WO 2007/147816 PCT/EP2007/056052 INSULINOTROPIC PEPTIDE
SYNTHESIS The invention relates to methods for preparing insulinotropic
Wﬁ]%%ig]%%&articularly glu.cagon-like peptide-1 (CLP-1) and %%ﬁ%%%ﬁ%’sam
ereof, using solid- and solution- phase processes. The presént invention
further relates to intermediate peptide fragments that can be used in
these methods. Many methods for peptide synthesis are described in the
literature (for example, see U.S. Patent No. 6,015,881; Mergler et al.
(1988) Tetrahedron Letters 29:4005-4008; Mergler et al. (1988)
Tetrahedron Letters 29:4009-4012; ICamber et al. (eds), Peptides,
Chemistry and Biology, ESCOM, Leiden (1992) 525-526; Riniker et al.
(1993) TetrahedronibetdEMAIGUALG PIFTIREAVNERRSISt al. (1993)
Tetrahedron Letters 49:11065-11133; and Andersson et at. (2000)
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addition o jncremental losses in WQ 2007/147816 PCT/EP2007/056052
pﬁptide product; in other cases the pept%e geaved. oM tEe support (?.e., a ‘gpeptide

intermediate fragment”) is used in the preparation of a larger, mature peptide product.

Peptide intermediate fragments generated from solid phase processes can be
coupled together in the solid phase or in a liquid phase synthetic process {herein referred
to as “solution phase synthesis”). Solution phase synthesis can be particularly useful in
cases where the synthesis of a useful mature peptide by solid phase is either impossible or
not practical. For example, in solid phase synthesis, longer peptides eventually may adopt
an irregular conformation while still attached to the solid support, making it difficult to
add additional amino acids or peptide material to the growing chain. As the peptide
chain becomes longer on the support resin, the efficiency of process steps such as
coupling and deprotection may be compromised. This, in turn, can result in longer

processing times to compensate for these problems, in addition to incremental losses in
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starting materials, such as activatable amino acids, co-reagents, and.
solvents. These problems can increase as the length of the peptide

Wg}g %z? ??1 Therefore it is relatively uncommon to find matu ﬁ%ﬁ%ﬁamwz
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pharmaceuticals, such as therapeutic peptides, can be very expensive.
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addition to other factors, ve
amount to c;wmgcant 1P roverXents i the preparation of the mature peptide. Such

improvements can lead to a large overall saving in time and reagents, and can also

significantly improve the purity and yield of the final product.

While the discussion of the importance of improvements in hybrid synthesis is
applicable to any sort of peptide produced using these procedures, it is of particular
import in the context of peptides that are therapeutically uséful-and that are
manufactured on a scale for commercial medical use. Synthesis of larger biomolecular
pharmaceuticals, such as therapeutic peptides, can be very expensive, Because of the cost
of reagents, synthesis time, many synthesis steps, in 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
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improvements in the synthetic process of these larger biomolecular
pharmaceuticals can 35 have a significant impact on whether it is even

ically feasible to produce such a WO 2007/147816 )
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7/056052 -3 pharmaceutical. Such |mprovemen?s are
necessary due to these high production-éosts for larger biomolecular
rmaceuticals as supported by the fact that, in many cases, there are
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converted into an insulinotropically active counterpart thereof in vivo. For
instance, GLP- 1 (H8ZGEAUMaIy Edtverdd FyIBWA-VKFRSY) in

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
GLP-1 (7-36) according to SEQ ID NO. 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 vivo. 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
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30 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 WO 2007/147816 PCT/EP2007/056052

WO GLp- 1(7-36)-NH2. Accordingly, therapeutic treatment§ Fzi007/056052

involve administration of GLP-1 (1-37) efa counterpart thereof, with the
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degraded. This metabolic instability has limited the therapeutic potential of native GLP-I
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 NQ. 4 is described in EP
1137667 B1:

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 formula (Aib **°)GLP-1(7-36)-NHs..
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30 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

formula (Aib 8,35)GLP-1(7-36)-NH2. -5-BR 1137667 states that the
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three different peptide intermediate fragments using solid phase

Chemﬁﬁ@’g%@ﬂ%‘%&ﬁ%ﬁ&ﬂ&@éﬁe'ﬁf@:?ﬂa‘ﬂﬁ;%d tﬂ:?s@:ﬂ:?o%%?%;%g é@cihat are
bl
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counterparts of these, particularly GLP-1(7-36) and its natural and non-natural

counterparts.

According to a first aspect, there is provided a method of making an insulinotropic
peptide, comprising one or more of the steps of:

- h)  providing a first peptide fragment including the amino acid sequence HXPEX"

(SEQ ID NO. 6), wherein X* and X'* are each residues of an achiral amino acid,

each of H and E optionally including side chain protection;

i}  providing a second peptide fragment including the amino acid sequence
TETSDVXYLEG (SEQ ID NO. 8) wherein the residue denoted by the symbol
X1 is a dipeptide residue of a pseudoproline, said amino acid residues of the
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(SEQ ID NO. 6), wherein X8 and X10 are each residues of an achiral
amino acid, 30 each of H and E optionally including side chain protection;
i) providing a second peptide fragment including the amino acid sequence
TFTSDVXL7-18YLEG (SEQ ID NO. 8) wherein the residue denoted by the
symbol X1718 is a dipeptide residuedef a pseudoproline, said amino acid
residues of the 5a sequence optionally including side chain protection; j)
coupling the first fragment to the second fragment to provide a third

peptide fragment including,the amino acid sequence HXSEX10
TRTEBYRT PO LB NG T B85 Liiho acid residues of the

.. Ssequence optionally including side 5 chain protection; k) providing a fourth

1) pegtty® g e At shEmami the Bt At SayER e AR ERIER 3
(S BRuD1NOng)ydihe thinaX 3 isaai desiguencf BIKAEMFAT ERYDY %¢id* ¥aiBG (SEQ
amigpREIJIesidies AHHS Seausnss eplipnalluincludingsids iS0RIRne side
protection; 10 1) coupling the fourth peptide fragment to arginine in or§er
top :’\I}fagrgtﬁﬁﬁoﬁeptide fragment including the amino acid sequence
QAAKEFIAWLVK X35R (SEQ ID NO. 12), said residues of the sequence

Koptifiifinsciamg etk grsrcachidagdhn peBupReE! s free
fragpreakibithe wHirdEs grisnoitoider 99, priosticie a1 15 dnswlihetrdpic achiral
PR RO e AN AHId e e HISEXIRTSRM K nging side
"YLEGQAAKEFIAWLVK X35R (SEQ ID NO. 13), said residues of the
secf&lﬁ%é’r?}ﬁﬁtdﬁ%ly including side chain protection. In one embodiment,
the disclosure relates to a method of making an insulinotropic peptide, )

1} consprBlig the SEpB peradedy rmsatiitgragbeptide ddghie REavegdidgthaeptide
amifteeacidSagudngetibSEXCLE:(S RQUE NQAR) Kt THIeiN DBIand K 18 (eI D
ea ' - of ar i i i .saieh f [ terpart.: ...
e ey g R AR A TAMTBE SR i
optﬂi}ﬁjally including side chain protection; and b) incorporating the peptide
fragment into an insulinotropic peptide. -6- Preferably, X8 is an amino acid

mjesiuecogrdspoibiifggometn rathinh&¢upnXneidgreferabigeanamino
acignesidueBAEASRONNNG 0 BlYGiIBemino acid sequence HX EX*TFTSDVX'"

BYLEGQAAKEFIAWLVK X*R (SEQ ID NO. 13), said residues of the sequence

optionally including side chain protection.

In one embodiment, the disclosure relates to a method of making an insulinotropic

peptide. comprising the steps of:

a)  preparing a peptide fragment including the amino acid sequence HX’EX'*(SEQ ID
NO. 6) wherein X® and X'? are each residues of an achiral amino acid, or said
fragment is a counterpart thereof including the X® and X'? residues, each of H, E,

X® and X'? optionally including side chain protection; and

b)  incorporating the peptide fragment into an insulinotropic peptide.



16

15

20

[
(921

In a second aspect, there is provided a peptide fragment having the amino
acid sequence HX8EX10 (SEQ ID NO. 6), wherein Xs and X'U are each
residues of an 5 achiral amino acid, each of H, E, X8 and X10 optionally
including side chain protection. Preferably, X8 is an amino acid residue
corresponding to Aib and X10 is an amind-acid residue corresponding to
glycine. In another embodiment, the disclosure relates to a method of
makiR@eéeﬁa?ﬁl?éﬁfin%ﬁBﬁ%B@ﬁﬁ@efeé@rﬁﬁﬁgfﬁasﬂ?é‘@%? SRt sy X
# prefrialel fraig ameimiocic il condite pearttherelbhgriolgbicigthe amino acid
sequence TFTSDVX17-18YLEG (SEQ. ID No. 8) wherein the residue
denofed byctive myrinohXt7skhdsidedipepiidad esisephanseudonraline;

204 ) IRGEERPIAHRY e Qe Momeatinte:an NeulinQUoR|G RRRINEG I
aglhlrgl as ect, t ereis Pﬁ')vgd%g agg’gde ora ?oungeg;)acrrt ttgegrgf _
TREHTOHG e 1S SHihe Atid sediisrte TRTEBA-ISVIEEES(SEB ABIRG o
Bielordlainktte v siaue deidorsti usy teceppadanxorAiig dadidipepidenino acid
residueatapselidgpsalinghsaid amino acid residues optionally including
side chain protection. In a further embodiment, the disclosure relates to

methidzabthaking a&iﬂ@&@iﬁ@ﬂ@@iﬁs%ﬁ%{%@&ﬁ%q{é&&}% @P}Ha&ngland_

- a ing the. first peptide fragment including
tﬁrgemfrlrﬁ%%}g'zf&%‘z%%gugé’c’?ﬁl‘—?ﬁ?@é@ﬁs{]‘(’%k "ID NO. 6), wherein X8 and X10
ar\:e each residues of an achiral amino acid, each of H and E optionally .
Fhel dTEFSIRE LRET REETER, b the RSO HRISEER Ageh I ering o
the aspiveneid SEEHCE TSIV IIBNLERS (BESIhNGsig)e denetedrby the
the regigbiel oehdted bisthe &yrmbohXdTz18dad gippptidadesidue of a 25
pseudoproline, said amino acid residues of the sequence optionally
Biclughingrislainbain B@&%%ﬁ@ﬂ%@%ﬁﬁﬂi&mﬁmgﬁ%@m
including the amino acid sequence HX8EXID TFTSDVXI7-18YLEG (SEQ
ID NO. 11), said amino acid residues of the sequence optionally including
side LIRS 68REHLARSERE BT SHIdShB RN ER pEpHAETaY Metefinsading the
amalindtt opiopeptitsl O NXANCTHEESBBAINIBrN¢hRy siketositie rekides denoted
ba thethathef H“é"ﬁgﬂf&pmﬂt&%&ﬁ@@é@ t %Fii&tétﬁﬁmf _ E?ilE%%é'a%t%F@aéi&%ahues

ide.fragment or counterpart thereof including the amino

R TS (o .

