techniques are
described, for example, in U.S. Pat. Pub. No. 2005/0164912 Al.
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In some aspects, the cleaved peptide fragments can be prepared for solution phase coupling
to other peptide fragments and/or amino acids. Peptide coupling reactions in the solution phase
are reviewed in, for example, New Trends in Peptide Coupling Reagents; Albericio, Fernando;
Chinchilla, Rafeal, Dodsworth, David J.; and Najera, Armen; Organic Preparations and

5 Procedures International (2003), 33(3), 203-303.

Coupling of peptide intermediate fragments to other fragments or amino acid(s) i the
solution phase can be carried out using in situ coupling reagents, for example benzotriazol-1-yl-
oxy-tris-(dimethylamino)phosphoniumhexafluorophosphate (BOP), benzotriazol-1-yl-oxy-
tripyrrolidinophosphonium hexafluorophosphate (PyBOP), o-(benzotriazol-1-yl)-N,N,N’,N’-

10 tetramethyluronium hexafluorophosphate (HBTU), o-(7-azabenzotriazol-1-y1}-1,1,3,3-
tetramethyluronium hexafluoroborate (HATU), o-(7-azabenzotriazol-1-yl)-1,1,3,3-
tetramethyluronium tefrafluorophosphate (TATU),0-(1H-6-chloro-benzotriazol-1-yt)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HCTU), o-(1H-6-chloro-benzotriazol-1-y1)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TCTU), o-(benzotriazol-1-yl)oxybios-(pyrrolidino)-

15 uronium hexafluorophosphate (HAPyU), dicyclohexylcarbodiimide (DCC),
diisopropylcarbodiimide, 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazine-4(3H}-one (DEPBT),
water-soluble carbodiimide (WSCDI), o-(cyano-ethoxycarbonyl-methyleneamino)-N,N,N’,N”-
tetramethyluronium tetrafluoroborate (TOTU) or o-(benzotriazol-1-y)-N,N,N°,N’-
tetramethyluronium tetrafluoroborate (TBTU). Other coupling techniques use preformed active

20  esters such as hydroxysuccinimide (HOSu) and p-nitrophenol (HONp) esters; preformed
symmetrical anhydrides; non-symmetrical anhydrides such as N-carboxyanhydrides (NCAs); or
acid halides such as acyl fluoride as well as acyl chloride.

A suitable coupling solvent can be used in the solution phase coupling reaction. It is
understood that the coupling solvent(s) used can affect the degree of racemization of the peptide
25 bond formed; the solubility of the peptide and/or peptide fragments; and the coupling reaction
rate. In some embodiments, the coupling solvent includes one or more water-miscible reagents.
Examples of water-miscible solvents include, for example, DMSQ, pyridine, chloroform,
dioxane, tetrahydrofuran, ethyl acetate, N-methylpyrrolidone, dimethylformamide, dioxane, or
mixtures thereof,

30 In other embodiments, the coupling reaction may include one or more non water-miscible
reagents. An exemplary non water-miscible solvent is methylene chloride. In these
embodiments, the non water-miscible solvent is preferably compatible with the deprotection
reaction; for example, if a non water-miscible solvent is used preferably it does not adversely
affect the deprotection reaction.
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After the peptide of SEQ ID No. 10 is formed, the product can be subject to deprotection,
purification, lyophilization, further processing (e.g., reaction with another peptide to forma
fusion protein); combinations of these, and/or the like, as desired.

For example, according to the invention, the side-chain protecting groups are typically
5 retained on the peptide intermediate fragments throughout solid phase synthesis and also into and
throughout the solution phase coupling reactions. Generally, after solution phase step is
completed, one or more deprotection steps may be performed to remove one or more protecting
groups from the peptide.

The removal of side chain protecting groups by global deprotection typically utilizes a

10 deprotection solution that includes an acidolytic agent to cleave the side chain protecting groups.
Commonly used acidolytic reagents for global deprotection include neat trifluoroacetic acid
(TEA), HCL, Lewis acids such as BF;Et,O or MeaSiBr, liquid hydrofluoric acid (HF), hydrogen
bromide (HBp), trifluoromethanesulfonic acid, and combinations thereof. The deprotection
solution also includes one or more suitable cation scavengers, for example, dithiothreitol (DTT),

15  anisole, p-cresol, ethanedithiol, or dimethy! sulfide. The deprotection solution can also mclude
water. As used herein, amounts of reagents present in the deprotection composition are typically
expressed in a ratio, whercin the amount of an individual component is expressed as a numerator
in "parts", such as "parts weight" or "parts volume" and the denominator is the total parts in the
composition. For example, a deprotection solution containing TFA:H,O:DTT in a ratio of 90:5:5

20 (weight/weight/weight) has TFA at 90/100 parts by weight, HyO at 5/100 parts by weight, and
DTT at 5/100 parts by weight.

The precipitation is typically done using an ether, e.g., diethyl ether or MTBE (Methyl Tert
Butyl Ether). After precipitation, the peptide is desirably isolated and dried before being
combined with other ingredients, lyophilized, packaged, stored, further processed, and/or
25  otherwise handled. This may be accomplished in any suitable fashion. According to one suitable
approach, the peptide is collected via filtering, washed with ample MTBE washes to reduce final
salt content to a suitable level, and then dried.

The present invention also provides useful techniques for purifying a wide range of
peptides, including GLP-1 peptides and their counterparts.

30 A particularly preferred purification process involves at least two purification passes
through chromatographic media, wherein at least a first pass occurs at a first pH and at least a
second pass occurs at a second pH. More preferably, the first pass occurs at an acidic pH, while
the second pass occurs at a basic pH. In preferred embodiments, at least one pass under acidic
conditions occurs prior to a pass occurring under basic conditions. An illustrative mode of

35 practicing this purification approach can be described in the illustrative context of purifying fully
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protected peptide 11. Initially, the peptide is globally de-protected. Both N-terminus and side
chain protecting groups are cleaved. A first chromatographic pass is carried out in a water/ACN
gradient, using enough TFA to provide a pH of about 1 to 5, preferably about 2. A second pass is
then carried out in a water/ACN gradient using a little ammonia and/or ammonium acetate, or
the like, to provide a pH of around & to 9, preferably 8.5 to 8.9.

The pH values, whether acid or base, promote uniformity in that a uniform ionic species is
present in each instance. Thus, the acidic pH desirably is sufficiently low so that substantially all
of the amino acid residues in the peptide material are protonated. The basic pH is desirably high
enough so that substantially all of the amino acid residues in the peptide material are
deprotonated. The acid and base chromatography can be carried out in any order. It is convenient
to do the basic chromatography last when the peptide acetate is a desired product inasmuch as
the acetate may be the product of chromatography.

Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN),
atmospheres (Atm), 9-borabicyclof3.3.1]nonane (9-BBN or BBN), fert-butoxycarbonyl (Boc),
di-tert-buty! pyrocarbonate or boc anhydride (BOC;0), benzyl (Bn), butyl (Bu), Chemical
Abstracts Registration Number (CASRN), benzyloxycarbonyt (CBZ or Z), carbonyl diimidazole
(CDI), 1,4-diazabicyclo[2.2.2]octane (DABCO), diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba), 1,5-diazabicyclof4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl azodicarboxylate (DEAD), {3-

g .-
3

{ Drethoxyphosphoryloxy)-1.2,3-benrotriszin-4(3H}-one} (DEPBT), di-iso-

| propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-

propylethylamine (DIPEA), N.N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine
(DMAP), cthylene glycol dimethyl ether (DME), N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DMSQ), 1,1-his-(diphenylphosphine)ethane (dppe), 1,1-bis-
(diphenylphosphino)ferrocene (dppf), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol (EtOH), 2-ethoxy-2H-
quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl ether (Et;Q), O-(7-azabenzotriazole-1-
yh-N, N,N’N’-tetramethyluronium hexafluorophosphate acetic acid (HATU), acetic acid
(HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure liquid chromatography (HPLC), iso-
propanol (IPA), lithium hexamethyl disilazane (LiHMDS), methanol (MeOH), melting point
(rp), MeSO;- (mesyl or Ms), , methyl (Me), acetonitrile (MeCN), m-chloroperbenzoic acid
(MCPBA), mass spectrum (ms), methyl r-butyl ether (MTBE), N-bromosuccinimide (NBS), N-
carboxyanhydride (NCA), N-chlorosuccinimide (NCS), N-methylmorpholine (NMM), N-
methylpyrrolidone (NMP), pyridinium chlorochromate (PCC), pyridinium dichromate (PDC),
phenyl (Ph), propyl (Pr), iso-propyl (i-Pr), pounds per square inch (psi), pyridine (pyr),
(benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyBOP), room



2.93/20.020.0180 /1.71.7 3.0 1.7 C, Cleavage of the fragment from the built resin  The
built resin from above was washed with DCM 7 times (6 vol. each wash) to remove NMP residue, and
the resin was cooled with the last DCM wash to -5 C. The DCM was drai%%jrqt;y %]%&F%Ig solution of
1% TFA/DCW&%O%W%S-‘?S to -10C) was added and stirred for 30 min at OC. I";e C ea\’/‘age solution
was collected in a flask containing pyridine (1.3 equgy. of TFA). While the vessel warmed up to 25C,
the resin was washed with DCM 9 times (10 vol.) and WO 2009/074483PCT/EP2008/066585 -85-
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Conventional nomenclature including the prefixes normal (n), iso (i-), secondary (sec-), tertiary
(fert-) and neo have their customary meaning when used with an alkyl moiety. (J. Rigaudy and

D. P. Klesney, Nomenclature in Organic Chemistry, JUPAC 1979 Pergamon Press, Oxford.).

10 The principles of the present invention will now be further iliustrated with respect to the
following illustrative examples. In the following all percentages and ratios are by volume unless

otherwise expressly stated.
EXAMPLES

Examples 1-18 pertain the coupling reaction scheme described in Scheme 1 and Fragments
15 1,2,3,and 3’ as defined therein.

Example 1

Solid Phase Synthesis of Fragment I with Fmoc protection at the Iv-terminus, and
side chain protection on the His and Glu

A. Preparation of Fmoc-Gly-loaded 2CTC Resin

20 Initially, Fmoc-Gly-loaded 2CTC resin was prepared. Amounts of reagents used are 1isted

in following table:



2-Chlorotritylchloride resin - 59.85 40.44 Fmoc-Aib-OH 325.5 1.0 20.95 6.82 Diisopropylethylamine
(DIEA) 129.25 0.95 19.88 2.57 Dimethyl formamide (DMF) 1280 Dichloromethane (DCM) 1840
9:1 Methanol: DIEA 400 Isopropanol (IPA) 1050

WG 2009/074483 PCT/EP2008/066585
-68-

Preparation of Fmoc-Gly-2-Chlorotrityl Resin

Materials MW Eq mmo! Grams [g] mL

2-Chlorotritylchloride resin - - 52.24 35.06 -

Fmoc-Gly-OH 297.3 1.0 13.06 3.88 -

Diisopropylethylamine (DIEA) | 129.25 | 2.35 30.72 3.97

Dimethyl formamide (DMF) 1270

Dichloromethane (DCM) 1785

9:1 by volume Methanol: DIEA | 350

Isopropanol (IPA) 1050

2-CTC resin was charged to a 500 mL peptide reactor and swelled with 400 mL DCM for
30 min at 25 °C. The bed was drained and a solution of Fmoc-Gly-OH and DIEA in 8 volume of
DMF:DCM (87.5:12.5) was added. The mixture was stirred under nitrogen for 2 hours at a
5 temperature of 25 °C.

The bed was drained and washed once with 350 mL DMF and once with 175 mL DMF.
Then, remaining active sites on the 2-CTC resin were end-capped with 350 mL of MeOH:DIEA
(9:1) solution for 1 hour. The bed was drained, washed with 250 mL DMF two times, and then
with 350 mL DCM four times. The resm was de-swelled by washing with 3X350 mL IPA. The |
10 resin was dried to a constant weight to give 38.20 g of loaded resin. Analysis showed a loading
factor of .18 mmol/g.

B. Solid Phase Synthesis

Solid phase synthesis was carried out starting with 20.0g of Fmoc-Gly-2-CTC resin loaded
at 0.18 mmol/g as prepared in Part A of this Example 1. The resin was swelled in DCM (200
15 mL) for 30 min at 25 °C. The DCM solvent was drained and the resin was washed three times
with NMP (5 vol. each wash).

The resin was then treated twice with 20% by volume piperidine m NMP (5 vol. each
treatment) to remove Fmoc protecting groups. After the second 20% piperidine/NMP treatment,
the resin was washed five tirnes with NMP (5 vol. each wash) to a negative chloranil test.



2-CTC resin was charged to a 500 mL peptide reactor and swelled with 400 DCM for 30 min. The bed
was drained, and a solution of Fmoc-Aib-OH and DMA in 8 volume of DMF:DCM (87.5:12.5) was
added. The mixture was stirred under nitrogen for 2 hours at a 15 temperature of 25 C. The bed was
drained and WASHEY 400 mL DMF. Then, any remaining active sites &f & ZXEH¢¥sin were
end-capped with 400 mL of MeOH:DIEA (9:1) solutign for 1 hour. The bed was drained, washed one
time with 400 mL DMF, washed one time with 200 InL DMF, and washed four times with 350 mL DCM.
The resin was de-swelled by washing with 3x 350 ml. WO, 2009/074483PCT/EP2008/066585 -86-
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GlIn(trt)-23We&i&modified by increasing the usages of both amino acid and 6-CI-HOBT from 1.7 Eq to
2.5 Eq and DIEA from 1.9 Eq to 3.0 Eq. The solvent for coupling reaction was also changed from NMP
to DMF in orderAd fereenthascipiing FRattivhasebisprétibicdmé ating &bgnple, acetic 30 anhydride
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FmOC-AA(23c§“—1§%cﬁﬁidV'a1t@Eia Wy60) / Eq 6:81- HOBT (9/ENPIEAKGEQ) DME (ML)sHiM? (mL) TBTLI
(9/Eq) DMK (mL) NM?|(mL) DCM (mL) Coupling/ time (mjin) Lys(Boc)

Aib 3.36 | 1.76 1.51 51.0 3.29 26.0 | 26.0 155

His(trt) 6,32 178 1.56 51.0 3.29 26.0 26.0 60

His(trt) 6.32 | L.79 1.56 BEIR 3.29 26.0 26.0 92

recoupling

20

times, IPA (5 vol.) 3 times. The de-swelled resin was then dried at 35°C under vacuum to give

The resin-bound peptide fragment was washed with NMP (5 vol.) 4 times, DCM (6 vol.) 5

22.58 g resin and resin-bound peptide.
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C. Cleavage of the Fmoc and side-chain protected fragment from the resin

The built resin from Part B above was swelled in DCM (12.5 volumes relative to the
weight of resin used; 12.5 ml DCM per g of resin or 12.5 liters per kg) for 30 min at 25°C and
then washed with DCM 2 times (6.25 vol. cach wash) to remove any NMP residue. The resin
wag cooled with the last DCM wash to -3°C. The DCM was drained and a cold solution of 1%
TFA/DCM (10 vol. at -5° to -10°C) was added and stirred for 30 min at 0°C. Pyridine (1.3 equiv.
of TFA) was added to the reactor to neutralize TFA. The cleavage solution was filtered off and
collected in 2 flask. While the vessel warmed up to 25°C, the resin was washed with DCM 7
times (7.5 vol.). The washes were combined with the cleavage solution. The DCM cleavage
solution was combined with water (7.5 vol.). The resultant mixture was distilled under reduced
pressure to remove DCM (350 torr at 28°C). The peptide fragment precipitated out from the
water when DCM was removed. The fragment was washed with water and dried at 30°-35°C
under vacuum. A total 0f 4.73 g of Fmoc-(Aib8)GLP-1(7-10)-OH was obtained.

Example 2

A. Preparation of Fmoc-Gly-loaded 2CTC Resin

Fmoc-Gly-loaded 2CTC resin was prepared. The amounts of reagents used are bisted in
foliowing table:

Preparation of Fmoc-Gly-2-Chlorotrityl Resin

Materials MW Eq mmol grams mL
2-Chlorotritylchloride resin - - 59.66 40.04 -
Frooc-Gly-OH 297.3 1.0 29.84 8.87 -
Diisopropylethylamine (DIEA) | 129.25 1.67 49.90 6.45

Dimethyl formamide (DMF) 1580
Dichloromethane (DCM) 1840
9:1 Methanol: DIEA 390
Isopropanol (IPA) 1050




Val 7.85/3.92/3.67/80.0 7.44/40.0 40.0177 25253.0 25 Acetic9.48/ 14.46/ 100.0 50.0
120 Anhydride 10.0 12.0 '
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2-CTC resin was charged to a 500-mL peptide reactor and swelled with 400 ml. DCM for
30 min. The resin was drained, and a solution Fmoc-Gly-OH and DIEA in 8 volume of
DMF:DCM (87.5:12.5 by volume) was added. The mixture was stirred under nitrogen for 2
hours at a temperature of 25°C.

5 The resin bed was drained and washed once with 400 mL DMF and once with 200 mL
DMF. Then, remaining active sites on the 2-CTC resin were end-capped with 390 mL of
MeCH:DIEA (9:1 by volume) solution for 1 hour. The bed was drained again, washed two times
with 350 mL DMF, and washed four times with 350 mL DCM. The resin was then de-swelled by
washing with 3x 350 mL IPA. The resin was dried at 35 °C under vacuum to a constant weight

10 to give 48.51 g of loaded resin. Analysis showed a loading factor of .54 mmol/g.

B. Solid Phase Synthesis

Solid phase synthesis was carried out starting with .27.59g of Fmoc-Gly-2-CTC resin
loaded at 0.54 mmol/g. The resin was swelled in DCM (300 mL) for 30 min at 25 °C. The DCM
solvent was drained, and the resin was washed and three times with NMP (5 vol. each wash).

15 The resin was then treated twice with 20% by volume piperidine in NMP (5 vol. each
treatment) to remove Fmoc protecting groups. After the second 20% piperidine/NMP treatment,
the resin was washed six times with NMP (5 vol. each wash) to a negative chloranil test.

To prepare the coupling sclution, the amino acid (1.7 equiv.) and 6-chloro-1-

Hydroxybenzotriazole (6-CI-HOBT, 1.7 equiv.) were weighed, dissolved in 4.6x volume of

20 NMP, and then combined with DIEA (1.9 equiv.) at 10 °C to 5 °C. TBTU (1.7 equiv.) was
dissolved in 2.28 x volume of NMP at 10 °C to 5 °C. The two solutions were then combined.
The resultant solution was added to the reaction vessel. The flask was rinsed with 2.28 volumes
of DCM into the reactor, which was then stirred for 2-3 hours at 25 °C to 27 °C. The sample was
pulled for a Kaiser Test to check the reaction for completion. After completion of the coupling

25 reaction, the coupling sofution was drained, and the resin was washed with NMP 4 times (5 vol.
each wash). Removal of the Fmoc group and coupling reaction cycle was repeated for the
remaining amino acids in the fragment (i.e., in the order of Glu(OtBu)—Aib—His(trt)).

All reagents used in this example are listed in following table:



Leu5.56/2.68/2.33/ 78.65.05/ 39.339.3184 1.71.719 1.7 Trp(Boc)8.30/2.70/2.28/
78.65.05/ 39.339.3180 1.71.7 _ :

WO 2009/074483 PCT/EP2008/066585

| 72-
Amino g 6-Cl- DIEA | NMP | TBTU | NMP | DCM | Coupling
Acid HOBT () | (&) (mL) | (g) (ml) |(mL) | time (min)
Glu(OtBu) | 10.79 | 4.24 2.67 127 8.13 63 63 156
Aib 826 |4.32 3.73 125 8.14 65 65 180
His(trt) 15.68 | 4.31 3.69 125 8.12 65 65 180

C. Cleavage of the fragment from the resin

The built resin was washed with NMP (5 vol.) 6 times and then DCM (6 vol.) 8 times to

remove NMP residue. The resin was cooled with the last DCM wash to -5 °C. After draining

5 DCM', a cold (-5 °C to -10 °C) solution of 1% TFA/DCM (10 vol.) was added, and the resultant
pot mixture was stirred for 30 min at 0 °C. Pyridine (1.3 equiv., of TFA) was charged to the
reactor to neutralize the TFA. The cleavage solution was collected in the flask. While the vessel
warmed up to 25 °C, the resin was washed with DCM (7.5 vol.) 11 times and drained into the
cleavage solution. The DCM solution was combined with water (10 vol.). The resultant mixture

10 was distilled under reduced pressure to remove DCM (350 torr at 28 °C). The fragment

precipitated out from water when DCM was removed. The fragment was washed with water and
dried at 30 °C-35 °C under vacuum. A total of 11,12 g Fmoc—(Aibg)GLP—l(7-10)-01—1 (78.8%
yield) was obtained.

Example 3
i5 A. Preparation of Fmoc-Gly-loaded 2CTC Resin

Fmoc-Gly-loaded 2CTC resin was prepéred. The amounts of reagents used are listed in
following table:



19 17 Ala492/2.68/2.30/ 78.65.05/ 39.339.3177 1.71.719 1.7 1le556/2.70/2.26/
78.6 5.06/ 39.3 39.3 168
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Preparation of Fmoc-Gly-2-Chlorotrityl Resin

Materials MW Equiv. | mmol grams | mL
[]

2-Chlorotritylchloride resin - - 60.88 40.86 | -

Fmoc-Gly-OH 297.3 1.0 42.58 12.66 |-

Diisopropylethylamine (DIEA) | 129.25 148 63.21 8.17

Dimethyl formamide (DMF) 1380
Dichloromethane (DCM) 1840
9:1 Methanol: DIEA 390

Isopropanol (IPA) 1000

2-CTC resin was charged to a 500-mL peptide reactor and swelled with 400 mL DCM for
30 min. The bed was drained, and a solution Fmoc-Gly-OH and DIEA in 8 volume of
DMF:DCM (87.5:12.5) was added. The mixture was stirred under nitrogen for 2 hours at a
5 temperature of 25 °C.

The bed was drained and washed once with 400 mlL DMF, Then, any remaining active
sites on the 2-CTC resin were end-capped with 390 mL of MeOH:DIEA (9:1) solution for 1
hour. The bed was drained, washed two times with 350 mL DMF, and then four times with 350
mL DCM, The resin was de-swelled by washing with 4x 250 mL IPA. The resin was dried at
10 35°C under vacuum to a constant weight to give 52.02 g of loaded resin. Analysis showed a
loading factor 0f 0.72 mmol/g.

B. Solid Phase Synthesis

Solid phase synthesis was carried out starting with 24.43g of Fmoc-Giy—Z-CTC resm
loaded at 0.72 mmol/g. The resin was swelled in DCM (250 mL) for 30 min at 25 °C. The DCM
15  solvent was drained and the resin was washed and three times with NMP (5 vol. each wash).

The resin was then treated twice with 20% piperidine in NMP (5 vol. each treatment) to
remove Fmoc protecting groups. After the second 20% piperidine/NMP treatment, the resin was
washed six times with NMP (5 vol. each wash) to a negative chloranil test.
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Phe 6.10/2.70/2.31/ 78.65.06/-39.339.3168 1.71.719 1.7

PCT/EPZOU8/066585

To prepare the coupling solution, the amino acid and 6-Chloro-1-Hydroxybenzotriazole (6-
CI-HOBT) were weighed, dissolved in NMP and then combined with DIEA at § °C to 10 °C.
TBTU was dissolved in NMP at 5 °C to 10 °C. The two solutions were then combined. The
resultant solution was added to a reaction vessel. The flask was rinsed with DCM (see following

table for amounts) into the reactor, which was stirred for 2-6 hours at 25°C to 27°C. The sample

was pulied for Kaiser Test to check the reaction for completion. If the coupling reaction was

incomplete after 3 hours (positive Kaiser Test), the reaction vessel was drained and a recoupling

was performed with a fresh solution of activated amino acid. After the coupling reaction was

completed, the coupling solution was drained and the resin was washed with NMP 4 times (5

vol. each wash). Then, removal of the Fmoc group and the coupling reaction cycle was repeated

for the remaining amino acids in the fragment (i.e., in the order of Glu(OtBu)—Aib—His(trt)).

All reagents used in this example are listed in following table:

Amino g/Eq | 6-Cl- | DIEA NMP | TBTU NMP | DCM l Coupling
Acid HOBT : (g/Eq) (mL} | (g/Eq) (mL) | (mL) |time (mm)
(¢/Eq)

Ghu(OtBu) | 12.40 | 4.95 429/1.85 | 145 1 937/1.65 |70 70 180
/1.65 | /1.65

Aib 9.48 | 4.96 423/1.85 | 140 [9.33/165 [ 70 70 352
/1.65 | /1.65

Aib 473 248 2.15/0.92 72 4.85/0.83 |30 36 120

recoupling | /0.83 | /0.83

His(trt) 21,18 | 5.80 499/2.14 1140 | 1098 70 70 180
/1.94 |/1.94 /1.94

His(trt) 10.80 | 2.90 248 /1.07 |72 5497097 36 36 180

recoupling | /0.97 | /0.97

C. Cleavage of the fragment Fmoc-AA(7-10)-OH from the resin

The built resin was washed with NMP (5 vol.) 6 times and DCM (6 vol.) 7 times to remove
NMP. The resin was cooled with the last DCM wash to -5°C. The DCM was drained, and the
resin bed was washed with a cold (-5° to -10°C) solution of 1% TFA/DCM (11.26 vol.) for 5 min
at 0°C. The cleavage solution was collected in the flask, to which had been added pyridine (1.3

Glu(OIBu)
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equiv. of total TFA) for neutralizing TFA. Then, the second portion of cold 1% TFA/DCM (6.14
vol.) was added to the reactor and stirred for 2 min. The second cleavage solution was agam
drained into the collecting flask. While the vessel warmed up to 25 °C, the resin was washed
with DCM 9 times (8.2 vol.) and drained into the cleavage solution. The DCM solution was
combined with water (8.2 vol.}. The resultant mixture was distilled under reduced pressure to
remove DCM (350 torr at 28 °C). The fragment precipitated out from water when DCM wasg
removed. The fragment was washed with water and dried at 30 °C-35 °C under vacuum. A total
of 14.02 g of Fmoc-(Aib*)GLP-1(7-10)-OH (86.6% vield) according to SEQ ID NO. 7 was
obtained. Analysis showed a purity of 94.3% AN.

Example 4

Fmoe-Thr(tBu)-Phe-Thr(tBu)-Ser(OiBu)-Asp(OtBu)-Val-Ser(OtBu)-Ser(wMe,Me)-
Tyr{tBu)-Leu-Glu(OtBu)-Gly-OH

Selid Phase Synthesis of GPA Fragment 2

Solid phase synthesis of Fmoc-AA(11-22)-OH was carried out starting with 20.0g of H-
Gly-2-CT resin loaded at 0.43 mmole/g. The resin was swelled in DCM (200 mL) for 30 min at
25 °C. The DCM solvent was drained and the resin was washed three times with NMP (6
volumes for each wash). All scaling of volumes are relative to the initial resin weight (20.0g) or
to the number of moles of loaded amino acid on the resin (8.6 mmoles).

To prepare the coupling solution, the amino acid (1.7 equiv.) and 1-hydroxybenzotriazole
hydrate (HOBT, 1.7 equiv.) were weighed, dissolved in 3.4 volumes of NMP then activated by
combining with an HBTU (1.7 equiv.) solution in NMP (1.32 volumes) and then adding DIEA
(3.5 equiv.) at 0 °C-5 °C. The resulting solution was added to reaction vessel containing the
resin, the activation flask was rinsed with 1.57 volumes of DCM into reactor, which was then
stirred for 4 hours at 25 °C-27 °C.. After 4 hours stirring coupling reaction mixture, the coupling
solution was drained and the resin was washed with NMP 4 times (6 vol. each wash). The resmn
was then treated twice with 20% piperidine in NMP (6 vol. each treatment) to remove Fmoc
protecting groups. After the second 20% piperidine/NMP treatment, the resin was washed nine
times with NMP (6 vol. each wash).The removal of the Fmoc protecting group and coupling
reaction cycles were repeated for the remaining amino acids in the fragment (i.e., in the order of
Ghu(OtBu)— Leu —Tyr(tBu)— Ser(OtBu)-Ser(yMe,Me)—+ Val —Asp(OtBu) —Ser(OtBu)
—Thr(tBu) —Phe —Thr(tBu)).