guence © VX35 (SEQ ID NO. 9), wherein X35 is a
residue of an 5 achiral amino acid, said residues of the sequence
op tidR aa]@nl'?]h(% g inggoéigée%rh g}ﬁ %scﬂosure relates to method of making an

insulinotropic peptide according to claim 1, comprising the step of

a)  coupling the first peptide fragment including the amino acid sequence HX’EX'
(SEQ ID NO. 6), wherein X and X'° are each residues of an achiral amino acid,
each of } and E optionally including side chain protection, to the second peptide
fragment including the amino acid sequence TETSDVX" “YLEG (SEQ ID NO. 8),
wherein the residue denoted by the symbol X' ** is a dipeptide residue of a
pseudoproline, said amino acid residues of the sequence optionally including side
chain protection, to provide a third peptide fragment including the amino acid
sequence HX*EX'® TETSDVX'" **YLEG (SEQ ID NO. 11), said amino acid residues

of the sequence optionally including side chain protection; and

b}  incorporating the peptide fragment into an insulinotropic peptide.
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protection; and b) incorporating the peptide fragment into an insulinotropic
peptide. In another embodiment, the disclosure relates to a method of
making an insulinotropic peptide, comprising one or more of the steps of.
10 a) providing a first peptide fragment including the amino acid sequence
HX5EX10 (SEQ ID NO. 6), wherein X8 and X10 are each residues of an
achiral amino acid, each of H and E optionally including side chain

protei &ROB)%GWQW@@@@CW gepticufeageins includingethedaminmaking an
iasidisesuren pepfidel SR RY kg (3EQ ID NO. 8) wherein the

residue denoted by the symbol 15 X17-18 is a dipeptide residue of a
pseudopmeoiings saidideriinpreoid residuderphthtreserflisrodioptibnaliyno acid
includiogsielehAEORIBORC) (BIpIDa e if S Haamart ioithegasonds

frag If nt including the amin
seqtﬂ%%}%% %’%‘%@W% é%%%éu@ﬁf IEO%FC_B) ﬂc)lusg? a(gr%elﬁ%am
acid %QFGE%%“OF sequence optionally including side 20 chain

protection; d) providing a fourth peptide fragment including the amino acid
quuéﬁ@éP@ﬂNKEkFEIAWLW%@GSEQtWN@ﬂQ)ﬂWF@@ﬁeXBQQS a

residue of an achiral amino acid, said amino acid residues of the

sequence optionally including side chain protection; 25 e) coupling the

fourtApRsteR Fagadimnets dreriiriornos tdntes proviehedithpalgidan

fraginentiichugitidetverapaisiopoid seauspes QAAKEBMWLVK X35R
(SEQID NO. 12), said residues of the sequence optionally including side

@haim&ﬁ%@mﬁngeﬁtmmetﬂaﬁm&rﬁgmeasdglmmmﬁfa&m@m‘ﬂxw

22‘3325%"2 Q%é B LR B AR e i

(SEGIEROI £35 %3@%%%%& aa ﬁ@eP‘"SEﬁ%ﬁéﬂy including side
chain protection. -8- Preferab% the disclosure relates to the method of

makingeasing aliserrshrepiedst

TS EIdY HE Steps o fc] ovting a

first pEpIRIBVRAGErE (h3ading tNe a8ninheaeil Beuaitce ddXGEXEPHSERbol
ID NQ17},,Whasin: 58 ARdattd Qﬁﬁﬁ%g{muﬁﬁaoﬁrﬁﬂaé%@iﬁe Qof the

acid, 5 each of H andE o ptionally in
prowﬁ‘iﬂ@‘fﬁ?é)é%ﬁ)dl% ér‘

c)

d)

ing side chain protection;

gérﬂgﬁf ALfif $H&%mino acid sequence

coupling the first fragment to the second fragment to provide a third peptide
fragment including the amino acid sequence HX°EX'® TFTSDVX' **YLEG (SEQ
ID NO. 11), said amino acid residues of the sequence optionally including side

chain protection;

providing a fourth peptide fragment including the amino acid sequence
QAAKEFIAWLVKX™ (SEQ ID NO. 9), wherein X is a residue of an achiral amino
acid, said amino acid residues of the sequence optionally including side chain

protection;

coupling the fourth peptide fragment to arginine in order to provide a fifth peptide
fragment including the amino acid sequence QAAKEFIAWLVK X*R (SEQ 1D NO.
12}, said residues of the sequence optionally including side chain protection; and

coupling the fifth fragment to the third fragment in order to provide an
insulinotropic peptide including the amino acid sequence HX*EX'“TFTSDVX'"
YLEGQAAKEFIAWLVK X*R (SEQ ID NO. 13}, said residues of the sequence

optionally including side chain protection.
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TFTSDVX'7 1BYLEG (SEQ ID NO. 8) wherein the residue denoted by the
symbol X17-18 is a dipeptide residue of a pseudoproline, said amino acid
residues of the sequence optionally including side chain protection; 10 c)
coupling the first fragment to the second fragment to provide a third
peptide fragment including the amino ackd sequence HX8EX10
TFTSDVX17-18YLEG (SEQ ID NO. 11), said amino acid residues of the

sequersge: gtional B&é@?&l@ﬁ:ﬁﬁ@@ t&ﬂ?é@aﬁ[%%%ma%g vl g&ﬂgi?oﬂ%%%eptlde
uding the amino acid sequence

Qgﬁgqglw&%%% (SEQ ID NO. 9), wherein X35 is a residue of an

achiratamine afid; said aniiagasidirehidiesiht heisequanegeptionaliirx'?

includingrsideehaln RRRIEEIRN, £) goupling 1he Josih BFBPQ& [RIMERS 1Riq

arginine,in provide a fifth peptid fragment Including the amino
acid S8t ﬁ%deaﬁfA%A?@‘l‘—;ML SEHIES E TIDPRRC 381 2), said

residues of the sequence optlonally including side chain protectlon and f)
BOUpAGTTAR AT ARSI (RSO G RIERE THOMTER G prbVideaFe

.nsunasilfﬁpmeﬁmﬂe@qc&mﬁ@w@am imbaeid gequsidee denoted by the symbol
HX8EXTO T J@&‘ﬁﬁg Fedidy %QWMQQQ X3R RRPLRNOf the

13), said residu es of the s ecrr]c tlonalgl mcludlng side chain

protecefqon 5 Igﬁ% eﬂruem Ic])EilsrlneenC HPERE-ES e relates to the

rgethod aP tElcr ed herein before, comprlsmg a further step of: (?
FemotTHg THE DB haRs RISt SFRIBSITASRARH 1 Biotitie Ahird peptide

insuliffegropic ipdpdide thelamimy dridarymoacid SEFUEREESDVX " *YLEG (SEQ

HXBEX NG ISR VakBath a6 ANKERI AWEMK X398 (S BQiMRNEnakand 30

counterparts QC rgqu wherein each of the symbols X at positions, 8, 10,
and 35 Independently denotes an ach.iral, optionally sterically hindered

|no acid residue. -9- Re ovm the side ghain protecting groups is
efe?a%Y1 H};ﬁrlg u&h% Cl%c &fidh %15?851 OTfipFidihg at

Ieast @ﬁé%@ﬁié‘ﬁ){k\f dﬁmm@a@c offesaidn’ scaveidgerniAcidontit amino

reagenid, tatdgiebiabdenr eteicien st preferlly seleatas fomdhe saTotin
cons’g}m&%ﬁnﬂuoroacetlc acid (TFA), HCI, Lewis acids such as BF3 Et20

bl

or 5 Me3SiBr, liquid hydrofluoric acid (HF), hydrogen bromide (HBr),
5|fluocré)um th (efosUlLJ onlct%:{i 1Laarl%zl c%){nglnatlons thereof. Suita Ieg% d
Scaven ected from drhiothreitor (b . ¢ vﬁ sdle, peptide

p-cre agn&ﬁeﬁé&m %?ﬁduaiiﬁle 54 seamgace QAAKEFIAWLVK XR (SEQID NO.

12, said residues of the sequence optionally including side chain protection; and

f)  coupling the fifth fragment to the third fragment in order to provide an
insulinotropic peptide including the amino acid sequence HX'EX'*TFTSDVX'"
*YLEGQAAKEFIAWLVK X*R (SEQ ID NO. 13), said residues of the sequence

optionally including side chain protection.

In another embodiment, the disclosure relates to the method as described herein
before, comprising a further step of:

g)  removing the side chain protecting groups in order to provide an insulinotropic
peptide including the amino acid sequence
HX°EX'*TFTSDVSSYLEGQAAKEFIAWLVKX R (SEQ ID NO. 5) 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.
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The deprotection solution can also include water. In another embodiment,
the disclosure relates to a method of making an 10 insulinotropic peptide,
comprising the steps of: a) providing a first peptide fragment including the
amino acid sequence HX8EX10 (SEQ ID NO. 6), wherein X8 and X10 are
each residues of an achiral amino acid,- 2ach of H, E, X8 and X10
optionally including side chain protection; b) providing a second peptide =
fragniti IMEIE ARG e AR AErd ISR GTRIRSSIB TP RRIB Bt Pd 8 Ty gmploying a
(sEQ4DINCoBY whereipthepesithas denetatbhyithesynibold Xd#4i8oisaation
sipeptide seridueiofaRseuRRRIslRe SRl @RI AcHJesidNes Oftigom the
seduence gptionallincluding. sids ehain peotegtion; o) soupling e fs
agment to the second fragment to provide a'third pepfide  fragment 2~ O
Mewdindianiddiripfaci sedd i Pydeserdnmpgo\iRn 7§ yepgethane-
(B ERic20iDaNDc il i satid antineaiCthiesiduasi@f thevsrguieateppginmaly
ieelyeing sifgneainptasien: Aisieviding s fawih deptde FAgMER sulfide.
cllédln the amino acid. se uence QAAKEFIAWLVKX35 (SEQ ID Né.
Jg%‘ewﬁ%rretlenc%s? YWIREST0& St B EERiM Smino acid, said amino acid

residues of the sequence optionally including side chain 25 protection; e)

~coupling the fourth peptide fragment to arginine in order to provide a fifth

peptide aneihenenttindimgirig theal iisoracidasecoene il AK Bk bV K
%30 EBER: RN, dahpsaidgesidugss ofthe sequence optionally

including side chain protection; and f) coupling the fifth fragment to the
hird freayrdin drfiovdermtedpfoviterningdiisgihomopio pedtideushted TX EX
E’;@g;@(ggﬁ\l@ 528 P;vﬁ%re’m X and XFMI) Xre ez\a}:llz )zes_ilgues gf an achiral atmino acid,

, iR.and counterparts
theredt ihEreh belodt i G o A SR SO SR
}i)ndepend. ntl denot%s an ,\%O 2007/147816 PCT/EP2007/056052 10
2RI A PR EAR GRS MR & 570 WRRFRIR one
or mATEL PPYRE amiRBAERERIRINEY 8pubredip thelusisisidenetralify the symbol

protektioh iFiglideisid sehematic Hingidopaf maywatbesisschededidues of the

acco ity ;invention,: t 12 is a peptide
aoment g e BRI 21D NO. 6).

hraomentid R &Rarids lraoment iacluding the aming acid SAHENS .
fragment including the amino acid sequence HXEX™ TFTSDV X" *YLEG (SEQ
ID NO. 11}, said amino acid residues of the sequence optionally including side

chain protection;

d)  providing a fourth peptide fragment including the amino acid sequence
QAAKEFIAWLVKX” (SEQ ID NO. 9}, wherein X is a residue of an achiral amino
acid, said amino acid residues of the sequence optionally including side chain

protection;

e)  coupling the fourth peptide fragment to arginine in order to provide a fifth peptide
fragment including the amino acid sequence QAAKEFIAWLVK X**R (SEQ ID NO.

12), said residues of the sequence optionally including side chain protection; and

f}  coupling the fifth fragment to the third fragment in order to provide an
insulinotropic peptide of the formula (SEQ. ID No. 5)
HX EX *TFTSDVSSYLEGQAAKEFIAWLVKX™R and counterparts thereof,
wherein each of the symbols X at positions, 8, 10, and 35 independently denotes an
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TL'FTSD15VX17-L8YL20EG (SEQ ID NO. 8). Fragment 16 is a peptide
fragment including the amino acid sequence

ng%ﬁ%%l;FlABOWLVIUXi%S (SEQ ID NO. 9). Intermediate J&g@e 7} 6052

ISa peptide fragment including the amino acid sequence io
H7X8EX1OTFTSD15VX17 18YL20EG (SEQ ID NO 11). Intermediate

h
ey TR Y BT T R G Tk .

desired Ma@mdapmmdwxgmmrmt@@qwrwsmz@mn.
QAA25KEFIA30WLVKX35R (SEQ ID NO, 13) in which the Ser-Ser at the

17 anBid.8 pesitiens:is stiligratheiprotetteds pskadopreknerfarme: Whe the present
ciagra,is described in more is detail in the following. The embodiments

of the present invention described below are not intended to be

eXhabﬁﬂgﬁ]%ﬁ’z"@A‘;} HEVSQJ‘»&%@&&HE&EP %Cr}%% forms gigela gﬁ&'& HQepx 1o
é)llowﬁpgaldetalled description. R r, t e embodiments are chosen an

Qofthﬁf%ﬁﬁﬁg Saae AR AP PHSERR SR S ence
R FIrAEIPIES andLPRLGHIGES GPIRE20) pFesmnemiénsiomeFide fregemtt including
lm\mﬂm i @%@t@@&é@@m@mmﬁﬁ@mﬁwﬁ@ﬂ@qm@@d% suehRliate

t}ggff (“21"1 IS Elllke}ZR%%t Tak m lllC Q%tu{g.(l) %Q% non natural
instlinoty HQlca agtive coun cegrg thereof, using sofid andior solution

phasEtediinictes *Peptide T |I=.1% TSAL n@éﬁfﬂ@ﬁ%&%‘é’ﬁ?@t@éﬁé’&mt 201is
anpotécied udhpeatiaiy ipmtettedy RS RrafdstoTKiTEn iU E X e (HAUED NO.

@Q‘?t@%ﬁﬁctsl(ieis‘%ﬁ@ﬁ{bﬁf@&%ﬁfdﬁ&bt@eﬂgé L tersipusTpreiection While the
A‘?@E'}Qﬁﬁtxf] m ﬁgﬁ%ﬁﬁ% j%’)‘t&lew f E?e§ glucagon j"cned 18
ptldeS eir coun erparts, rragments and elr COUI’] er arts, and rusion

@f&&mﬂg s fﬁél‘r@dﬂ‘@iﬁ@ﬁ&a&fﬁt&%ﬂ@é@ﬁtﬁmﬁ@m@a@a@m@wéﬁéuﬁl more

danilsaibefalpplicaple to the synthesis of other peptides, particularly
those that are synthesized using a 30 combination of solid phase and

solutign phasedpRieaches frbeivenioniseizebeaplitabladadientended to be
sypihe {% of PeR, %%1&@‘?{£”§9$%t?qf{ﬁ‘9g} If}E% %S%g&g ed with, {mpy “e?u[g

particularly pyroglutamate impurities. Preferre molecu es use

ARG r‘iaféﬁEBUBFtl%étBFés@ﬁt%?@ﬁﬁ?}ﬁ“iﬁatf’d@H%&hf‘aﬂda‘#f’c?%’ﬁ%%tﬁ‘?é‘i others
HilRd (36 ramh cpuriarpantsd theleof\W QP07 1AZ846] practices of the
ngaﬁ?@ggyg%osz -I11 As used. herein, the term "including the amino
acid. sequence” preferably means "having the amino acid sequence”. As

used RREeIR. 3. CAVIIRIMA JIRIGES 18 RAlWalAndneRs Ptk 310084 s such as
the glucagon-like peptide-1 (GLP-1), and natural and non-natural insulinotropically
active counterparts thereof, using solid and/or solution phase techniques. Peptide
molecules of the invention may be protected, unprotected, or partially protected.
Protection may include N-terminus protection, side chain protection, and/or C-terminus
protection. While the invention is generally directed at the synthesis of these glucagon-
like peptides, their counterparts, fragments and their counterparts, and fusion products
and their counterparts of these, the inventive teachings herein can also be applicable to
the synthesis of other peptides, particularly those that are synthesized using a
combination of solid phase and solution phase approaches. The invention 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 present invention include natural and non-natural GLP-1 (7-36) and counterparts
thereof,
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W8e*’1°efﬁolﬁ§ llﬁversmns and/or additions relative to another pe%%

derivatives, fusion compounds, salts, or the 15ce of a peptide. As used
herein, a peptide 5 analog generally refers to a peptide having a modified
amino acid sequence such as by one or more amino acid supstitutions

P200 Bloseos2
peptide counterpart. Substitutions may irvolve one or more natural or
non-natural amino aC|ds Supstitutions preferably may be conservative or
highly*t§rsERGEIVe!lA EamsdranBssaitiion Tikesaus tise Rishsahitiaans
ohanianmincuadic wiith £Quanotier that has generally the same net
electronic charge and generally the same size and shape. For instance,
aminciacigsl WitlialipHadiomesrseiadtititedialiphatic aninmnacicsidlengdbains

'a%yempmmewpmm@aﬁ;%m@m@%ftgg?éﬂewp%ngm@% aNtLotide
roatoms nt |r Side Chaé‘lip]l ers by g’m ore than apout four. The

ey
R SPTGUEET the ESRHEcSRARE AL B PO BFAHERRS R o by
M@Iﬁ"@mg(dﬁﬁé%@ﬁtﬁytmw@ﬂ?mqah abstrore dtiroadibive adigse to

withriphenyhoe substitute dophenyl groupsiia tbal side ehainsaker more natural
conzifsrad g B%Y&%‘B&Ht éﬂﬁ&%@ﬁ% &Qr%%? (?9% EGRRAY E\YX é GG

groups of amino acids. Rep acm an |no acld In a compoun

éHBfﬁ‘éfﬁﬁmuﬁb%ﬁ?‘?f%ﬁlﬁetﬁ‘ébém%oé}é‘iffﬁ e SIbsHOWURY f gp amino acid with
consevativdsupsttatipthGrowpntt gainejathaige pvdlgtesidlicihe same size and

iﬁgz{g@qteenﬁeme, AHeeniAgs wm@nﬁiaa@dpgﬁhk@ﬁm@d@me}m& mtﬂfaiud side
currin amlno acm;(s; h Cl-C4 ah%atlctg nu Ygrox %stltu

ans romma ¢ 54111€ S17¢ 1en car an
atlc SI chalns straight chained ofr mon ranc é)r

?}féﬁﬂ'f@%@é@ el ﬁa%ﬁéfﬁ%rhﬁta@W%%@arﬂh@afﬂ}ﬁo%ﬁéamh
earboxirtietelgithswhstittheck G4 dliphatidbsidé lohaihsunbrancde drairondffers

BrARGh-BRINDn GERUPIH: SRS, gmﬁyagdewﬂ%a m&ma&ui@ﬂth

aceuring aming acids wilh 25 apine, or quaniding substuted GLEA oy
QEE)PT%%IC Sl ains ranc orone ranc pomf? &SI’OUP pe. LIste

e Wﬁk@gl aﬁa%ﬁﬁﬁd%a?éﬂwwmngwﬁiﬁ dnacigsrend with
amidesubstifuiad €oG4laliphatigrsids ghaindifunhranohedookanstiveansbiitution.

po'“t)Gr%'uBLiP }{rcHI&eEM [alan %%ml%hr%ﬂwﬂéy?é&@u&ﬁ@sé@ﬁn%”%PE)SBHQQ h&r@teme,
30 As used herein, the te[éﬁé) counterpart” mor erably refgrs to the

Stigpme sndens naiyrly ORIt Rg RN Al afeg%e -AHIAREES %ﬁ%«
Cvisamihtissathegrildotiserdatibeisusstitgho nhdsrtdeoraplasdmienhed Jan

aminazasigh Withlanatheriaiparacidthahias Hhewsame dagtianalarespdds with
tpﬁb%gﬂu? Qa'éﬂ ﬁ'ﬂ%%%ﬁt“l? a &1%'5%%%1%@%8 ?b(’*ﬂlk‘l‘é’ %Cf‘lgf?evglxt%dﬁ goim)

aliphatic or substituted ali hatic amino acid side 35 chains ave near

same ETBRIHEIY s 1BAI HUHEF C475 GR P AR GO RIS Y PR YIS 2cids with
200714 28261 QT AER200 7056052l iphatic side chains (unbranched or one branch

point).
Group IV: glutamine, asparagine and non-naturally occurring amino acids with
amide substituted Cy-Cy aliphatic side chains (unbranched or one branch point).

Group V: phenylalanine, phenylglycine, tyrosine and tryptophan.

As used herein, the term “counterpart” more preferably refers to the salts of a

peptides, or to the derivatives thereof that are amidated at the C-terminus.