Ali reagents used in this example are listed in following table:
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Coupling Reaction of the GPA Fmoc-AA(11-22)-OH

Amino Acid g HOBT |DIEA |NMP | HBTU |NMP | DCM | Coupling
H0 | (mL) |[(mb) (&) (mL) | (ml) | time (min)
(g)

Glu(OtBu) 6.50 | 226 |52 680 5.55 263 314 |240

Leu 517 |224 |52 680 5.55 263 314 | 240

Tyr(tBu) 675 |225 |52 680 5.55 263 |31.4 240

Ser(OtBu)- 747 1228 |52 |68.0 5.55 263 | 314 1240

Ser(yMe,Me}

Val 499 225 152 680 5.55 263 314 | 240

Asp(OtBu) 6.04 226 |52 |68.0 5.55 263 314 | 240

Ser(OtBu) 563 {226 |52  |68.0 5.55 263|314 240

Thr(tBu) 5.83 12.28 52 68.0 5.55 263 1314 |[240

Phe 567 1226 |52 |680 5.55 263 |31.4 |240

Thr(tBu) 585 1225 152 1680 5.55 263 1314 |[240

The built resin was washed with NMP (6 vol.) 4 times and DCM (6 vol.) 7 times.
Cleavage of the Fragment 2 (Fmoc-AA(11-22)-OH) from built resin:

The built resin from above was cooled with the last DCM wash to -5°C. The DCM was

5 drained and the cold solution of 1% v/v TFA/DCM (10 vol. at -5° to ~10°C) was added and
stirred at 0 °C. Pyridine (1.38 equiv. relative to TFA) was added to the cleavage receiver to
neutralize the TFA. After 30 min stirring, the cleavage solution was collected in the cleavage
recciver. Then another cold solution of 1% TFA/DCM (5 vol. at -5° to -10°C) was added and
stirred for 30 min at 0 °C. Pyridine (1.38 equiv. to TFA) was added to cleavage vessel to

10 neutralize TFA. While vesscl warming up to 25 °C, the resin was washed with DCM 6 times (6

vol.) and drained into the cleavage solution receiver, The resulting DCM cleavage and wash
solution was concentrated (7.5 vol) and then combined with water (5 vol.). The bottom DCM
layer was further concentrated (1.5 vol) and fed into heptane (20 vol) to precipitate out the



GIn(64) 14.13 3.94/3.71/80.0 7.42/40.0 40.0185 /2.52.53.0 25 C. Cleavage of the
fragment from built resin ~ The built resin from above was washed with DCM 6 times (6 vol. each
wash) to remove NMP, and the resin was cooled with the last DCM wash to -5 C. The DCM was
drained, and"%&EX 8844 ition of 19 TFA/DCM (10 vol. at -5 to -10 C) wa&QHEEH B Sfirred for 30
min at 0 C. The cleavage solution was collected in aflask containing pyridine (1.3 equiv. of TEA).
While the vessel warmed up to 25 C, the resin was washed with DCM 7 times (6 vol.) and drained into
the cleavage solution. The DCM solution wa. comgined Witla water g%o vol.g. The resultant mixture was
distilled uRBSFFE ARSI LS (R I Farhu SRS taHoS? BB YT TECHR IR ERT RS itated out
from watePWHeR ISP ipas ateth SGedl e gragnh St ovantaiad Rubifionnthm Beaties whgotes-B5M under
vacuum. ke thisexanple fthencleavageprgrdduia Wwpsarepadiédedne Y06Cetiti fouadhieve complete

cleavage. A Toial af 42,86:9.01 FMATHINAT SAR 133,35 Qb WaSRPIAIRed4A,A9.35%6 yield) with a

purity of 84.3% AN. First CPA Solution Phase Synthesis of CPA Fragment 2+3',
Fmoc-AAPPIESESE:N .Df% ks
15Fmoc-Thr(tBu)-Phe-Thr(tBu)-Ser(OtBu)-Asp%OtBu)-VaI-Ser(OtBu)-SentyMe,Me)-
Tyr(tBu)-Leu-Glu(OtBu)-Gly-G Exampie 5
In(trt)-Ala-Ala-Lys(Boc)-Glu(OtBu)-Phe-lle-Ala-Trp(Boc)-LeuVal-Lys(Boc)-Aib-Arg-NH2 Example 9
Solution Phasel &g abaseitashpild rrapisisates: Ataileaspae pidhmEReacmser Ao Sudsies, (10.0 g,
1,0 equiv.jhi DEMBOIQ5R004:) @ndehtAtgininAhidé Dihycsbeheriteviel 8 gindoveigu fvyolueres mixed with
E)Hl\gio (g%amb) ﬂ{g}kﬁ%ﬁﬁdﬁﬁ%&?@& J@ﬁc%gtl\%sgﬁ aﬁhi%l?hﬁ%.lk%m@rmb@mamz@le hydr(_jtteT ) |

, 2.0 equiv,) al .0.equiy,).in an : Uiv-xWere.charged. The
o R A R BB e B e ete
‘Then pipeRfamRitpsine Seeivot was heriBids et dHed SRS VBT He PefnoVABEREMS Brétection group
was doneTaftends migbad PiblCwilseButlémat pMEBE (60 mL) and heptane (60 mL) was added to extract
the reaction solution to remove excess piperidine. Then this two phase mixture was added to water
(240 mL) to precipitate the product at 20 C-22 ExAdmisettling, WO
2009/074483PCT/EP2008/066585

Selid Phase Synthesis of side chain protected Fmoc-(Aib*) GLP-1 (23-35)-OH
15  (Fragment 3):

A. Preparation of Fmoc-Aib-leaded 2CTC Resin

Fmoc-Aib-loaded 2CTC resin was prepared. The amounts of reagents used are hsted in

following table:



-89- the top MTBE/heptane layer was separated and bottom aqueous DMSO layer with the product
was filtered and washed with additional MTBE/heptane. After vacuum drying at 35 C the filter cake
gave 11.1 g GPA Fragment 3'. HPLC analysis showed 72.9% AN Fragment 3' and 17% d ibenzo
fulvene (DBFY GERYAIHE 10 Solution Phase Synthesis of CPA Fragment B¥BEP24HE%EBA Fragment 3
(5.0 g) and Fragment 2 (4.35 g) were dissolved in BMF (30 mL). To this solution, a solution of HOBT
hydrate (1.55 equiv.) and HBTU (1.56 equiv.) in DMF (20 mL) and DIEA (2.55 equiv.) were charged
along with a DMFETinse (10 ML) The reaction was 10 stirred at 25°C and monitored by HPLC. After
145 mm, addiERBARHEROH B b5 G EHY' %8 quiv.), and DIEA (1.3 equiv.) were added along
with a DMFinse{5mb—Thereaction-was-complete-after-pvernight agitationPiperidine (1.4 g) was
charged to tRé¥ea#on mixture. The Fmoc MiWovalkfas dofeiter 3 BERS [ghe Palaction mixture was
guenched wth-water{(140-mb)-at-18-26-C.-The-mixture-was-heated-up-to-40-C-then-cooled to 20 C.
The white schdiBrindchinaderitesred and washed with waté?-(vice, 4064mL each). The filter cake
was air dried-and-then stirred with.MTBE/ heptane (1:1.100 mlL) at 40C for-15 nJ:m-Afut@ cooling to
25C, the pro#ockwas-filtered, washed with MEBE/hépgtane (14194x 5048KE), and vacuumdried at 35
C-40 C. A total of 8.64 g, 97.7% yield, wag obtained with a'purity of 67.3% AN Solution Phase
Synthesis of GiRépfuRgenemh tB1aAY Glabal 3e-RPrstecti@s. 2DExample 11 The Fragment 1(0.93 g)
was dissolved in DCM (20 mL). To this solution, Fragment 2+3' (4.02 g) was added along with a DCM
(20 mL) rins;@iﬁgﬁtlmygﬁ@;g((Q(M)l.S eguiv.) and HBTU (0.57 g, 1.5 equiv.) weagicharged with
DCM (5 mL). Then, DIEA (0.95 mL, 2.0 equiv.) was charged to the agitated reagtion mixture, which
was a suspeg%é'g[&&ggﬂgg@ec@@was agitated 25 at 25 C and monitored by HPLC; Afger 16 hours a
reaction completion check indicated an excess of Fragment 2+1. Additional Fragment 1 (0.081g) and
HBTU (0.0 add ing a DCM (5 mL) rinse. The reaction was stirred [fQe an additional 68
hours. Afteri%é i(Q:ﬁO%lg%ﬁlf% rﬁggé ion was complete, piperidine (0.6 mL) vas chargedgtgo@the reaction
mixture. After Stirring for, 18 hours, the Fmoc removal was complete. [The DCM th as: stripped off
the reaction gﬁ%ﬁ%ﬁ%ﬁ"&{i& er vacuum, until the residual volume was -15 mL. Th g@%\arl\ce ntrated
mixture wascharged-to-a-solutioncontaming TFA (40 mL); DTT (2-1T g)andwater(2:1mL) at 15 C,
followed by DCM rinses (2x 5 mL). The reaction mixture was cooled to <5 C after 6 hours agitation.
Cold MTBE (160 mL, cooled in dry ice) was charged to the cleavage solution over 7 min. The
quenched reacfidalifisgtirewsashaewda 2o Y pRrtisersestor sadewsitiigrddidiipe DCM for
2009/07 4433k TTEPRA0840 A65R5]-90d produeinvd$ filberad,)WakhedDVEA MTBBI(Bx360fML), and air
dried overpight pramRiest sy RRIaiHIRI A9t GRAGIAE. (28, T3% M) MRsuabipined with a
purity Qf 59.7% AN, 113% vield. Synthesis of an Alternate Fragment 1: SExample 12 Fragment 1
(Trt-Hi (Tr%%%’l@(é{?éﬁ)%ly-om Starting with 7.0 g preloaded Fmoc-Gly-0-2-CT resin (loading
0.43mmoug), stanrdl?ard Fmoc.chemistry wa 1EﬁgﬁT resin was fi welled in a 10 volumes
(relative to the reSiRASGREBH gﬁ%i"?ﬁ% : é’&%%&ﬁ%%%béﬁzitﬁécfé’%%% washed
with 10 voltremorehNMER etz airiesb heid-Eddhyesin worpendemmpied Wwab REsthsished by two
treatments{30rMI A inuisis)iof &0 volvmerefhadsolstinginiR e RiparidinesiniNdiie/ Wit he
Piperidine/NMESpiufionwas Siained.aley PRENLSAMEIY wND KeSiRES NERNITNEHIUINMP 6

times (10 volumes, 5 min/each). To. prepare the coupl lutiop, the.amino acid and HOBt, were
weightdt (Péﬁﬁiﬁ' < FeNBER IR A B 18 mw&%%%%%’ﬁsﬂ’é-( s fﬁf’&s‘,‘%ﬁé@&%%%ﬁ an
NMP/DCM¢noant FEaht tp itiset SThe gesinafed senrickebiribifet ¢dithionne B PIRNMP (5 mL)
and was aglgied/to the reaction vessel containing the resin and mixed with the resin for 3 hours. After
the coupling reaction was complete, the coupling solution was drained and the resin was washed with
NMP 4 times (1@x9¢HgPRase BiiRtBask). 20The built peptide-resin was washed with DCM (4x70 mL, 5
min/each), and cooled to -5 C. The DCM was drained and the solution of 1% TFA/DCM (70 mL, cooled
in 0!3( iC@()Zwas @\@N@Eg @fr‘}f’r&;&ffﬁﬂ;@fc%%ﬂnT@ﬁﬂgﬁMﬁg%%Mﬁ%wjﬁﬂ@@&@ Baeag;éad&li gontaining
pyridi mL). While the warmi , the resin was. it ice_caple 0
TFA/SSMr , M Y%Q’\S/eeltr 8%§fegﬂg%$meﬁi%i§o§%s rggld%dzss Af?érffgﬁg%?gli Vr%r}ﬁ“é 5 agitation,
the solutio Wﬁ%%&sﬁﬁ%ﬁﬁ%éélﬁ%ﬁ%‘ﬁéawml'&%‘ﬁ’ﬁig})S min/each). The
combined mixture of all the washes and the cleavage solutions was distilled at reduced pressure until
to a volume of-IBw issiniras Fesachierted eqesifatio SoINabAR AP Mg Wilh\ateéreloBAL) and again
distilled at iegiieed) pressidre. e pegticenfragrupntdiastiedaovhir 64 Hiscviditer NMBnrtherEM was
removed, gnd.was filterad, oif T heselidpeptdefagmeni-3Qwas, washed with water (3x 50 mL) and air
dried overnight at ambient temperature. The product (Alternate Fragment 1) weight was 0.58g, 20%
yield. WO 2009/074483PCT/EP2008/066585 -91- CPA Solid Phase Synthesis of CPA, all Couplings
on Resin
Fmoc-His(trt)-Aib-Glu(OtBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser(OtBu)-Asp(OtBu)-ValSer(OtBu)-Ser(NIMe,
Me)-Tyr(tBu)-Leu-Glu(OtBu)-Gly-GIn(trO-Ala-Ala-Lys(Boc)-G lu(OtBu)- Phe-1
le-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Aib-OH 5Solid Phase Synthesis of CPA Fragment 3 on 2CT Resin
Emoc-Cln(trt\-Ala-Ala-l1 velRAc)-CCINMOIRIN-Phe-lla_Ala-Trn(Roe)l ar1i\/al-l vel(RAc)- Aih-2-CT




Example 13 Solid phase synthesis of Fmoc-AA(23-35)-OH was carried out starting with 15.0g of H- 10
Aib-2-CT resin loaded at 0.46 mmole/g. The resin was swelled in DCM (120 nth) for 30 min at 25 C.
The DCM solvent was drained and the resin was washed three times with NMP (6 vol. each wash). To
prepare the SHRBNIEfRion, the amino acid and 1-hydroxybenzotriazole' fydrate e ET) were
weighed, dissolved in NMP (4 vol for Lys-34, Val-q;}g_Lys-ZG, Ala-25, Ala-24, 15 and GM-23; 4.2 vol for
Leu-32 to Glu-27) then combined with an FIBTU solution in NMP (178.4 g/L) and DIEA at-5Cto O C.
The resulting solution was added to resin containing reﬁgf?fg vessel, the flask rinse with 2.0 volumes

of DCM was addeef 5 RE Fesedidi s BRI &R R A BE G 7 C. Samples were pulled for
Kaiser TebydmadgmartiCds ohackilescHERBR kohuptelion . camentherediishhigddadiohwsgeomplete
(coupling fimeavary seadablechalgwsthembhcaupling $6)ution wasishainES BUd2eqesin iwas washed
with NMP-4,ti;mes-(6 val h) TE; - J- ' 3 ith acetic
anhyd ride@g@q% gls(ﬁai ﬁ%&%eﬁfg v‘Q %1}% %z?%yﬁdlﬁg n%ffé ?é}%gf?grﬁ ?r% %?)%%?I?l Hf)t?h e resin
was then freated rHIRt SHR IS IHASH HdbE & '%Bﬁ%ﬁéﬁeir hEEHI IS Permve the ERtoc

protectingvgitbUpx(NOME: FEEHOLLRT theAtacky. tbirbsiias vhentsearsdfeniceowisf R pipridine 30%
DMSO in 25 NMR (BMakg aediseaimenh e e iheds mpcapiotentingrgriupsadftestthe second
20% p'pef'91&%x'}'hw%%g%%&’%&%e%{8&/t§.@&§: Qﬁﬁ’%ﬁ%ﬁ@ﬁ@%@&ﬂ&%&%ﬁlﬂxgﬁéﬁéﬁ@% piRg firegs with NMP

(6 vol. each was en the coupling rea 4 NMP washes, deprotection and 9 NMP. washes cycle
was repedfEF8P %T%Wéffﬁ?ﬁ%%‘?ﬂ?’lﬁf %“ﬁ%ﬁ?ﬁ%ﬁ’ﬁ?ﬁ?ﬁi?ﬁ’@i‘%@ %@@2%3’8!:‘\)‘?%%%
-)Trp(Boc)x G CbeBuicrayivyb (B ) Ematazsor) Gteryling rsageneycsswmirenrstes Hn e are listed in
following taiein QR UTHHERP SRR 008/ 8RN 82 W ai@iad \Wb (0 Helet OB Th(By) DIEA
(mL/ EQq) Nﬁ 17(‘9'11; %%‘%%%b{g@ﬂ gﬂé%g&ymg _C;%qgljgg}ﬁjlmghr) DeFmoc Time (min)

Lys(Boc) 6. 3/25.6 30.016.0

All reagents used in this example are listed in following table:

Coupling Reaction of Fmoc-AA(23-35)-OH

Amino g HOBT | NMP | HBTU R NMP DCM DIEA | Coupling

Acid hydrate | (mL) | (g) (mL) (mLO (mL)} | time
(g) ' (min)

Lys(Bocy |2.12 | 0.76 30.0 1.83 15.0 15.0 1.1 120

Lys(Boc) |2.12 | 0.76 30.0 1.83 15.0 15.0 1.1 120

recoupling

Val 1.53 0,76 30.0 1.83 15.0 15.0 1.1 120

Val 1.53 1 0.76 36.0 1.83 15.0 15.0 1.1 120

recoupling

Leu 1.58 | 0.76 30.0 1.83 15.0 15.0 I.1 120

Leu 1.58 1 0.76 30.0 1.83 15.0 15.0 1.1 120

recoupling

Trp(Boc) |2.37 [ 0.76 30.0 1.83 15.0 15.0 1.1 120

Trp(Boc) | 2.36 | 0.76 30.0 1.83 15.0 15.0 1.1 120

recoupling




2.02.05.0 2.0 Acetic3.56/ 12.0/80.0-20.0 3.0 2x 30 Anhydride 5.0 10.0 Val 4.70/2.13/
6.0/59.45.23/25.630.016.0 2.0
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Ala 1.42 | 0.76 30.0 1.83 15.0 15.0 1.1 120
Ala 1.42 1 0.76 30.0 1.83 15.0 15.0 1.1 120
recoupling

e 1.59 | 6.76 30.0 1.83 15.0 15.0 1.1 120
e 1.59 | 0.76 30.0 1.83 15.0 15.0 1.1 120
recoupling

Phe 1.74 1 0.76 30.0 1.83 15.0 15.0 1.1 120
Phe 1.74 1 0.76 30.0 1.83 15.0 15.0 1.1 120
recouphing

Glu(GtBu) | 1.93 | 0.76 30.0 1.83 15.0 15.0 1.1 120
Glu(OtBu) | 1.92 | 0.76 30.0 1.83 15.0 15.0 1.1 120
recouphing '

Lys(Boc) |2.12 1 0.76 36.0 1.83 15.0 150 11 120
Lys(Boc) |2.11 1 0.76 300 1 1.83 15.0 15.0 1.1 120
recoupling

Ala - 1.41 10.76 30.0 1.83 15.0 15.0 1.1 120
Ala 1.40 | 0.76 30.0 1.83 15.0 15.0 1.1 120
recoupling

Ala 1.41 | 0.76 30.0 1.83 15.0 15.0 1.1 120
Ala 140 1 0.76 30.0 1.83 15.0 15.0 1.1 120
recoupling

Gln{trty 2,77 1 0.76 30.0 1.83 15.0 15.0 1.1 120
Gla(trt) 2.76 1 0.76 30.0 1.83 15.0 15.0 1.1 120
recoupling




2.05.0 2.0 Acetic 3.58/ 12.0!80.0 - 20.0 3.0 2x 30 Anhydride 5.0 10.0 Leu4.16/1.81/4.8/
63.04.44/22.030.05.02x30 1.7 1.7

WO 2005/074483 PCT/EP2008/066585
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The built resin was isolated by washing with 4 times with NMP (6 vol.), 4 times with
DCM (6 vol), and 3 times with Isopropancl (IPA, 6 vol.). The built resin was dried at 35 °C
under vacuum. 14.3 g built resin were obtained.

C. Cleavage of the intermediate fragment from built resin

3 6.6 g of built resin from above were swelled in 10x volume DCM for 30min, and cooled to
-10 °C. The DCM was drained and a cold solution of 1% TFA/DCM (12 vol. at -5 °C to -10 °C)
was added and stirred for 30 min at 0 °C. The cleavage solution was collected in a flask
containing pyridine (2-3 equiv. of TFA). While warming up to 25 °C, the resin was stirred with
1% TFA/DCM (10x vol.) for 5min and pyridine (2-3 equiv.) was added. After another 5 minutes,

10 the solution was collected. The resin was washed with DCM 4 times (10 vol.). All DCM washes
were combined with water (water/DCM = 1/4). The resultant mixture was distilled under
reduced pressure to remove DCM (350 torr at 28 °C). The fragment precipitated out from water
when DCM was removed. The fragment was washed with water and dried at 30 °C-35 °C under
vacuum. The cleavage procedure was repeated one more time. A total of 2.36 g of Fmoc-(Aib™)

15 GLP-1(23-35)-OH was obtained (a 92 % yield).

Example 7
A. Preparation of Fmoc-Aib-loaded 2CTC Resin

Fmoc-Aib-loaded 2CTC resin was prepared. The amounts of reagents used in this example
are listed in following table:

Preparation of Fmoc-Aib-2-Chlorotrityl Resin

Materials MW Eq mmol | grams (g) | mL
2-Chlorotritylchloride resin - - 59.67 40.05 -
Fmoc-Aib-OH 3255 1.0 14.92 4.85 -
Diisopropyic_:thyi&mine (DIEA)Y | 129.25 2.35 35.20 4.55

Dimethyi formamide (DMF) 1280
Dichloromethane (DCM) 1840
9:1 Methanol: DIEA 400
Isopropanol (IPA) 1050




4.0 1.7 Trp(Boc)6.21/1.80/4.8!63.04.44/22.030.05.02x30 1.71.74.0 1.7 Ala3.89!1.81/
4.8163.0 4.44!1 22.0 30.0 5.0 2x30 1.7 1.7 4.0
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2-CTC resin was charged to a 500 mL peptide reactor and swelled with 400 mL DCM for
30 min. The bed was drained, and a solution Fmoc-Aib-OH and DIEA in 8 volume of
DMF:DCM (87.5:12.5) was added. The mixture was stirred under nitrogen for 2 hours at a
temperature of 25 °C.

The bed was drained and washed with 400 mL DMF. Then, any remaining active sites on
the 2-CTC resin were end-capped with 400 mE of MeOH:DIEA (9:1) solution for 1 hour. The
bed was drained, washed one time with 400 mI DMF, one time with 200 mL DMF, and four
times with 350 mL DCM. The resin was de-swelled by washing with 3X350 mL IPA. The resin
was dried to a constant weight to give 45.32 g of loaded resin. Analysis showed a Joading factor
0f 0.30 mmol/g.

B. Solid Phase Synthesis

Solid phase synthesis was carried out starting with 15.0g of Fmoc-Aib-2-CTC resin loaded
at 0.30 mmole/g. The resin was swelled in DCM (150 mL) for 30 min at 25 °C. The DCM
solvent was drained and the resin was washed two times with DCM (6 vol. each wash), and three
times with NMP (6 vol. each wash). '

The resin was then treated twice with 20% piperidine in NMP (6 vol. each treatment) to
remove Fmoc protecting groups. After the second 20% piperidine/NMP treatment, the resin was
washed six times with NMP (6 vol. cach wash) to a negative chloranil test.

To prepare the coupling solution, the amino acid (1.7 equiv.) and 6-Chloro-1-
Hydroxybenzotriazole (6-CI-HOBT, 1.7 equiv.) were weighed, dissolved in 2.6x volume of
NMP at 10 °C-5 °C, and then combined with DIEA (1.9 to 3.0 equiv.). TBTU or HBTU(1.7
equiv.) was dissolved in 1.33x volume of NMP at 10 °C-5 °C. The two solutions were then
combined. The resultant solution was added to a reaction vessel. The mixing flask was rinsed
with 1.33% volume of DCM into the reactor, which was then stirred with resin for 2-3 hours at
25°-27°C. The sample was pulled for Kaiser Test to check the reaction completion; Ifthe
coupling reaction incomplete after 3 hours (positive Kaiser Test), the reaction vessel was
drained, and recoupling was performed with fresh solution of activated amino acid. After the
coupling reaction was completed, the coupling solution was drained and the resin was washed
with NMP 4 times (6 vol. each wash). Then, the removal of the Fmoc group and coupling
reaction cycle was repeated for the remaining amino acids in the fragment (i.e., in the order of
Lys{Boc) —Val —Leu —Trp(Boc) —Ala —lle —Phe —Glu(OtBu) —Lys(Boc) —Ala —Ala
—>Gln(trt)).



1.7 1e4.15'1.83!14.8163.04.44/22.030.05.02x30 1.71.74.0 1.7 Phe 4.55!1.82!4.8!63.0
4,44122.030.05.02x30 1.71.74.0 1.7
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Due to a possible buttressing effect between 2-methylalanine (Aib) and 2-CTC resin, there
is considerable difficulty to force the first two amino acid coupling reactions (Lys(Boc)-34 and
Val-33) to completion. Therefore, both coupling reactions for (Lys(Boc)-34, Val-33) were
performed three times (i.¢., coupling was followed by two recouplings). Also, acetic anhydride

5 was used to end-cap the unreacted resin-bound material after coupling reactions of Lys(Boc)-34
and Val-33. This has improved the efficiency of the subsequent purification by moving the
impuritics far from the desirable product during chromatographic purification.

All reagents used in this example are listed in following table:

Coupling Reaction of the Fmoc-AA(23-35)-OH

Amino g/ 6-Cl- | DIEA |NMP | TBTU | HBTU | NMP | DCM (Coupling

Acid Eq HOBT | (g/Eq) | (mL) | (g/Eq) |(&/Eq) | (mL) |(mL} | time

(g/Eq) (mnin)

1% 3.61 | 133/ | 115/ |39.0 2506/ |- 20.0 20.0 175

Lys(Boc) |/1.7 | 1.7 1.9 1.7

2% 3.61 | 1337 116/ [39.0 248/ - 20.0 20.0 180

Lys(Boc) /1.7 | 1.7 1.9 1.7

3 3.61 | 1.33/7 | 1.13/ |39.0 2477 - 20.0 20.0 180

Lys(Boc) |/1.7 | 1.7 1.9 1.7

Acetic 233 |- 322/ | 60.0 - - 30.0 - 120

Anhydride | /5.0 55

1¥ Val 262 1133/ 113/ 390 2517 - 20.0 20.0 170
/1.7 1 1.7 1.9 1.7

24 Va] 262 133/ 1177 390 249/ |- 20.0 20.0 180
/1.7 117 1.9 1.7

3 val 263 {132/ {3.67/ |39.0 250/ |- 20.0 20.0 141
/1.7 117 1.9 1.7

Acetic 4.69 |- 713/ | 60.0 - - 30.0 - 153

Anhydride |/ 12.0
10.0




Glu(OtBu) 5.22! 1.81! 4.8! 63.0 4.44! 22.0 30.05.02x 30 1.71.74.0 1.7 Lys(Boc) 6.49! 2.13! 6.0!
59.45.23125.6 30.05.02x0 2.02.05.0 2.0

WO 2009/074483 PCT/EPZB08/066585
-84
Leu 273 | 135/ | 112/ |39.06 |250/ |- 200 200 1180
/1.7 |17 1.9 1.7
Trp(Boc) |4.03 | 133/ |1.78/ 139.0 1250/ |- 200 200 | 180
/17117 3.0 1.7
Ala 241 | 131/ [1.78/ 1390 |- 293/ {200 |200 | 180
/17 |17 |30 1.7
lle 272 131/ | 178/ 390 |- 293/ |200 [200 180
/17 117 3.0 1.7
Phe 3.00 131/ 178/ 390 |- 293/ | 200 |200 |180
/17 117 3.0 1.7
Gl(OtBu) | 3.28 |1.31/ | 178/ 390 |- 293/ 1200 (200 180
- /17 |17 3.0 1.7
Lys(Boc) |3.61 [1.31/ |1.78/ 1390 |- 293/ 1200 [200 |I80
/17 |17 [3.0 1.7
Ala 240 131/ (1787 390 |- 293/ 1200 (200 180
/17 117 3.0 1.7
Ala 241 131/ 1.78/ 390 |- 293/ | 200 |200 |180
/17 117 3.0 1.7
Glo(tt) 472 [ 131/ | 1.78/ 390 |- 293/ 200 200 | 180
/17 |17 3.0 1.7
Gl(trt) | 4.72 | 131/ | 178/ (390 |- 293/ 200 [20.0 | 180
/17 |17 3.0 1.7

C. Cleavage of the fragment from the built resin

The built resin from above was washed with DCM 7 times (6 vol. cach wash) to remove
NMP restdue, and the resin was cooled with the last DCM wash to -5 °C. The DCM was drained,
5 and a cold solution of 1% TFA/DCM (12 vol. at -5 © to -10°C) was added and stirred for 30 min
at 0°C. The cleavage solution was collected in a flask containing pyridine (1.3 equiv. of TFA).
While the vessel warmed up to 25°C, the resin was washed with DCM 9 times (10 vol.) and



Ala 4.56! 2.13! 6.0! 59.4 5.23! 25.6 30.0 16.0 2x 60 2.02.05.0 2.0 WO
2009/0744H3PCT/EP2008/066585 -93- Ala 4.56/2.13 / 6.0/ 59.4 5.23 / 25.6 30.0 16.0 2x 60 2.0 2.0

WO 2009/074483 PCT/EP2008/066585

-85-

drained into the cleavage solution. The DCM solution was combined with water (6 vol.), The
resultant mixture was distilled under reduced pressure to remove DCM (350 torr at 28°C). The
fragment precipitated out from water when DCM was removed. The fragment was washed with
and dried at 30°-35°C under vacuum. For this example the cleavage procedure was repeated one

5 more time. A total of 6.78 g of Fmoc-(Aib*®) GLP-1 (23-35)-OH was obtained (a 68.1% yicld)
with a purity of 87.3% AN.

Example 8
A. Preparation of Fmoc-Aib-loaded 2CTC Resin

Fmoc-Aib-loaded 2CTC resin was prepared. The amounts of reagents used in this example
10 are listed in following table:

Preparation of Fmoc-Aib-2-Chlorotrity] Resin

Materials MW Eq mmol Grams {g) | mL
2-Chlorotritylchloride resin - - 59.85 40.44 -
Fmoc-Aib-OH 325.5 1.0 20.95 6.82 -

Diisopropylethylamime (DIEA) | 129.25 0.95 15.88 2.57

Dimethyl formamide (DMF) 1280
Dichloromethane (DCM) 1840
9:1 Methanol: DIEA ' 400

Isopropanol (IPA) 1050

2-CTC resin was charged to a 500 mL peptide reactor and swelled with 400 DCM for 30
min. The bed was drained, and a solution of Fmoc-Aib-OH and DIEA in § volume of
DMF:DCM (87.5:12.5) was added. The mixture was stirred under nitrogen for 2 hours at a

15 temperature of 25 °C.

The bed was drained and washed with 400 mI. DMF. Then, any remaining active sites on
the 2-CTC resin were end-capped with 400 mL of MeOH:DIEA (9:1) solution for 1 hour. The
bed was drained, washed one time with 400 mL DMF, washed one time with 200 ml. DMF, and
washed four times with 350 mL DCM. The resin was de-swelled by washing with 3x 350 mL



50 20 GIn()8.47/2.14/6.0/59.45.23/25.630.012.0 2.0 2.0 5.0 2.0 GlIn(trt) 7.20/1.83/
4.8! 63.0

WO 2009/074483 PCT/EPZOOB/066585

-86-

IPA. The resin was dried to a constant weight to give 47.56 g of loaded resin. Analysis showed a
loading factor 0f 0.37 mmol/g.

B. Solid Phase Synthesis

Solid phase synthesis was carried out starting with 25.0g of Fmoc-Aib-2-CTC resin loaded
5 at 0.37 mrmol/g. The resin was swelled in DCM (250 mL) for 30 min at 25°C. The DCM solvent
was drained, and the resin was washed two times with DCM (6 vol. each wash), and three times
with NMP (6 vol. each wash).

The resin was then treated twice with 20% by volume piperidine i NMP (6 vol. each
treatment) to remove Fmoc protecting groups. After the second 20% piperidine/NMP treatment,
10 the resin was washed six times with NMP (6 vol. each wash) to a negative chloranil test.

To prepare the coupling solution, the amino acid and 6-chloro-1-hydroxybenzotriazole (6-
CLHOBT) were weighed, dissolved in 3.2x volume of NMP (or DMF for Lys-34, Val-33, and
GIn-23) then combined with DIEA at 10 °C-5 °C. TBTU was dissolved in 1.6x volume of NMP
(or DMF for Lys-34, Val-33, and Gln-23) at 10°-5°C. The two solutions were then combined.

15 The resultant solution was added to reaction vessel, and the flask was rinsed with 1.6x volume of
DCM into the reactor, which was stirred with resin for 2-3 hours at 25 °C-27 °C. The sample was
pulled for Kaiser Test to check the reaction completion. If the coupling reaction was incomplete
after 3 hours (positive Kaiser Test), the reaction vessel was drained and recoupling was
performed with fresh solution of activated amino acid. After the coupling reaction was

20 completed, the coupling solution was drained, and the resin was washed with NMP 4 times (6
vol. each wash). Then, the deprotecting of the Fmoc group and coupling reaction cycle was
repeated for remaining amino acid in the fragment (i.e., in the order of Lys(Boc) —Val —Leu
—Tmp(Boc) —Ala ~~lle ~—»Phe —»Glu(OtBu) —Lys(Boc) —Ala —Ala —Gln(trt)).

Due to a possible buttressing effect between 2-methylalanine (Aib) and 2-CTC resin, there

25 is considerable difficulty to force the first two amino acid coupling reactions (Lys(Boc)-34 and
Val-33) to completion. The coupling conditions for Lys(Boc)-34, Val-33, and Gln(trt)-23 were
modified by increasing the usages of both amino acid and 6-CI-HOBT from 1.7 Eq to 2.5 Eq and
DIEA from 1.9 Eq fo 3.0 Eq. The solvent for coupling reaction was also changed from NMP to
DMF in order to force the coupling reaction to completion. Also, in this example, acetic

30 anhydride was used to end-cap the unreacted resin-bound material after coupling reactions of
Lys(Boc)-34 and Val-33. This has improved the efficiency of the subsequent purification by
moving the impurities far from the desirable product during chromatographic purification.

All reagents used in this example are listed in following table:



4.44122.0 30.0 12.0 recouple 1.7 1.7 4.0 1.7
NMP 4 times (6 vol. each wash), DCM 7 times (6 vol. each wash), and IPA 3 times (6 vol. each wash)
-0-2CT resin with a

purity of 88. VPR 189 5 yield based on the weight increase of the rBSIHEBYfiYotrise Synthesis
of GPA fragment 1+2+3 F mo c-H is(trt)-Aib-G |u(QgBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser(OtBu)-Asp(Ot

and dried under vacuum at 35 C. Which produced 27.01 g of Fmoc-AA(23-35

Bu)-Val-S er(OtBu) S er( tMe,Me)- Tyr(tBu) -Leu-G lu(OtBu )-G ly-G ln(trt) Ala Ala Lys(Bo

The built resin from above was washed with

¢)-Glu(OtBu)- a-%)c-eu \ é B0 C)-Aib-0H olid phase
synthesis|0 B@Kﬁ\ﬁ’%)} c}ét) ting with 12.0g of FmocAA(23 35)-0-2-CT resin
The resinfwas alvvcutu mDCM \J. Vj ||||_) for- 30 minat-251€-The-PEM-solventywas-d anlcu_oul the
resin was|WHeHEY andthebe tife withtkiMp, @MB vBMBagh esh) PIST h&MBinR4AS tHetvrbeated four
times (30|min each) witly 2096 @i¥eridirEy B0 M SGnin NNEPED vakmBRchnigatret) tamemove Fmoc
protecting groups. After the|4th=20% piperidine 30% DMSO in NMP treatment, the resd'&iwas washed
nine times$ with NMP (4.16 yo T/eacw wash). To prepare the coupling solution fpr Fragment 2: 20
Fragment ﬁ)%gu % hand 6 Gl-hydggxybenzotriazgle, (6-61;HOBT: 0.699. 1 3£quivi) were
weighed out |ssolved in DMSO (4.16 vol) then combined with an HBTU solution in NMP (10{7 mL of
an 174.07 g HBTU/L éolﬁmor? 1.3 eqz'u?v.) and DIEA (1.9 rnE')?at 15C in a flask.; The resultant splution
was addedtoresin LUIIlolII;aI][Ig reaction vessel, the flask- wasrinsed-with BEM (1111 intothe
reactor, whithtias stifr&df at 25 C. S%tﬁ*dles were pi‘ﬂﬂe@i for 25 HPLC tg cHéck the reabifbn completion.
After 17 hotnbyalgitat|an) analysis showed a|73.8% WO 2009/074483PC1/EP2008/066585 -94-
conversion far the cqupling reaction.Kickerlcharges of HBTU (1.58 g) and DIEA (0.706 g) were added
and the potmixture wasstinredat 33 @7 Afteganother 25.51s /aditation, HPLC analysigof a reaction
sample indicated that{he coypling feggtion was 92% complgte. The coupling $olution was drained and
the resin was washed with NMP 4 times (4.166 vol. each|wash). The 5 dcprotection of the Fmoc group
was achlengd bé/ treating twice (30 mm,eac ) with %9?{ viv piperidine and,30% v/v D in NMP
R 4 AN IMAS : .
(4.16 vol. eac% treatmer%. After the second 20% piperidine 30% DMSO ?r? NMP treatment, the resin
was washetHigdmes-tith NMP (4126 vol| each Wash). [To prepare the coupling solution for
Fragment1:
Leu 556/ | 2.68/ | 2.33/ - 78.6 5.05/ 393 1393 | 184
L7 1.7 1.9 1.7
Trp(Boc) | 8.30/ | 270/ {2.28/ |- 786 {505/ |- 39.3 |39.3 | 180
1.7 1.7 1.9 1.7
Ala 492/ | 2,68/ 230/ - 78.6 5.05/ 393 1393 177
1.7 1.7 1.9 1.7
Ile 556/ 1270/ |2.26/ - 78.6 5067 - 39.3 1393 {168
1.7 1.7 1.9 1.7
Phe 6107 1270/ | 231/ - 78.6 506/ |- 393 1393 168
1.7 1.7 1.9 1.7
Glu{OtBu) | 6,72/ | 2.67/ 1229/ 78.6 5057 - 393 1393 | 168
1.7 1.7 1.9 17
Lys(Boc) | 7.39/ |2.70/ | 2.29/ 78.6 1505/ 39.3 | 393 | 165
1.7 1.7 1.9 1.7
Ala 4917 | 2,76/ |2.41/ - 78.6 5057 |- 393 1393 | 180
1.7 1.7 1.9 1.7




10 Fragment 1(3.81 g, 1.3 equiv) and 6-C-hydroxybenzotriazole (6-CI-HOBT; 0.70 g, 1.3 equiv.) were
weighed out, dissolved in DMSO (4.16 vol) then combined with an HBTU solution in NMP (10.7 mi, of
an 174.07 g HBTUJL solution, 1.3 equiv.) and DIEA (1.9 mL) at 15 C in a flask. The resulting solution
was added t¢'HRENRAHBH vessel, the flask rinsed into the reactor with DCN F{Tf.’f%ﬁ?%%ich was
stirred with the resin at 25 C. Samples were pulled §gr HPLC 15 to check the reaction completion. After
16.5 hours of agitation, analysis showed complete conversion of the coupling reaction. The coupling
solution was drained and the_resin was washed with NMP 4 fimeés (4.166, vql. gach wash). he built
resin from abve wasWashedSiith DCK 7 times (4.7f66vo e c/h vash) t3¥'§m 3%%\“\4 S‘/?and resin was
cooled with the last ofilDCM|tb7-5 'C. The DCM was drained-and the cold 20 solution pf 2% TFA/DCM

(5 vol. at 15Cto-0-C)w nd-stirred for-15-min-at0-C--The-cleavage-solution-was-collected in

LA~ 4 I == srcavagygcrautratrot aS-ToUN

the flask caritgining pyddine £1983 eduiv. relative to-the tc;J::eYlﬁﬂzEA usd). Then |aotherl28% TFA/DCM (5

vol. at -5 C to 0 C) was,added aand stiged far 30 mm at 0 G he second cleaviage solution was
collected |n the flask containing pyridine. While vessel warming up to 25 C, the resiniwas washed with
DCM 7 times (5 vol.) and drained into 25 the cleavage solution receiver. Pyridine (0.37 equiv. to the
total TEA used) was added the cleavage vessel during 2" DCM wash. The combined DCM solution
was concentrated I Red with Walswimy e gnd mixed with another 5 volumes of water.
The resultant rﬁxg?%g%gg gii\g'[t%?ed ncjier reduced preslsure to remove DCM (350 torr at 28 C). The
fragment precipitated.out from water when the, DCM ved. Th fragment, was gggmed with
water 30 and d%é%gﬁigﬁee?ﬁ) o4 ﬁ%\o grw/%scﬁﬁ%?cgyg? ?fﬂgggnnlfegn(tgff 'fsg\)ﬁ\jﬁestc?t\;%afne , 8 63.3%
yield fromYMRiGIeA sk TouRipascastl oot b ey IfdMrai Ein oo -ka (38 B6)byoe #rasth: Wdiysis
showedl aqidity lofiéd GUANE AVDOIA00/074483P GT/EPZ00810 6658508 548yt the s rofRtdhment
1+2+3' anerGighahfaesRratecticmvixampiadbn «iaiICRAfiragmentihe2t3 (443 g) Wasg)dissolved in

DMSO (5 .10 this solution, H- £ -NHZ2 (0.99 equi 3t H 1 g, 4 equiv.),
HBTU (1.ggmfnghe"qvﬁﬁf.‘}{s%‘aéﬁlﬁgdﬁ%?%g.8%7’1% i glqwugi‘\?’j“’(‘?vsggéé g’%%gﬂrﬁe? I?“ea{;%g E’qvég?%a itated at 25

_ / n
C and mofRFtRed BIP IS 1568 FRHE Pe 106 SACOSSRINITEN RS SERINBR AR et ominlinGewas done.
Piperidiner{iuiin) waswhargedistd tieundactiohimiiuessuifiterrstivirg EdriightelmeFB 6E rehhoval was
done; § hegrgagtinnmbxuie-Was than chaigettomonassel camalainthwalerdhmbyahdbvaipver 5

s RIS IR S B e e ¢

The solid was Tiltered, washed with water , air g solid, leld. 4.0 g
of this SoliPRASHisEBNEITHIERMTRAH Cicaradhié SBithRIN 28l SesHtaiing HEA (ddhy, DTT
(2.1 g) an@iates ¢Rtdimd Javds3chayipd) Fhk sesuiing AixdtirédMas stirred at 15 C for 6 hours before it
was cooled to -1 C. Cold MTBE (160 mL, cooled in dry ice) was charged to the cleavage solution over
15 min. The qu&nshed’resetinfomPlingse Svashelipvut €: v Bragnent® 15 (Fiilwe Aalit gioeNdlwas
filtered, washed with MTBE (3x 30 mL), and air dried overnight at ambient temperature. Obtained was
3.33 gpf CPA griude, 11008 yiele, 133 BRIS wiltht uwyikss Oiiify G4 AU BY-SSythegisenf Fragment
1+2+3"'an I-De- ﬁ%l%n(ﬁg,( it icSti nd.,.
thermome? r undé%%\ﬁr_gao[}r?;/ﬁi/as adde%iﬁg%%a%%&%ﬁﬁ@ég@ @Lgﬂpz%%nﬁéc %@%%%17.3 mg
HBTU werédhkrb &iféd i385 NEDIEA was then added and the reaction was slightly exothermic with
the temperature rising about 1 C. 3.00g Fragment 2+3' in THE was then added. Another 3.00g
Fragment 2+3' in THF was then added. 1.2mL giFéBdlc?vas then added and the reaction was slightly
exotheirnic with the 25 temperature rising about 1.5 C, forming a clear yellow solution which was
allowed to stir overiigntrRme Sunthersphsthamstmat 442 C/200-100 mbar in a 250mL flask. 26.25
mL DCM was then added and the solution distilled at 42 C / 400 - 100mbar. 22.5 mL DCM was then
remov8d over ZbheirP Anfarsoem 80BmaE-ddvBlejakitet! fidsk Was@ive Lo By BPF0ddard with
4.313 mL watesiandnd @Oty drbiseliiian] I he2dblgiion) wasthered otk OMIG G 3bndrihe DCM

ing to 10 et wa
then addeaquiﬁw%%q I#ﬁi Eﬁfgtﬁ @Wég %ﬁﬁ%ﬁ%é&%gs Illrga??ﬁ%xc&gg regﬁi.vlfr‘écc% Stﬁ% If.%%db@clﬁ red and the
mixture thesafiiRrechicgivedn 37 FradiypaninehstdPE60 MieT BRuwdbenerripiadsdropwise over
5 mmei® thehilpes€aketa fpsrilavBitegusppnsiondab withe-thadsmpetaione Tisingnio k8« Filoe

suspensiopas;thea allowedin stk 06 3Q.Rin a8dEhan R L SPUYBEAGBR N R 2008(GEH8S -96-
filtered. 2 L MTBE was then added tq the E)aste%%%%n filtered, and déled ?

s f er 14 Pl?gm  C/20mbar
to yield a total B$P537E%, Broalict B SR8 Sowed EEARSRGEL BI85 (mim/d5, 78 BY% area%)
water:: 2.0%xEtharis|addadowascionl sbhirrwvirises BioprRdudet 200(pgm: G-extes wHingcpA
Solution Phase Synthesis of GPA Fragment 2+3', Fmoe-AA(11-36)-NR2:
H-Thr(tBu)-Phe-Thr(tBu)-Ser(OtBu)-Asp(OtBu)-Val-Ser(OtBu)-Ser(wMe,Me)-Tyr(tBu)-
Leu-Glu(OtBu)-Gly-Glin(trt)-Ala-Ala-Lys(Boc)-Glu(OtBu)-Phe-lle-Ala-Trp(Boc)-Leu-ValLys(Boc)-Aib-Arg
-NH2 Example 16 10Solid Phase Synthesis of CPA fragment 2+3:
Fmoc-Thr(tBu)-Phe-Thr(tBu)-Ser(OtBu)-Asp(OtBu)-Val-Ser(OtBu)-Ser(tvMe,Me)-

Tvr(tRI1N] a1i-ChifOtRiN-CI/-CCht(trt\-Ala-Ala-l vel(Roac-CChiifOtR111-Phe-lle_Ala-Trn(Roc)-l ari\/al-l ve(RAC~



The resin was then treated two times (60 mm each) with 20% piperidine 30% DMSO in NMP (4.4 vol.
each) to remove the Fmoc protecting groups. After the 2nd 20% piperidine 30% 20 DMSO in NMP
treatment, the resin was washed nine times with NMP (4.4 vol. each). are the coupling
solution for Iﬂwabhq%%‘f‘]i"ﬁéragment 2(8.10 g, 1.3 equiv.) and 6- Clhydroxyb%ﬂgl&é)?gg%é (‘é‘SCl HOBT;
0.74 g, 1.3 equiv.) were weighed out, dissolved in QMSO (2.66 vol) then combined with
diisopropylcarbodiimide (DIC; 0.52 g, 1.3 equiv.) at 15 C in a flask. The resultant solution was added to
the resin contai ction vessel and the fla 25 rinsed w 12. 7 ) into the reactor,
which wod S T e TS BTGAIYES PIECE EVRUSIO M oo DB BN after 25
hours of avjiafiliercdriansiasbpdwih sl Ebeud YorRBRierIer tHETHIgyYERgish A kel Earge of
DIC (0.55@ksvas-adted doitieagtining WaBIoOatinlyer Siod@C7 A% dddthem2it Brsaagitation, HPLC
analysis of;3 te3¢teRs @g[g indicated that the coupling reaction was 86% complete. The coupling
solution was drained and 30 the resin was washed with NMP 4 times (4.166 vol. each). A re-coupling

reactiqn was then performed by treating the re%%glwﬁ%)ther solution of Fragment 2 (4.04g, 0.65
equiv.), 6-CIHOBT (0.43 g; 0.65 equiv.) in DM mL) and DIC (0.26g. 0.65 equiv.) in DCM (12.7

mL) at 30 C for, alysis s 0.8% c rsion. WO

2009/074483P Eﬁ}EBE%‘P g 6%87 I]O(\é\tﬁg ralﬁlng %¥r§e coupllng solutlon the built resin from
above was wa ith NIV1P 4 tr I each CM7 t| o.femove the
NMP and the ri% aié%\c‘%@ dép %352?93% Wasoéralni%b acold
solution ﬁz%wﬂw@wmb@m%ﬁ%ﬁé@@%&éSa%rﬂré‘d)aﬂrr@ &ﬁ%& (fbéﬁsqwh)atl@@.‘fm%
cleavage mpphiiioDIWAS T.oHeckad jrvarllask-gahtddning ifysidivE @nSeqdGiwnire@tivectetbe takal TEA
used).oThep-pRahes-2%e IRt M4 PAMOE. %ﬁa@491911@)3&{%&%%@{1&@@”@5@ 3mm at 0 C.

The seco cleava e S also collect e flask ¢ in ri hite essel
warming g to"28C g Iﬁ%ﬁ‘\ﬁz Vﬂe‘ﬁe\lﬁ i %@@j&f‘%l%le% %sl\l\/{?)}%neachx)é miQeac rV\ﬁ'g’s was drained
into the clewag@@@mw@ﬁr@wh@ﬁwwe Binsidai(t- foahe%rhrrge}xtqdiaﬁewwa%aaed the
cleavage TesSahouriigpihe wdDioM sfiash.hbhe Chima béaeihD Gbsal wisrjwesashedneehikated ta .0

volumes ({4 59%%@8'@6%%&@@%% x@i)e& e With 2pothe Y velumesalwalgy. The

resu ure was.distille red ce sure fo re h 75 ton C). The
fragm%?rtgl tVanqegéﬁg 4 Wgﬁs. 6%&%\/&8% rlt(§move a‘% a%[r\r/l"lee(n V\?a‘ga\?vggheﬁt?/vlth water
and dried at@m@-egreiméer\/ﬂ&lydrwtmé lgl1 508k ghidniofos tﬁm%ﬁ\f{&@%‘}&m?@v&e
obtained, th&#2dncyietd fibencH-AikhedAGHT MeIIBhep#a 50 aetxré{)ytﬁld, frahvdemon-AA{E3-35)-0-2CT

resin. AnalysigsRowed:a BrEbuQf 64790/ FXIBRIELd SRIULIgN-RNGSE Sypthesis of GPA Fragment
2+3": 20H-Thr(tBu)-Phe-Thr(tBu)- Ser(Ot u) Asp(OtBu) -Val-Ser(Ot u) Ser(yMe,Me)-TyntBu)-

Leu GIUOMBL) AR iR SRk POP R FHIHRIN PSS GHBPBEL BBty S(Boc)- Alb-Arg
-NH2  The GPA Fragment 24:3 Fmoc-AA(11-3 (4.00 g, 1.0 equiv.) and L-Argininamide

Dihycy chloride (0.498 g, 2.0 equiv.) were mrxﬁ X\”#hiDl\gSO (30 mL) and stirred at 23 C-25 25 C for
30 min. To this solution 1-hydroxybenzotriazol OBT, 2.0 equiv.) and HBTU (2.0 equiv.) in

DMSO (15 mL) DIEA (5,5 ere c nwas.a 25 C onitored
by HPLC. After%%&ﬁg Y. io%? Eﬁléé?qu d]FrS]%H Wereggﬁrﬂ‘ t reagr gp ER{ Ker € irg e%sa %ign '
Argrnrnanﬁﬂlé’%ﬁh?’%ﬂ%a’@%@ kel aqugé@Q (@19‘3&) Hpthedsato D66 @ \]Nér@%de’&% the
reaction s@lBﬂtﬁh(mﬂﬂ@ﬁ was@her) agitated dad aftbthéM B33 guThthdD1Ed 40385 9716 %loammpletion of

the Coup"'aar% B-1d RRLPIREHANR I heaui¥, Whas sddediohRissattie @eﬁ@!@ﬂ@acﬂé@fiﬁm oval of
Fmoc2 rote éj was cwﬁe@ﬂg 90 r&;}n at 271‘% t}The rea trtcl)nnrrﬁxt re% enched with
water ? OB ETHe mixture Was heated up 1o 40 & then coole ﬂ%e white solid

formed wﬁrﬁféwmwmﬁréd iRtz Fragreensb(RiBdatmd TRIFIE)6lie wats asdesistnenen
washed, withGlififignlyitndd TBE +Sbtheptanet fted, O midian 2t € fouss hidicT e potphhgure was
ggaéectihto ée%&cﬁ?gaétyﬁgr@g lﬁ%é{-‘{cﬁ%%@%%/%%&%F’E/%Jég&%qg@&@@&ﬁﬁéﬁ&%r@l Iﬁg@%tﬁf@r googn% to

e pro was litered and w ea wi vacuum aried a
35 C- 40 ???fa}losf gm"" "%‘9"? YUY %ﬁﬁ%@?ﬁ%‘g K Sg(‘%’uﬁ]t }fﬁt? f CPA
Solutith Pma@érequiréérécﬁr@mf#ra@ ﬁ%‘é‘ﬁﬁ%‘@hﬁﬁd@%ﬂéﬁl‘%’ﬁh@l P@cse%ﬁﬁlﬁraxm FPE§ment 2
(15.0g, 7.2bdnwdod) { Zoditkm cuokiotakpEptide) mD)eBUV.JAd tgpatddvatith(Z. B2nhiLaof 2°6blution

containingghQBdq %J%%QHQSZ Ar9meh, ithé %%&roh Qﬁ&&mr%st&r anesdissgived igyks0 mL

2-methyl- tetrah drofu T r. tor |s al OOm ubI -walled e ctor with stopcock
at the base s"ilir}r/er ]%%\%% %gr%q}e“tero ‘*’j];i*c ete é%fi E:"gﬁ en er tfgh nitro av%%?an&%t 8ropp|ng fininel,
and thermBstatl herEPRckitferSonRIBR WTE St Bk thuaEnp i bt TembS SIS 8ido 5 C and
kept stirring.  In a separate reactor containing 138 mL DMF and 30 mL MeTHF, Fragment 3' (7.355
mmot total peptide, 1.02 equiv.) is added and heated to 35-40C and stirred until dissolved. The reactor
is a 250 mL double-walled reactor with stopcock at the base, stirrer, PT-100 15 thermometer, nitrogen
blanket, dropping funnel, and thermostat. The resulting solution is cooled down the to an inner

temperature of 0 C to 5 C and kept stirring  The solution is then added to the solution containing
Eracoment 2 in the firet reactar at innar temnearatiire of 0D C 10 5 C and the cernond reactar rineced with 20



-99- the residue is still fluid. The residue is then dissolved, at an inner temperature of 20 C to 40 C and
a maximal jacket temperature of 40 C, in 180 mL Methyl-THE. The solution is then concentrated under

reduced pressure % rox. 120 mbar) and a maximal jacket temperature of 4 ' e residue is
still fluid. Th&%23id g;lj‘ﬁﬁen dissolved, at an inner temperature of 20 C SPt%T%)%(\}g%E gggrﬁaximal jacket

temperature of 40 C, in 180mL Methyl-THE. The s@jgition is then concentrated under reduced pressure
(approx. 120 mbar) and a maximal jacket temperature of 40 C as long as the residue is still well

stirable (oil). The residue is then djssolv inner-temperature of 20 C to 40C. and a maximal
jacket ten?g%%%ﬁ\rxéa%ﬂfg ié,’ i‘ﬁai%?fj mL Me f{i%@ﬂ éﬁf gé%elaé%#léewr? "'[’8 bf% aarf]l%lgn%mpled. The
azeotropitcHIBEIIEh Aah 820 GG (vitrrdo (RReT T A {ede Mo Re el kB febltiRYi Pl Jaidie
corresponds®hshidgtane (750mL) is then added into a crystallizer (a 1000rnL double-walled reactor
with stopcock at the base, stirrer, PT-100 thermometer, jacketed coil condenser, nitrogen blanket,

distillation headygvapging filnngleandethesmeaiat) and the product solution in Me-THE prepared above
(ca. 200mL) added at an internal temperature or 25 3 C over a period of 1 to 2 h. The 15 product
precipiates immediately and the transfer line ripggggyithamax. 10 mL Methyl-THE. The mixture is then
stirred for at least Ih at 25 3 C. The product is then filtered using a suction filter and washed with

n-Heptane (15 mbaad Wﬁ-p{gﬁg@fﬁﬂg@m@ﬁ%@@g%{ﬁ@)mbar) at an external temperature of no
more than 35 C for 12 h. The procedure gives approx. 30 to 32g of slightly off-white product. Yield:

approx. 75% ML {A0MENs 3 0S4 HIeRiRaee 3 CIORATDS1 S 2 ARl tisaauping
reaction scheme as described'l %cﬁl me 2 and the Fra n?jents 2 arg%_%‘ are as, efined therein.
Solid PhalB S HBSEHF EPREARG S B EN 3 b AAL IS pplatve e
Emoc-Pheviightl a6 dey-3 @ mivalhssRSod) wiindomaaash fie resinoss ot e 2 IPntplismssof the
CPA AdtersptivepHragraent 35 hinogddA(28-35)-0-2CT Resin:
Fmoc-Phe-lle-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Aib-2-CT resin Solid phase synthesis of :
Fmoc-AA(28-35}d2erhd @Sin Wasoapian b oive RaghedtepideSynihiesizer of Mo hihe?<CT resin
(15.02 9) il loackagenf30dnTaNARS ehaiacs g hapagign vesaekard. salied iy DOM

(150 mL) for 30 min at i M solvent was d,alneg nd the resin was washed three. times with
DM (90 FHESGER G ASFSY V1 SBO0TS BAbSRAME S0 DA B0, A RSB AEBTSRAER RS of the

resin wereoartiegisobtt oy tteatimipthe kbad TR Withe20og ivd/\2pipeiididssel iR 90mhto€ach
- reatmentNQ PRBSYA MBI PIOIe i g rRups-cAliertheEecotnipenline db rigseatment, the resin
was washed e KRR ULBME GOR mﬁ&%&%%g@g%m PEeRRY e NG ACtAleHh RsLaalytion, the

amino acid an ydroxybenzotriazole hydrate BTE20Q) were weighed, dissolved in DMF in a flask
thon SequEHEHSPEHHRBTRARR P SIGER FIFTEs SEIGRE 15 208 Wb lB N S HORRE SHREPBIER at 0 C o
C. The resolaittsolitiorupling adieidovredetioadvasss ik tharpragarathod HaBINAAR 4itiswd Wik DCM into
reactor, Wwiigh:y¢as faresdiiyed with the resin for 4-16 hours at 25 C. A sample was taken for Kaiser 10
Test or HPLC analysis to confirm reaction completion. After the coupling reaction was complete, the

coup:mg SO|Ut_i0!‘h¥V§?|ﬂ€iEﬁiﬁ}ﬁﬂ:?&‘i’ﬁt%s@ﬁ%&&aﬁwmmm MMPR difimeshil Girsdoraab vgart]sfé) -_(;f the
andi DIEA B DR ey a7 A R E R B & i he
next aminBHeftFHbE Fesb Aol BT To A AIF M S IO EHE H Agenk (Bl ARG SIERE of
Lys(Boc)-tRenl > Whi{Bois) wiktaint ep-/Be > A\Ikie ageem ramenits! vedtdry thiscerihplé are listed in the
following table/pdateral AL AWE(aD hEs B0 (@ FaRME (ML HRHEA(REVERHRTU Sol'n Eq ()
/ DCI\ﬂﬁ(mIﬁEtation, the solution was collected. The resin was then washed with DCM 4x 70 mL, 5

min/each). The combined mixture of all the washes and the cleavage solutions was distilled at

reduced pressure until to a volume of ~100 mL was reached. The resultant solution was mixed

with water (100 mL) and again distilled at reduced pressure. The peptide fragment crashed out

from the water when the DCM was removed, and was filtered off. The solid peptide fragment

30  was washed with water (3x 50 mL) and air dried overnight at ambient temperature. The product
(Alternate Fragment 1) weight was 0.58¢g, 20% yield.



Coupling time (min) Fmoc- Lys(Boc)- OH 5.97/2.351.94/2.3536.84.7/5.025.2/2.3521.4
960 Acetic Anhydride 2.81/5.0 - 82.8 9.4/ 10.0 - - 180 Fmoc- Val-OH 4.31/2.351.97/ 2.35 36.8 4.7

15.025.2/
WO 2009/074483 PCT/EP2008/066585

91-

GPA Solid Phase Svnthesis of GPA, all Couplings on Resin

Fmoc-His(trt)-Aib-Glu(OtBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser(OtBu)-Asp(OtBu)-Val-
Ser(OtBu)-Ser(yMe,Me)-Tyr(tBu)-Leu-Glu(OtBu)-Gly-Gln{trt)-Ala-Ala-Lys(Boc)-Glu(OtBu)-
Phe-Tle-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Aib-OH

3 Solid Phase Synthesis of GPA Fragment 3 on 2CT Resin

Fmoc-Gln(trt)-Ala-Ala-Lys(Boc)-Glu(OtBu)-Phe-Tle-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-
Aib-2-CT

Example 13

Solid phase synthesis of Fmoc-AA(23-35)-0OH was carried out starting with 15.0g of H-
16 Aib-2-CT resin loaded at 0.46 mmole/g. The resin was swelled in DCM (120 mL) for 30 min at
25° C. The DCM solvent was drained and the resin was washed three times with NMP (6 vol.
cach wash).

To prepare the coupling solution, the amino acid and 1-hydroxybenzotriazole hydrate
(HOBT) were weighed, dissolved in NMP (4 vol for Lys-34, Val-33, Lys-26, Ala-25, Ala-24,

15  and Gln-23; 4.2 vol for Leu-32 to Glu-27) then combined with an HBTU solution in NMP (178.4
g/L} and DIEA at -5 °C to 0 °C. The resulting solution was added to resin containing reaction
vessel, the flask rinse with 2.0 volumes of DCM was added to the reactor, which was stirred with
resin at 25 °C-27 °C. Samples were pulled for Kaiser Test and/or HPLC to check the reaction
completion. After the coupling reaction was complete (coupling times vary see table below), the

20 coupling solution was drained and the resin was washed with NMP 4 times (6 vol. each).
(NOTE: For Lys-34 and Val-33 the resin was end-capped with acetic anhydride (5.0 equiv.) and
DIEA (10 equiv.) in NMP (100 mL) for 3 hours after the coupling.) The resin was then treated
twice with 20% piperidine in NMP (6 vol. each treatment) to remove the Fmoc protecting group.
(NOTE: For Glu-27 to Ala-24 the resin was treated twice with 20% piperidine 30% DMSO m

25 NMP (6 vol. each treatment) to remove the Fmoc protecting groups.) After the second 20%
piperidine/NMP (or piperidine/DMSG/NMP) treatment, the resin was washed nine times with
NMP (6 vol. each wash). Then the coupling reaction, 4 NMP washes, deprotection and 9 NMP
washes cycle was repeated for remaining amino acids in the fragment (i.c., in the order of
Lys(Boc) —Val —Leu —Trp(Boc) —Ala —Ile —Phe —Glu(OtBu) —Lys(Boc) —Ala —Ala

30 —Gin(trt).

All reagents used in this example are listed in following table:



2.35 21.4 960 Acetic Anhydride 2.79/5.0 - 82.89.4/10.0 - 180 Frnoc- Leu-OH 3.26/1.71.42/1.7
3.8/4.018.2/1.7 21.4 240 WO 20091074483PCT/EP2008/066585 -10 Fmoc- Trp(Boc)- OH 4.83 /
1.71.42/1.7-3.8/4.0118.2/11.7 2L4 240 Fmoc- Ala-OH 3.05/

WO 2009/074483 PCT/EP2ZO08/066585
-9
Material | wt(g) | HOBT | DIEA | NMP | HBTU | NMP | DCM | Coupling | DeFmoc
/Eq |(g/Eq) |(ml/ |(mL) | (g/Eq) | (mL) |(mL) |time (hr) | Time
Eq) {(min)
Lys(Boc) | 649/ [2.14/ |60/ |594 [523/ (256 |300 160 -
2.0 2.0 5.0 2.0
Acetic 3.56/ |- 12.0/ 1 80.0 |- 20.0 |- 3.0 2x 30
Anhydride | 5.0 10.0
Val 470/ 1213/ |60/ 594 {523/ [256 1300 | 16.0 -
2.0 2.0 5.0 2.0
Acetic 3.587 | - 120/ 80.0 |- 200 |- - |30 2x 30
Anhydride | 5.0 10.0 '
Leu 416/ 1181/ 148/ 163.0 444/ (220 |30.0 |50 2x 30
1.7 1.7 4.0 1.7
Trp(Boc) | 621/ | 1.80/ 4.8/ |63.0 |444/ 220 (300 |5.0 2x% 30
1.7 1.7 4.0 1.7
Ala 3.89/ | 1.81/ |48/ [63.0 444/ (220 (300 |50 2x30
1.7 1.7 4.0 1.7
lle 415/ 1183/ 48/ | 630 444/ 220 300 |50 2x30
1.7 1.7 4.0 1.7
Phe 455/ | 182/ 48/ 630 [444/ 220 300 150 2x30
1.7 1.7 4.0 1.7
Gy(OtBu) | 522/ | 1.81/ |48/ |63.0 444/ 220 |300 |50 2x 30
L7 1.7 4.0 LT
Lys(Boc) 649/ 1213/ [60/ 594 523/ (256 300 {50 2x 0
2.0 2.0 5.0 2.0
Ala 456/ 1213/ |60/ |594 {523/ |256 |300 |l60 2x 60
2.0 2.0 5.0 2.0




1.7142/1.7-3.8/4.018.2/1.721.4124011Fmoc-lle-OH 3.27/1.71.43/1.7-3.8/4.018.2/1.7

21.4 240 Fmoc- Phe-OH 3.57 /1.7 1.43/1.7 3.8/4.018.2/1.7 21.4 240
nthesis the resin was washed with DMF (4 x 100 mL), DCM (7 x 100 mL), and
AABUHES The built resin is vacuum dried (19.35 g) and hEdTEFUERSTE. sEXample
>-AA(28-35)-OH from built resin:

solid phase
isopropanol
20 Cleavage of the GPA intermediate fragment Fmeg

¥

After completion of the

The built resin,

19.0 g, from Example 19 was swelled in DCM (150 mL) for 30 min at 25 C. Then the mixture was

cooled to -5"C:-The DCM was_drained angthe resin was, treated Wity the cojd. solution of 2% TFA/DCM
(2X75 voﬁlf’wice with Sfirfin gffb% 30/ fiih'at °C The 1 / clegéfggjsg(f[ﬁio 1§g{%)ere col%((:%gd inja flask
containing pyridine (1.3quivii@lativedtd the total TEA used). While the vessel was|warming up to 25
C, the resin.was washed with DCM § times {150 -ml).and-drained ipto-areceivingvessel-The/DCM
solutions wehgteombirted] contédtrated) and fiked vith/Awatey.¢15039i0). THelresultant mixture was
again distilled under redyiced prgssure i remove the gemaining DCM (350-50 ton at 25 C). The
fragment precipitated from

Gln(trt) | 720/ {183/ |4.8/ 163.0 [444/ 220 |300 |12.0

recouple | 1.7 1.7 4.0 1.7

10

15

20

25

The built resin from above was washed with NMP 4 times (6 vol. each wash), DCM 7
times (6 vol. each wash), and IPA 3 times (6 vol. each wash) and dried under vacuyum at 35 °C.
Which produced 27.01 g of Fmoc-AA(23-35)-0-2CT resin with a purity of 88.7% AN, a 78.9%
yield based on the weight increase of the resin.