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
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- 12 side chains differs by no more than two. They have nearly the same
shape when they have the same number of branches in the their side
%iﬂr}%ﬁ 1%,mples of highly conservative substitutions include valine for
eucine, threonine for serine, aspartic acid for glutamic acid BREP2007/056052
phenylglycine for phenylalanine. 5 A "peplide derivative" generally refers

to a peptide, a peptide analag, or other peptide counterpart having

CHEMTEMSTERYBA BR3P Riste BEIETiRBrEUBE SasaRsBBAn they have
dversmntarmiial aflino dreup, thadieirtsdnitalcaiboxyplacie ighlp cByswaative
ehssamnias smehepveahrediicationdnelidas s RoLimitediiol AFGIRGamic

chemical ;moieties, creating new bonds, and/or removing chemical
r%cci)cl{e%}e%:)]ﬂﬁ%?|g§1t%r%§1agglo}éﬁr\r{1%ﬁ33%cid side groups include, without
limitatjon, acylation of lysine e-aminqg groups, N-alkylation of arginine, =
pitiite Po8 TSR Pk a5 AT b BSpe A Gy othe
Grotivs, canateean kration Grglire minelbradeparagite rvivdifickitionideafthes,
tepiminatbaminengraumineildeinwitioupisidationihedesrborinachi-4ewe! By way

%Ma“ﬁé}lgwﬁgﬂ Im&ﬂﬂc’z\slﬁgﬁﬂl@u%es:%8’%99%%1 Q%Q nggdg .iaqeéhical

Modifications of the iﬁ-rm nal carboxy 15 group include, without linjitation,

ER8 S & T8 i A o UK e e B WP iRy 1P grlifications at
modificatibside Breferrodiddeivativestdimithtcdervetivies aféyshuseanhiichgroups,
aralRynidatest alihe, ICHRINAhCASPBIhEr AUPIEich HTglamiaR. dPWakAlkYhrboxylic
amide ordialky 'dé%ﬁ%'fé%%ﬁ%?é?&m%&k%%e%h“? a‘?»arh'%'.%f’rd%ﬂol'ﬁr{%rS%%ﬁé‘%drm;nax
peptides constitute pe fide derivatives. 20 th prac?lce of the resen?
OSSR Sohdsurtiad Mindatissutisicese i loy amkh gﬁﬁhdf&f@? alkyl,
andairseytie. stimi@atioreod] kot helplfausethevitinfidation of the tsynihesisboxy
QFSHIPFRS IR Wiie harmans inaklin.;ln Rrrfergd, madas, af Mkaclictie, and lower
MRinotropIc, act -'té C?” Eergﬁgi"o-“St“%ted %Cg‘é’%dé{}%’ 10 assayp described |

N ﬁé al. 0S. g), % ,gz 3&[‘1 %}yﬁ%’g%g é Inpreféerred em Sdlme(hkig,
fridrEsdatttimisrmsm roliesssethcos Biesids syrnabidingidprindisdky!

EXsdX20th¢3e)EER Th(i; 36)tpéiptidestivdlving thedd heptidgsfosmutatd EQde
IRNQ;5B): HX'EX10TFTSDVSSYLEGQAAKEFIAWLVKX3'R and
counterparts thereof, wherein each of the symbols X at positions, 8, 10,

and i I tes an.achiral, aptionally sterically hindered .. .
i e S R D vy i
P HE S e PTG BaURTSY Peiftinssusr dordiHg s Ris of the
fontheasdifferrrawiothefribtihe GloReli(3:88) t teastindhatdheof 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 (X5, %1 XPYGLP-1 {7-36) peptides having the following formula
(SEQ. IDNQ. 5):

HX EX TFTSDVSSYLEGQAAKEFIAWLVEX R

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 least in that the
achiral, optionally stei'icaliy hindered X* and X "residues are substituted for the native

amino acid residues at positions 8 and 35. The X'° residue may be derived from the
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achiral, optionally sterically hindered X8 and X3'residues are substituted
for the native amino acid residues at positions 8 and 35. The X10 residue
be derived from the WO 2007/147816 PCT/EP2007/056052 - 13

Wﬁgf}ﬁ d145Hal glycine or another achiral amino acid. The use &Wgzggworgqesz

Xs, X1, and X'-'amino acids not only help3te stabilize the resultant
pe tide, but it has also now been discovered that the use of these aming

ASBRA GG SRR IRE ABiRlRHY Bsle T Re M i st el theX > and
;Xresmlm(ymrectstm asishetpridntrigiz snd deseribedtidthbn b low abcdnow been

Radisuiadynaleried smbediment @&@5(3%8@12%%@@&1@ LR HcfifrAB)ne facile
pe;%ﬁ'a%s? tpc% tengﬁx){hbe S nthe5|zeg in ac%orda

with [
present invention |ﬁglu ot IS etiad according 6 th %ﬁi)r:drc%%fggfgéﬁ%r below.

NO. 4): HAIbEGTFTS S QAAK V.

counterpaitst é‘r‘éaf@ﬁ%%e&l%?sﬁmﬁv oo - g e
1epéptitethesersdie achidresivide piaphes-antisaisowatynceasion(mcludes a
methylalanirgnshewe Sehematsallyrby the pbbreviation Aib) as both Xs

and X35, preferably has an amide at the C-terminus, uses a residue of

the native G at thelQinasitionancsmaxbe degignatad by dhaformula (Aib
8'35)GLP-1(7-36)-NH2. This notation indicates that an amino acid residue

correspanding t0,the aming, %&fﬂdﬁspefaamﬁﬁﬁa%ﬁa%feﬁe%“’ 1@9%'&%%915

place 15 of the n%tlv alanine.. The achiral a ha- amlno%ﬁutrlc acid, also

RERHOARees i thyEATIHES The SHHIAES ﬂamgce&é fis REAge shown
delsuripedily BPhg dteerasan Afheaptedbrced (e, Aibfregiiukss antimige at the

anek3hipesitions stews metabalicdegradation ﬁbsifi@nb@ﬂ&mﬁ@@'é‘@ge%ﬁated by
D F&g%@%eﬁqemﬁ(ﬁ?’b ?7'%62?«81\4’?9% tga'%% l’he{):[qai‘}ilg “a e%ﬁ)h% 13 r}nn ac1d

pepti present invention provides improved methodo ogles

RS CET BPAHEE) IhERIBRedel o8 heRpss" $%‘é§’€§|@“ﬂ(%5§®“ﬂﬂ§ in place
Bi/thayaof-exhmiple, Thigadh sehd platicalyoshowsionadleistrativeoschame
%%fﬁ{zl%ﬁ’éiﬂ%%@@&éhﬁ’e%éZo%@;hQ@@H@@ﬁIm@%l[s gounIsPaltsy Theres7 B1.

3%% T egg:é) (];0 %Léll)lslb? gﬁ}/sea {%:ie agérctlalélar 01"1ls'"st o ble for tgglscc?ewraﬁlatmn n

&Qﬂl ures are“i
wmmea%lzs %\Piﬁél%fﬁ% JRPGT SEptde the x&@bmﬁf@%ﬁzﬂ’ 1{7-36)

gistribeition. 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 pae baieh ommes 1 pReIREBHRIVROGHNE B the:siRrantve MEtrods -36)
% n?t&f&\gg&%qqnelmﬁwefaﬁﬁq (%%@%ﬁ'o'}ﬂ{h%épg%:ﬁ?aﬁg Qs)fmr d? %%)emancally

improgvements in the yield of prclgJL ucts, | %r vement
QW (gﬁdmptranve scheme’10 for synthesizing GLP-1(7-36) peptl s and {heu’

counterparts, The scheme 10 of Fig. 1 is 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 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 scheme 10 shown in Fig. 1 uses a combination of solid and solution

phase techniques to prepare the peptide product 11.
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30 reduction in amount of reagents and starting materials required. The
synthesis scheme 10 shown in Fig. 1 uses a combination of solid and
solution _phase techniques to prepare the peptide product 11. WO

77%&6 PCT/EP2007/056052 - 14 As shown in Fig. 1, ScHERTEYT(56052
involves synthesizing peptide intermediaté fragments 12, 14, and 16 on
the solid phase. Fragment 12 is a pePtlde fragment including amino acid
residu%%sgezef&rawd,gtolééts% NG 6B RETZ B qusaridn Risaneiafe drgments
ds.ddfimed Hbové)ordisdapbeuntengarethézaot ipgitidinfytne e X8 ahdi¥EQmino
rﬁme@ug%@rm%ojg@q@w@osamd residues may include side chain
protecting groups in accordance with conventional practices. In some
embodiments, the peptide fragment }2smay be resin bound via the
C-terminus. This fragment optionally may bear N-terminus and/or
C- term nus. ectiopgroups, Emac has been found to
oarticUarl ﬁs%u e 8, o L B3t e Roticing e
§§/rﬁﬁ‘é§s 5t itHEs pEPtI ﬁéﬁﬁ@ﬁ?%‘é@‘?ﬁéﬁt@?ﬁm%’é@%@f@%fﬁ% i
nesidugsggresponading derttevathinmaoitisnid thectidhrdughmiOposititnsnts, the

%fefhﬁi@ﬁ%l Y& Gk P2 14530 @ﬁﬁtﬁﬁmﬂ'\gath?er@%%m% %15%&;%%9% ¥nally
otatII% EQ(S XlOPlg/l(_}P 1&7 -10). referred embo men 8 IS

ib
. u?:ﬁ?é accor mglflo E NS FYPnibe 8 otind to be
écﬁj*ﬁ%f]&%ﬁlﬁftﬁﬁf@wﬁémamg fHetBnesTauR ‘afttlhéeamfrscsgméﬁi Hfrﬂée synthesis of
pephidei feagrperhaccording to SEQ ID NO. 7 may be represented by the
notation (Aib5)GLP-1(7- 10) to note the substitution of Aib for the native

aanﬂQ@&tﬁBﬁta @Qﬁl.lﬂﬂlés(iﬁmﬁaﬂﬁﬁﬁ%&@ @b&a@&?&%pﬁ%ﬂﬂz@@@%@c amino acids
) rally.earrie utin.a m the ter, to the
e Rt U ST s IR -

srPtReEeddiifar piaftn(Sh e }%gpm%ﬁt 119 (oS AP bR ERI e 15 A
that 16 ‘coghled e dhedsgith SRESEr% Bupport. Solid phase synthesis

then proceeds by consecutively adding 25 amino acid residues in a

manner corresponding to the desiradf sggqu@fice. The synthesis of the

peptide intermediate fragment is complete after the N-terminal residue (for

exampigs Jggdﬂtﬁ‘?ﬁmmwuﬂﬂﬂﬁdﬂ@ﬂ%eﬂﬂ)@f&&%@la@qg%mlmlerfhe peptide

Rascent pe @é chai gﬁéeé)e tion and use of a e fr i
fiz em(ejn:t] Sctg %é i 91ay%e representtdpg}p e no on w&}b GLP-1{7
10) to nofe the substitutlon of Aib for the native alanine at the 8 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 12. 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 histidine residue (H) has been added to the nascent peptide chain.