Solid Phase Synthesis of GPA fragment 1+2+3

Fmoc-His(trt)-Aib-Gla(OtBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser{ OtBu)-Asp{ OtBu)-Val-
Ser(OtBu)-Ser(yMe, Me)-Tyr(1Bu)-Leu-Glu(OtBu)-Gly-Gln(trt)-Ala- Ala-Lys(Boc)-Glu(OtBu)-
Phe-lle-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Aib-OH

Example 14

Solid phase synthesis of Fmoc-AA(7-35)-OH was carried out starting with 12.0g of Fmoc-
AA(23-35)-0-2-CT resin. The resin was swelled in DCM (120 mL) for 30 mum at 25 °C. The
DCM solvent was drained and the resin was washed and three time with NMP (4.16 vol. each

wash).

The resin was then treated four times (30 min each) with 20% piperidine 30% DMSO in
NMP (6 vol. each treatment) to remove Fmoc protecting groups. After the 4th 20% piperidine
30% DMSO in NMP treatment, the resin was washed nine times with NMP (4.16 vol. each

wash).

To prepare the coupling solution for Fragment 2:
Fragment 2 (7.83 g, 1.3 equiv.) and 6-Cl-hydroxybenzotriazole (6-CI-HOBT; 0.69 g, 1.3 equiv.)
were weighed out, dissolved in DMSO (4.16 vol) then combined with an HBTU solution in
NMP (10.7 mL of an 174.07 g HBTU/L solution, 1.3 equiv.) and DIEA (1.9 mL) at 15°Cina
flask. The resultant solution was added to resin containing reaction vessel, the flask was rinsed
with DCM ¥11.1 mL) into the reactor, which was stirred at 25 °C. Samples were pulled for
HPLC to check the reaction completion. After 17 hours agitation, analysis showed a 73.8%



15 the water as the DCM was removed. The fragment was filtered, washed with and dried at 30C35 C
under vacuum. A 92.7% vyield of GPA alternative fragment 3 (Fmoc-AA(28-35)-0H) was obtained with
a purity of 95.2% AN. Example 21 Solid Phase Synthesis of the CPA Alternative Fragment 3
Fmoc-AA(28%1H29¢4830 Resin: Fmoc-Phe-lle-Ala-Trp(Boc)-Leu-Val-LyS(BEEF AU T resin WO
2009/074483PCT/EP2008/066585 -102-  Solid ghase synthesis of Fmoc-AA(28-35)-0-2CT resin
was carried out on a Roche Peptide Synthesizer. H-Aib-2-0-CT resin (25.01 g) with loading of 0.59

mmoUg (batch ft BO06010051) was charged to the reacti I SWi in 50 mL) for
30 min at 25CTHe B ER CoRMEH AL AalhEs” ﬁ@?ﬁ%ﬁﬁ%ﬁ%@i@%ﬁ%ﬁ?ﬁ%r&%@ééﬁﬁﬁp (150
mL 5 eachdsedhyd the artrritderssrotdcadns It the M8eTiiother Sarfides SattBiPiedbhG f181Y8SIN twice
with 20% ¢vA/rqaipridinspis NiR€i40antheanciplingatmeiot) toaseiidves thig e Bbeprotpldting groups.
After the S6EARY RIREHFIRGNMRHISANGRL WheHesitw RS aheR g dimes with MMB. (A0 mL each
wash), 107To prepare t'h&f tivated ester solg.tlon het Fmoc amln%)acld an%thQ&T;-bgaD were weighed,
dissolved Vi=gistchl aq%&ﬂ?igf@}lgq%%%c FWith an HERU E6tion (0-48 B )" NMP and
DIEA at OpG&idinering AdSulianPaGARiSHNDAR dtforPloctsd Heabtieht b @i i eenak 02 rinsed with
NMP into ghereaeiecyvbids (asistitPatwithth elxesisiforad 4 6 halmmat RECy ith Sdkip @ Wasodaken for

Kaiser Tegt @ H1RLC analysis to check for reaction 15 completion. After the coupling reaction was
complete, the coupling solution was drained and the resin was washed with NMP 4 times (140 ml..

each wash). If the ¢ i il the resin was washed (4 x 140 mL NMP),
end-capped bytf%%%%%%r\gggéﬁt%aﬁﬁﬁggﬁ '%EZF% G@Ai}or@ k%t e ﬁﬁﬁ d 'bh NhMP 4 times (140
mL edeh WEEH T tHeSsbgremiad 6’?‘31 VRGP HEERBES “L{é,‘@“ ' E’, %\%}uﬁi g ree%iéY?gn, and
washing wasepégistioisr demdinihig ROEaitb doind ihanedzigpsdntithan HRRE spligioprin
Lys(Boc)-xingpl (1§ rpaBo6) anAllad:-0tes FRIE)/AldRagent. ampin s ed im i exaraple aceidisted in

following ;&;Jgffﬂg&%glﬂh%%o% LELIRRT, H20 EUNMRAHADGNE i) BUEAWBY, / Eq) HBTU
)L (I))%J time (min F

Sol'n/E in moc- L oc)- OH .
a M (ql.l mL), which was stirred W){%(E’le r)esin at 25 °C. Samples were pulled for HPLC

15 to check the reaction completion. After 16.5 hours of agitation, analysis showed complete

conversion of the coupling reaction. The coupling solution was drained and the resin was washed
with NMP 4 times (4.166 vol. each wash).

The built resin from above was washed with DCM 7 times (4.16 vol. each wash) to remove

NMP and resin was cooled with the last of DCM to -5 °C. The DCM was drained and the cold

20 solution of 2% TFA/DCM (5 vol. at -5 °C to 0 °C) was added and stirred for 15 min at 0 °C. The
cleavage solution was collected in the flask containing pyridine (1.33 equiv. relative to the total
TFA used). Then another 2% TFA/DCM (35 vol. at -5 °C to 0 °C) was added and stirred for 30
min at 0 °C. The second cleavage solution was collected in the flask containing pyridine. While
vessel warming up to 25 °C, the resin was washed with DCM 7 times (5 vol.) and drained into

25  the cleavage solution receiver. Pyridine (0.37 equiv. to the total TFA used) was added the
cleavage vessel during 2™ DCM wash. The combined DCM solution was concentrated to 10 vol,
washed with water (5 vol), and mixed with another 5 volumes of water. The resultant mixture
was distilled under reduced pressure to remove DCM (350 torr at 28 °C). The fragment
precipitated out from water when the DCM was removed. The fragment was washed with water

30  and dried at 30 °C-35 °C under vacuum. 8.76 g of Fragment 142-+3 were obtained, a 63.3% yield
from H-Aib-O-2CT resin or a 80.2% actual yield from Fmoc-AA(23-35)-0-2CT resin. Analysis
showed a purity of 64.6% AN.



13.86/2.00.24/0.188 6.4/2.564.2/2.0 720 Acetic Anhydride 4.62 /3.0 - 112.512.8/5.0 120

Fmoc- Val-OH 4.31/2.350.26 /0.1 88 6.4/2.564.2/2.0 720 WO 2009/074453PCT/EP2008/066585

-103- Acetic Anhydride 4.60/3.0 - 112.5
WO 2009/074483 PCT/EP2008/066585

-95-
Synthesis of Fragment 1+2+3’ and Global De-Protection

Example 15a

The GPA Fragment 1+2+3 (4.48 g) was dissolved in DMSO (50 mL). Fo this solution, H-
Arg (2ZHCI)-NH, (0.99 g, 4 equiv), HOBt Hydrate (0.61 g, 4 equiv.), HBTU (1.52 g, 4 equiv.),
5 and DIEA (0.87 mL, 5 equiv.) was charged. The reaction was agitated at 25 °C and monitored by
HPLC. Overnight reaction completion check indicated that the coupling was done. Piperidine (1
mL) was charged to the reaction mixture. After stirring overnight the Fmoc removal was done.
The reaction mixture was then charged to a vessel containing water (150 mL) at 15 °C over 5
minutes. The quenched mixture was warmed up to 40 °C for 0.5 hour, then cooled down to 15
10 °C. The solid was filtered, washed with water (3x30 mL), air dried to provide 4.34 g solid, 98%
yield. 4.0 g of this solid was dissolved in DCM (18 mL). To this solution, a solution containing
TFA (40 mL), DTT (2.1 g) and water (2.1 mL) was charged. The resulting mixture was stirred at
15° C for 6 hours before it was cooled to -1 °C. Cold MTBE (160 mL, cooled in dry ice) was
charged to the cleavage solution over 15 min. The quenched reaction mixture was allowed to
15  warm to 15° C. The solid product was filtered, washed with MTBE (3x 30 mL), and air dried
overnight at ambient temperature. Obtained was 3.33 g of GPA crude, 100% yield, (23.08%
wt/wt) with a purity of 44.9% AN.

Synthesis of Fragment 1+2+3° and Global De-Protection

Examnple 15b

20 To a 100mL flask with magnetic stirrer and thermometer under Argon was added 1.40g
Fragment 1 in 30.0 mL THF. 232 mg HOBt and 917.3 mg HBTU were then added. 436.5 pL
DIEA was then added and the reaction was slightly exothermic with the temperature rising about
1 °C. 3.00g Fragment 2+3” in THF was then added. Another 3.00g Fragment 2+3" in THF was
then added. 1.2mL piperidine was then added and the reaction was slightly exothermic with the

25 temperature rising about 1.5 °C, forming a clear yellow solution which was allowed to stir
overnight. The solution was then distilled at 42 °C/200-100 mbar in a 250mL flask. 26.25 mL
DCM was then added and the solution distilled at 42 °C/ 400 — 100mbar. 22.5 mL. DCM was
then removed over 20 min. In a 500-1000 mL double jacketed flask was added 4.313 g DTT
added with 4.313 mL water and 76.9 mL TFA solution. The solution was then cooled to 15°C

30 and the DCM solution was then added dropwise over 10 piin. The reaction was exothermic with
the temperature rising to 17 °C, white smoke developing, and the solution becoming intensely
yellow. 3.75 mL DCM was then added to rinse. The mixture was then aliowed to stir at 15 °C for
6h. Preciptitation occured and the mixture then filtered to give 0.237 g nearly white paste. 360
mL MTBE was then added dropwise over 5 min to the filter cake to form a white suspension,

35  with the temperature rising to 18 °C. The suspension was then allowed to stir for 30 min and then



12.8 /5.0 - 120 Fmoc- Leu-OH 8.85/1.7 0.22 /0.085 96 5.5/2.13 54.6 / 1.7 240 Fmoc- Trp(Boc)- OH
13.22/1.70.21/0.08596 - 5.5/2.13 54.6 11.7 240 Fmoc- Ala-OH 8.28 /1.7 0.21/0.085 96 5.5/
2.1354.6 /1.7 240 Fmoc-lle- OH 8.85/ 1.7 0.19/0.085 96 5.5/2.1354.6/
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WO 2009/074483 PCT/EP2008/066585
-96-
filtered. 225mL MTBE was then added to the paste, again filtered, and dried over 14 h at 42
°C/20mbar to yicld a total of 5.787¢ product as a white powder. HPLC (Analytic): 51.2%

{r/m%), 79.8% (arca%) water:: 2.0%; Ethanol: < 100%, DCM:< 60ppm; MTBE: 3.2%; THF:
<70 ppm; TFA: 8.4%.

GPA Solution Phase Svnthesis of GPA Fragment 2+3°, Fmoc-AA( 11-36)-NH,:

H-Thr(tBu)-Phe-Thr(tBu)-Ser(OtBu)-Asp{OtBu)-Val-Ser(OtBu)-Ser(yMe,Me)-Tyr(tBu)-
Leu-Glu(OtBu)-Gly-GIn(trt)-Ala-Ala-Lys(Boc)-Glu(OtBu)-Phe-lle-Ala-Trp(Boc)-Leu-Val-
Lys(Boc)-Aib-Arg-NH; ' :

Example 16

Solid Phase Synthesis of GPA fragment 2+3:

Fmoc-Thr(tBu)-Phe-Thr(tBu)-Ser(OtBu)-Asp(OtBu)-Val-Ser{(OtBu)-Ser(yMe, Me)-
Tyr(tBu)-Leu-Glu(OtBu)-Gly-Gin{trt)-Ala- Ala-Lys(Boc)-Glu(OtBu)-Phe-Ile-Ala-Trp(Boc)-Leu-
Val-Lys(Boc)-Aib-GH

Solid phase synthesis of Fmoc-AA(7-35)-OH was carried out starting with 12.53 g of
Frmoc-AA(23-35)-0-2-CT resin. The resin was swelled in DCM (100 mL) for 30 min at 25 °C.
The DCM solvent was drained and the resin was washed three times with NMP (4.4 vol. each
wash).

The resin was then treated two times (60 min each) with 20% piperidine 30% DMSO mn
NMP (4.4 vol. each) to remove the Fmoc protecting groups. After the 2nd 20% piperidine 30%
DMSO in NMP treatment, the resin was washed nine times with NMP (4.4 vol. each).

To prepare the coupling solution for Fragment 2: Fragment 2 (8.10 g. 1.3 equiv.) and 6-Cl-
hydroxybenzotriazoie (6-CI-HOBT; 0.74 g, 1.3 equiv.) were weighed out, dissolved in DMSO
(2.66 vol) then combined with diisopropylcarbodiimide (DIC; 0.52 g, 1.3 equiv.)at 15°Cina
flask. The resultant solution was added to the resin containing reaction vessel and the flask was
rinsed with DCM (12.7 mL) into the reactor, which was stirred at 30 °C. Samples were pulled for
HPLC o check for reaction completion. After 25 hours of agitation, analysis showed a 65.6%
conversion for the coupling reaction. A kicker charge of DIC (0.55 g) was added and the stirring
was continued at 30 °C. After another 21 hrs agitation, HPLC analysis of a reaction sample
indicated that the coupling reaction was 86% complete. The coupling solution was drained and
the resin was washed with NMP 4 times (4.166 vol. cach). A re-coupling reaction was then
performed by treating the resin with another solution of Fragment 2 (4.04g, 0.65 equiv.), 6-Cl-
HOBT (0.43 g; 0.65 equiv.) in DMSO (33 mL) and DIC (0.26g. 0.65 equiv.) in DCM (12.7 mL)
at 30 °C for 48 hr. HPLC analysis showed 90.8% conversion.
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was washed nine times with DMF (90 niL each wash). 20To prepare the coupling solution, 2.0 equiv.
amino acid*and 2.0 equiv. EIOBTE20 were weighed, dissolved in DMF in a flask then sequentially
combined with 2.0 equiv. HBTU solution (0.503 mmol/ng in DMF and 4.5 equiv. DIEA at 0 C-5 C. The
resultant solution was added to the reaction ve , lask was rinsed with DCM into the reactor,
which was stirred with resin for 4 hours at 25 C. A sample was taken for Kaiser Test or HPLC analysis
to check the 25Yduta8PEasSBLdsiarbEHd Est@mesirgaition was complete, the coupling solution
was drained and the resin was washed with NMP 4 times (90 mL each wash). Then the removal of the
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Dihydrochloride (0.498 g, 2.0 equiv.) were mixed with DMSO (30 mL) and sturred at 23 °C-25
25 °C for 30 min. To this solution 1-hydroxybenzotriazole hydrate (HOBT, 2.0 equiv.) and HBTU
(2.0 equiv.) in DMSO (15 mL) and DIEA (5.5 equiv.) were charged. The reaction was agitated at
25° C and monitored by HPLC. After 16 hours, 9.1% AN of Fragment 2+3 were still not reacted.
Kicker charges of Argininamide Dihydrochloride (0.136 g), HBTU (0.193g}, and DIEA (0.166
g) were added to the reaction solution, which was then agitated for another 15.3 hour. That led a
30 97.6% completion of the coupling reaction. Then piperidine (7.7 equiv.) was added to the
reaction solution. The removal of Fmoc¢ protection group was comlpete after 90 min at 27 °C.
The reaction mixture was quenched with water (100 mL) at 15 °C-27 °C. The mixture was
heated up to 40 °C then cooled to 25 °C. The white solid formed was filtered and washed with
water (twice, 50 mL cach). The filter cake was air dried, then washed, with stirring, with MTBE/
35 ‘heptane (1:1, 100 mL) at 25° C for 3 hrs. The pot mixture was heated to 40 °C and stirred for 15



All reagent amounts used in this example are listed in following table: Material A.A wt (g / Eq) HOBT
H20 (g / Eq) DMF (mL) DIEA (mL / Eq) HBTU Sol'n (mL / Eq) DCM (nit) Coupling time (min) Fmoc-
3.86/1.27/2.033.53.2/4.516.3/2.017.8 240 Lys(Boc)-OH 2.0 Fmoc-Ala- 2.71/1.27 /2.0
33.5 3.2 / 4.5¥6289P87844% .8 240 OH. H20 PCT/EP2008/066585

98-

minutes. After cooling to 25 °C, the product was filtered and washed with MTBE/heptane (1:1,
2X50 mL), and vacuum dried at 35 °C- 40 °C. A total 0f4.22 g, a 107.2% actual yield was
obtained with a purity of 63.7% AN.

GPA Solg}:jon Phase Synthesis of GPA Fragment 2+3°, Fmoc-AA(11-36)-NH,:

3 Example 18

Fragment 2 (15.0g, 7.21 Immol) (7.21 1mmol total peptide, 1.0 equiv.) is treated with 7.32
ml of a solution containing HOBT (0.1104 g, 0.721 mmol) in 7.23mL DMF in a reactor and
dissolved in 150 mL 2-methyl-tetrahydrofuran (MeTHF) at r.t.. The reactor is a 1000mL double-
walled reactor with stopcock at the base, stirrer, PT-100 thermometer, jacketed coil condenser,
10 nitrogen blanket, dropping funnel, and thermostat. The resulting solution is cooled down the to
an inner temperature of 0 °C to 5 °C and kept stirring.

In a separate reactor containing 138 mL DMF and 30 mL MeTHF, Fragment 3’ (7.355
mmol total peptide, 1.02 equiv.) is added and heated to 35-40 °C and stirred until dissolved. The
reactor is a 250 mL double-walled reactor with stopcock at the base, stirrer, PT-100

15 thermometer, nitrogen blanket, dropping funnel, and thermostat. The resulting solution is cooled
down the to an inner temperature of 0 °C to 5 °C and kept stirring.

The solution is then added to the solution containing Fragment 2 in the first reactor at inner
temperature of 0 °C to 5 °C and the second reactor rinsed with 30 mL DMF. The cold solution is
then treated with 17.45mL of a solution containing HBTU (3.56 g, 9.37 mmol} and 14 mL DMF

20  over 15 min, and then subsequently with DIEA (1.72 mL, 10.09 mmol) in 30 mL DMF over 10
min whereupon the Fmoc-protected intermediate is formed. The resulting solution is stirred at 0
°C to 5 °C for 30 minutes until reaction complete. The Fmoc-protecting group is then cleaved by
adding piperidine (3.06mL, 31.0mmol) and heating up to 35 £ 2 °C and kept stirring for approx
1.5 to 2 h until cleavage is complete.

25 To quench and to carry out the extraction, 375mi. water is added to the tempered solution
in the reactor and stirred for approx 5 to 15 minutes (pH approx. 9.9) at an internal temperature
of 20 °C to 25 °C, then allowed to sit without stirring for at least 60 minutes, and then the phases
separated (org. phase = ca. 100 mL). The lower, aqueous phase is then treated a second time with
90 mL Methyl-THF and the mixture stirred for approx 5 to 15 minutes (pH approx. 9.9) at an

30 internal temperature of 25 £ 2 °C, and then allowed to sit without stirring for at least 60 minutes,
and the two clear phases are then separated (aqueous phase approx. 690g).

The two organic phases are then combined (approx. 180 to 200 mL) and concentrated
under reduced pressure (approx. 120 mbar) and a maximal jacket temperature of 40 °C as long as



2.0 Fmoc-Ala-2.71/1.28/2.033.53.2/4.516.3/2.017.8 240 OH.H20 2.0 Fmoc- 5.08 /
1.29/2.033.53.2/4.516.3/2.0 17.8 240 GIn(trt)-OH 2.0
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the residue is still fluid. The residue is then dissolved, at an inner temperature of 20 °C to 40 °C
and a maximal jacket temperature of 40 °C, in 180 mL Methyl-THF. The solution is then
concentrated under reduced pressure (approx. 120 mbar) and a maximal jacket temperature of 40
°C while the residue is still fluid. The residue is then dissolved, at an inner temperature of 20 °C
to 40 °C and a maximal jacket temperature of 40 °C, in 180mL Methyl-THF. The solution is
then concentrated under reduced pressure (approx. 120 mbar) and a maximal jacket temperature

Ly

of 40 °C as long as the residue is still well stirable (oil). The residue is then dissolved at an inner

temperature of 20 °C to 40 °C and a maximal jacket temperature of 40 °C, in 130 mL Methyl-

THF then cooled down to 25+ 2 °C and sampled. The azeotropic distillation, and dilution with
10 Me-THF (see above) is repeated until the sample corresponds.

n-Heptane (750mL) is then added into a crystallizer (a 1000mL double-walled reactor with
stopcock at the base, stirrer, PT-100 thermometer, jacketed coil condenser, nitrogen blanket,
distilation head, dropping funnel, and thermostat ) and the product solution in Me-THF prepared
above (ca. 200mL) added at an internal temperature or 25 =+ 3 °C over a period of 1 to 2 h. The
15 product precipitates immediately and the transfer line rinsed with max. 10 mL Methyl-THF. The
mixture is then stirred for at least 1h at 25 + 3 °C. The product is then filtered using a suction
filter and washed with n-Heptane (150 ml) and the product dried under vacuum (<20 mbar) at an
external temperature of no more than 35 °C for 12 h. The procedure gives approx. 30 to 32g of
shightly off-white product. Yield: approx. 75 % from fragment 2 or 77% from fragment 3°.

20 Examples 19-29 pertain the coupling reaction scheme as described in Scheme 2 and
the Fragments 1, 2, 3, and 3’ are as defined therein.

Solid Phase Synthesis of GPA Alternative Fragment 3. Fmoc-AA(28-35)-0H

Fmoc-Phe-lle-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Aib-OH

Example 19

25 Solid Phase Synthesis of the GPA Alternative Fragment 3, Fmoc-AA(28-35)-0-2CT
Resin:

Fmoc-Phe-lie-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Aib-2-CT resin

Solid phase synthesis of Fmoc-AA(28-35)-0-2CT resin was carried out on a Roche
Peptide Synthesizer. Fmoc-Aib-2-CT resin (15.02 g) with a loading of (.36 mmol/g was charged
30 to the reaction vessel and swelled in DCM (150 mL) for 30 min at 25 °C. The DCM solvent was
drained and the resin was washed three times with DMF (90 mL each wash).



Fmoc-Gly- 2.44/1.27/2.033.53.2/4.516.3/2.0 17.8 240 OH 2.0 Fmoc- 3.52/1.28 /2.0 33.5
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All Fmoc deprotections of the resin were carried out by treating the resin twice with 20%

(v/v) piperidine in DMF (90 mL each treatment) to remove Fmoc protecting groups. After the

second piperidine/DMF treatment, the resin was washed nine times with DMF (100 ml. each
wash),

To prepare the activated ester solution, the amino acid and !-hydroxybenzotriazole hydrate
(HOBT H»0) were weighed, dissolved in DMF in a flask then sequentially combined with a
stock HBTU solution (0.503 mmoles/mL) in DMF and DIEA at 0 °C-5 °C. The resultant
solution was added to reaction vessel, the preparation flask was ringed with DCM into reactor,
which was then stirred with the resin for 4-16 hours at 25 °C. A sample was taken for Kaiser
Test or HPLC analysis to confirm reaction completion. After the coupling reaction was
complete, the coupling solation was drained and the resin was washed with NMP 4 times (100
mL each wash). If the coupling was incomplete after 16 hours the resin was end-capped by
reaction with acetic anhydride and DIEA in DMF and DCM for 3 hours. The sequence of
removing the Fmoc group and coupling the next amino acid was repeated for remaining amino
acids in the fragment (i.e., in the order of Lys(Boc) —Val —Leu —Trp(Boc) —Ala —lle —Phe.

All reagent amounts used in this example are listed in the following table:

Material | ALA wt HOBT H,0 | DMF | DIEA | HBTU DCM | Couphing

(g)/ Eq (g)/ Eq (mL) | (mL)/ Sol’'n(mL)/ | (mL) | time

Eq Eq | (min)
Fmoc- 597/235(194/235 1368 [47/50 [252/235 214 |960
Lys(Boc)-
OH
Acetic 2.81/50 - 828 194/100 - - 180
Anhyvdride
Fmoc- 431/235|1.97/235 368 [47/50 [252/235 1214 960
Val-OH ;
Acetic 2.79/5.0 |- 828 194/100 |- - 180
Anhydride
Fmoc- 326/1.7 | 142/17 - 38/40 | 182/17 214 | 240
Leu-OH
%




Fmoc-Leu-2.91/1.28/2.033.53.2/4516.3/2.017.82400H2.0  Fmoc- 3.78/1.28 /2.0 33.5
3.2/4.516.3/2.0 17.8 240 Tyr(tBu)-OH 2.0
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Frnoc- 483/1.7 11.42/1.7 - 38740 118.2/1.7 214 240
Trp(Boc)-
OH
Fmoc- 3.05/1.7 | 142/1.7 - 38740 |18.2/1.7 21.4 246
Ala-OH
Fmoc-ile- {3.27/1.7 | 1.43/1.7 - 38/40 |182/1.7 214 | 240
OH
Fmoc- 357717 | 1.43/1.7 - 3R/40 |182/1.7 214 | 240
Phe-OH

After completion of the solid phase synthesis the resin was washed with DMF (4 x 100
ml.), DCM (7 x 100 mL.), and isopropanol (3 x 100 mL). The built resin is vacuum dried (19.35
g) and held for cleavage.

5 Example 20

Cleavage of the GPA intermediate fragment Fmoc-AA(28-35)-OH from built resin:

The built resin, 19.0 g. from Example 19 was swelled in DCM (150 mL) for 30 min at 25
°C. Then the mixture was cooled to -5 °C. The DCM was drained and the resin was treated with
the cold solution of 2% TFA/DCM (2 X 7.5 vol} twice with stiring for 30 min at 0 °C. The

10 cleavage solutions were collected in a flask contaming pyridine (1.3 equiv. relative to the total

TFA used). While the vessel was warming up to 25 °C, the resin was washed with DCM 6 times
{150 mL) and drained into a receiving vessel. The DCM solutions were combined, concentrated,
and mixed with water (150 mL). The resultant mixture was again distilled under reduced
pressure to remove the remaining DCM (350-50 torr at 25 °C). The fragment precipitated from

" 15 the water as the DCM was removed. The fragment was filtered, washed with and dried at 30 °C-
35 °C under vacuum. A 92.7% yield of GPA alternative fragment 3 (Fmoc-AA(28-35)-0H) was
obtained with a purity of 95.2% AN.

Example 21

Solid Phase Synthesis of the GPA Alternative Fragment 3 Fmoc-AA(28-35)-0-2CT
20 Resin:

Fmoc-Phe-lle-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Aib-O-2CT resin



Fmoc-4.19/1.28 /2.0 33.53.2/4.516.3 /2.0 17.8 240 Ser(tBu)- 2.0 Ser(yMe,Me) -OH
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Solid phase synthesis of Fmoc-AA(28-35)-0-2CT resin was carried out on a Roche
Peptide Synthesizer, H-Aib-2-O-CT resin (25.01 g} with loading 0 0.59 mmol/g (batch #
BOG6010051) was charged to the reaction vessel and swelled in DCM (250 mL) for 30 min at 25
°C. The DCM solvent was drained and the resin was washed three times with NMP (150 mL
each wash).

All Fmoc deprotections of the resin were carried out by treating the resin twice with 20%
(v/v) piperidine in NMP (140 mL each treatment) to remove the Fmoc protecting groups. After
the second piperidine/NMP treatment, the resin was washed nine times with NMP (140 mL each
wash).

To prepare the activated ester solution, the Fmoc amino acid and HOBT H,0 were
weighed, dissolved in NMP then sequentially combined with an HBTU solution (0.46
mmole/mL) in NMP and DIEA at 0 °C-5 °C. The resultant solution was added to the reaction
vessel, the flask was rinsed with NMP into the reactor, which was stirred with the resin for 4-16
hours at 25 °C. A sample was taken for Kaiser Test or HPLC analysis to check for reaction
completion. After the coupling reaction was complete, the coupling solution was drained and the
resin was washed with NMP 4 times (140 mL each wash). If the coupling was still incomplete at
16 h the resin was washed (4 x 140 mL NMP), end-capped by reaction with acetic anhydride and
DIEA for 2 h, then washed with NMP 4 times (140 mL each wash). Then the sequence of
removal of the Fmoc group, washing, coupling reaction, and washing was repeated for remaining
amino acids in the fragment (i.e., in the order of Lys(Boc) —Val —Leu —Trp(Boc) —Ala —lle
—Phe).

All reagent amounts used in this example are listed in following table:

Material AAwt(g | HOBT H,O | NMP | DCM | DIEA HBTU Coupling

/Eq) (g/Eq) (mL) | (mL) |(mL/Eqg) | Sol'n{(mL | time

/ Eq) (min)

Frmoc- 13.86/2.0 1 0.24/0.1 88 - 64/25 1642/20 |720
Lys(Boc)-
OH
Acetic 462/3.0 |- - 112.5 | 12.8/5.6 | - 120
Anhydrnide
Fmoc- 431/23510.26/0.1 88 - 64/25 |1642/20 1720
Val-OH




33.53.2/4516.3/2.017.8240 2.0 WO 2009/074483PCT/EP2008/066585 -106- Fmoc-
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Acetic 460/3.0 | - - 112.5 1 12.8/50 - 120
Anhydride

Fmoc- 8.85/1.7 1022/0.085 96 - 557213 | 546/17 | 240
Leu-OH

Fmoc- 13.22/17 /1 0.21/0.085 | 96 - 155/213 |546/1.7 240
Trp(Boc)-

OH

Fmoc- 8.28/1.7 |021/0.085 | 96 - 557213 154.6/1.7 | 240
Ala-OH

Fmoc-Ile- | 8.85/1.7 |0.19/0.085 | %6 - 557213 | 54.6/1.7 | 240
OH

Fmoc- 9.73/17 10.21/0.085 | 96 - 557213 | 54.6/1.7 240
Phe-OH

After completion of the solid phase synthesis the resin was washed with NMP (4 X 150
mL) and DCM (7 X 150 mL).

Cleavage of the GPA alternative fragment 3 (Fmoc-AA(28-35)-OH) from the built
5 resim:

The built resin from Example 21 was cooled in DCM (150 mL) over 30 min to -5 °C. Then

the DCM was drained and the resin was treated twice with a cold solution of 2% TFA/DCM (2 x
250 ml) with stirring for 30 min at 0 °C. The cleavage solutions were collected in a flask |
containing pyridine (1.3 equiv. relative to the total TFA). While the vessel was warming up to

10 25°C, the resin was washed with DCM 6 times (150 mL each wash) and the washes combined
with the cleavage solution. The combined DCM solution was concentrated under vacuum, and
mixed with water (150 mL). The resultant mixture was distilled under reduced pressure to
remove DCM (350-50 torr at 25 °C). The fragment precipitated out from the water as the DCM
was removed. The fragment was filtered, washed with and dried at 30 °C-35 °C under vacuum.

15 A 96.9% yicld of GPA alternative fragment 3 (Fmoc-AA(28-35)-OH) was obtained with a purity
0f96.1% AN.



240 Fmoc-3.26/1.29/2.033.53.2/4.516.3/2.017.8 240 Thr(tBu)-OH 2.0 Fmoc-Phe- 3.21/
1.29/2.033.53.2/4.516.3/2.017.8 240 OH 2.0
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Solid Phase Svnthesis of the GPA Alternative Fragment 1+2, Fmoc-AA(7-27)-OH

Fmoc-His(trt)-Aib-Glu(OtBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser(tBu)-Asp(OtBu)-Val-
Ser(tBu)-Ser(yMe,Me pro)-Tyr(tBu)-Leu-Glu(OtBu)-Gly-Gln(trt)-Ala-Ala-Lys(Boc)-
Glu{GtBu)-OH

) Example 22

Solid Phase Synthesis of the GPA Alternative Fragment 1--2, Fmoc-AA(7-27)-0-2CT
Resin:

Fmoc-His(trt)-Aib-Glu(OtBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser(tBu)-Asp( OtBu)-Val-
Ser(tBu)-Ser(yMe,Me pro)-Tyr(tBu)-Leu-Ghu(OtBu)-Gly-Gln(trt)-Ala- Ala-Lys(Boc)-
10 Gu(OtBu)-O-2CT resin

Solid phase synthesis of Fmoc-AA(7-27)-0-2CT resin was carried out on a Roche Peptide
Synthesizer. Fmoc-Gu(OtBu)-0-2CT resin (10.04g) with loading factor of 0.41 mmol/g (393-
150) was charged to a reaction vessel and swelled with DCM (150 mL) for 30 min at 25 °C. The
DCM solvent was drained and the resin was washed three times with DMF (90 mL each wash).

15 Then the swelled and washed Fmoc-Glu(OtBu)-O-2CT resin was deprotected with
piperidine in DMF. All Fmoc deprotections of the resin were carried out by treating the resin
twice with 20% piperidine in DMF (80 mL) for 30 min to remove the Fmoc protecting groups.
After the second piperidine/DMF treatment (30 min), the resin was washed nine times with DMF
(90 mL. each wash).

20 To prepare the coupling solution, 2.0 equiv. amino acid and 2.0 equiv. HOBTH,0 were
weighed, dissolved in DMF in a flask then sequentially combined with 2.0 equiv. HBTU solution
(0.503 mmol/mL) in DMF and 4.5 equiv. DIEA at 0 °C-5 °C. The resultant solution was added
to the reaction vessel, the flask was rinsed with DCM into the reactor, which was stirred with
resin for 4 hours at 25 °C. A sample was taken for Kaiser Test or HPLC analysis to check the

25  reaction completion. After the coupling reaction was complete, the coupling solution was
drained and the resin was washed with NMP 4 times (90 mL each wash). Then the removal of
the Fmoc group and coupling reaction cycle was repeated for the remaining amino acids in the
fragment (i.e., in the order of Lys(Boc) —Ala —Ala —GIn(trt) —Gly —Glu(OtBu) —Leu
—Tyr(tBu) — Ser(tBu) -Ser(yMe,Me) —Val — Asp(OtBu) —8er(tBu) —Thr(tBu) —Phe —

30 Thr(tBu) —Frag.1. )

For the final coupling 1.6 equiv. of GPA Fragment 1 (Fmoc-AA(7-10)-OH, Fmoc-His(trt)-
Aib-Glu(OtBu)-Gly-OH), 1.5 equiv. HOBT H;0, 1.5 equiv. HBTU, and 3.38 equiv. DIEA were
used. This reaction mixture was stirred for 16 hours to reach completion.



Fmoc- 3.27/1.28/2.033.53.2/4.516.3/2.0 17.8 240 Thr(tBu)-OH 2.0 Frag.16.23/0.96/1.5
23.92.4/3.3812.2/1.5
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All reagent amounts used in this example are listed in following table:

Material A.Awt | HOBT H,O { DMF ' DIEA HBTU DCM | Coupling
(g/Eq) | (g/Eq) (mL) | {mL/ Sol'n(mL | (mL) | time
Eq) / Eq) (min)
Fmoc- 3.86/ 1.27/2.0 33.5 132/45 [163/2.0 |17.8 | 240

Lys(Boc)-OH | 2.0

Fmoc-Ala- 271/ 1.27/2.0 335 (32/45 | 163/20 178 | 240
OH. H20 2.0

Fmoc-Ala- 2,71/ 1.28/2.0 335 |3.2/45 [163/20 |178 240
OH.H20 2.0

Frmoc- 508/ 1129/20 1335 |32/45 |163/20 [17.8 1240
Gin(trt)-OH | 2.0

Fmoc-Gly- 244/ 1.27/2.0 33.5 13.2/45 |163/20 |17.8 {240

OH 2.0

Fmoc- 3.52/ 1.28/2.0 335 0 32/45 163/20 178 240
Ghu(OtBu)- 2.0

OH

Fmoc-Leu- 291/ 1.28/72.0 335 13.2/45 [163/20 178 | 240
OH 2.0

Fmoc- 3.78/ 1.28/2.0 335 ;3.2/45 (163720 | 178 | 240
Tyr(tBu)-OH | 2.0

Froc- 4.19/ 1.28/2.0 335 |32/45 |163/20 (178 240
Ser(tBu)- 2.0

Ser{yMe,Me¢)

-OH

Fmoc-Val-OH | 2.82/ 1.28/2.0 335 [ 32/45 |163/20 |17.8 240
2.0
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Fmoc- 3.38/ 1.28/2.0 335 132/45 1163/206 [ 17.8 240

Asp(OtBu)- 2.0

OH

Fmoc- 3.16/ 128/2.0 335 (132/45 |163/20 | 178 | 240

Ser(tBu}-OH | 2.0

Fmoc- 326/ 1129/20 335 |32/45 163/20 |17.8 1240
The(tBu)-OH | 2.0

Fmoc-Phe- 3.217 1.29/2.0 335 132/45 [163/20 [178 240
OH 2.0

Frmoc- 327/ 128720  [335 132/45 |163/20 |178 | 240
Thr(tBu)-OH | 2.0

Frag. 1 623/ | 096/15 1239 124/338 122/1.5 |134 |960
(Pmoc- 1.6

His(trt)-Aib-

Glu(OtBu)-

Gly-OH)

After completion of the solid phase synthesis the resin was washed with DMF (6 X 90
mL), DCM (7 X 90 mL), and isopropanol (3 X 90 mL). Then the built resin was vacuum dried
and held for cleavage.

Example 23

Cleavage of the GPA intermediate fragment 1+2 Fmoc-AA(7-27)-OH from built
resin:

The built resin, (18.24 g), from Example 22 was swelled in DCM (200 mL) for 30 min at
25 °C. Then the mixture was cooled to -5 °C. The DCM was drained and the resin was treated
with a cold solution of 1% TFA/DCM (3x 100 mL) three times by stirring for 30 min at 0 °C.
The cleavage solution was collected in a flask containing pyridine (1.4 equiv. relative to the total
TFA). While the vessel was warming up to 25 °C, the resin was washed with DCM 3 times (100
ml.). All DCM solutions were combined, concentrated, and mixed with water (100 mL). The
resultant mixture was distilled under reduced pressurc to remove DCM (350-50 torr at 25 °C).
The fragment precipitated out from the water as the DCM was removed. The fragment was



After completion of the solid phase synthesis the resin was washed with DMF (6 X 90 mL), DCM (7 X
90 mL), and isopropanol (3 X 90 mL). Then the built resin was vacuum dried and held for cleavage.
5Example 23 Cleavz?e of the CPA intermediate fragment 1+2 Fmoc-AA(;é@-%E%&g%uilt resin:
The built resm,o(i@?éo 4éf‘?from Example 22 was swelled in DCM (200 mL) tor B at 75 C. Then the
mixture was cooled to -5 C. The DCM was draineg;gnd the resin was treated 10 with a cold solution of

1% TFA/DCM (3x 100 mL) three times by stirring for 30 min at O C. The cleavage solution was

collected in a flask containi ridine, (1. Iy, _ré/l ive to the total TEA) While th sel was
warming u%t?(r)e 5% ?%%evfyietlgi%%é‘sm\}va% %diagv?& SC? @?ﬁ rrﬁ%é ‘(]_aL(C}BernlL% 6,216 Oaﬁﬁqéo %ggr%s were

combinedSRBdTEtEReANE T KEW (wirh (Tatd- B YL o Piafefakith i b 83vae aitilled under

reduced pressure to remove DCM (350-50 ton at 25 C). 15 The fragment precipitated out from the
water as the DCM was removed. The fragmentizarmg/2dt2009/074483PCT/EP2008/066585 -107-
filtered, washed with water and dried at 30 C-35 C under vacuum. A 67.6% yield of GPA alternative
fragment 1+2 (BolidcEA#7S2FILOHY ofdbobRMm adievithtiy o lragmdid s 886 PnpeEXAMp& 22-2CT Solid
PhasesSypthgsis of the CPA Alternative fragment 1+2, Fmoc-AA(7-27)-0-2CT 5 Resin:
Fmoc-His(trt)-Aib-Glu(OtBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser(tBu)-Asp(OtBu)-ValSer(tBu)Ser(irMe,Me
pro)-Tyr(1Bu) L ey IR XIBlIS OB Al Al o B9 iU Poir (52 TsSeligphese synthesis of
moc- -21)-Q;, resip wa ted an the Ogo
Fmoc-e.%gﬁa%é@%%%a R P s B S e S SN
DCM (20 G¥or 30 min at 25 C. The DCM solvent was drained and the resin was washed three
times with DMF (120 mL each wash). Then the swelled and washed Fmoc-Glu(OtBu)-0-2CT resin was

deprotected witopthidirehei P Binereprdtéction3-sE fetrinvers reaericd euReghedsiigcthe resin
twice with Skm2edeipaticdireli DB @a0PmbeedbiitBaireeal Taeda with leademduvedhet Bridc
It?fotectiQ%r%ﬁ&%@a%%ﬁ%éh%ﬁsgﬂ@ﬁjgé%%&é@é&%?ﬂwt ?ﬁfmﬁl_ﬂs @Pm%%%%nmw&@e&i (ning oA
imes wi each wash).. To prepare.the coupling.solufi uiv, amino acid (or
Fragmentsi’)lva?ﬂbvfﬁgﬂﬁf%%ﬁﬁ@ﬂé%@@v%ﬁ%@ﬁ?ﬁggﬁ\}%@i mﬁ%ﬁ‘ﬁ%‘a‘?&e‘ﬁ i‘;é?ﬁy combined
with 2.0 equiv. 20 HBTU solution (0.503 mrnoles1(mlgg in. DMFE and 4.5 equiv. of DIEA at 0C-5 C. The
resultant solutidnWdbeatdact st aesBrivaRas B éd ﬁﬁ%&d"@\ﬁﬁ?ﬁ@ﬁﬁt d'the reactor, which
was stirreghipatiiteind3ivifoAl drpuescatios C rivisamplewasiakehy foraiasicTesn oviaPrthanalysis to
check the 7gactipe-rRRRIEHNE Aftorilecauplingsanaionovas eoreplete thesoupiogalgtion was
drained and g R0 s uaRneA A NN HIGR (L B0 M) PaRb s e D ThEMife digeprotection

of the Fmg‘g?ug)gu ) and coupli action cycle was repeated for remaining amino acids in the fragment
(i.e., in the™ Ql‘\}é? VOB SR AG 1n(trt) ->Gly —->G1u(OtBu) Leu ->Tyr(tBu)
->Ser((t‘Bu)Ser w_Me,Me)->Asp(OtBu) --?Ser(('gBu) ->Thr(tBu) -,Phe ->Thr(tBu) -.->F'ra ,I.% Only
1.5 equiv. of FragMEALTe (rnseenkng 7o161o01s e BT 1980 rEd (9T SHd F senguid) 36%’ IEA were
used for thedinalERHRG. Fiswembtidndmirived wad\étitten fonidrdlrsombinedgeitit 2fhounts used in
this exgmpigaresisiad-noeiowing aRIE.) in DMF and 4.5 equiv. of DIEA at 0 °C-5 °C. The resultant

solution was added to reaction vessel, flask was then rinsed with DCM into the reactor, which

was stirred with the resin for 4 hours at 25 °C. A sample was taken for Kaiser Test or HPLC

analysis to check the reaction completion. After the coupling reaction was complete, the

coupling solution was drained and the resin was washed with NMP 4 times (180 mL each wash).

25  Then the de-protection of the Fmoc group and coupling reaction cycle was repeated for

remaining amino acids in the fragment (i.c., in the order of Lys(Boc) —Ala —Ala —Gin(trt)

—+Gly —Glu(OtBu) Leu —Tyr(tBu) —Ser((iBu)Ser(yMe,Me) —Val — Asp(OtBu) —Ser(tBu)

—Thr(tBu) -—Phe —»Thr(tBu) —Frag.1. )

Only 1.5 equiv. of Fragment 1 (Fmoc-AA(7-10)-0OH), HOBTH,0, HBTU, and 3.38 cquiv.
30 of DIEA were used for the final coupling. This reaction mixture was stirred for 16 hours.

All reagent amounts used in this example are listed in following table:



WO 2009/074483PCT/EP2008/066585 -108- Material A.A wt (g / Eq) HOBT H20 (g / Eq) DMF (mL)
DIEA (mL / Eq) HBTII Sol'n (mL / Eq) DCM (mL) Coupling time (min) Fmoc- 9.38 /3.07 /2.0 60.0 7.8 /

4.536.9/2.032.8 240 Lsgs(BOC)- 2.0 OH
WO 2009/0744 PUCT/EPZO0B/066585
-108-
Material AAwt  HOBT H,O | DMF | DIEA HBTU DCM : Coupling
(g/Eq) |(g/Eq) (mL) | (mL/Eq) | Sol'n(mL |(mlL) |time
/ Eq) {min)
Fmoc- 9.38/ 3.07/2.0 600 |78/45 [|369/20 328 |240
Lys(Boc)- 2.0
OH

Fmoc-Ala- | 6.60/ 3.09/72.0 600 |78/45 [369/20 328 240
OH 2.0

Fmoc-Ala- | 6.63/ 3.07/2.0 60.0 | 78/45 365/2.0 328 | 240
OH 2.0

Fmoc- 1222/ 13.07/20 1600 |78/45 1369/20 |32.8 | 240
Gin(trt)-OH | 2.0

Pmoc-Gly- | 5.97/ 13.05/2.0 |60.0 |78/45 |369/20 328 |240

OH 2.0

Fmoc- 853/ 1305/20 600 |78/45 |369/20 |328 |240
Glu(OtBu)- | 2.0

OH

Fmoe-Leu- | 7.06/ 306720 600 178/45 1369/20 328 |240

OH 2.0

Fmoc- 922/ 3.06/2.0 60.0 |7.8/45 1369/2.0 |32.8 |240 7
Tyr(tBu)- | 2.0 |
OH

Fmoc- 10.21/ 3.07/2.0 60.0 | 7.8/45 |369/20 328 @ 240
Ser{tBu) 2.0

Ser(yMe,M

e)-OH

Fmoc-Val- | 6.79/ 3.08/2.0 600 [ 7.8/45 1369/20 ([328 240
OH 2.0




Fmoc-Ala- 6.60/3.09/2.060.0 7.8/4.536.9/2.0 32.8 240 OH 2.0 Fmoc-Ala- 6.63/3.07 /2.0

60.07.8/4.5
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Fmoc- 8.23/ 307/2.0 600 [7.8/45 |365/2.0 328 240
Asp(OtBu)- | 2.0
OH
Fmoc- 7.69/ 3.06/2.0 600 |78/45 |369/20 1328 240
Ser(tBu)- 2.0
OH
Fmoc- 797/ 3.06/2.0 60.0 |7.8/45 1369/20 (328 240
Thr(tBu)- 2.0
OH

10

Fmoc-Phe- | 7.76/ 3.06/2.0 60.0 78/45 1369/2.0 |328 |240
OH 2.0

Fmoc- 797/ 1306/20 600 |78/45 369/20 328 |240
Thr(tBu)- | 2.0
OH

Frag, 1 1421/ 1230/15 450 59/40 1276/1.7 |253 |960
(Fmoc- 1.5
His(trt)-
Aib-
Ghlu(OtBu)-

Gly-OH) |

After complction of the solid phase synthesis the resin was washed with DMF (4 x 120
mL) and DCM (8 x 120 mL). The mixture was cooled to -5 °C during the last DCM wash in
preparation for cleavage.

Cleavage of the GPA intermediate fragment Fmoc-AA(7-27)-OH from built resin:

After the reactor temperature of the built resin in DCM from above reached -5 °C, the
DCM was drained and the resin was treated with a cold solution of 1% TFA/DCM (3 X 200 mL)
threc times with stirring for 30 min at 0 °C. The cleavage solution was collected in a flask
containing pyridine (1.4 equiv. based on the total TFA used). Whilc the vessel was warming to
25 °C, the resin was washed with DCM 5 times (200 mL cach). All DCM solutions were
combined, concentrated, and mixed with water (200 mL) and isopropanol (80 mL). The resultant
mixture was distilled under reduced pressure to remove DCM (350-50 torr at 25 °C). The



36.9/2.032.8 2240 OH 2.0 Fmoc- 12.22/3.07 /2.0 60.0 7.8 / 4.5 36.9 / 2.0 32.8 240 Gin(trt)-OH
2.0 Fmoc-Gly-, 5.97 .

WO 2009/074483 PCT/EP2608/066585
~110-
fragment precipitated out as the DCM was removed. The fragment was filtered, washed with and

dried at 30 °C-35 °C under vacuum. A 77.7% vield of GPA alternative fragment 1+2 (Fmoc-
AA(7-27)-OH) was obtained with a purity of 86.4% AN.

The Solution Phase Svnthesis of the GPA Aiternative Fragment 3, H-AA(28-36)-
3 NHZ: 7

H-Phe-lle-Ala-Trp{Boc}-Leu-Val-Lys(Boc)-Aib-Arg-NH;

Example 25

The alternative fragment 3 (Frnoc-AA(28-35)-OH, 6.11 g, 4.42 mmoles Example 20 and

argininamide dihydrochloride (H-Arg (2HCI}-NH2, 2.18 g, 8.84 mmoles, 2 equiv.) were

10 dissolved in DMF (42 mL). To this solution, a solution of HOBtH:O (0.67 g, 1 equiv) and
HBTU (3.38 g, 2 equiv) in DMF (42 mL), and DIEA (3.44 mL, 4 equiv) were sequentially
charged along with 15 mL of DMF. The reaction mixture was agitated at 25 °C and monitored
by HPLC. The reaction was complete after stirring for 21 hours. Then piperidine (2.20 g, 6
equiv) was added to the reaction mixture. The Fmoc removal was incomplete after stirring at 35°

15 C for one hour. The additional piperidine (2.33 g, 6.2 equiv) was added and stirring continued
another 1.75 hours. The reaction mixture was quenched with water (240 mL) to form a white
solid. Pyridine hydrochloride (8.33 g, 16.3 equiv) was charged to the precipitated reaction
mixture to neutralize the piperidine. The white solid was filtered, washed with water (400 mL)
and partially dried overnight. The wet filter cake was re-shurried with 100 mL MTBE/n-heptane

20 (1:1 = vol: vol), filtered, washed with MTBE/n-heptane (1:1 = vol; vol, 2 X 25 ml), and vacuum
dried to give GPA alternative Fragment 3° H-AA(28-36)-NH2 (6.22 g, yield 106.9%). HPLC
analysis showed a purity of 87% AN.

Example 26

_ The alternative fragment 3 (Fmoc-AA(28-35)-OH, 6.12 g, 4.42 mmoles Example 21 and

25  argininamide dibydrochloride (H-Arg (2ZHCI)-NH2, 2.19 g, 8.84 mmoles, 2 equiv.) were
dissolved in DMF (42 mL). To this solution, a solution of HOBtH,0 (0.67 g, 1 equiv) and
HBTU (3.38 g, 2 equiv) in DMF (42 mL), and DIEA (3.44 mL, 4 equiv) were sequentially
charged along with 15 mL of DMF, The reaction was agitated at 25 °C and monitored by HPLC.
The reaction was done overnight (16.3 hours). Then piperidine (4.52 g, 12 equiv) was added to

30 the reaction mixture. The Fmoc removal was completed after stirring at 25 °C for 35 min. The
reaction mixture was quenched with water (200 mL.). DCM (180 ml.) was charged to extract the
precipitated product. The bottom DCM layer was washed with water twice (2X100 mL) and
concentrated to a volume of 50 mL. This concentrated DCM solution was fed portion-wise to
heptane 150 mL to precipitate the product. The DCM was distilled under vacuum. MTBE 120
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ml was charged to the precipitation mixture. The white solid formed was filtered, washed with
MTBE/m-heptane (1:1 = vol: vol; 2x 50 mL), and vacuum dried to give the GPA alternative
Fragment 3° H-AA(28-36)-NH2 (6.54 g, weight vield 112.4%). HPLC analysis showed a purity
0f92.1% AN,

5 The Solution Phase Synthesis of GPA Crude:

Example 27

The GPA Fragment 1+2 (Fmoc-AA(7-27)-0H) (0.383 g) from Example 23 and Fragment
3’ (H-AA(28-36)-NH2) (0.203 g) from Example 24 was dissolved in a solution of DMSO (2
ml.) and NMP (4 mL) and stirred for 1 hour. To this solution, HOBt hydrate (0.040 g) and
10 HBTU (0.092 g) were charged. Then, DIEA (0.080 mL) was charged to the reaction mixture.
The reaction was agitated at ambient temperature and monitored by HPLC. After stirring for 68

h reaction completion check indicated that the reaction was done. Piperidine (0.1 mL) was
charged to the reaction mixture. After 16 h of stirring, the Fmoc removal was done. The reaction
mixture then was quenched by charging into water (40 mL). After 30 min stirring, the solid was

15 isolated by filtering, washing with water (20 mlL) and drying overnight. The isolated solid then
was charged to a solution containing TFA (4 mL), DCM (1.5 mL), dithiothreitol (DTT), (0.2 g)
and water (0.2 mL) at ambient temperature. After 6 hours of agitation, the reaction mixture was
quenched by charging cold (-20 °C) MTBE (40 mL). The quenched reaction mixture was stirred
for 30 min. The solid product was filtered, washed with MTBE (2 x 10 mL), and dried overnight

20  at ambient temperature. A 0.42 g of GPA crude (28.2% wt/wt) was obtained with a purity of
49.5% AN (D-Glu-27 isomer, 7.9%).

Example 28

The GPA Fragment 1+2 (Fmoc-AA(7-27)-OH) (0.382 g) from batch Example 23 and
Fragment 3’ (H-AA(28-36)-NH2) (0.202 g} from Example 25 was dissolved in the solution of
25  DMSO (2 mL) and NMP (4 mL) and stirred for 0.5 hour. To this solution, HOBt hydrate {0.041
g) and DEPBT (0.085 g) were charged. Then, DIEA {0.08¢ mL) was charged to the reaction
mixture. The reaction was stirred at ambient temperature and monitored by HPLC. Overnight

reaction completion check indicated that the reaction was complete. Piperidine (0.1 mL) was
charged to the reaction mixture. Afier 68 hours of stirring, the Fmoc removal was done. The

30 reaction mixture then was quenched by charging into water (40 mL). After 15 min stirring, the
solid was isolated by filtering, washing with water (20 mL) and drying overnight. The isolated
solid then was charged to a solution containing TFA (4 mL), DCM (1.5 mL), DTT (0.2 g) and
water (0.2 mL) at ambient temperature. After 6 hours agitation, the reaction mixture was
quenched by charging cold (-20 °C) MTBE (40 mL). The quenched reaction mixture was stirred

35 for 30 min. The solid product was filtered, washed with MTBE (2 x 10 mL), and dried overnight
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at ambient temperature., A weight 0f 0.43 g of GPA crude (31.4% wt/wt) was obtained with a
purity of 51.3% AN (D-Glu-27 epimer, 4.5%).

Example 29

Step A. Coupling reaction of Fragment 1+2 with Fragment 3’ in THF with HOBt, HBTU
and DIEA:

Into a 100mL 4-necked flask with 37.5mL THF at 22 °C -27 °C internal temperature
Fragment 1+2 (6.20 g, 2.32 mmol) was added in three portions within 10 min. Into a 20ml.
round bottomed flask HOBt hydrate (309 mg, 1.98 mmol) and HBTU (1223 mg, 3.16 mmol)
were added. 10.0 mL THF was added and the reaction mixture was stirred at 22 °C -27 °C
internal temperature for 10 min. This coupling reagent suspension was added to the peptide
solution, the flask was rinsed with 3.0 mL THF, and the reaction mixture was stirred for 10 min.
DIEA (0.582 mL, 3.31 mmol) was then added and stirred for 10 min. Within 1h, Fragment 3’
(6.10g, 2.72 mmol) was added in 3 portions. The fragment lefiovers were rinsed with 10.0mL
THF. The reaction mixture was stirred intensively at 25 °C -27 °C internal temperature for 24h.

Step B. FMOC-eroun removal with piperidine:

Piperidine (1.60mL, 16.0 mmol) was then added and the reaction mixture was stirred
intensively for 6h at 25 °C-27 °C internal temperature. The reaction mixture was then transferred
to a 250mL round bottomed flask and solvent removed in vacuo at 42 °C bath temperature / 200-
100 mbar. '

Step C. Solvent exchanee with methvlene chloride:

The residue was then dissolved in 35.0 mL methylene chloride which was then removed in
vacuo at 42 °C bath temperature / 400-100 mbar. The residue was then dissolved in 30.0 mL
methylene chloride.

Step D. Giobal deprotection with TFA / DTT/ water:

Into & 1000 mL. double jacketed flask (5.75g, 37.1 mmol) DTT, 5.75mL H,0 and (102.5
ml., 1220 mmol) TFA were added and the solution was cooled to 15 °C internal temperature.
The peptide solution was then added within 10-15 min and the addition funnel was rinsed with
5.0mL methylene chloride. The intensive yellow reaction solution was stirred at 14 °C -16 °C
internal temperature for 10.5h.
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Step E. Precipitation of the peptide upon addition of MTBE:

The reaction mixture was then cooled to 0 °C internal temperature, and 480mL MTBE
(pre-cooled to 0-5 °C) was added continuously within 10 min and the internal temperature
allowed to rise to 22 °C. The suspension was then stirred for 2h at 16 °C -18 °C internal

5 temperature and then filtered. The still moist filter cake was washed 3 times with 300mL MTBE
(3x100mL). Then the flask was rinsed, the filter cake slurried and filtered. The filter cake was
then sucked dry after the last washing and the residue was dried over night at 38 °C-42 °C/ 20-30
mbar. {chem. yield: 58-65%, assay: 39-43%).

The features disclosed in the foregoing description, or the following claims, expressed in
10 their specific forms or in terms of a means for performing the disclosed function, or 2 method or
process for attaining the disclosed result, as appropriate, may, separately, or in any combination
of such features, be utilized for realizing the invention in diverse forms thereof.

The foregoing invention has been described in some detail by way of illustration and
example, for purposes of clarity and understanding. It will be obvious to one of skil! in the art
15 that changes and modifications may be practiced within the scope of the appended claims.
Therefore, it is to be understood that the above description is intended to be illustrative and not
restrictive. The scope of the invention should, therefore, be determined not with reference to the
above description, but should mstead be determined with reference to the following appended
claims, along with the full scope of equivalents to which such claims are entitled.



7.8/4.536.9/2.032.8 240 Ser(tBu) 2.0 Ser(wMe,M e)-OH
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Claims

1. A method of making an insulinotropic peptide, comprising the steps of:
a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 5)
Z-QAAKEFTAWLVKX"-B’
5 wherein
X is an achiral, optionally sterically hindered amino acid residue;
Z 1s an N-ternunal protecting group;
B’ 15 -OH; and
one or more residues of said sequence optionally includes side chain protection;

10 b) coupling the first peptide fragment in solution to arginine amide in order to provide a second
peptide fragment including the amino acid sequence of (SEQ 1D NO. 6)

Z-QAAKEFIAWLVKX ’R-NH,
wherein
Z is N-terminal protecting group Fmoc-;
15 X** is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally mcludes side chain protection;

¢) removing the N-terminal protecting group to afford a third peptide fragment including the
amino acid sequence of (SEQ ID NO. 6)

7- QAAKEFIAWLVKXR-NH,
20 wherein
Zis H-;
X3 is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;



Fmoc-Val- 6.79/3.08/2.060.0 7.8/4.536.9/2.0 32.8 240 OH 2.0 WO
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36.9/2.032.8 240 <
WO 2009/074483 PCT/EP2008/066585

-115-
d) providing a fourth peptide fragment including the amino acid sequc;;ce of (SEQ ID NO. 7)
Z-TFTSDVX'""*YLEG-B’
wherein
X' is a dipeptide residue of a pseudoproline;
5 Z is an N-terminal protecting group;
B’ is —OH; and
one or more residues of said sequence optionally includes side chain protection;

¢) coupling the fourth peptide fragment to the third peptide fragment in solution in order to
provide a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 8)

10 Z—TFTSDVXiT“ISYLEGQAAKEFIAWLVKXBSR-NHE
wherein
Z is an N-terminal protecting group;
X' is a dipeptide residue of a pseudoproline;
X*° is an achiral, optionally sterically hindered amino acid residue; and
15 | one or more residues of said sequence optionally includes side chain protection;‘

f) removing the N-terminal protecting group to afford a sixth peptide fragment including the
amino acid sequence of (SEQ ID NO. 14)

Z-TFTSDVX B YLEGQAAKEFIAWLVKXR-NH,
wherein
20 Zis H-;
X718 is a dipeptide residue of a pseudoproline;
X* is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;



Fmoc- Ser(tBu)- OH 7.69 / 2.0 3.06 /2.0 60.0 7.8 / 4.5 36.9 / 2.0 32.8 240 Fmoc- 7.97 / 3.06 /2.0
60.0 7.8/ 4.5 36.9 / 2.0 32.8 240 Thr(tBu)- 2.0 OH

WO 2009/074483 PCT/EP2008/066585

-116-
g) providing a seventh peptide fragment including the amino acid sequence of (SEQ ID NO. 9)
Z-HX*EX"-B°
wherein

3* and X'” are each independently achiral, optionally sterically hindered amino acid
5 residues;

Z is an N-terminal protecting group;
B’ is ~OH; and
each of H and E optionally includes side chain protection; and

h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to provide an
10 insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10)

Z-HXPEX  TFTSDVX ¥ YLEGQAAKEFIAWL VKX "R-NH,
wherein
Z is an N-terminal protecting group;
X% is a dipeptide residue of a pseudoproline;

15 xX®, X' and X* are cach independently achiral, optionally sterically hindered amino acid
residues; and

one or more residues of said sequence optionally includes side chain protection.

2. The method of making an insulinotropic peptide according to claim 1, comprising the
steps of!

20 a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 5)
Z-QAAKEFIAWLVKX®-B’
wherein
X** is an achiral, optionally sterically hindered amino acid residue;

7 is N-terminal protecting group Fmoc-;



Fmoc-Phe- 7.76 / 3.06/2.060.0 7.8/4.536.9/2.032.8 240 OH 2.0 Fmoc-7.97/ 3.06/2.0
60.07.8/4.536.9/

WO 2009/074483 PCT/EPZBO8/066585

~117-
B’ is ~OH; and
one or more residues of said sequence optionally includes side chain protection;

b) coupling the first peptide fragment in solution to arginine amide in order to provide a second
peptide fragment including the amino acid sequence of (SEQ ID NO. 6)

5 Z-QAAKEFIAWLVKX R-NH,
wherein
Z is N-terminal protecting group Fmoc-;
X* is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

10 c¢) removing the N-terminal protecting group to afford a third peptide fragment including the
amino acid sequence of (SEQ ID NO. 6)

Z- QAAKEFIAWLVKX"R-NH,
wherein |
Z1is H-;
15 X is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes stde chain protection;
d) providing a fourth peptide fragment including the amino acid sequence of (SEQ 1D NO. 7)
Z-TFTSDVX'*YLEG-B’
wherein
20 X718 i3 a dipeptide residue of a pseudoproline;
Z is N-terminal protecting group Fmoc-;
B’ is ~OH; and

one or more residues of said sequence optionally inchudes side chain protection;



2.0 32.8 240 Tin-(tBu)- 2.0 OH Frag.114.2/2.30/1.545.05.9/4.027.6/1.7 25.3 960
(Fmoc- 1.5

WO 2009/074483 PCT/EP2008/066585

-118-

¢) coupling the fourth peptide fragment to the third peptide fragment in solution in order to
provide a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. §)

Z-TFTSDVX' ™ *YLEGQAAKEFIAWLVKXR-NH,
wherein
5 Z 1s N-terminal protecting group Fmoc-;
X' is a dipeptide residue of a pseudoproline;
X*? is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

f) removing the N-terminal protecting group to afford a sixth peptide fragment including the
10 amino acid sequence of (SEQ ID NO. §)

Z-TFTSDVX' " ¥YLEGQAAKEFIAWLVKX"R-NH,
wherein
Z1s H-;
X7 s a dipeptide residue of a pseudoproling;
15 X* is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

g) providing a seventh peptide fragment including the amino acid sequence of (SEQ ID NO. 9)

Z-HXEX'"-B’
wherein
20 X* and X' are each independently achiral, optionally sterically hindered amino acid
residues;

Z is N-terminal protecting group Frmoc-;
B’ is ~OH; and

each of H and E optionally includes side chain protection; and



His(trt)- Aib- Glu(OtBu)-
WO 2009/074483 PCT/EP2008/066585
-119-

h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to provide an
insulinotropic peptide including the amino acid sequence of (SEQ 1D NO. 10)

Z-HXPEX " TFTSDVX " *Y LEGQAAKEFIAWL VKX R-NH,
wherein
5 Z is N-terminal protecting group Fmoc-;
X% ig a dipeptide residue of 2 pseudoproline;

X8, X' and X* are each independently achiral, optionally sterically hindered amino acid
residues; and

one or more residues of said sequence optionally includes side chain protection.