The selection and use of a peptide fragment according to SEQ ID NOS. 6 and 7
provides significant advantages within scheme 10. Firstly, H tends to be a difficult amino
acid residue to add to a growing peptide chain due, at least in part, to epimerization
issnes. However, fragment 12 is small enough to alleviate these concerns in large part.
Yet, fragment 12 is long enough to have two chiral centers. Thus, a simple crystallization

allows the fragment to be purified. If fragment 12 ended at Aib, the fragment would have
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provides significant advantages within scheme 10. Firstly, H tends to be a
difficult amino 30 acid residue to add to a growing peptide chain due, at
least in part, to epimerization issues. However, fragment 12 is small
8&8%}1“?%lglleviate these concerns in large part. Yet, fragmgﬁfri? ?3%%56052
enough to have two chiral centers. Thus]a-simple crystallization allows

the fragment to be purified. If fragment 12 ended at Aib, the fragment

WO KA e B804 4816 O AriopottRE0sY e (5T GHA ORE  Hiral
certmicaly Waulthpé) caslavbhseduancd;jmede titficlit¢onpurifialso avoids
racamicaihn Lausingihe adiraliziReRasitianad atithefererminys @/3ad at
o3 tacemizalion coneains at might oheniserbe coposrn oo ige

ra menﬁ% were to end at the C-terminus Wcﬁ It]hga c_hﬁg’l E' A s%_opt,%e
@Q%‘é%r?’é’lcﬁ&@ﬂﬁ%f 1pigsta paltiths SHmeMgPaRtKk iarbonbadide asher
puitddherfragahehie fuifydtitaddcciouplBdtetd @thlew paptideamaterial. Tierisingly,
FRgMENISSIacion AlseeRiaY S 1Y [6reMIZAHRPiRlcH IR USINANGu B by
add%d fo this frag&ggg% with a very low level of epimerization, e.g., about

é%%%)% H\}Vseola}%% S&hie MBdES of practice. Fragment 14 is a peptide

fragment including aming acid residues according to SEQ to ID NO, 8:
T11FTEEMBVXA - 2RV HID ERSWHE G HHE pekRilie Hhoteid sy theprding to SEQ
$iMbal K17-11 is a dipeptide residue of a pseudoproline, defined further
below, or is a counterpart thereof including the X17 18at the 17 and 18
positions. Fragment 14 includesasint/acid idsiti@s generally 15
corresponding to the amino acid residues in the 11 through 22 positions of
the nativecfa lal?eké%&ﬁ)d@ﬁaﬂ@%&m&pﬁ{b&tﬂﬁélbﬁal&pﬁﬁaﬁeﬁeﬁi&&p&ﬂ@

S| - IS InSte the SS -Ser) residues that occupy:7-is
S oy W R e

MGre SPthES At BLidAeSMtRS dP riagmant2g iy fitditressise tiain 20
protegtingligoispd ¢ aceo dahusidity tomvertitnahphatticesitimsontiee native
empadimentseihee Raptidarfragment ki mayRelrssinRovad Mathes used
(rigminus, taistagment aptiopally i hear '?'r'éserr?ai%%S ?Pgé%rzs itions of
EXterminus protection groups. Fmoc has been found 10 be® a’particalany
E}%‘éﬂﬂtlﬂﬁt@ﬁlﬁiﬁ%ﬁbtecting group with respect to solid phase synthesis

of the peptide fragment. The peptide fragment according to SEQ ID NO. 8
may Beéneefesirsde 25 tes binihe aidaea e b7 F8)G1ept 1 (1 ineb Aosidthdiain
substitition afghen X0 ddkpsevidiopoakiogiesitve: achaSendenibsiiterat, the
%%&Je%%xﬁgﬁ(ﬁlﬂ%sne 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 protecting group with respect to solid phase synthesis of
the peptide fragment. The peptide fragment according to SEQ ID NQO. 8 may be referred
to by the notation (X"GLP-1(11-22) to note the substitution of the X7

pseudoproline 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 includes a residue of a hydroxy functional amino acid such as Ser or Thr
in which 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 consequernce

of the oxazolidine ring, the dipeptide functions as a reversible proline mimetic.

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

represented by the formula
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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 or Thr in which the hydroxyl functional side chainis . =~
protected as a proline-like, TFA labile, 30 oxazolidnne ring betdEd A HE 6052
alpha-amino and the side chain hydroxyk6As a consequence of the
oxazolidine ring, the dipeptide functions as a reversible proline mimetic.
Generally, a typical pseudoproling residudrasgncorporated into a peptide
maybe represented by the form%dg{\LOpéom 47816

PCT/EP2007/056052 -16 10 dtiN R12 erein (D represents the
residue of any amino acid and each of R' and Rr is independently a
suitable divalent linking moiety. Often, Ri4s"a divalent moiety of the

formula R4 1 R3-i- s wherein each of R3 and R' is independently a
monovalent moiety such as H, or lower alkyl such as methyl. R3 and R4
also MAyHECE-HRTHBRISBF Y AU tesihBly @4t bf REGRd 'Ra
isdnpthykniytherctdde of erheokbublivimmes ingHicotéctad: §onleR2iwite of the
divalent moiety CH2, while in the case of Thr, R2 is the divalent moiety to
(CH3)CH. The term "lower alkyl" refers to a branched or straight-chain
monovalent alkyl radical of one to six cggbon atoms, preferably one to

four carbon atoms. This term is furil%er xemplified by radicals such as
methyl, ethyl, n-propyl, isopropyl, n‘butyy’ s- butyl, isobutyl, t-butyl,

n-pentyl, 3-methylbutyl, n-hexyl, 2-ethytbutyl and the like. 15 Preferable
lower alkyl residues are methyl and ethyl, with methyl being especially
preferrdreDuring derpeotectlanithe Ridaaiety iscclealedt o grovideas H, or
dineptige;reridye, accarding torthe folawing fQrMUAL 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

(CH:)CH.

The 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 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 especiaily

preferred.

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

H o

T
i (P e N G = G
H 2

|
i
OH
wherein @ and R® are as defined above. As applied to fragment 14, the
pseudoproline residue preferably corresponds to a Ser-Ser residue in which the Ser that is

more proximal to the C-terminus is protected with the oxazolidine ring and has the

following structure:



10

15

20

W%Zt?_?'}’/

0 111 -cIn-N-C-C H1 R2 OH 20 wherein cb and R3 are as defined

above, As applied to fragment 14, the pseudoproline residue preferably

corresponds to a Ser-Ser residue in which the Ser that is more1prOX|ma
@?}ermlnus is protected with the oxazolidine ring and HAST{fB2007/036052

following structure: WO 2007/147816 PGT/EP2007/056052 -17 O ™M~

(1) -N 0 The hydroxyl-bearing side-chain of the Ser closer to the

N-terminus is protected, such as by a t-Bu protection group. When the

protecting oxazolidne ring structure and Fﬁh@e cleaved, the Ser-Ser

residue results. 5 The use of such.a grolige miretic as a building block in

the synthesis of fragment 14 provides signieant advantages in the

context of the present invention. Firstly, the [solid phase synthesis of

fragment 14 is eased tremendously. Whewthe pseudoproline is not used

in the course of solid phase synthesis of@ragment 14, there can be

significant problems with Fmoc removals from residues 13 through 11. It

IS beli€ved;thatithibboiaiffickish mayb eh el Ger td daetacsthe et formatinns Psaected,

eﬁ&ﬂedwy@t%rgb@@amk%wﬁﬁmg FEORQVALS MR 8RRICHBY il fure and

b leved, redu of beta sheet formation. Secondly, the

su us%lqeu%‘“‘nat“rg %g%sge % H(grg?‘ﬁégment 14 to fragment 12 to form

fragme t 18, desc ibed below is greatly eased. In the absence of the

pseudop8ine SAeT e SBIIBty Brfiidestlecii S ardbrsi fagment

pHasevedssigy fics igeldents isvierthpoontdhe fobe ydepsrolinecerinarties|thee

$0 MH&S@E‘%&@@J@?'&%%&B@1ﬂé§zﬁ%@ﬂ"tr3e§1e%@%'ﬁ‘ﬂ e 180luHERRNESE oline is

o‘%p"r@ '”?L 'V'”&steh'c?ffﬁ]%“%%é‘s’ éﬁ%}%m See '%ﬁ“%sé%’{‘ of F@ﬁl@am

bel ow se syn ediss genera carr ou%lh a direction

e Rt rt@ﬂtfﬁéwﬁéﬂﬁﬁmge@m@% Al Thisdelissed thatirds

At wityioknysbprbsemnt lonatkiee € formation. Use of the pseudoproline makes these

Fmoc removals much easier by, it is believed, reducing the degree of beta sheet

formation. Secondly, the subsequent solid phase coupling of fragment 14 to fragment 12
to form fragment 18, described below, is greatly eased. In the absence of the
pseudoproline residue, the solubility of fragment 18 in typical solution phase coupling
solvents is very poor. The pseudoproline enhances the solubility characteristics of the

fragment 18, easing the solution phase coupling involving this fragment to fragment 20

{See discussion of Fig. 1, below).

Solid phase synthesis is generally carried out in a direction from the C-terminus to
the N-terminus of the fragment 14. 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' Ppseudoproline 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 chain.

Fragment 16 1s a peptide fragment, or counterpart thereof, including amino acid
residues according to SEQ 1D NO. 9:



10

i5

20

25

30

W

20 terminal portion of the fragment, is the first amino acid residue that is
coupled to the solid phase resin support. Solid phase synthesis then

r consecutively adding amino acid residues in a manner o
go%}r%e%sgpgjﬁpmg to the desired sequence. However, the PCT/EP2007/056052
X17-18pseudoproline dipeptide is addedito-the growing chain in a position
corresponding to the 17 and_18 positions.of GLP-1(7-36) instead of
consecutively adding a pair &F the 25 TV SeY ¥Sidues at the 17 and 18
positions. The gynthesis of the peptide intermediate fragment is complegﬁe
after tHESEiemitaITEeitgd thitaxanpleomyl Nomtiiasctidsding the X
nesidue (hchasieenfatidechiodheihasebns peptidelodaidEchgmernitd&iise

aeeplide fragment \Qrtﬁ%ﬁ{»%mﬁﬁatgg(&%faé@@%9@%&9&9&@5 FESIUER, acid

according to SEQ,ID NO. 9: WO 2007/147816 PCT/EP2007/056052 -18 .
R RSO 25 P S o G ABOURTDP Ll noive
Soldirteripaft trrevedst rrciriifiy tie %38 thesidnesitrieiniinere fohtheatininmino

‘acld sedidupssmay. iRcidersite iabaln: peptectingl BraUps dta866ardanGEP-1(23-

\ggtj) conventional practices. Fragment 16 includes the amino acid 5
residues corresponding to the amino acids in the 23 through 35 positions

of thegatiye. Shiodll:20) penidg ereentihatBa s athe 52 RSO o
place of t e.natlve ammo_amdjagff at posiuon. Fra Tmen% .)[% may be . i
(EPFeRBhHtER b 1HR At BB e s e et @4 Byl \shmBiensBaifidnterminus
the peptiderfragiment d Ganbgebecesindbundanis the g deftenhirus.idinis

frageent aptionalihmaybeas side shaingNate b inus and/QrSHigrminus

protection groups. Fmoc has been found'to be a particularly usetul

N-terminisepIQIeGIHIFRUR With iE%%B%%E&?d?Q%%u%%ﬁééﬁ?Eﬁ@s of the

peptide fragment. In preferred embodiments, X ing to SEQ

ID NO. 10: Q23AA25KEFIA3OWkLVKA] seounterpart thereof
;&g MERRIR TRl

including the Aib at the 35 position. The pep ]agment according to

SEQ ID NO. 10 may be represe te'dtﬁy the ntro#atio_n (Aib SS)fLP-l 23-35)

to not® the SIS SH B AIBIS the HEAVE Hrifific 2ERI HPThe B5R5B8RO 28 ment
of thedingtiveS FELID Q- 36) nip les tisar drergndent 116 actvidingib SEORD (23-35)
NOS S anghBOidors notyetinchidethe .20 @RIGhFERASHNINHIA the native
@ﬁsfit_ip@_%fshe C terminus. The Arg is subsequently coupled to the C

terminus of fragment 16 in the solution phase, preferably using Arg
Wlthowo%d{%at fragment 16 according to SEQ ID NOS. 9 and 10 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 16 in the solution phase, preferably using Arg without side
chain protection. This strategy provides significant advantages within scheme 10 of Fig. 1,
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.

Solid phase synthests is generally carried out in a direction from the C-terminus to
the N-terminus of the fragment 16. Thus, the X amino acid, which is present on the C-
terminal porﬁon of the fragment, is the first amino acid residue that is coupled to the
solid phase resin supporf. 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 {QQ) has been added to the nascent peptide chain, Any



10

15

20

30

chain protection. This strategy provides significant advantages within
scheme 10 of Fig. 1, because it avoids undesirable side reactions that
e r as a consequence of using protected Arg. For_instance, . <
éélc()%;ﬁé%%%tection of protected Arg, by-products of the de Zg%lfgtlézc 036052
may tend to react with other constituents!®f the peptide, e.g., tryptophan.
This reduces tﬁ(—: amount of desired peptide available in the crude for _
62%%5%%‘? &3 -atﬁﬁ%é%f%ﬁmé%?éifso Erﬁ%%ﬁngs EntPGBUESHT SdhdaiipRrotection
froasabrsi @ute mrfinagnienienhl -reratienss of the fragment 16. Thus, the X35
amino acid, which is present on the C- terminal portion of the fragment, is
the firftamineedcitindsiduerthatiisatougle &b ithel @Dssplidphase tesimupling of
SHRROTE 4SOl ase SYNIhesind DR ReHS OGONSEOMINA BRI Even with
amino acid residues jn.a mannef cor esg%ndln to.the desired sequence,

Reitis] L g"?n %?é?lfﬁe 1011

TRETRNESIS BP Hhe-geptide e/ hediae s ’”e"r%’t‘}% oMo

NofeeHii nar iesiade{fRdesanning cahbakp-fersHiva g likaminklessibivey opehdeund
beaniadsaed:tothRnasetingpepldeahatnpAny\WQZE0% 1hidlfhe coupling goes
'?&?UEE}%Q QIZ / %@Qé get"o% ngﬁmﬁeﬁ'&' RQ- %&é@éﬁt‘é%@&@ﬁﬁg 1%)59[%%?‘ '@&E catried

fragment 16 may include side chain protection_in accordance with ,

SRBATOhST P2 Gt DULES Aar N/ AR SHEb A IR DOM. The ratos

XBBHsacEustppoltiresimsthe coupling ot tysinel(d®)rafst valifren@Bylonto

thegiawing Depl i@f@ﬁ m.gﬁmb@ﬁw%mm PeWithoiancanaessinide. It
| ifficut to. force [ tion ompletion.. . ;.

T R s S S A e

und that the nature of the coupling solvent can impact the

degree to which the coupling goes to completion. In one set of

experfErie Furstemite e t?milﬁg%aaﬁdﬁbnﬁé@@aﬁﬁ%@mbﬂﬁwg wed to

INMRAD GMedctb NMPDGG ted DMERICMmane S DME/RGEM: Theptatios

1&%&%@%%@%&%58&9%%&%%%%&ft’ﬂ’éﬂ%&v@&‘ﬁ'&r NMP ERIGERI0if desired.

methyl rolidone, DCM refers to d.ichloromethane, and DMF refers to
SRR TG S HELTHFABEEAE Bipling reactions proceeded
farther to completion when using 1:1 DMF/DCM. End-capping after each

of the tySiHB RO 4fiFe %ﬁﬁnh&%&ﬁ%@%é&é@u&t&l (S 1eueyith Arg, are
asraabitdd resingdelp plortddimdterialdedrh proosedipysin tuistiergoouplldgs added
kBaEiiansnMe.and-GanReMH Mals Hah s MR Sasiy remeved-Juing: 15

buifisatian. i desireds Conyenrional gnd-capping Renigues may be
usecf.p&lonﬁﬁumg to referto E‘l;g. i, t]henﬁagme ts"12,714, and 16, along

with Arg, are assembled tﬁ? gp@rgggﬁtegg%q%gueﬂ% fgg&de 11.To
is‘ad

accomplish this, fragmen

wherein X%, X%, and X' are as defined above. In a preferred embodiment, X% is
Aib, X" is the native G, and X'7'® is a pseudoproline dipeptide residue as defined above.
This intermediate peptide fragment may be represented by the notation
(X, X, XV GLP-1(7-22).

Fig. 1 further shows that Arg is added to the C-terminus of fragment 16 in the
solution phase to yield the larger intermediate peptide fragment 20 incorporating amino
acid residues according to SEQ ID NO. 12:

QP AAPKEFIAWLVICC R

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. This
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20 to fragment 14 on the solid phase to produce larger, intermediate
fragment 18 incorporating amino acid residues according to SEQ ID NO.

Wéjf[}”l?gg EX OTFTSD 15 VX' 7-' 8YL20EG wherein X8, X1 0

are as defined above. In a preferred embodiment, ng%‘%&l%{?%ﬁﬁosa
is the native G, and X1 18 is a pseudoprdline dipeptide residue as defined

above 5 Th|s medlate e fragmen y be re resenteg the
R O 185 CLb B e IO LA B RS @ G2
t%ﬂhBe@ﬁfé@rﬁm@U@@ﬂsﬂ&gmbm 16 mfthéﬁgéltfﬁl@ntbha(s@m@iy[éidsme laehethe

Iﬁﬁﬁmﬁﬂ@i@ﬁﬁ@ﬂ@ﬁ&a@ﬁ@dﬁra& aqazbngcamma vAGich r@sidbieSer at the 17
%88019'”& é%fl% QM Niela, B0 R280 f? ﬁl@ QWLVIGX35R wherein

X35 |s ned above and is pref ra e(%erably, the Arg added

?hlgh\?vg)eggg /ﬁgg&éﬂﬁgﬁ)% %@%&é i0}|Enl§t‘}e?rlr(;!;@evgEt?e pepﬁ?jcetlon
d by th -
Popt HEHTEPLY T8 At S0 Bre TN LB sbnion phasctts? -

yieldliné aesiedpiotectétep eptice ﬁldabcmrdld@qicﬁﬁﬁ@ﬁam. th jprotection

whightihes Semnsnal theod s and k& positions is still in the protected
pseudoproline form: 5 H7XSEX'OTFTSD1IVX17 18YL20EG

QAA2SKER: MKP&&&E&I e paplide; 11@%&%9&%9@%&%%%
note%yon (ﬂdayb 0 X171x )GLP 1i§7 3% the exte at the cither

eses ¢ GALE e r%}%‘é’ﬁdﬁ %E?

amino acl ear side CH ction,
reRIIStaTHaM erfesish Qﬁ@f@ftﬁfﬁ w%ﬁ@mﬁgf émthfélréé@mdmehérﬁmﬁ wigel,
shlithphade and-boluiionphRse: ldydtheses may-be agrtedieUiayrminus.

siandard moﬁdk&%}?ﬂﬂet@?ol@ﬂ%ﬂm'ﬂ LeRESSAIRINE TP r%érﬂlzular
%actlce peptides arE §|z dinthe ?@“d phase usi &‘IJ chemistry b

ARt RGPS PRRHE 1 AR B s
ftms:gl,mlamﬁibca@mﬂo mp@mrd@gmdggrpmm tortinée@earmifiuscabaality on
pastictlasu fagment I hedinsldoide Adeeshinth e 1@ sinp Dig-Qe U S P¥rasked to
ﬁ%%}% s%e%?gmé gcﬁgrﬂ’l IO’QI%“ %Litrﬁ]grarpl%% aé:ﬂfgjﬁ(ér eglpr;[ill%e L8R udes

h comp ementar unctlona ity on the resin support -terminus

ﬂ‘écé‘fafﬁé’%ﬁ%’%éﬁd‘*@ et GBS SRl GiREBB B tached
sidd seaptionshdatine arpindeacideoi beptidd groppdlesi ratalryesalschnoh:ctlééost of

ﬂﬁeecmrher@ae@tmg@mu)@mﬂ sUGEEIBIME- AMINO-35Ids R REPd ces. With
QLK sgcggsesgfg%gup ing, 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.

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 inert 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 linkers that are photo-cleavable, TFA-
cleavable, HF-cleavable, fluoride ion-cleavable, reductively-cleavable; Pd{O)-cleavable;

nucleophilically-cleavable; or radically-cleavable. Preferred linking moieties are cleavable
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to the support-bound peptide material until the peptide of interest is
formed. Most of 20 these also include side chain protection in accordance

W}g/itgjoconventlonal practices. With each successive coupling, the masking

m‘”ﬁ%e N-terminus end of the resin bound peptide matgﬁngrgmmm’GG’z

removed This is then reacted with the €ferminus of the next amino acid
% e N- termlnus Is masked. The product of solid phase synthesis is thus

8B to d relsicsiifpbhe B SRR IR o FSapBbRERUEBIR i khe
pv@emeldf}s@hﬁqéhasetpep@de synthesis can be used. In preferred
embodiments, the support comprises a resin that can be made from one

or more palymérs,cdopalysderssonitembihatiens &f podymetia sueiyasnts
eﬁmgeogq%y mgev@lgm&@&ﬁgoppémm&ﬁ{zem aihyieneaivaole
re rl{I} regge &gﬂsa &}i‘f E?ﬁene Tg o er support

EAR ARG Y Ay Lo i th iel8 LOIBBRGHY MorRs onviedor
SISCLN 9&@@@1@%%@1@% %@B@usﬁmr&l%@ylmeanylnﬁéﬂﬁiaéé“ernhkdxgn Letters
BuoiEty Ioadbiets Ihexgrewia gl pepiitelisicedplad-dirgnsynihesisand chloride
‘P@iﬁ%ﬁf&éﬂ%ﬁ)ﬁﬂw&w}%ﬁgﬁﬁ'C?‘zli%%ﬂ%ﬂ%s1t f%'%ﬁ%&éﬂ%ﬁ%@ég%fmm

the. suppogt Suitable solid supports can have Ilnkerst at are

BRBRS R RV O P AR - craBVABR R Rt ragiiplaesin:
&e@mnretwe@é@aﬁt@@ﬁ(@bmﬁammaeﬁm@eié@mhlwaﬁymleavabcﬂe or
weicaliraleamable (Rietarigd 1‘&@1?1”@165&@@%%1%9& vahle W@mmc 2-
orohltv :II‘TQSHELCTI{ P2(_O 7/Q§6g§gro Jtv 168111 ﬁ@ |t|or]s ?lJChlgha'tlt
ain groups of the’ cleave pept| e are sti ystantial fnbeﬁy
ﬁ%‘fé‘&’éﬁ’ i5ahd BHEfaRR e FHEFIE Bt Spithede ﬂfefﬁéa%.afé téﬁwafaféﬂude
fraymipats, syrithesizéd copcymacitdenditivivisglicsupport thanhingipdesmaterial

I&@tw}gggq%r@a@qdpg{@ug prefgerakly-g@n a resin that includes trityl groups
having pendent chlorine groups, for example a 2-chlorotrityl chloride

(2-CT&) pesin;(Barks et é&e&%%g . SH&Q%%%&:?E%EE@ “Wang” resins, which
30(30):3943-3946). Examples gﬁse&#gi%etnty chlorl e resin,

&Oﬁ?l@fllﬁ?lﬂﬁﬁ?é’ 8}?88 Pévé“ﬁ?%‘ AT sride’ A-b¥groxymethylphenyl-
agminel werhior2 ahigotifghesif, ©R7aninoméihyibefroylkadhbydirtgl-

msmylsaammqmﬁdxob%@hﬂoa@m%mmcﬁ&wpma@ﬁc Bé@idhedron Letters
2sehioisesnEyanaacelicadd A:ehbiiolii (ReM. - YaNehRnEgC
ﬁ% f gtrl a otrityl

acid orotrityl resin, g]i moﬁ tyl resin pI‘OpI nic

e ) %ﬂﬂ)%waﬁégﬁpwﬁfs HoarosysFRe e Calbiochem-
thivebivitikreSinrihythra e @-Chldrotigy| resin. Some preferred solid

supports include polystyrene, which can be copolymerized with
divinyllbendane,io:faramsuppdst RudteiRhse 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 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 {(IDMF), 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 unless otherwise noted. The nature and use of protecting
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15 to which the reactive groups are anchored. Other resins that are used
in solid phase synthesis include "Wang" resins, which comprise a

Q er of styrene and divinylbenzene with 4- hydroxymeth hen
wg 28%&% Fanchorlng groups (Wang, S.S. 1973, J. Am. Chemxé)ggﬁ%ﬂ?ambz
4-hydroxy- methyl-3-methoxyphenoxybutyric acid resin (Richter et al.