10 3. The method according to claim 1 or claim 2, further comprising the steps of:

i) removing the N-terminal protecting group of the insulinotrepic peptide to afford the
insulinotropic peptide including amino acid sequence of (SEQ ID NO. 10} .

Z-HXCEX P TFTSDVX " Y LEGQAAKEFIAWL VKX R-NH;
wherein
15 Z is H-;
X7 is a dipeptide residue of a pseudoproline;

X3 x5, X' and X* are each independently achiral, optionally sterically hindered amino
acid residues; and

one or more residues of said sequence optionally includes side chain protection; and

20  j) contacting the insulinotropic peptide resulting from step i) with acid in order to deprotect the
amino acid side chains to afford the deprotected insulinotropic peptide including amino
acid sequence of (SEQ ID NO. 11)

Z-HXEX *TETSDVSSYLEGQAAKEFIAWLVK X R-NH;
wherein

25 Z 18 H-; and



Gly-OH) After completion of the solid phase synthesis the resin was washed with DMF (4 x
120 mL) and DCM (8 x 120 TIM). The mixture was cooled to -5 C during the last DCM wash in
preparation for cleavage. 5Cleavage of the GPA intermediate fragment Fmoc- AA(O7 2@2 -OH from built
resin:  AfteM&8A 8 emperature of the built resin in DCM from abovBTEAEREE 805 the DCM
was drained and the resin was treated with a cold_ggjution of 1% TFA/DCM (3 X 200 mL) three times
with stirring for 30 min at O C. The cleavage solution was collected in a flask containing pyridine (1.4

equiv. based on the TEA used). While as Wa e resin was washed
with DCM 5 tinfes &O@“}Jni( e&EhARITIERT é’hSﬂB ag] S%rlggl?%e}ﬁ%&eda%ﬁn r%cll:(aed with

water (200 mLyaisgd8opropanol (80 inL). The resultant mlxture was distilled under reduced pressure to
remove DCM (350-50 ton at 25 C). The WO 2009/074483PCT/EP2008/066585 -1 10- fragment -
precipitated out as the DCM was removed. The fragment was filtered, washed with and dried at 30

Ct;35 C (;Jndeh I AU Thethdd aZ%rmﬁgit@E@%ﬁeaimaﬁﬂw {6 mﬁeﬁein&%ﬁ(lﬁe@me&fa -27)-0H) was
obtained with,a t e CPA Alternative Fragment 3',
H-AA(28-36): lg‘ﬁ ‘Wéhﬁ? %&lf\i‘ﬁrp%oc)g {%iﬁ%@}% E?Bﬁg%?)&%@lirg NH2 Example 25  The |
alternative fragment 3 (F 0 and argininamide
dihydragtchloride (H-Mg (2H %@gﬁg%%&&% equy;_évd\f?erelfI dissolved in DMF (42
mL). To this solution, a solution of HOBt-H20 (0.67 g, 1 equw) and HBTU (3.38 g, 2 equiv) in DMF (42
mL), and DIEA (3.44 mL, 4 equiv) were sequentially charged along with 15 mL of DME. The reaction
mixture was agff’ta%el@i‘féhm makiRgoiieFRHNB T IRPLIED e YREBHSMAVAS HeRSSIBte after stirring for 21
hours. Then piperidine (2.26 g, 6 equiv) was added to the reaction mixture. The Fmoc removal was
incomplete)aftevidtigindiat B&tided fomontatebuling hec aduitiorad praeatiae {25884 DeNOedliv) was
added and stirring continued another 1.75 hours. The reaction mixture was quenched with water (240
mL) to foim a white solid. Pyridine hydrdehlandeEE 8%/ 5 VI6s3 dguiv) was charged to the precipitated
reaction mixture to neutralize the piperidine. The white solid was filtered, washed with water (400 mL)

and partially drigaesigrnight. The wet filter cake was re-slurried with 100 mL MTBE/n-heptane 20 (1:1
= vol: vol), filtered, washed with MTBE/n-heptane (1:1 = vok vol; 2 X 25 mL), and vacuum dried to give

GPA giternativesFragmestis A RE 3@ NEHR (8:32-ed Yigldo1R6&i9%)dHPLC analysis showed a purity
of 87% AN. Example 26 The alternative fragment 3 (Fmoc-AA(28-35)-0H, 6.12 g, 4.42 mmoles

Example 21 angd %@@mm%&{@yﬁ%@;de (H-Mg (2HCO-NH2, 2.19 g, 8.84 mmoles, 2 equiv.)
were

B’ is a solid phase resin, and
one or more residues of said sequence optionally includes side chain protection;

b) removing the N-terminal protecting group to afford a second peptide fragment including the
15 amino acid sequence of (SEQ ID NO. 5)

Z-QAAKEFIAWLVKX®*-B’
wherein
Z is H-;
B’ is a solid phase resin,
20 X3 is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;



dissolved in DMF (42 mL). To this solution, a solution of HOBt H20 (0.67 g, 1 equiv) and HBTU (3.38
g, 2 equiv) in DMF (42 inL), and DIEA (3.44 mL, 4 equiv) were sequentially charged along with 15 mL
of DMF. The reaction was agitated at 25 C and monitored by HPLC. The reaction was done overnight
(16.3 hours). ¢ &M HiEttdine (4.52 g, 12 equiv) was added to 30 the reachiol FRAYHE e Fmoc
removal was completed after stirring at 25 C for 35,/in. The reaction mixture was quenched with
water (200 mL). DCM (180 mt) was charged to extract the precipitated product. The bottom DCM layer

was washed with water twice (2X100 mL) and %oncentq%ged tg a volume.of 50 mL. T d%mﬁentrated
DCM sold SRS BHBTRISAr e e TE I 1S PR DS R s B e s AL s
distilled under ¥&suWm. MTBE 120 WO 2009/074483PCT/EP2008/066585 -111- ml. was charged to
the precipitation mixture. The white solid foilled was filtered, washed with MTBE/n-heptane (1:1 =yol;
2x 50 mL), and vacuum dried to give the/GIEASIEMATVELIEGgRient 3' H-AA(28-36)-NH2 (6.54g.
weight yield 112.4%). HPLC analysis showed a purity of 92.1% AN. 5The Solution Phase Synthesis of
CPA Crude: Exampta 27 The CPA Fragment 1+2 (Fmoc-AA(7-27)-0H) (0.383 g) from Example 23 and
Fragment 3' (1-1-AA(28-36)-NH2) (0.203 g) from Example 24 was dissolved in a solution of DMSO (2
ml.) arsd NMP (¢'frif sandsiies tatdhdoty platbissbletion, HOBt hydrate (0.040 g) and 10 HBTU
(0.092 g) were charged. Then, D1EA (0.080 mL) was charged to the reaction mixture. The reaction
was agitated atzagbientiampaarandrmeritored by HPLC. After stirring for 68 h reaction
completion check indicated that the reaction was done. Piperidine (0.1 mL) was charged to the
reaction mixturg: Aftesr6,[4of stirring, the Fmoc removal was done. The reaction mixture then was
quenched by charging into water (40 mL). After 30 mm stirring, the solid was 15 isolated by filtering,

washing with water. (20, rol ) and deyingiouenpight, dhedao atadaolishinaniwas fiatged to a solution
containing TFA (4 nth), DCM (1.5 mL), dithiothreitol (DTT), (0.2 g) and water (0.2 ml.) at ambient

lemperatuy ABAO JUIS PLasiaten s R38N MHIS MR AHBNGUF . SRAUNG FRI20 )

MTBE (40 guenche mixture was stjrred for prod s filtered,
wash&dl with MPBEIRRQ a@wﬂsééwaf&&&af@sﬁmﬁalﬁfﬁm%f@ﬁ@f@%@%ﬁ?@%auﬁ(é\% CPA
crude (28.2% WENMEPWES obtained with a purity of 49.5% AN (D-Glu-27 isomer, 7.9%). Example 28
The CPA Fragment 1+2 (Fmoc-AA(7-27)-0H) (0.382 g) from batch Example 23 and Fragment 3'
(H-AA(28-36)-NH2) (0.202 g) fteri ESRMDIE 2oL S QdisSoREd WItNK S0 uBon of 25 DMSO (2 ml,) and
NMP (4 mL) and stirred for 0.5 hour. To this solution, HOBt hydrate (0.041 g) and DEPBT (0.085 Q)
were charged. #hemridDIEA (0.080 mL) was charged to the reaction mixture. The reaction was stirred at
ambient temperature and monitored by HPLC. Overnight reaction completion check indicated that the
reaction was camplete:-Riparislipa{ednninonas charged to the reaction mixture. After 68 hours of
stirring, the Fmoc removal was done. The 30 reaction mixture then was quenched by charging into
water;@0 nit). After 1 minsiiing;the solid was isolated by filtering, washing with water (20 mL) and
drying overnight. The isolated solid then was charged to a solution containing TFA (4 inL), DCM (1.5
mL), DTT (0.2 gélamqsvgqﬁ%@ 0% mbkkat éf@%l@éi{d gature. After 6 hours agitation, the reaction

C

mixture was quenched by charging cold (-20 C) BE (40 mL). The quenched reaction mixture was
stirred 35 for Smig.. Thesaidpradust waslieiadearhathy IBMIRR g 0 mL), and dried
overnight WO 2009/074483PC }E1'2 08/066585 -112- at ambient temperature. A weight of 0.43 g of
GPA crude (31.4% wt/wt) was obtaned with a purity of 51.3% - hlljé 7 epimer, 4.5%). Example
20 Step AT R e e D B A e b SRR . o0 5 and
DIEA: Into a 100mL 4-necked flask with 37.5mL THE at 22 C -27 C internal temperature Fragment
142 (6.20 5 B TR (VAR AR BT oA A S s AT BUBIE (X R b ttomodt Tk
- HOBtMydrate (BOY¢adi2E0eHimsIuEAl BRI P dad) Srde MmBly tetd BB deatidoiG#HICH HE was
added and the heacfiep thxdueonas] stitethat X2 SECRIDONT0 Mternal temperature for 10 mm. This
coupling reagent suspension was added to the peptide solution, the flask was rinsed with 3.0 mL THE,
and the reaction mixture waszstiregriard0 MymEDEMQEE2 Wi v& 31 gl was then added and
stirred for 10 min. Within lh, Fragment 3' (6.10g, 2.72 mmol) was added in 3 portions. The fragment
leftovers were ripggeiwith 10.0mL THE. The reaction mixture was stirred intensively at 25 C -27 C
internal temperature for 24h. 15 Step_Il_ FMOC- rotith eridine:  Piperidine (1.60rnL, 16 0 mmol) was
then added and,the,feaglioRmiHHeMas sigd intensively for 6h at 25 C-27 C internal temperature.
The reaction mixture was then transferred to a 250mL round bottomed flask and solvent removed in
vacugat 42 C %ﬁmiqg@p&&gﬂg{&/{gﬁq&e@% %@ﬁ‘&oﬁ%ﬁﬂ%p C. Solvent exchange with methylene
chloride: The residue was then dissolved in 35.0 mL methylene chloride which was then removed in
vacuo at 42 C bath temperature / 400-100 mbar. The residue was then dissolved in 30.0 mL
methylene chloride. Step D. Global de srotection with TEA! DTT/ water: 25Into a 1000 mL double
jacketed flask (5.75g, 37.1 mmol) DTT, 5.75mL H20 and (102.5 mL, 1220 mmo TEA were added and
the solution was cooled to 15 C internal temperature. The peptide solution was then added within

10-15 mm and the addition funnel was rinsed with 5.0mL methylene chloride. The intensive yellow
raaction caliitinn wac ctirred at 1A4C - 1AC intarnal temneratiire for 10 Bh



WO 2009/074483PCT/EP2008/066585 -113- E. Precipitation of the peptide upon addition of MTBE:
The reaction mixture was then cooled to 0 C internal temperature, and 480mL MTBE (pre-cooled to
0-5 C) was added continuously within 10 min and the internal temperature allowed to rise to 22C. The
suspension WAL 18 4¥Ped for 2n at 16 C -18C internal 5 temperature and R HRERS™ rhe still moist
filter cake was washed 3 times with 300mL MTBE_(3x100mL). Then the flask was rinsed, the filter
cake slurried and filtered. The filter cake was then sucked dry after the last washing and the residue
was dried over pight at 3§.C-42 Cl2 -3(% mb?]r. ﬁchdem{.1 ield: 5a8{ ?g@i&s_saa : 39-43%). The features
disclosed in th oi‘%é%ﬁ? Iﬁaés%%‘%ﬁf YSrHe afllo%ﬁﬁic arflr%}nso, ecxpressea’in 0 their specific forms or in
terms of a means for performing the disclosed function, or.a tho@ﬁor process for attaining the
disclosed resulPPSSHBPIOFTLECSA %‘5@5&?&?&@%@?&%%@&%& iSHER SIS %ures, be utilized for
realizing the invention in diverse forms thereof. =~ The foregoing invention has been described in some
detail by HaiPBPHIBS e ARenalaivis RN EOURIS LD BF T ALY SRHAIRSLE B iP& e obvious to
one of skill in thenmrt 45dtkaiuehangeSaadihddigations may be practiced within the scope of the
appended claims. Therefore, it is to be understood that the above description is intended to be
illustragive and not restrictivez TR SDape’ of tHeBG(RAKR BhoWHYikEréfoME be detelinined not with
reference to the above description, but should instead be determined with reference to the following
appended claimgeadang with the full scope of equivalents to which such claims are entitled. WO
2009/074483PCT/EP2008/066585 -114- Claims 1. A method of making an insulinotropic peptide,
comprising the gtgps of: a) providing a first peptide fragment including the amino acid sequence of
(SEQ ID NO. 5) Z-QAAKEFIAWLVKX35-B' 5wherein X35 is an achiral, optionally sterically hindered

amino acid resigues £ is R NieTinRLRFeISCERGBIOUR; B' is -OH; and one or more residues of said
sequence optionally includes side chain protection; 10 b) coupling the first peptide fragment in solution

lo argiine amide iR grishiA PEYds Assernd penle radmenlinEluding lhg amino acid sequence o
(SEQ ID NO. 6) Z-QAAKEFIAWLVKX35R-NH2 wherein Z is N-terminal protecting group Fmoc-;

LoX3pyls an achifal, opionalu tereally tnasied g St Beldde: andqngaligpre residues of
y Includes side cti -

said sequence optiona chain protection; €) removing the N-terminal protecting group to

fford a third peptide f tincluding the aming aci f (SEQ ID :
QAAKEFIKAL 8 NFL2 S0 DHE A SHE L SR SEusH AT S Sty Fongrel amino

acid residue; and one or more residues of sair%shig ge gptionally includes side chain protection;
-115- d) providing a fourth peptide fragment irfcl g[ggh' amino acid sequence of (SEQ ID NO. 7)
Z-TFTSDVX17-18YLEG-B' wherein is a dipeptide residue of a pseudoproline; 5Z is an N-terminal
protecting grouiy;hB“ei@ -OH; and one or more residues of said sequence optionally includes side chain
protection;

X® and X" are each independently achiral, optionally sterically hindered amino acid |
15 residues;

Z is N-terminal protecting group Fmoc-;

B’ is ~OH; and

each of H and E optionally includes side chain protection; and

h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to provide an
20 insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10)

Z-HXPEX Y TETSDVX ! P YLEGQAAKEFIAWL VKX R-NH;
wherein
Z is N-terminal protecting group Fmoc-;

X' is a dipeptide residue of a pseudoproline;



e coupling the fourth peptide fragment to the third peptide fragment in solution in order to provide
a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 8)
10Z-TFTSDVX17'18YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is an N:teimi cting group;
X1748is a d%%ﬁﬁ?fé"?é%ue of a pseudoproline; X35 is an achiral, optiozgﬁ%l/@#gnﬁﬁ%indered amino
acid residue; and 150ne or more residues of said.gequence optionally includes side chain protection;
removing the N-terminal protecting group to afford a sixth peptide fragment including the amino acid

sequence of (SEQUD Now k) Z. TR TSR AT YL FGOAMERAMCBR N2 NIIRINAPZ IS H-

X17-18 is a dipeptide Fsiaué’ora pseudoprolin IS , optionally sterically hindered
amino acid resiefi&eaNbne or more residues of said sequence optionally includes side chain
protection; WO 2009/074483PCT/EP2008/066585 -116- g) providing a seventh peptide fragment
including the apminoraeitesesidestcdf 67 (SEQINOLOYAHXBER 1S ShapHERLIOn  Xs and XI are
each independently achiral, optionally sterically hindered amino acid 5residues; Z is an N-terminal
protecting group; B' is -OH; and each of H and E optionally includes side chain protection; and  h)

coupling the seyernibpepsdefrmameniiotaemsixipRepiitéctagrment o shimionctonprivigetan
10ins ino%ri:(%_gliggpeptide including the amino acid sequence of (SEQ ID NO. 10)
7-Hx8EX1 DVX1748YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is an N-teininal protecting

; X17-18 is a di tid i f ine:. X X | dentl
group; X118 158 dpepe 1epdhs 9L REAUIRPIAINGASXa UANNCXS: B AsRipdapendenty

ered-amino acl ues; and one or more residues of said sequence

optionally includes side chain protectio Aﬁ  making an insulinotropic peptide
according to claim 1, comprising the st p"go :%‘&Sﬁ){vl ing a Tirst peptide fragment including the
amino acid sequence of (SEQ ID NO. 5) Z-QAAKEFIAWLVICX35-B' wherein Xss is an achiral,
optionally sterié%tffi?q%ﬂwdered amino acid residue; Z is N-terminal protecting group Fmoc-; WO
2009/074483P%IJEP2008/066585 -117-

is an achiral, optionally sterically hindered amino acid residue;
10 7 is N-terminal protecting group Fmoc-;
B’ is a solid phase resin; and
one or more residues of said sequence optionally inctudes side chain protection;

b) removing the N-terminal protecting group to afford a second peptide fragment mcluding the
amino acid sequence of (SEQ ID NO. 5}

15 ' Z-QAAKEFIAWLVKX*-B’
. wherein
Z is H-,
B’ is a solid phase resin;
X** is an achiral, optionally sterically hindered amino acid residue; and
20 one or more residues of said sequence optionaily includes side chain protection;

¢) providing a third peptide fragment in solution including the amino acid sequence of (SEQID
NO.7) '

Z-TFTSDVX! Y LEG-B’

wherein



B' is -OH; and one or more residues of said sequence optionally includes side chain protection; b)
coupling the first peptide fragment in solution to arginine amide in order to provide a second peptide
fragment includinﬁq the amino acid sequence of (SEQ ID NO. 6) 5Z-QAAICEFIAWLVKX35R-NH2

wherein Z is X&é Pﬁfﬂ@ﬁﬁ?otecting group Fmoc-; X35 is an achiral, optiongﬁif’&g ‘l}c{:’g/ﬁ? RiRdered amino

acid residue; and one or more residues of said sequgnce optionally includes side chain protection; 10
c) removing the N-terminal protecting group to afford a third peptide fragment including the amino acid
sequence of ( ngDnla\(lj%. %é% AAKEIJ;‘.IAWL KX%SR_—NHZ wherein Z is H-; 15X35 is an achiral,
optionally sterically M REE ik %1%1&8 re8igu ?%rﬁdnghe or more residues of said sequence
optionally includes_side chain protection; d) providing a fourth peptide fragment including the amino
acid sequence ofSESTIN G PFH8 EPEPURPFZ sYLEG-B' wherein 20X17118 is a dipeptide residue
of a pseudoproline; Z is N-terminal protecting group Fmoc-; B' is -OH; and one or more residues of
said sequence BptiotilyaPtiudes side chain protection; WO 2009/074483PCT/EP2008/066585 -| 8-
e) coupling the fourth peptide fragment to the third peptide fragment in solution in_order to provide a
fifth peptide fragfpenMIALUEtisyahelsAMNGBEIIS SFtIEHE SRR Tdegkigprotection;
Z-TFTSDVX17-18YLEGQAAKEFIAWLVKX38R-NH2 wherein 5Z is N-terminal protecting group Fmoc-;
X'7-18is d)dipepliidethe siadepertalp Segtept dlinelulies tis the wepihpeppdo fagysté i spldhiheRsred amino
acid residue; apcheie QrpReige Hduas oftaridrsaauenselefitiofalynneludes side akaif (SEQection;
removing the Nﬂ%@!%gprotecting group to afford a sixth peptide fragment including the 10amino acid
sequence of (SEQ ID NO. 8) Z-TFTSDVX17-18YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is H-;

X17-18 is a dipeptide residue Bfﬁ?ﬁﬁwpfﬁﬂiégdﬁ%ﬁﬁﬂﬁ%ﬁ onally sterically hindered

amino acid residue; and one or more residues sequence optionally includes side chain
protection; g) p‘r&viding a seventh peptide fragment including the amino acid sequence of (SEQ ID NO.
9) Z-HX8EX80- PiiBrein 20X8 and X1 are each independently achiral, optionally sterically hindered

amino acid residues; . )
10 7 is N-terminal protecting group Fmoc-;

B’ is a solid phase resin;

X718 i3 a dipeptide residue of & pseudoproline;

X’ is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;

15 ) removing the fourth peptide fragment from the solid phase resin and coupling the fourth
peptide fragment in solution to arginine amide in order to provide a fifth peptide fragment
including the amino acid sequence of (SEQ 1D NO. 8)

Z-TFTSDVX' " *YLEGQAAKEFIAWLVKX ’R-NH,
wherein
20 Z is N-terminal protecting group Fmoc-;
X' is a dipeptide residue of a pseudoproline;
X** is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

f) removing the N-termina!l protecting group to afford a sixth peptide fragment including the
25 amino acid sequence of (SEQ ID NO. §)



Z is N-terminal protecting group Fmoc-; B is -OH; and each of H and E optionally includes side chain
protection; and WO 2009/074483PCT/EP2008/066585 -119- h) coupling the seventh peptide
fragment to the sixth pe;)tide fragment in solution to provide an insulinotrolpic Pegtide including the
amino acid sEGENMESEEQ ID NO. 10) Z-HX8EX10TF 1 CT/EPZ008/066585
SDVX3748YLEGQAAKEFIAWLVKX35R-NH2 wheyein 5Z is N-terminal protecting group Fmoc-; X'718
is a dipeptide residue of a pseudopror e X', Xi and X35 are each independently achiral, optionally ster
ca ly hindered amino acid res;j , one resj fsaigs nce optionally includes
side chain protection. 103. T%ﬁiﬁ%cco&%ﬁ#ﬁ%ﬁgﬁgzﬁgﬁ%r comprising the steps of
i) removing the N-terminal protecting group of the insulinotropic peptide to afford the insulinotropic
peptide includif'&ifiho acid sequence of (SEQ ID NO. 10)
Z-HX8EXITETSDVX17-18YLEGQAAKEFIAWLVICX35R-NH2 wherein 157 is H-; X17-18 is a dipeptide

residue of a psgdéléb'roline; X35 X8, Xl and X35 are each independently achiral, optionally sterically
hindered amino acid residues; and one or ore residues of said sequence optionally includes side chain

protection; and0 ) sordiemidaresidismifonupiopepiige resulting from step i) with acid in order to
deprotect the amino acid side chains to afford the deprotected insulinotropic peptide including amino
acid séquence ¥f (S EQabiNDo LY XSEUDTHTG DY 88 prAORAKERAIVLVKX35R-NH2 WO
2009/074483PCT/EP2008/066585 -120- x8, Xl and X35 are each independently achiral, optionally
sterically hindered aminc: acidlvesidises sequencElptmedtpdrabebrdinlg thamyrotestofclaims | to 3,
wherein the deprotected insulinotropic peptide has the amino acid sequence (SEQ. ID No. 12)
SHAIbE G Efr Fobaaip Yl s QA Adplid AddéiAeRiditd 2he ammolacibthaeofendkEgaid iN€ulthotropic
peptide, comprising the steps of: a) providing a first peptide fragment including the amino acid
sequence of (SEQ ID NO. 5) Z-QAAKEFIAWINMKX3ExB-wherein 10X35 is an achiral, optionally
sterically hindered amino acid residue; Z is an N-terminal protecting group; B' is a solid phase resin;
and one or morgygsidues of said sequence optionally includes side chain protection;  b) removing
the N-terminal protecting group to afford a second peptide fragment including the 15amino acid

sequgpce of (SEQIR ﬂé'@)aé)eécﬂﬁ%’%&ﬁB%W%\éiﬁ%&%%ﬁidﬁ@@&%ﬁ@&Aﬁ%inﬁ'e{@daaﬁfﬂig Rh@se resin;

20X35 is an achiral, optionally sterically hindered amino acid residue; and one or more residues of
said sequencergﬁ) BR%IIy includes side chain protection;

Z is N-terminal protecting group Fmoc-;
B’ is -OH; and
each of H and E optionally includes side chain protection; and

15  h) coupling the seventh peptide fragment to the sixth peptide fragment in solution to provide an
insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10)

Z-HXPEXTFTSDVX Y YLEGQAAKEFIAWLVK X R-NH,
wherein
7 is N-terminal protecting group Fmoc-;
20 X7 i5 a dipeptide residue of a pseudoproline;

XE, X% and X are each independently achiral, optionally sterically hindered amino acid

residues; and

one or more residues of said sequence optionally includes side chain protection.



WO 2009/074483PCT/EP2008/066585 -12 1- c) providing a third peptide fragment in solution
including the amino acid sequence of (SEQ ID NO. 7) Z-TFTSDVX17-18YLEG-B' wherein 5X17-18 is
a dipeptide residue of a pseudoproline; Z is an N-terminal protecting group; B' is -OH; and one or more
residues of s&ifl %@&?@ﬁgg optionally includes side chain protection; d) co%EIWﬂ%sf?ﬁfﬁsﬁeptide
fragment in solution to the second peptide fragment-p solid phase 10in order to provide a fourth
peptide fragment including the amino acid sequence of (SEQ ID NO. 13)

Z-TFTSDVXl?;IljS I__EGglAAKEFI A\WLVKX35-B' V\igereé’yn IS an N-termint I pE(_)tect" g group; 15B'is a
solid phase resin; 9 8% %d'ér[%fbré%lﬁjtg M aLHF S B OIREPKIE 5 K aBRital, optionally
sterically hindered aming acid residue; and one or more residues of said sequgnce optionally includes

side chain IRt D& NF B UH P IS At S BT AHEN PN P RECIRFHRESE Fesin and coupling
the fourth 20pepsidéétagpirarpiids ohalishng aargim radasidenis of dEE [Br¥Hd @ fifth peptide fragment
including the amino acid sequence of (SEQ ID NO. 8) '
Z-TFTSDVX1745Y LEGQEAREEIWENSOAGS R NAZE (Aera REFIS R NKERASHprotecting group;
25X17-18 is a dipeptide residue of a pseudoproline; WO 2009/074483PCT/EP2008/066585 -122- X35
is an aghiral, optigseaity sterically hindered amino acid residue; and one or more residues of said
sequence optionally includes side chain protection; I) removing the N-terminal protecting group to
afford a sixth peptige fragment including the amino acid sequence of (SEQ ID NO. 8) 5Z-TH
SDVX17-1SYLEGQAAKEFIAWLVIOC35R-NH2 wherein Z is H-; X17818 is a dipeptide residue of a

pseudoproline; XB&:ig anAchiia! roptianatly siarieplyiindered amino acid residue; and 10one or more
residues of said sequence optionally includes side chain protection; g) providing a seventh peptide

fragment includieg {re-amipg Quid seguenge LSRR JELND KA BihEreiimin X8 and

Xl are each indaecpl)gndec{'utly acgiral, optionally sterically hindered amino acid 15residues;

residues; an
10 one or more residues of said sequence optionally includes side chain protection; and

) contacting the insulinotropic peptide resulting from step 1) with acid to deprotect the amino
acid side chains to afford the deprotected insulinotropic peptide including amino acid
sequence of (SEQ ID NO. 11)

7-HXEXTFTSDVSSYLEGQAAKEFIAWLVKX>’R-NH;
15 wherein
7 18 H-; and

X%, X' and X are each independently achiral, optionally sterically hindered amino acid

residues.

8. The method according to any one of claims 5 to 7, wherein the deprotected
20 msulinotropic peptide has the amino acid sequence (SEQ. ID No. 12)

HABEGTFTSDVSSYLEGQAAKEFIAWLVKAibR-NH;.