1994 Tetr hedron Letters 20 35(27) 4705- 4706) The Wang

FOHR 1) ERTOVRIS! S5 s rosd P B RS ) BIEREA Bt et of
geidpebinstoandsehplirohesetithomy forexanspie pGdilsiodhieattached, e.g., oxygen

Npﬂ@kugehqm&@a@ncﬁgﬁm{glegan&z@ﬂmrmacﬁexerdeﬁm PrERALen3 X881 PResis,
%se ggnstheals the resin ca pre: washed SU|tabIe,§oIven @

or exa S0 |dudﬁ§1§i§ Fesin Su 10 Caggagﬁogi“s@ I’eSIII’TI]IIgOaC%eth
ﬁéﬂﬁ&@%ﬂ%&%@ﬁ?@%@ﬂeﬂ%ﬂ% §ﬁﬁ%@§ﬂU@HPW%WE%bOW
solysnbimaybktbhoken based. on the type of solvent (or mixture of
solvents) that is used in the coupling reaction, or vice versa. Solvents that

are suitslblectoiinvashiog ape alse e subdegnRal nesiuling: pactidme side chain

IUQ%Q}{ 9r@f@g&&?ﬂ%@&“ﬁ&@fﬁﬂ%&%%%é&%@ $COOH) of an amino acid
% If(grmamlde (DMF), a?/(éh’t ell as mlxtures of these 4
a& £S [ REFEH LRRFHFES iy RASESAOUAE: CHIBRSfGHEd in

ﬁm@@@w@ﬁbﬁam@f@qwmaﬂ@mf@lmmy@ﬁﬁﬂ|dmemnt¢<:tmg group

mixtares thereak 1d>ﬁh§faﬂﬂ@r§§€f_§ﬁé}ﬁﬁtjﬂ&w baipestosmeitd pi@aéym« to
1c%%§%si§fnaé%ﬁ%9 ?u% ec%X&“eeﬂgf I\éerf? c'jcg mtng a(fzz?t VOIU u%t E)artP 13

the range o more commonf 4. the syr%f‘neses of 1?‘1

predarh ﬂ%%ﬁﬁ%ﬁ%f&f%?aﬁiﬁ %f&&ﬂ@&tmgﬁ%aﬁ%ééﬁ’ﬁ@w%@e nature of the
appropuatetproteetinglgroupdantiespothanmisenooted.cihemndtards andraseved

ahm%te@gmé&@@@ﬁw&@m&L&J@P@@@l@%@@&% pB2:0 @H&&é?s W@l refore
hown '”the Ak 1F”e£§u§§ 2 ti{ab Ph%}I‘?CtJB%&EQEEN%a”% SP” Oy nos the
grou that can hefp prevent the ator orpm0|ety TOIWHIER 1t is At %i
g oxygen or nitrogen, from participating in undesired reactions durlng
processing and synthesis. Protecting groups include side chain protecting
groups apeagaing-aod Nersrrdinalos protepting grgeps iPrdtactihid ghespsynthesis
ead alser pegveRteastion oirbanding od empe&ykeq@ﬁdﬁetb}ederﬁe@ﬁaelde chain

%%8&'%%‘%%805‘%&8%% ﬂgag{c?“t%{%éﬂ‘;?cfé’ Aeiemigal ”%8«:‘?} £ ed t%ogen,

he side thain group in the general amino acid formula
Qi PIB e8¢ EFPﬁltthbﬂé%Fédetﬁgf”ﬁelps to prevent a portion of the S|de
chain from reacting with chemicals used in 10 steps of peptide synthesis,

proceBSiiE) 1O Tive Etofteraieat sla e enamUpiokceieg broap benzoyl (Bz), tert-

butyl, triphenylmethyl {trityl), tetrahydropyranyl, benzyl ether(Bzl) and 2,6-
dichiorobenzyl (DCB), t-butoxycarbonyl {(Boc), nitro, p-toluenesulfonyl {Tos),
adamantyloxycarbonyl, xanthvl (Xan), benzyl, 2,6-dichlorobenzyl, methyi, ethyl and t-
butyl ester, benzyloxycarbonyl (Z), 2-chlorobenzyloxycarbonyl(2-Cl-Z), t-amyloxy-
carbonyl (Aoc), and aromatic or aliphatic urethan-type protecting groups, photolabile
groups such as nitro veratryl oxycarbonyl (NVOC); and fluoride labile groups such as
trimethylsilyl oxycarbonyl (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:

Table A:



can depend on various factors, for example, type of synthesis performed,
processing to which the peptide will be subjected, and the desired
inter iate product or final product. The nature of the side chain o
Wé]r%glﬂqgﬁdng%aroup also depends on the nature of the amino alititEEgf7/056052
Generally, a side chain protecting group3s chosen that is not removed 15
during deprotection of the a-amino groups during the solid phase
synthesis. ThereforeAth@aAatidno protectirgidgrolpiaiddiike:sideohaid)
protecting group are typically not the same. In some cases, and
depending gn the type of reagents usedyp,gelid phase synthesis and
other peptide processing, an amino acid may not require the presence of
a side-chain 20 prgfecting group. Such gmino 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 TAC),
benzoyl (Bz), tert- lfﬁyl, triphenylmethy qulgﬁlﬁ?l), tetrahydropyranyl, benzyl

ether(Bzl) ar 6 - - :
p-toluenesulfonyl (F83), 25 adamantylog'hﬁmcﬁ%ﬂf &QH%@I (Xan), benzyl,

H an ] +la ol 4l ] A+ Wil + h l
2,6-dichlorobenzyh-methyl-ethyland-t--butyl-ester,benzyoxyearbenyHZ£);

2-chlorobengzyloxy&donyl(2-C1-2), t-ariijigxyirtéarbonyl (Aoc), and

aromatic or aliphatic-urethan-type protecting-groups, photolabile..groups

~ such as nitro verat@ytioxycarbonyl (NVOQ)Band fluoride labile groups such
as trimethylsilyl oxycarbonyl (TEQC). 30 Preferred side chain protecting
groups for ﬂmino acids commonly used Koynthesize GLP-1 peptides in
the practice of the present invention are shown in the following Table A:
Table A: WO 2007{#47816 PCT/EP200¢/Q56QR2 -23 Amino Acid Side
Chain Protecting ou (mss) Aib None Ala None Arg None Asp t-butyl
ester (OtBu) Gin trifyl (trt) Glu OtBu GlyNone

Len None

Lys t-butyloxycarbonyl {Boc)
Phe None

Ser t-butyl (tBu)

1718 ) oxazolidine ring between alpha
X% (corresponding | | i
nitrogen and OH of Ser closer to the

to Ser-Ser) .
C-terminus; tBu on other Ser
Thr tBu
Trp Boc
Tyr tBu

Val - None
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His trityl (trt) lle None Len None Lys t-butyloxycarbonyl (Boc) Phe None
Ser t-butyl (tBu) Xv 11 (corresponding oxazolidine ring between alpha to
other

u Trp jBoc Tyr tBu Val None WO 2007/147816 © CTkPaTosoos2
PCT/EP2007/056052 -24 An amino-ter@dnal protecting group includes a
chemical moiety coupled to the alpha aming group of an amino acid.
Typicay/ tHB% Hﬁalf%‘rmmsi%@eﬁﬁg%}a i CRSRSoEMCR coupled to the
dbprotattiorsresc o niprivinoe ahid. additiolly ofhih enmiet wminabpidttotives group is
agdedemmec@gemm{ﬁem&e&hgimrbut@@ammwm%Mﬂr‘hmsad to be
DSQ&? Folﬁldgr%\{\%g S 12‘0 aln,ptpqréag gex%gﬂ*!t i of ed \/Ql%ﬁ PO ter e 13 cleaved
protectlng group cah ep end on various actors for examp
SRithdssYpetermhas %ﬂf@f e IR METE R ‘3[5‘:*88156%? fﬁﬁaﬁepend on
protus taBxamiplescafnghainpeterfsimah pio tectmgngroupstinclssieclin termediate
@gy&&ypgrmggeggmcgroups such as formyl, acrylyl (Acr), benzoyl (Bz)
and acetyl (Ac); (2) aromatic 10 urethane- type protecting groups, such as

benzlé%b!ﬁﬂépié’ﬁyﬁlﬁﬁ))%@xqrﬁﬂﬂ %gl 16 s¥iclude (1) acyl-type protecting
p- chlorob nzyloxyc rb&%r ! 5%%2%2}% x carbonyl,

6"8%’%8% BRPEars: B\eatBoiy)s (@) arpmatic
wethmﬁmmﬁgcgr@g;gusmdswmkm@aﬂb@wﬁl (Boe)] substituted Z, such
qﬁ@&@%ﬁﬁﬂ@%ﬁ@%ﬂ'p@@@é@l‘]@ﬂ@m@@!@@@h‘]ﬁl QIB%%@Qﬂﬂxycarfgnyl,
n tecting. groups, suc
b g T
Q&&ﬁ?&ﬁ@f&?%&?ﬁa I R o R S TESRy By pPasiey feyy carbonyl,
tHioumethhnatypdlplotectihgrgtotiisysivetk dsimptiemylthio parhanyls Prefesredch as
RratRGURA GROMRHl %Igiift‘l@r’iﬁg}\( |C?3%5ML%§%QMVI( RReGIntyloxycarbonyl,
Dt 'yfgé al%poyc,s SRy

phenyltgwcarbonj Preferred protecting groups include 9-fluorenyl-methyloxycarbonyl

Wé%ﬁﬁg)l grogen and OH of Ser closer to the C-terminus; tBu on o

ﬁt%Qn e protecting groups, such as

(Fmoc), 2-(4-biphenylyl)-propyl(2}oxycarbonyl (Bpoc}, 2-phenylpropyl{2)-oxycarbonyl
{Poc) and t-butyloxycarbonyl-(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 vield. As used herein, “large scale” with
respect to peptide synthesis generally includes the synthests 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

1O metric ton range.