9. A method of making an insulinotropic peptide, comprising the steps of:

a) providing a first peptide fragment or counterpart thereof including the amino acid sequence of
(SEQID NO. 13)

25 Z-TFTSDVX " *YLEGQAAKEFIAWLVKX"-B’



Z is N-terminal protecting group Fmoc-; B' is -OH; and each of H and E optionally includes side chain
protection; and  li) coupling the seventh peptide fragment to the sixth peptide fragment in solution to
provide an 20insulinotropic peptide including the amino acid sequence ofg@SE% ID NO. 10)
Z-HX8EXITFWgﬂ\()%Wi‘g%YLEGQAAKEFIAWLVKX38R-NH2 wherein Z i KHEFRNRAISP8Recting group
Fmoc-; X1718 is a dipeptide residue of a pseudoprpline; WO 2009/074483PCT/EP2008/066585 -123-
X8, X1 and X35 are each independently achiral, optionally sterically hindered amino acid residues; and
one or more resigues of said sequence optionally includes side chain protection. 6. The method
of making an ing Tﬁ?&ropic peptide according to claim 5, comprising the 5 steps of. a) providing a first
peptide fragment including the amino acid sequence of (SEQ ID NO. 5) Z-QAAKEFIAWLVKX35-B'
wherein X55 isalt AR BHALHLAGCERS B8 hindered amino acid residue; 10Z is N-terminal
protecting group Fmoc-; B' is a solid phase resin; and one or more residues of said sequence
optionally inclu o8 sifElchain protection; b) removing the N-teiminal protecting group to afford a
second peptide .fr7a ment including the amino acid sequence of (SEQ ID NO. 5)
15Z-QAAKEFIANL VKX Bptigdherdookamsemagral§sid phase resin; X35 is an achiral, optionally
sterically hindered amino acid residue; and 20one or more residues of said sequence optionally
includés side chairisprotebiieh op)iprelivstgicstyilindersdcrfigpaishiciidsehamen including the amino
acid sequence of (SEQ ID NO. 7) Z-TFTSDVXI745YLEG-B' wherein WO
2009/074483P iR BPA0RSBEE58 51 124 s T8 ipticdigbpiivbidesidusvimmpstsatiogroline; Z is
N-terminal protecting group Fmoc-; B' is -OH; and one or more residues of said sequence optionally
includes shilemtpdin: photéoti apidd ieguplin i tiduttivedtp eptidedragiie bt dndsototionviddheseodnd
peptide fragmg,mg‘adéq%%ﬁ@m&m@f hkoagﬁ%iga@séqé&twsp idecfragriengjncluding the amino acid
EQIDN EGQAAK

sequence of ( .13) Z-1TFTSDVX17-18YL FIAWLVKX35-B' wherein 10Z is
N-terminal protecting group WSDVXWSYLEGQ AAKEFIAWLVKX*R-NH,
10 wherein
Z is an N-terminal protecting group;
X% {5 a dipeptide residue of a pseudoproline;
X** is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection;

15 ¢) removing the N-terminal protecting group to afford a third peptide fragment including the
amino acid sequence of (SEQ ID NO. 8)

Z-TFTSDVX' ¥ YLEGQAAKEFIAWL VKX R-NH,
wherein
Z s H-;
20 X718 i5 a dipeptide residue of a pseudoproline;
X3 is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;
d) providing a fourth peptide fragment including the amine acid sequence of (SEQ 1D NO. 9)

Z-HX*EX'’-B’



B'is a solid phase resin; X17.18 is a dipeptide residue of a pseudoproline; X35 is an achiral, optionally
sterically hindered amino acid residue; and one or more residues of said sequence optionally includes
side chain protectlon 15 e) removing the fourth peptide fragment from the solid phase resin and
coupling the%%ﬁ%%‘éﬁ?ﬁ’e fragment in solution to arginine amide in order o’} }o)&ﬁgé WNiiin peptide
fragment including the amino acid sequence of (SF&ID NO. 8)
Z-TFTSDVX17-18YLEGQAAKEFIAWLVKX35R-NH2 wherein 20Z is N-terminal protecting group
Frnoc-; X17-18 |sg lf)eptlde residue of a pseudoproline; X35 is an achiral, optionally ster cally
hindered amino sidue; and one or more residues of said sequence optionally includes side
chain protectlo removing the N-teiminal protecti gro pto a xth ptlde fragment
including the 25 8@%?@&&&% ?Bfﬁ‘dig W Seney PR A 066585 -125-
Z-TFTSDVXl?rE_EEMEEGQAAKEFIAWLVK)CSR NFI2 wherein Z is Fl-; X17 18 is a dipeptide residue of
a pseudoproline; 5X35 is an achiral, optionally sterically hindered amino acid residue; and one or more
residues of said seguBresoptigmatbetimglgdesyside chain protection; g) providing a seventh peptide
fragment including the amino acid sequence of (SEQ ID NO. 9) Z-HX8EX10-B' wherein 10X8 and Xl
are eath IndepBhidernitly;aetiral, optionally sterically hindered amino acid residues; Z is N-terminal
protecting group Fmoc-; B' is -OH; and each of H and E optionally includes side chain protection; and

15 h) coupling thenssventy pepiidaimamenidostie sixhpertidenragment in solution to provide an
irtsulinotropic peptide including the amino acid sequence of (SEQ ID NO. 10)

Z-HXBEXg) bhidpbiad/ohd fcheifl ﬁﬁé\ﬁﬁﬁﬁkﬁwl’e}%&%ﬁﬁﬁéﬁ\ﬂa@ﬂﬁ@ﬁf&iﬂ@@%ﬂﬁ&mm@m@iﬁcting group
Fmoc-; 20X1745 |§mog Ptl %cF Liudl a,dpes %Ceo g&%é%ﬂé hindependently
i

achiral, optlonaﬂy sterlc aml aCI ESI one more I'eSI ues of said sequence

optlonelly |nclud.es S|de21 G%B?etﬁgf)gmyy{@@ %}8@&%&?@5@8@%@5 -126- 7. The method

according to claim 5 or ¢ erconprising teps of

10 wherein
Z is an N-terminal protecting group;
X8 is a dipeptide residue of a pseudoproline;

X8, X% and X7 are each independently achiral, optionally sterically hindered amino acid

residues; and

15 one or more residues of said sequence optionally includes side chain protection.

10. The method of making an insulinotropic peptide according to claim 9, comprising the
steps of:

a) providing a first peptide fragment or counterpart thereof including the amino acid sequence of
(SEQ ID NO. 13)

20 Z-TETSDVX' " *YLEGQAAKEFIAWLVKX"-R’
wherein
7 is N-terminal protecting group Fmoc-;
B’ is -OH;

X' is a dipeptide residue of a pseudoproline;



i) removing the N-terminal protecting group of the insulinotropic peptide to afford the insulinotropic
peptide including amino acid sequence of (SEQ ID NO. 10)
Z-HXBEXITFTSDVX'7-18YLEGQAAKEFIAWLVKX35R-NH2 5wherein Z is H-; X1718 is a dipeptide
residue of a B%%ﬁ%@?éﬁﬁ’e; X35 X8, Xl and X35 are each independently &%Tf&ﬁ%?ﬁ’.‘%?ﬁa’fﬁ/ sterically
hindered amino acid residues; and 10one or more. {egidues of said sequence optionally includes side
chain protection; and j) contacting the insulinotropic peptide resulting from step i) with acid to deprotect
the amino acid gige chains to afford the deprotected insulinotropi¢ peptide including amino acid
sequence of ( Qﬁﬂ%&?}”f%‘%ﬁﬁ &fﬁ‘?ﬁ%&%@%@e& If%&%?i%&ﬂﬁ\’/ﬁ CX35R-NH2 15wherein Z
is H-; and X8, Xl and X35 are each independently achiral, optionally sterically hindered amino acid
residues. PN SO g%c%usﬁgf(?ﬁa%ﬁﬁpé}méué@@% Bréi e %eprotected 20
insulinotropic peptide has the amino acid sequence (SEQ, ID No. 12) ,

HAIbEGTRITesBR/8 therestneaiide Fiaamess RBIRURIYD. BERIRAREL &t PRAT ARV dIit68%bic
peptide, comprisingitHegteps oflajipgotidingm ficsd peptdecfrdgitdniBMNoWIterpart thereof including
the amino acid sequence of (SEQ ID NO. 13) 25Z-TFTSDVX] 7-18YLEGQAAKERAWLVKX35-13'
WO 2(6109/(174483PCT/EP20Q8/08B535 - T ¥ T Baierei K Z AV NAEX R By otecting group; B' is -OH;
X' 748 is a dipeptide residue of a pseudoproline; 5X35 is an achiral, optionally sterically hindered
amino acid resighg@e=and one or more residues of said sequence optionally include side chain
protection; b) coupling the first peptide fragment in solution to arginine amide in order to provide a
second peptide/fiagmentiintdins theamineasid sequence of (SEQ ID NO. 8) Z-Tli 1
SDVX15-18YLEGQAAKEFIAWLVKX35R-NH2 10wherein Z is an N-terminal protecting group; X1748
is a dipeptide rg@iid@l@sgqupgﬁg&gjgg{(g@gfg%@dgm@ﬁgjral, optionally sterically hindered amino acid
residue; and one or more residues of said sequence optionally includes side chain protection; 15 c)
removing the NetermipaLRiaiesHing.IuR 4R Ao a0l d:nmRtde ragmentjcluding the amino acid
sequence of (SEQ ID NO. 8) Z-TFTSDVX1748YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is H-;
20X1;(§8 isadi n%%tli%? residLée ofo%&sgudo roline; .X3§Eis.ar]u ehir%le Q onally sterically hindered

. . . | TC TCSIAUCS 1 Sga CNne O%’tl na mo 5 81 THIIII')F? (’éﬁ%OIl. .
amino acidresidue; and one or more residues of said sequence optionally includes side chain

protecton; ) Proyid R PUIL SRS ERUSI g 1 NG, 9 RS0STEE: ] (REQ 10 NO
amino acid sequence of (SEQ ID NG. §) :

Z-TFTSDVX' " Y LEGQAAKEFIAWLVKXR-NH,

wherein

15 Z 18 H-;
- X' i5 a dipeptide residue of a pseudoproline;
X* is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;
d) providing a fourth peptide fragment including the amino acid sequence of (SEQ ID NO. 9)

20 Z-HX*EX"’-B’

wherein

X® and X' are each independently achiral, optionally sterically hindered amino acid

residues;

Z 18 N-terminal protecting group Fmoc-;



WO 2009/074483PCT/EP2008/066585 -128- wherein X8 and Xl are each independently achiral,
optionally sterically hindered amino acid residues; Z is an N-terminal protecting group; 5B' s-OH; and
each of H and E optionally includes side chain protection; and e) coupling the fourth peptide fragment
to the third p%aﬁ?@di’ﬁgnt in solution to provide an insulinotropic peptidgqm%ﬁm fﬁggﬁmino acid
sequence of (SEQ ID NO. 10) Z-HX8EXITFTSDVX%§48YLEGQAAKEFIAWLVKX35R-NH2 10wherein
Z is an N-terminal protecting group; X1718 is a dipeptide residue of a pseudoproline; X8, Xl and X35
are each indep nderljél%_ac iral, optionally sterically hindered amino acid residues; and 150ne or more

residues of sai 'ségqﬁ* e ptionally includes side chain protection.  10. The method of making an

insulinotropic peptide according to claim 9, comprising the steps of. a) providing a first peptide
fragment or coGAtEPER AL FeBFTREribimy S Fin SRAP UGN (SEQ ID NO. 13)
20Z-TFTSDVX17-18YLEGQAAKEFIA V 35-B' wherein Z is N-terminal protecting group Fmoc-; B' is
-OH; X178 plipRap e teratidedraepsatiadhrdhie PRI o eons Py HBSeip T P OVERIB6585 -120-
X35 is an achirakubiptionaitypsterdeatiyliningeredeanmmecatidqesiduef ediome O ndie residues of said
sequence optionally include side chain protection; b) coupling the first peptide fragment in solution to
arginirie amide in order ta-protide‘asespVKpEpYlE fragmemHncivdivg ¥ieramino acid sequence of
(SEQ ID NO. 8) 5Z-TFTSDVX17-18YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is N-terminal
protecting groupticraec-; X1718 is a dipeptide residue of a pseudoproline; X35 is an achiral, optionally
sterically hindered amino acid residue; and 10one or more residues of said sequence optionally

includes side chainmpratection:&:ceRasng thedd-terminal protecting group to afford a third peptide
fragment including the amino acid sequence of (SEQ ID NO. 8)

Z-TFTSDVXl?g@M&%g(@@%gﬁéy&ev&%%&d}ﬁ@m@erein 15Z is H-; X17-18 is a dipept de residue

of a pseqdoproline; _)(35 IS an achira_l, optiqnally S ic_all’y hin.dered amino acid residue; and one or
more residues gksaid geauence opHonall. ACHHSR f1Ue SPARAIPESHAN hindered amino acid

10 residues; and

one or more residues of said sequence optionally includes side chain protection.

11. The method according to claim 9 or claim 10, further comprising the steps of:

i) removing the N-terminal protecting group of the msulinotropic peptide to afford the
insulinotropic peptide including amino acid sequence of (SEQ ID NO. 10)

15 Z-HX*EXTFTSDVX' " *YLEGQAAKEFIAWLVKX"R-NH,
wherein
Zis H-;
X% is a dipeptide residue of a pseudoproline;

X3 X®, X'% and X** are each independently achiral, optionally sterically hindered amino
20 acid residues; and

one or more residues of said sequence optionally includes side chain protection; and

1) contacting the insulinotropic peptide resulting from step 1) with acid to deprotect the amino
acid side chains to afford the deprotected insulinotropic peptide including amino acid
sequence of (SEQ ID NO. 11}

25 Z-HX*EX'TFTSDVSSYLEGQAAKEFIAWLVEK X R-NH,



d) providing a fourth peptide fragment including the amino acid sequence of (SEQ ID NO. 9)
20Z-HX8EX10-B' wherein X8 and Xi are each independently achiral, optionally sterically hindered
amino acid residues; Z is N-terminal protecting group Fmoc-; WO 2009/074483PCT/EP2008/066585
-130-B'is d‘i‘lf) 5?93}%‘%?130f H and E optionally includes side chain protec?%ﬂ?gﬁgﬁgésﬁg%ﬁpling the
fourth peptide fragment to the third peptide fragment{n solution to provide an insulinotropic peptide
including the amino acid sequence of (SEQ ID NO. 10)
5Z-HX8EXIOTETSDYX13818YLEOQAAKEFIAWLVICX35R-NH2 wherein Z is N-terminal protecting
group Fmoc-; X@lﬁrfglis a dipeptide residue of a pseudoproline; X8, Xi and X35 are each
independently achiral, optionally sterically hindered amino acid 10residues; and one or more residues
of said sequenge‘sogfi;oaﬁ‘glly includes side chain protection. 11. The method according to claim 9 or
claim 10, furthergcomprisiggsthe steps of: e oving{the_N-term_inal protecting group of the insulinotropic
peptide to affordt the irfddi otﬁé‘i‘)ﬁ?ﬁgéﬁﬂa%em@m AR e Bet el IBiRGCFD)
15Z-HX8EXIOEESIBEY/ X17818YLEGQAAKEFIAWLVKX35R-NH2 wherein Z is H-; X'7818 is a
dipeptide residue of a pseudoproline; X35 X8, Xth and Xeach independently achiral, optionally
sterically hindered amino 20acid residues; and one or more residues of said sequence optionally

includgs side chairpolegiion ARk CRNACTRY dreinsvineiapicRentde.resubing diom step i) with
acid to depro cttthe.amino acid aﬁi\ge chains.? afford tizségf;spé%tgctﬁg insulinotropic peptide including
amino acid SEQTEREE SFPEET 1D NG™S Y87 FHRERX| SYEEGQAAKEFIAWLY 35R-NH2
WO 2009/074483PCT/EP2008/066585 -13 1- Ee inZ.is H-; % Xl %d X35 are each
independently achiral, opti%ﬁﬁ%@ﬁfﬁqyﬁ#ﬁg mﬁﬁéﬁ%{; ggél%)ﬁﬁ ? The method according
to any one of claims 9 to 11, wherein the deprotected insulinotropic peptide has the amino acid
sequence (SEQ. ID No. 12) HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR-NH2 13. A peptide of the
amino acid seqliente(SEQoTBrdNid 3 Fd FERB MY XISV EGQAAKEFIAWLVKAIb-B' 10wherein Z is
selected from H- and Fmoc-; B' is -OH or solid phase resin;
Z-TFTSDVX' ™" YLEGQAAKEFIAWLVKAib-B’
10 wherein
Z is selected from H- and Fmoc-;
B’ is ~OH or solid phase resing;

L1718 . . . .
X' is a dipeptide residuc of 2 pseudoproline; and

one or more residues of said sequence optionally include side chain protection.

15 14. The peptide of claim 13, wherein the dipeptide residue of a pseudoproline is a Ser-Ser
residue of a pseudoproline.

I5. A peptide of the amino acid sequence (SEQ. ID NO. 15)
Z-TFTSDVX " *YLEGQAAKEFIAWLVKAibR-NH;
wherein
2Q 7 is selected from H- and Fmoc-;
X' is a dipeptide residue of a pseudoproline; and

one or more residues of said sequence optionally include side chain protection.



X17-18 is a dipeptide residue of a pseudoproline; and one or more residues of said sequence
optionally include side chain protection. 1514. The peptide of claim 13, wherein the dipeptide residue
of a pseudoproline is a Ser-Ser residue of a pseudoproline. 15. A peptide g i id sequence
(SEQ. ID NOV 3P4 DV X17-18 Y LEGQAAKEFIAWLVKAIbR-NH2 Wh%(r’rg%%f%@@&s:%%ected from H-
and Fmoc-; X1718 is a dipeptide residue of a pseugpyproline; and one or more residues of said
sequence optionally include side chain protection. WO 2009/074483PCT/EP2008/066585 -132-

16. The peptide of.claim 15, wherein the dipeptide residue of a.pseudoproline is.a. S regsidue of a
pseudoproline.q 691%??%? trhgt%p(gaé?nlldk%é% S{r%itnseudn1 ¢ tr10|c5)3i¥:e§’)1gp iglg,a S%é?igﬁér%% ifét%%ssrf%? a)
providing @ﬁ@@ﬁéﬁtﬁé@ﬁ@iﬂm including the amino acid sequence of (SEQ ID NO. 16)
5Z-FIAWLVKX35-B' wherein Xan achiral, optionally sterically hindered amino acid residue; Z is an
N-terminal protecting group; B' is a solid phase resin; and 10one or more residues of said sequence
optionally inclugiesaside iahipif frpiggtianadliatessigptpedistpeptidecftagmantadf step a) from the solid
phase resin to yield the first peptide fragment in solution (SEQ ID NO. 16) Z-FIAWLVICX35-B' wherein
B' is -OH; 9@\ camplingde:fiigt peptdefadiaant inesehiioncte argisioe etdminiorier 16) provide a
second peptide fragment including the amino acid sequence of (SEQ ID NO. 17)
Z-FIAWLVKX35R-NH2 wherein Z is an N-termjaglpratecting group; 20X35 is an achiral, optionally
sterically hindered amino acid residue; and one or more residues of said sequence optionally includes
~ side chain protggfion. dremoving the N-terminal protecting group to afford a third peptide fragment
including the amino acid sequence of (SEQ ID NO. 17) Z-FIAWLVKX35R-NH2 WO
20081074483 P S H QR0 ORRB A R s MIRHE Riculadd arfila 8@l optionally sterically
hindered amino acid residue; a d one’or more’residues of said sequence optionally includes side
chain protectio 518N6_\tmethgld %f r@gkin an insulinotropic peptide, comprising the steps of: a)
providing a pep |6’qe&flragrﬁrear11 m&ué‘?ng% amino acid sequence of (SEQ ID NO. 18)
Z-HX8EXthTFTS;DVX#Zér8EA_EG JAAKE-B' wherein X8 and XI are each independently achiral,
optionally steridAll§ A ErBRASHIRRE

10 one or more residues of said sequence optionally includes side chain protection;

b) cleaving the first peptide fragment of step a) from the solid phase resin to yield the first
peptide fragment in solution (SEQ 1D NO. 16)

Z-FIAWLVKX*-B’
wherein B’ is -OH;

15 ¢) coupling the first peptide fragment in solution to arginine amide in order to provide a second
peptide fragment including the amino acid sequence of (SEQ ID NO. 17)

Z-FIAWLVKXR-NH,
wherein
Z is an N-terminal protecting group;
20 X°° is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of said sequence optionally includes side chain protection;

d) removing the N-terminal protecting group to afford a third peptide fragment including the
amino acid sequence of (SEQ ID NO. 17)

Z-FIAWLVKX>R-NH:



10residues; X1718 is a dipeptide residue of a pseudoproline; Z is N-terminal protecting group Fmoc-;
B' is a solid phase resin; and one or more residues of said sequence optionally includes side

chain protection; and 15 b) cleaving the peptide fragment of step a) from th%é‘%”gﬁ’%@iﬁ esin to yield
the peptide PAgHEAPTH*EIution (SEQ ID NO. 18) Z-HX8EX1ITFTSDVX | 7-18Y( E-B'

wherein B' is -OH. 19. The method according to claiy.17, further comprising the steps of: 20 e)
providing a fourth peptide fragment including the amino acid sequence of (SEQ ID NO. 18)
Z-HXBEXIOTFTSDVX1748YLEGQAAKE-B ' wherein WO 2009/074483PCT/EP2008/066585 -134- X8
and Xm are ea (?ﬁed%pendently achiral, optionally sterically hindered amino acid residues; X17-18 is a
dipeptide residue of a pseudoproline; Z is N-terminal protecting group Fmoc-; 5B’ is a solid phase
resin; and one fhibre residues of said sequence optionally includes side chain protection; and O
cleaving the fourth peptide fragment of step e) from the solid phase resin to yield the fourth peptide
fragment in solckiolt PSEEHTE- 1B OP8Y Sty e vseitpaNg EEYRARE B’ 10wherein B' is -OH.
20. The method according to claim 19, further comprising the step of: %upling the fourth peptide

fragment to theCthiier psticRs ieRsREFIts SIaRUTORTBPARY IBGHEMdE S S FEYEEE Ragment including
the amino acid sequence of (SEQ ID NO. 10)
Z-FIX8EX10TFTSDVX1748YLEGQAAKEFIAWLVICX35R-NH2 15wherein Z is an N-terminal

protectng groups X8raatod LY meeieach independspitheachirabraptidnaliyestepicalty hinderedino acid
residues; X1748 is a dipeptide residue of a pseudoproline; 20X35 is an achiral, optionally sterically

hindered aynRa,Rgid Eelﬁﬁh'@e AAChRNEINEIIANTE tiRsiduss Qfisaid seauenceeoptidnadlylirvicludes side
chain protection. 21. The method according to claim 20, further comprising the step of: WO

2009/074483PCT/EP2008/06658511%8bx Z4x8 B F PSR KO AARYLEGQAAKEFIAWLY 35R-NH2
wherein Z is H-; X8 and X10 are each independently achiral, optionally sterically hindered ao acid

Sresidues; wherein

X* and X'° are cach independently achiral, optionally sterically hindered amino acid

10 residues;
X' is a dipeptide residue of a pseudoproline;
Z is N-terminal protecting group Fmoc-;
B’ is a solid phase resin; and
one or more residues of said sequence optionally includes side chain protection; and

15 b) cleaving the peptide fragment of step a) from the solid phase resin to yield the peptide
fragment in solution (SEQ ID NO. 18)

ZHXEXTFTSDVX P YLEGQAAKE-B’

wherein B’ is -OH.

19. The method according to claim 17, further comprising the steps of:
20 ¢) providing a fourth peptide fragment including the amino acid sequence of (SEQ 1D NO. 18)
Z-HXCEX *TFTSDVX ¥ YLEGQAAKE-R’

wherein



X17-18 is a dipeptide residue of a pseudoproline; X35 is an achiral, optionally sterically hindered
amino acid residue; and one or more residues of said sequence optionally includes side chain
protection.  22. The method according to claim 21, further comprising the step of: 10 contactlng

the |nsulmotr‘g&&“ﬁgﬁfﬁéa’resultlng from step h) with acid in order to depro'fgg{% 2% |6r618 acid side

chains to afford the deprotected insulinotropic peptigg.including amino acid sequence of (SEQ ID NO.
11) Z-HX8EXITI'ISDVSSYLEGQAAKEFIAWLVICX35R NH2 Wherein 15Z H-; and X8, Xm and X35 are

each independ fhyral, optianall serl aII der 0.acid residue 23. The method
according to ar%/“J fcalgﬁr%@ﬁl%gﬂ ?Nnﬁ relnt eg?g% mfisllalmo rog}capep |%%dhas the amino

acid sequence (SE@$ID No. 12) 20HA|bEGTFISDVSSYLEGQAAKEFIAWLVKAle NH2 24. A peptide
of the amino acid sequence (SEQ. ID NO. 18) Z-HX8EXITFTSDVX17-'8YLEGQAAKE -B' wherein

WO 2009/074483PUT/RHRO08/086885 01 8reeriopediested from H- and Fmoc-; B' is -014 or solid
phase resin; X1748 is a dipeptide residue of a pseudoproline; and one or more residues of said
sequence optichally-ircivide! pidecctisgrgpnaidution, 525. The peptide according to claim 24, wherein the
dipeptide residue of a pseudoproline is a Ser-Ser residue of a psendoproline. 26, A peptide haying the
aminozacid seqeRcees¢SEEhIE: NSin1ah)dZ-FIAWLVKX35R-NH2 wherein 10Z is N-terminal protecting
group Fmoc-; and X35 is an achiral, optionally sterically hindered amino acid residue; and one or more

residues of said:sestuapeeroptieRasintikges sidpthainpiielediond? éhdihepeptide; aedording to claim
26, wherein X35 is Aib. 28. A peptide having the amino acid sequence (SEQ ID NO. 16)

15Z-FIAMINICX 1 m@%@mh%eﬁlaelﬂdaméﬁeofaﬁg @rfr@ﬁlﬂze, s IN-ferminalipreteRlineng FoupH-moc-; and

X35is an achlral o&;tlgi terlézog onr('h {h? cid residue; and 20one or more residues of
said sequence 15 |ona mcl}uc?es S al protectlo -137- 29. The peptide according to claim 28,

wherein X3' is Aib. 24689 Sezqﬁggrg%%gg?gﬁggu@t%%b &&%dlw F. Hoffmann-La Roche

AG Roberts, Christopher R. Han
10 wherein B’ is ~OH.

20. The method according to claim 19, further comprising the step of:

g) coupling the fourth peptide fragment to the third peptide fragment in solution in order to
provide a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 10)

Z-HX EX "TETSDVX " * Y LEGQAAKEFIAWLVK X R-NH,
15 whetein
Z is an N-terminal protecting groﬁp;

X® and X'? are each independently achiral, optionally sterically hindered amino acid

residues;
X'"1% is a dipeptide residue of a pseudoproline;
20 X* is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection.

21. The method according to claim 20, further comprising the step of:

h) removing the N-terminal protecting group to afford a sixth peptide fragment including the
amino acid sequence of (SEQ 1D NO. 10)



Chen, Lin <120> Insulinotropic Peptide Synthesis using Solid and Solution Phase Combination
Techniques <130> Case 24689 <150> US 61/007238 <151> 2007-12-11 <160> 32 <170> PatentIn
version 3.5 <210> 1 <211> 37 <212> PRT <213> Homo sapiens <400> 1 His Asp Glu Phe Glu Arg
His Ala Glu é‘f?ﬁﬂwﬁﬁé&%hr Ser Asp Val 151015 Ser Ser Tyr Leu Glu GIf&TﬁEK? Oﬂf'gﬁé% Glu Phe lle
Ala Trp Leu 202530 Val Lys Gly Arg Gly 35 <210>13<211> 31 <212> PRT <213> Homo sapiens
<400> 2 His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 151015 GIn Ala Ala Lys Glu

Phe lle Ala Trp Leu Valmﬁ%@ﬁﬁgg\%me?égW%gﬁg@g <213> Homo sapiens

<400> 3 His Ala Glu Gl r'Ser Asp Va]“ er Tyr Leu GluGly 15 GIn Ala Ala Lys Glu

Phe lle Ala Trp Lheu Val Lys Gly Arg 202530 24689 Sequence Listing <210> 4 <211> 30 <212> PRT
Wwhcrem

ZisH-;

X® and X'? are each independently achiral, optionally sterically hindered amino acid
5 residues;

X" is a dipeptide residue of a pseudoproline;
X is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection.

22. The method according to claim 21, further comprising the step of:

10 1) contacting the insulinotropic peptide resulting from step h) with acid in order to deprotect the
amino acid side chains to afford the deprotected insulinotropic peptide including amino
acid sequence of (SEQ ID NO. 11)

Z-HX*EX'*TFTSDVSSYLEGQAAKEFIAWLVKX > R-NH;
wherein
i3 Z.is H-; and

X%, X' and X*° are each independently achiral, optionally sterically hindered amino acid
residues.

23. The method according to any one of claims 17 to 22, wherein the deprotected
msulinotropic peptide has the amino acid sequence (SEQ. ID No. 12)

20 HABEGTFTSDVSSYLEGQAAKEFIAWLVKAiDR-NH;

24. A peptide of the amino acid sequence (SEQ. ID NO. 18)
Z-HXPEXTFTSDVX ¥ YLEGQAAKE -B’

wherein



<213> Artificial Sequence <220> <223> Chemically synthesized peptide <220> <221>
mMiSC_FEATURE <222> (2)..() <223> Xaa is Aib <220> <221> MISC_FEATURE <222> (29)-0 <223>
xaa is Mb <400> 4 His Xaa Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr | u@luﬁ%l ‘5%%1015 Gin Ala
Ala Lys Glu PIAERIE S p Leu Val Lys Xaa Arg 202530 <210> 5 <211> ‘.’L‘?ﬁ 2% @l 213>
Artificial sequence <220> <223> Chemically synthegized peptide <220> <221> MISC_FEATURE
<222> (1)..(1) <223> is substituted by Z being an N-terminal protecting group or hydrogen <220>
<221> MISC_E ATéJ;Z‘REd 22> gl% ) 3<)c5223> Xaa is an achiral amino acid <220> <221>
MISC_FEATU B2 §> ( §fﬁ83§1< >is substituted by B being a solid phase resin or -OH <400> 5

Gin Ala Ala Lys Glu IE’) lle ,?\I '[lrp Leu Val Lys Xaa 1510 <210> 6 <211> 14 <212> PRT <213>
Artificial Sequencl " OF Sold Phase Tesin,

X' {5 a dipeptide residue of a pseudoproline; and

one or more residues of said sequence optionally include side chain protection.

5 25. The peptide according to claim 24, wherein the dipeptide residue of a pseudoproline is
a Ser-Ser residue of a pseudoproline.

26. A peptide having the amino acid sequence (SEQ ID NO. 17)
Z-FIAWLVKX”R-NH,
wherein
10 Z is N-terminal protecting group Fmoc-; and
X is an achiral, optionally sterically hindered amino acid residue; and

one or more residues of said sequence optionally includes side chain protection.
27. The peptide according to claim 26, wherein X% is Aib.

28 A peptide having the amino acid scquencé (SEQ ID NO. 16)
15 Z-FIAWLVKX™-B’
wherein
B’ is solid phase resin or ~OH;
Z is N-terminal protecting group Fmoc-; and
X* is an achiral, optionally sterically hindered amino acid residue; and

20 one or more residues of said sequence optionally includes side chain protection.



<220> <223> chemically synthesized peptide 24689 Sequence Listing <220> <221>
MISC_FEATURE <222> (1)..(1) <223> is substituted by Z being an N-terminal protecting group or
hydrogen <220> <221> MISC_FEATURE <222> (13)..(13) <223> Xaa is an achiral amino acid <220>
<221> MISC_FEATURE <222> (14)..(14) <223> amidated Argin ne (Argininamide) <400> 6 Gin Ala
Ala Lys Glu Phe lle Ala Trp Leu val Lys xaa Arg I&H0 <210> 7 <211> 12 <212> PRT <213> Atrtificial
sequence <220> <223> Chemically synthesized peptide <220> <221> MISC_FEATURE <222>
(2)..(1) <223} ' [ rminal. cting group or hydrogen <220> <221>
MISC_FEATE%I?%%%%%?%%@%%@%C aa Fgaﬁhfrfﬁf#ﬁ% of a pseudoproline dipeptide (residues
7-8) <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa is an amino acid of a pseudoproline
dipeptide (residues 7-8) <220> <221> MISC_FEATURE <222> (12)..(12) <223> is substituted by B
being a solid phase resin or -OH



'<400> 7 Thr Phe Thr Ser Asp Val Xaa Xaa Tyr Leu Glu Gly 1510 <210> 8 <211> 26 <212> PRT

<213> Artificial Sequence <220> <223> Chemically synthesized peptide 24689 Sequence Listing
<220> <221> MISC_FEATURE <222> (1)..(1) <223> is substituted by Z being an N-terminal
protecting group or hydrogen <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa is an amino
acid of a pseudoproline dipeptidgE(é% %LffgsﬂUN@ 9651591 mISC_FEATURE <222> (8)..(8) <223>
Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8) <220> <221> MISC_FEATURE
<22221(@5). K25)edZa8niXba Rpaheaéhiral amino acid <220> <221> MISC_FEATURE <222> (26)..(26)
<223> amidéﬁ(%’&‘f%@mﬁ%gﬁaﬂqﬁ%rﬁide) <400> 8 Thr Phe Thr Ser Asp Val Xaa Xaa Tyr Leu Glu Gly
GIn Ala Ala tysril,51045 Glu Phe lle Ala Trp Leu Val Lys Xaa Arg 2025 <210> 9 <211> 4 <212> PRT
<213; il Seduenss; <2205 $22% Chemcaly Ay berized ReRfE 183 %hase

Combination Techniques

<130> Case 24689

<150> US 61/007238
<151> 2007-12-11

<160> 32
<170> PatentIn version 3.5

<210> 1

<211> 37

<212> PRT

<213> Homo sapiens

<400> 1

His Asp Glu Phe Glu Arg His Ala Glu Gly Thr Phe Thr Ser Asp val
1 5 10 15

Ser Ser Tyr bteu Glu Gly GIn Ala Ala Lys Glu Phe Ile Ala Trp Leu
20 25 30

val Lys Gly Arg Gly
35

<210> 2

<Z11> 31

<212> PRT

<213> Homo sapiens

<400> 2
His Ala GIu Gly Thr Phe Thr ser Asp val Ser Ser Tyr Leu Glu Gly
1 5 : 10 15

GIn Ala Ala Lys Glu Phe Tle Ala Trp Leu val Lys Gly Arg Gly
20 25 30

<210> 3

<211> 30

<212> PRT

<213> Homo sapiens

<400> 3

His ala Giu Gly Thr Phe Thr %er Asp val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala tys Glu Phe Tle Ala Trp Leu val Lys Gly Arg
20 25 30

Page 1



'<221> mISC_FEATURE <222> (1)..(1) <223> is substituted by Z being an N-terminal protecting group
or hydrogen <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa is an achiral amino acid <220>
<221> MISC_FEATURE <222> (4)..(4) <223> Xaa is an achiral amino acid <220> <221>
MISC_FEATURE <222> (4)..(4) <223> is substituted by B' being a solid phase resin or -OH <400> 9
24689 Sequence Listing His xaa Glu R4e8P Spegsnte LIFE3M90 <212> PRT <213> Artificial Sequence
<22Q31§§23%Chemically synthesized peptide <220> <221> MISC_FEATURE <222> (1)..(1) <223>is
substitded Bz being an N-terminal protecting group or hydrogen <220> <221> MISC_FEATURE
<2233, €8 32358467 Sehiral amino acid <220> <221> MISC_FEATURE <222> (4)..(4)
<22322¢aa is an achiral amino acid <220> <221> MISC_FEATURE <222> (11)..(11) <223> Xaa is an
amirid&id &harpsaddypronhbedipestiderFésriues 11-12) <220> <221> MISC_FEATURE <222>

(12)..(12)
<220>
<221>
<222>
<223>

<220>
221>

<222
<223>

<400>

1

MISC_FEATURE !
(23..0

Xaa is Aib

MISC_FEATURE

(29)..0
Xaa 1s Aib
4

His Xaa Gtu Gly Thr Phe Thr Ser Asp val Ser Ser Tyr Leu Glu Gly
5 10

15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu val Lys Xaa Arg
30

<210>
<211>
<212>
<213>

<220>
<223>

<2Z20>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

20 25

5

13

PRT

Artificial sequence

Chemically synthesized peptide

MISC. FEATURE

(1)..CD . . : =

is substituted by Z being an N-terminatl protecting group or
hydrogen

MISC . FEATURE
(13)..(13) i ) .
Xaa is an achiral amino acid

MISC_FEATURE

(13)..(13)
is substituted by B' being a solid phase resin or -0OH
5

GIn Ala Ala Lys Glu Phe I1e Ala Trp Lgu val Lys Xaa
1 5 1

<210>
<211>
<212>
<213>

<220>
<223>

6

14

PRT

Artificial Sequence

chemically synthesized peptide
Page 2



'<223> xaa is an amino acid of a pseudoproline dipeptide (residues 11-12) <220> <221>
MISC_FEATURE <222> (29)..(29) <223> Xaa is an achiral amino acid <220> <221> MISC_FEATURE
<222> (30)..(30) <223> ami dated argi nine (Argininamide) <400> 10 His Xaa Glu Xaa Thr Phe Thr
Ser Asp Val Xaa Xaa Tyr Leu Glu Gly 151015 GIn Ala Ala Lys Glu Phe lle Ala Trp Leu val Lys xaa Arg
202530 <210> 11 <211> 30 <212> PR1T%E21380ugHfieidl ' S&gience <220> <223> Chemically
synthesized peptide 24689 Sequence Listing <220> <221> MISC_FEATURE <222> (1)..(1) <223> is
substitgfed b Z being an N-terminal protecting group or hydrogen <220> <221> MISC_FEATURE
<222% %955 is an achiral amino acid <220> <221> MISC_FEATURE <222> (4)..(4)
<223zz2>§aa |$sa|Larﬁufabaauniﬁyazldasﬁ@arﬁwiérws&} bEdcBdR <3220 (29)..(29) <223> Xaa is an
achiral amin®4ERP220> <221> MISC_FEATURE <222> (30)..(30) <223> amidated arginine

(arginingide) <400> 11 His xaa Glu Xaa Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
<221> MISC_FEATURE
<222>  (13)..(13)
<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> amidated Arginine (Argininamide)

<400> 6

GIn Ala Ala Lys Glu Phe Ite Ala Trp Leu val Lys Xaa Arg
1 5 10

<210> 7

«<211> 12

«212> PRT

<213> artificial seguence

<220>
<223> Chemically synthesized peptide

<220>

<221> MISC_FEATURE

<222> (..

<223> 1is substituted by Z being an N-terminal protecting group or
hydrogen

<220>

<221> MISC_FEATURE

<222> (7)..{7)

<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8)

<220>

«221> WMISC_.FEATURE

<222> (8)..(8

<223> Xaa is an amino acid of a pseudoproiine dipeptide (residues 7-8)

<220>

<221> MISC_FEATURE

<222> (12)..(12)

<223> 1is substituted by B' being a solid phase resin or -0OH

<400> 7

Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly
1 5 10

<210> 8

<211> 26

<212> PRT

<213> Artificial sequence

<220> )
<223> Chemically synthesized peptide

Page 3



151015 GiIn Ala Ala Lys Glu Phe lle Ala Trp Leu Val Lys Xaa Arg 202530 <210> 12 <211> 30 <212>
PRT <213> Atrtificial Sequence <220> <223> Chemically synthesized peptide <220> <221>
MISC_FEATURE <222> (2)..(2) <223> Xaa is Mb <220> <221> miSC_FEATURE <222> (29)..(29)
<223> Xaa is Mb <220> <221> MISC_FEATURE <222> (30)..(30) <223> amidated Arginine
(Argininamide) <400> 12 His Xaa GIVEITREBHEThr-38F Kb Val Ser Ser Tyr Leu Glu Gly 151015
GIn &apAla Lys Glu Phe lle Ala Trp Leu Val Lys Xaa Arg Page 6 24689 Sequence Listing 202530
<21603213 <%1 ?ﬁﬁfﬂ% PRT <213> Artificial Sequence <220> <223> chemically synthesized
SaSsly

Z . . . .
pep(igs:z22 MISE_FEATHRE <2222(Dnkhh 223 it syRstijbieg by Z being an N-terminal
protecting ghedpogiehydrogen <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa is an amino
acid<9t28>pseudoproline dipeptide (residues 7-8) <220> <221> MISC_FEATURE

<221> MISC_FEATURE
<222> (7)..(7) . . .
<223> Xaa is an aminc acid of a pseudoproline dipeptide {residues 7-8)

<220>

<221> MISC_FEATURE

<222> (8)..(&

<223> Xaa 1s an amino acid of a pseudoproline dipeptide (residues 7-8)

<220>

<221> MISC.FEATURE

<222> (25)..(25)

<223> Xaa 1is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (26)..(26)

<223> amidated Arginine (Argininamide)

<400> 8

Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly GIn Ala Ala Lys
1 5 10 i5

Glu Phe Ile Ala Trp Leu val Lys Xaa Arg
20 25

<210> 9

<21l> 4

<212> PRT

<213> Artificial Seguence

<220>
<223> Chemically synthesized peptide

<220>

<221> MISC_FEATURE

<222> (1)..{(1

<223> s substituted by Z being an N-terminal protecting group or
hydrogen

<220>

<221> MISC_FEATURE

<222> (2)..(2

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222 (A .. (4

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> 1s substituted by B' being a solid phase resin or -OH

<400> 9
Page 4



'<222> (8)..(8) <223> Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8) <220> <221>
MISC_FEATURE <222> (22)..(22) <223> Xaa is an achiral amino acid <220> <221> MISC_FEATURE
<222> (25)..(25) <223> Xaa is an achiral amino acid <220> <221> MISC_FEATURE <222> (25)..(25)
<223> is substituted by BT being a solid phase resin or -OH <400> 13 Thr Phe Thr Ser Asp Val Xaa
Xaa Tyr Leu Glu Gly GIn Ala Ala Lys 15987 S esitePHe HESASrp Leu Val Lys Xaa 2025 <210> 14
<21krL252E25 RRAI <213> Artificial Sequence <220> <223> chemically synthesized peptide <220>
<221> MISC_FEATURE <222> (1)..(1) <223> is substituted by Z being an N-terminal protecting group
or hydrogen 24689 Sequence Listing <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa is an
amiradeid aba pseudoproline dipeptide (residues 7-8) <220> <221> MISC_FEATURE <222> (8)..(8)
<223;:§%1a1i§0 n amino acid of a pseudoproline dipeptide (residues 7-8) <220> <221>

MiSEs FEATYRE 1322>d@R)e(25) <223> Xaa is Mb <220> <221> MISC_FEATURE

<220> )
<223> cChemically synthesized peptide

<220>

<221> MISC_FEATURE

<222> (1)..(D

<223> s substituted by Z being an N-terminal protecting group or
hydrogen

<220>

<221> MISC_FEATURE

<222> (2)..(2)

<223> Xaa is an achiral amino acid

<220

<221> MISC_FEATURE

«222> (4., (4

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (11)..(1D)

<223> Xaa is an aminho acid of a pseudoproline dipeptide (residues 11-12)

<220>

<221> MISC.FEATURE

<222>  (12)..(12)

<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 11-12)

<220>

<221> MISC_FEATURE

<222> (29..02%

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (30)..(30)

«223> amidated arginine (Argininamide)

<400> 10

His Xaa Glu Xaa Thr prhe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe ITe Ala Trp Lteu val Lys Xaa Arg
20 25 30

<210> 11
<211> 30
<212> PRT
<213> artificial Seqguence

<220>
<223> Chemically synthesized peptide

Page 5



1 <222> (25)..(25) <223> is substituted by B' being a solid phase resin or -OH <400> 14 Thr Phe Thr
Ser Asp Val Xaa Xaa Tyr Leu Glu Gly GIn Ala Ala Lys 151015 Glu Phe lle Ala Trp Leu Val Lys Xaa
2025 <210> 15 <211> 26 <212> PRT <213> Atrtificial sequence <220> <223> Chemically synthesized
peptide <220> <221> MISC_FEATURE <222> (1)..(1) <223> is substituted by Z being an N-terminal
protecting group or hydrogen <220> 22982 RASHENEEATERES<222> (7)..(7) <223> Xaa is an amino
acid«@ba-pseudoprol ne dipeptide (residues 7-8) <220> <221> MISC_FEATURE <222> (8)..(8) <223>
Xaa<igZdn amhiss-dEitiTRE pseudoproline dipeptide (residues 7-8) <220> <221> MISC_FEATURE

2 . . . .
<2225105).(25) 250, Xag I MD 200> 2R LIS EATURE 282,20).(26) <223> amidated
arginine (Argininagnatde) <400> 15 Thr Phe Thr Ser Asp Val Xaa Xaa Tyr Leu Glu Gly GIn Ala Ala Lys
Pag 24689 Sequence Listing 151015 Glu Phe lle Ala Trp Leu Val Lys Xaa Arg 2025 <210> 16

(S
<21i£§}21@§£3§1;\ﬁ&1£3> Artificial sequence
<222> (2)..(2)
<223> Xaa is an achiral amino acid

<220>

«<221> MISC_FEATURE

<222> () ..(d

<223> Xaa is an achiral amino acid

<220>

<2231> MISC_FEATURE

<222> (29..029

<223> Xaa is an achiral amino acid

<220>

<221> MISC.FEATURE

<222> (303..0C0

<223> amidated arginine (argininamide)

<400> 11

His Xaa Glu Xaa Thr Phe Thr Ser Asp val Ser Ser Tyr Leu Giu Gly
1 5 10 15

GIn Ala Ala Lys Glu Phe Ile Ala Trp Leu val Lys Xaa Arg
20 25 30

<210> 12

<211> 30

<212> PRT

<213> Artificial Ssequence

<220> )
<223> chemically synthesized peptide

<220>

<221> MISC_FEATURE
<222> (2)..(2>
<223> Xaa is Aib

<220>

<221> MISC_FEATURE
<222> (29)..(29)
<223> Xaa is Aib

<220>

<221> MISC_FEATURE

<222> (30)..(30)

<223> amidated Arginine {Argininamide)

<400> 12
His Xaa Glu Gly Thr Phe Thr Ser asp val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gin Ala Ala Lys Glu Phe Ile Ala Trp Leu val Lys Xaa Arg
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' <220> <223> Chemically synthesized petide <220> <221> MISC_FEATURE <222> (1)..(1) <223> is
substituted by Z being an N-terminal protecting group or hydrogen <220> <221> MISC_FEATURE
<222> (8)..(8) <223> Xaa is an achiral amino acid <220> <221> MISC_FEATURE <222> (8)..(8)
<223> is substituted by B being a solid phase resin or -OH <400> 16 Phe lle Ala Trp Leu Val Lys Xaa
15 <210> 17 <21%5 9 <212> PRT <21 35%R i Yefgd At 20> <223> Chemically synthesized
peptide <220> <221> MISC_FEATURE <222> (1)..(1) <223> is substituted by Z being an N-terminal
protecting group or hydrogen <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa is an achiral
amiﬂéﬁ@id %%20> <221> MISC_FEATURE <222> (9)..(9) <223> amidated arginine (argininamide)
<400Q>117 Phertlle Ala Trp Leu val Lys xaa Arg 15 24689 Sequence Listing <210> 18 <211> 21 <212>
PREXE3>AHifiCial 3égbrited <@20>

<220> i
<223> chemically synthesized peptide

<220>

<221> MISC._FEATURE

<222> (13..(L) _ _

<223> 1s substituted by 7z being an N-terminal protecting group or
hydrogen

<220>

<221> MISC_FEATURE

<222> (7)..(7) ‘ _ .

<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8)

<220>

«221> MISC_FEATURE

<222> (8)..(8) ) ) _ ' ) )

<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8)

<2720>

<2231> MISC_FEATURE

<222> (22)..(22)

<223> Xaa is an achiral amino acid

<220>

<Z221> MISC _FEATURE

<222>  (25)..(25)

<223> Xxaa is an achiral amino ac¢id

<220>

<2Z21> MISC_FEATURE

<222> (25)..(025) _

<223> s substituted by B' being a solid phase resin or -OH

<400> 13

Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly GIn Ala Afa Lys
1 5 10 15

Glu phe I7e Ala Trp Leu val Lys Xaa
20 25

<21C¢> 14

<211> 25

<212> PRT

<233> Artificial Sequence

<220> ) )
<223> Chemically synthesized peptide

<220>

<221> MISC_FEATURE

«222> (1)..(1L )

<223> 1is substituted by Z being an N-terminal protecting group or
hydrogen
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'<223> Chemically synthesized peptide <220> <221> MISC_FEATURE <222> (1)..(1) <223> is
substituted by Z being an N-terminal protecting group or hydrogen <220> <221> MISC_FEATURE
<222> (2)..(2) <223> xaa is an achiral amino acid <220> <221> MISC_FEATURE <222> (4)..(4)
<223> xaa is an achiral amino acid <220> <221> MISC_FEATURE <222> (11)..(11) <223> Xaa is an

aming&cid of a pseudoproline dipeptid&6Fesiagesnr 195£299> <221> MISC_FEATURE <222>

(12)2 i<321%z_>§ag_a\i@@ amino acid of a pseudoproline dipeptide (residues 11-12) <220> <221>

MIS€ REATURE 222> (21)..(21) <223> is substituted by B' being a solid phase resin or -OH <400>
18 HiS%3a Gfxaa FArBHECTAF EEPASsH DARRARSA i Fépeetl B IBIEGIA Ala Ala Lys Glu 20
<21Q2219 <211> 30 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized
pep%ggi%zmcgf&z ATNRSC_FEATURE <222> (2)..(2) <223> xaa is an achiral amino acid <220>

2

<22 T55MIS G B EATURE 73222 4)- dA) £223a 0623 A AP ARING G kues 7-8)

<220>

<221> MISC_FEATURE
<222 (25)..(25)
<223> Xaa is Aib

<220

<221> MISC_FEATURE

<222> (25)..(25)

<223> 1is substituted by B’ being a solid phase resin or -OH

<400> 14

Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly Gln Ala Aga iys
1 5 10 1

Glu phe Ile Ala Trp Leu val Lys Xaa
20 25

<210> 15

<211> 26

<21Z2> PRT

<213> Artificial sequence

<220> _ _
<223> Chemically synthesized peptide

<220>

<221> MISC_FEATURE

<222> (1D..(1

<223> 1is substituted by Z being an N-terminal protecting group or
hydrogen

<220>

<221> MISC_FEATURE

<222> (7)..(7) .

<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8)

<220>

<221> MISC_FEATURE

<222> (8)..(8 i _ _ )

<223> Xaa 1is an amino acid of a pseudoproline dipeptide (residues 7-8)

<220>

<221> MISC_FEATURE
<222> (25)..(25)
<223> Xaa is Aib

<220=>

<221> MISC_FEATURE

<222> (26)..(26)

<223> amidated arginine (Argininamide)

<400> 15

Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly GIn Ala Ala Lys
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"Page 10 24689 Sequence Listing <220> <221> MISC_FEATURE <222> (29) . . (29) <223> Xaa is an
achiral amino acid <220> <221> MISC_FEATURE <222> (30)..(30) <223> ami dated argi nine
(argininamide) <400> 19 His xaa Glu Xaa Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 151015
Gin Ala Ala Lys Glu Phe lle Ala Trp Leu Val Lys Xaa Arg 202530 <210> 20 <211> 4 <212> PRT
<213> Artificial Sequegce <220> <22§§6(§%eﬁﬁéﬂRF§yhfﬁ§§i%d peptide <220> <221>
MISC_FEATURE <222> (2)..(2) <223> Xaa is an achiral amino acid <220> <221> MISC_FEATURE
<222> (4%54 <22%> Xaa is an achiral amino acid <400> 20 HiS Xaa Glu Xaa 1 <210> 21 <211> 4

<2151 1]_83§@§rti?i'3?af‘§‘éa{fen&55<226>’5‘£§23> Chemically synthesized peptide <220> <221>
MISC_FEATURE <222> (2)..(2)

«210> 16

<211> 8

<212> PRT

<213> Artificial sequence

<220>
<223> Chemically synthesized petide

<220>

<221> MISC.FEATURE

<222> (1)..(L

<223> 1is substituted by Z being an N-terminal protecting group or
hydrogen

<220>

<221> MISC_FEATURE

<222> (8)..(8)

<223> Xaa 1s an achiral amino acid

<220>

<221> MISC._.FEATURE

<222> (8)..{(8)

<223> s substituted by B’ being a solid phase resin or -0OH

<400> 16

Phe Iie Ala Trp Leu val Lys Xaa
1 5

<210> 17

<211> 9

<212> PRT

<213> Artificial seqguence

<220>
<223> Cchemically synthesized peptide

<220>

<221> MISC,.FEATURE

<222> (1)..(1)

<223> 1is substituted by Z being an N-terminal protecting group or hydrogen

220>

<221> MISC_FEATURE

<222> (8)..(8)

<223> Xaa 1is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (9)..(9)

<223> amidated arginine (argininamide)

<400> 17
Phe Ile Ala Trp Leu val Lys Xaa Arg
1 5
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1 <223> Xaa is Mb <400> 21 His Xaa Glu Gly 1 <210> 22 <211> 12 24689 Sequence Listing <212>
PRT <213> Atrtificial Sequence <220> <223> Chemically synthesized peptide <220> <221>
MISC_FEATURE <222> (7)..(7) <223> Xaa is an amino acid of a pseudoproline dipeptide (residues
7-8) <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa is an amino acid of a pseudoproline
dipepjige (residues 7-8) <400> 22 ThiHRE TIOERN Ash WA Ba Xaa Tyr Leu Glu Gly 1510 <210> 23
<2112>1313 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized peptide <220>
<2232IHSCRFEATURE <222> (13)..(13) <223> Xaa is an achiral amino acid <400> 23 GIn Ala Ala
Lys Brphe TIE Al 13 CEARTAF ys xaa 1510 <210> 24 <211> 13 <212> PRT <213> Atrtificial
Sequenke <220> <223> Chemicallly synthesized peptide <220> <221> MISC_FEATURE <222>
(13):;;&%7» <Shexigadiy Ggthesized peptide

<220>

<221> MISC_FEATURE

<222> (1L)..(L)

<223> 1is substituted by Z being an N-terminal protecting group or
hydrogen

<220>

<22i> MISC_FEATURE

<222> (2)..(2)

<223> Xaa js an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> {(11)..{1L)

<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 11-12)

<220>

<221> MISC_FEATURE

<22?2> {12)..(12)

<223> Xaa is an amino acid of a pseudoproline dipeptide {residues 1i-12)

<220>

<221> MISC_FEATURE

<222> (21)..(021)

<223> 1s substituted by B' being a solid phase resin or -OH

<400> 18

His Xaa Glu Xaa Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu
20

<210> 19
<211> 30
<212> PRT

<213> Artificial Sequence

<220>
<223> Cchemically synthesized peptide

<220>

«<223> MISC_FEATURE

<222> (2)..(2)

<223> Xaa is an achiral amino acid

<220>
<221> MISC_FEATURE
<222> (43..(4)
<223> Xaa is an achiral amino acid
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' <400> 24 GIn Ala Ala Lys Glu Phe lle Ala Trp Leu Val Lys Xaa 1510 <210> 25 <211> 26 <212> PRT
<213> Atrtificial Sequence 24689 Sequence Listing <220> <223> Chemically synthesized peptide
<220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa is an amino acid of a pseudoproline
dipeptide (residues 7-8) <220> <221> MISC FEATURE <222> (8)..(8) <223> xaa is an amino acid of
a pseudoproline dipeptide (residues 7858256312559 HASBSFEATURE <222> (25)..(25) <223> Xaa
is anaghiral amino acid <220> <221> MISC_FEATURE <222> (26)..(26) <223> amidated arginine
(argiHfiRaBEmI 240?5 Thr Phe Thr Ser Asp Val Xaa Xaa Tyr Leu Glu Gly Gin Ala Ala Lys 151015
Glu g@eﬁﬁ; ﬁ%g/@ Lys Xaa Arg.2025 <210> 26 <211> 30 <212> PRT <213> Artificial
Sequence <220> <223> Chemically synthesized peptide <220> <221> MISC_FEATURE <222>
(2)..@)3‘2;22%@9@5 Achiral amino acid <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa
is an 'ral@ayﬁo(a?& <220>

<223> amidated arginine (argininamide)

<400> 19

His Xaa Glu Xaa Thr Phe Thr Ser Asp val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu val Lys Xaa Arg
20 25 30

<210> 20
<211l> 4

<212> PRT

<213> Artificial Sequence

<220> ] )
<223> Chemically synthesized peptide

<220>

<221> MISC_FEATURE

<222> (2}..(2)

<223> Xaa 1is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa is an achiral amino acid

<400> 20

His Xaa Glu Xaa
1

<210> 21

<211> 4

<212> PRT

<213> Artificial Sequence

<220> )
<223> Chemically synthesized peptide

<220>

<221> WMISC_FEATURE
<222> (2)..(2
<223> Xaa is Aib

<400> 21

His Xaa Glu Gly
1

<210> 22
<211> 12
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' <221> MISC_FEATURE <222> (11)..(11) <223> Xaa is an amino acid of a pseudoproline dipeptide
(residues 11-12) <220> <221> MISC_FEATURE <222> (12)..(12) <223> Xaa is an amino acid of a
pseudoproline dipeptide (residues 11-12) <220> <221> MISC_FEATURE <222> (29)..(29) <223> Xaa
is an achiral amino acid 24689 Sequence Listing <220> <221> MISC_FEATURE <222> (30)..(30)
<2233,3midgted arginine (argininamiddPEA0TISY Fis X34 'ER Xaa Thr Phe Thr Ser Asp Val Xaa Xaa
Tyr kewizGlusptyt #HHAL5 Leuddadila Lys Glu Phe lle Ala Trp Leu Val Lys xaa Arg 202530 <210> 27
<211> 21 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized peptide <220>
<2215500SGLERATURE. 52222 (2 - §2)ERR3> Xaa is an achiral amino acid <220> <221>
MISC_FEATURE <222> (4)..(4) <223> Xaa is an achiral amino acid <220> <221> MISC_FEATURE
<22g52%g1)..(11) <223> Xaa is an amino acid of a pseudoproline dipeptide (residues 11-12) <220>
<221>MISGIEEAEMRREE<222> (12)..(12) <223> Xaa is an amino acid of a pseudoproline dipeptide
(res%ﬁ 11612). (7)

Xaa 'is an amino acid of a pseudoproline dipeptide {residues 7-8)

<220>

<221> MISC_FEATURE

<222> (8)..(8 . ]

<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8)

<400> 22

Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leuw Glu Gly
1 5 10

<210> 23

<211> 13

<212> PRT

<213> Artificial sequence

<220> _ .
<223> cChemically synthesized peptide

<220

<221> MISC_FEATURE

<222> (13)..(13)

<223> Xaa s an achiral amino acid

<400> 23

Gln Ala Ala Lys Glu Phe Ite Ala Trp Leu Val Lys Xaa
1 5 10

<210> 24

<21il1> 13

<212> PRT

<23i3> Artificial Sequence

<220> _ .
<223> Cchemicallly synthesized peptide

<220

<221> MISC_FEATURE
<222> (13)..(13)
<223> Xaa is Aib

<400> 24
GIn Ala Ala Lys Glu Phe Ile Ala Trp Ley val Lys Xaa
1 5 19

<210> 25

<21l> 26

<212> PRT

<213> Artificial seguence
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' <400> 27 His Xaa Glu Xaa Thr Phe Thr Ser Asp Val Xaa Xaa Tyr Leu Glu Gly 151015 Gin Ala Ala Lys
Glu 20 <210> 28 <211> 21 <212> PRT <213> Atrtificial Sequence <220> <223> Chemically
synthesized peptide <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa is Mb 24689 Sequence
Listing <220> <221> MISC_FEATURE <222> (11)..(11) <223> Xaa is an amino acid of a
pseudgproline dipeptide (residues 112408225 esu12p08 L MISCY FEATURE <222> (12)-(12) <223> Xaa

is an 2pino aeid ofa prevderling flipeptifde. (residues 11-12) <400> 28 HiS Xaa Glu Gly Thr Phe Thr
Ser Asp Val Xaa Xaa Tyr Leu Glu Gly 151015 Gin Ala Ala Lys Glu 20 <210> 29 <211> 17 <212> PRT

<21C<’>526£tificial Sequence <220> <223> Chemically synthesized peptide <220> <221>
MISG REAMIRE =222=:7)..(7) <223> xaa is an amino acid of a pseudoproline dipeptide (residues
7-8)<R220> £221KISC FEATURE <222> é8) é)?) <223> Xaa is. an amino acid 9f pseudoproline
ipeBARTE (rubs FBFTHBOS O TRE AePPAY G ALEVl YAR R4S WPEALLEI G Gin Ala Ala Lys
151Q2150>

<221> MISC_FEATURE

<222> (B)..(8)
<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8)

<220>

<221> MISC_FEATURE

<222> (25)..(25)

<223> Xaa is an achiral amino acid

<220>

<221> MISC.FEATURE

<222> (26)..(26)

<223> amidated arginine (argininamide)

<400> 25

Thr Phe Thr ser Asp val Xaa Xaa Tyr Leu Glu Gly Gin Ala Ala Lys
1 5 10 15

Glu phe Ile Ala Trp Leu val Lys Xaa Arg
20 25

<210> 26

<211> 30

<212> PRT

<213> Artificial sequence

<Z220>
<223> cChemically synthesized peptide

<220>

<221> MISC_FEATURE

<222> (2)..(2)

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (4)..(4d

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (11)..(11)

<223> Xaa is an amino acid of a pseudoproline dipeptide {residues 11-12)

<220>

<221> MISC_FEATURE

<222> (12)..(12D)

<223> Xaa is an amino acid of a pseudoproline dipeptide {residues 11-12)

<220>

<221> MISC_FEATURE

<222> (29)..0(29}

<223> Xaa is an achiral amino acid
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Glu <210> 30 <211> 8 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized
peptide <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa is an achiral amino acid <400> 30
Phe lle Ala Trp Leu Val Lys Xaa 15 24689 Sequence Listing <210> 31 <211> 8 <212> PRT <213>
Artificial Sequence <220> <223> Chemically synthesized peptide <220> <221> mISC_FEATURE
<222> (8)-(8) <223> xaa is Alb <400>238853heete mieeTk) Tl Wal Lys Xaa 15 <210> 32 <211> 9
<212§§%&T w37 Arfigial Sequence <220> <223> Chemically synthesized peptide <220> <221>
MISQ REATERE 322> (By. (8) <223> Xaa is an achiral amino acid <220> <221> MISC_FEATURE

<Z223> amidated argidine "(argininamide)

<400> 26

His Xaa Glu Xaa Thr Phe Thr Ser Asp val! Xaa Xaa Tyr teu Glu Gly
1 5 10 15

GIn Ala Ala Lys Glu Phe ITe Ala Trp Leu val Lys Xaa égg

20 25
<210> 27
<211> 21
<212> PRT
<213> Artificial seguence
<220>

<223> chemically synthesized peptide

<220

<221> MISC_FEATURE

222> (2)..{23

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (4)..(4>

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (11)..(1D)

<223> Xaa is an amino acid of a pseudoproline dipeptide {residues 11-12)

<220>

<221> MISC_FEATURE

<222> (12)..(12) ) ) . .

<223> Xaa is an amino acid of a pseudoproline dipeptide (residues 11-12)
<400> 27

His Xaa Glu Xaa Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Giu Gly
1 5 10 15

Gln Ala Ala Lys Glu
20

<210> 28
<211> 21
<212> PRY

<213> Artificial Segquence

<220> .
<223> chemicaily synthesized peptide

<220

<221> MISC_FEATURE
<222> (2)..(23
<223> Xaa is Aib
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1<222> (9)..(9) <223> amidated arg n ne (argininamide <400> 32 Phe lle Ala Trp Leu val Lys Xaa Arg

15

<220>
<221>
<222>
<223>

<220>
<221>
<22?>
<223>

<400>

24689 Seguence Listing

MISC_FEATURE
(11)..C10
Xaa is an amino acid of a pseudoproiine dipeptide (residues 11-12)

MISC_FEATURE
12)..(02) .
Xaa is an amino acid of a pseudoproline dipeptide (residues 11-12)

28

His Xaa Glu Gly Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly

i

5 10 15

Gin Ala Ala Lys Glu
20

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

Glu

<210>
<21i>
<212>
<213>

<220
<223>

<220>
<221>
<222>
<223>

<400>

1

29

17

PRT

Artificial Sequence

Chemically synthesized peptide

MISC_FEATURE
(7.5

Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8)

MISC_FEATURE
(8)..(8)

Xaa is an amino acid of a pseudoproline dipeptide (residues 7-8)

29

Thr Phe Thr Ser Asp val Xaa Xaa Tyr Leu Glu Gly GIn Ala Ala Lys
5 10 15

30

8

PRT

Artificial Ssequence

Chemically syntheéized peptide

MISC_FEATURE

(8)..(8) . i )
Xaa 1is an achiral amino acid
30

Phe Iie Ala Trp Leu val Lys Xaa
5
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24689 seqguence Listing

<210> 31

<211> 8

<212> PRT

<213> Artificial Sequence
<220>

<223> chemically synthesized peptide

<220>

<221> MISC_FEATURE
<222> (8)..(8)
<223> Xaa is Aib

<400> 31

Phe T1e Ala Trp Leu val Lys Xaa
1 5

<210> 32

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> cChemically synthesized peptide

<220>

<221> MISC_FEATURE

222> (8)..(8)

<223> Xaa is an achiral amino acid

<220>

<221> MISC_FEATURE

<222> (9)..(9

<223> amidated arginine (argininamide

<4G0> 32

Phe ITe Ala Trp Leu val Lys Xaa Arg
1 5
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