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
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(Poc) and t-butyloxycarbonyl (Boc). 20 Fmoc or Fmoc-like chemistry is
highly preferred for solid phase peptide synthesis, inasmuch as cleaving

wg'%ﬁ?]sgl( Qt peptide in a protected state is relatively straightforward to

carry out using mildly acidic cleaving agents. This kind of Cle}é%%mommsmsz
reaction is relatively clean in terms of residltant by-products, impurities,
etc., making it technlcally and economically feasible to recover peptide on

£9Bre e BaSieHshiSI S e Sialing Brle dipitiaka Wadhed moc in place.
driinahdierypsiisidl kg user dibreirngtiards stalbtpithdveisggutriGgeeptidehemes
Jmthiesisrganeraliincludes the synthesis of peptides in the range of at

least 500 g, more preferably at least 2 kg per batch. Large-scale synthesis

is typigally.periarmed inilatde JaRaIan, YRGS e Af SIeRLERACH e or more
vessels t at can ﬁccommodate qftantltle? of reagl ents such a 8{{6 ﬁhat Lan

SOIVERtS, 148 HRLRARS S HEMHERIS 10 SSUPBHAG "S5t b LepHad
ﬁ@a@@éﬁﬁlqﬁﬁ? anfe"@ﬁ@@m@rdl st pfodtrctibridsfrpepiidestiathe Miogamium
tmehetbiﬁit@m sAnghaAdditianalyrteenbade protestingcgroupeaplbe

getivelsieavadrasapentde felplive [ the s gsn%ﬁ'grewé?%“ﬂ%m acids

grou ssot at the sjde chain protection are left In ;Qacew en the Fmoc is

138\?68"31‘?1 SR o LefSeAl & hpo it Qutiiy Hnfihd Heid 8l esapimgHOB
e ieinimidersiceoriahehp actions radditiehalyh thesidéngapnoprdiegtingzent.
gm&éé\é@@@ﬂ&%lﬁﬂﬁﬂi@ﬁ/&@2@@%&5@95@6@&&”@?@ﬁﬂ\/ﬁhédde
%'S{J}YS Qe m . slaive; t%gﬁ?o e%z'eP}"z,f‘o‘?iethﬁéﬁﬁ%rfﬁ d %:ace-
This la ersel Ivity IS very advantageo relie upo uri gpLP Cation
SERRSH Qgr%@érﬁﬁ’ég“f m&@é%'ﬂ?ﬁ@% ibdedupng rasteeomn bar!
loblperformyegd initheprésencerofdiwe auxﬁmw rﬁzd@nnhdun@sﬂlaabémhaﬂﬁed as

QiR eyR dhs-aupling f@%@&'% @@@9@9&%%@&&% m&r%@%&t@&g@@ of
of reactlo and reduce the ate %q:ar% tlon |nc é)hos honium

{:ln%ronlum Saallso'[ﬁIC eélg?l In ]t?] e Oresence a te Ia}%{/c ézé)éj mrg &l We}l

(H’ﬁ%%?dﬂf%é‘#ﬁ%ﬁ]ﬁf&@lﬁﬂ)%ﬁd%ﬂéﬂﬁ%amme (TEA), convert protected

amino acids into activated species (for example, BOP, PyBOPO, HBTU,

and TS it gurisregesHOBILO@ste ) c Ottrbriretisentehsipipreventnixiure is

ragdmization Ry providing.a w@pﬁﬁgmgcneag@@teatwﬁﬁaeéeﬁgem singl;@@}@em
diiny 1), with an xiliar

ECE T SamE gt S chidoL T g

SFRB% ﬁtﬁ“&%fé‘f%ﬂ’ﬁ%ieﬁ%&) O F ﬂﬂ%“d“é%%‘rfd“é%%%ﬁ%@ %@m@ he
issbubduoh o tormhatepivithyoroaithplithed bl deet sugxiliaith muckepphitest includes

may@isHhe W@@ﬁ%a@@) piperidine in a solvent, 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 in relation to the loading factor of peptide material on the resin support, Generally,
the amount of 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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15 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 dehydration of Asti

nd°Eli P&8idues. After the coupling is determined to be cor‘rﬁ‘ﬁ&@%‘gﬂjsm"z

coupling reaction mixture is washed witBta-solvent, and the coupling cycle

is repeated for each of the subsequent 20 amino acid residues of the

peptidé@ RN ﬁ-mles&ﬁgéetﬁ*éeﬁ@%&?é&ﬁ’fﬁﬁla%wz%ﬁ%%}tmeas NMP,

Natktheinalaphetecithggioe forekserhple, sanhFEmbE itoum) ientcthenove the

esihR0Un G dpaterial is el iaceamplishedhy taatment with areagent

it ineludes, 20203 (on a welaht basis) mipsridine [n, & splventy such s
-meﬁwyfﬁ)yrroﬁdone (ﬁ f Br Ime y][ ormamide dérﬁﬁlhe) Ater Temova

SR RSB BRECHRG RirdGpY I S@VBFM DB GhSHES el pREIRE e o RTfeEnt

torrkmcde residliag pipatidine:dndrirroedoyiprodietstifeuchpasnts during or after

dibenaefulvens and-ifs Riperidingadduchla The SHRSeqUeR AMIRRIRGKIShe

can tga utlllzecg t a stoichiometric exce shoaamlnodam%ﬁ in {}elatlpn to the .

BEIAG FAASFET HERHRS Mateidl R iR TS A SUB PO e ReriRy Sufhers by using

arfduatebt wealnedciers eenih thecehaplitestdiiis affoise solyrlentes DCM.

thieeloadinig. 3aofactosigh therticst gmifioadbid anihekesipetl-aqUalenbanM is

@9{&% gg%f%@}q%ﬂ}ea@mgy&%qf%ino acids used in the coupling step is

at least 1.3 equivalent (0.3 excess) or more, and most preferably about

1.5 e%‘%év‘é"oe&ﬁé%ég’ﬁ%eﬁ%? S %?»ﬂé‘d% i ’fISLI(fﬁ(QEBﬁ'aepﬁQsee resin can
coupllngpstep utiizes an’amount equivalent or'/amino acids In the‘range

BEARFSER P NG S Ay DO PETE I eERE podoris blsse ves G R AGHARG Process
thetfifizl Coelphihg ey dle, thetkisintismas e dragthea iSobve nb susimaaiNddRsed. For

aghiprRNWashedmith an inerh se6ABH, splEnhsHERAS BENL IR A48 oning an

remove the synthesize ptide materjal from.the resin, a,cleaving . :
T L A G G e A AuBa e mteral
rataraP stiplselir snsiitrem eidsachaintamers edimiadpestE g grotpsnce.
Tbaviikegyihe protectivecgroups iliplade healpsdtarprgvantd undesitdiieemperature
WL‘E&B&QI&%%HQ&%%@%Sﬁe}ﬁtigé‘ﬁrgte‘?x‘?%'Qﬁgf{&‘sg%‘?ﬂ@uﬂ{-fﬂi'ﬁg.%ruitable
after @sm cleavalge. In the casegt\g en Fmoc %gﬁsmllarg&he nistry is used bei
L RN EIDBTRE S &BRAE ProratiEePElshiRYR ey heiarad pRskbtragent being
apif desirsdusHioe PaekEs thy Deinty of refavelyane dheaikidl foagantasgaitielines,
asraegtic Aoid AFdituts THEA ibauschenieketbBSBEMLIE THeIe0b(iD C for
140 welghteersent, %%F?,ﬁggéy%%%‘?{%%ﬁ% RETGERGLT oM R BB res would be

typical See, e.g., U.S. P

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
reaction. In addition, the lower temperature of the cleavage reaction prevents acid
sensitive side chain protecting groups, such as trityl 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 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.
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Steps of cleaving the peptide intermediate fragment from the solid phase
resin can proceed along the lines of an exemplary process as follows.

wg?gﬁrevej L BNy suitable process that effectively cleaves the peptide

htermediate fragment from the resin can be used. For 15 exa T|5 F2007/036052

approximately 5 to 20, preferably about 20 volumes of a solvent
containing an acidic cI avrng reagent is added to the, vessel containing
@bae*

the reSH BB TReaB s A ks ST RIS Eﬁéﬂfrsrﬁr%?%aﬁsof the
iRciphidrersed dry the mﬁgelmﬂabealmm oelo Theottealling theastipacess. These
QEGUIR; as the diawicheontanis.arplagitater piarsitapledgimperature afor a
suitable time period. Agitation helps prevent the beads from clumping.
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such as the crd rea%irg_ bein usecﬁ the naturedoflg e tide, .the naturée .
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é%em&ﬁ%e‘re%%%5@*&5@&@1&%&%érrfaﬁe%at&mﬁré@éﬁfs%raﬁe 2-(1H-
$ensitiviezsidie-gdhais pirotelctingrgroyps;sshichias: thigyh frougsh dsphate dBQP), o-
f(%@}%%%%m'%r}}ﬂﬁg@@%Aﬁeﬁ%ﬁ?ﬁxﬁ&ﬂﬁﬁ?%ﬁﬁdﬂ%@m&mHmm, o-(7-
reatc)tron iS. ch |§ aichreved for amdoe

T e A S R b T

me@h@pw&a@»@éla@mé%@>swf@r s mww@rw%mg esroan
dblelitionalzolminlites KON, Nowr g A prederabhn abo ut 241 nirsies: to @I ¥ Qther

QHHH té%ﬂﬂf&@eﬁ%@&%ﬁu%@&&’&%%@@@gﬂaﬁ'95‘ H‘éﬁ%&@&mmde HOSu)

peratur of t contents to 35.increase, e of agitation,

A FGLLET PG oy 5 B AparA BT %r%afgegrfoﬁroaﬁémlamai
ety dboe SUSIGs Preferabiyeabpdt deCOY bourriic hwide 2o e 478 1Br0ride as
RATAERA00112086052 -27 Factors such as swelling and shrinking the
resin in order to improve aspects of the peptide recovery can optionally

be In9@@e@r%@dnmlﬂg%&veraﬂa%ym%&ﬁ@rﬁeeéﬁn %ﬂf‘a lechigiesAgon. It
described, fc?{llzat?h ple '[E U.S Pa Pub. 4912 AL In Some.

IS UNGErsiao coUphing's 1V€1‘1 Use C gree of racemization Of
pects, the Cleave e]f) de'fra %%ts canbe prepare d for solution

%@@@e@@eﬁﬁg%@rﬁér prlgh mﬁdmﬁ@&ﬁwfam%@éréggméaﬁd@d the
coupling readtianstin Itheseluibodhasesare: reviglkeds ity dor xamplene or more

N@MT&S&%%&%%E&HQ%%%HHE‘Bf':&%@&%ﬁs%ibre solvents include, for example,
DMSO, pyridine, chloroform, dioxane, tetrahydrofuran, ethyl acetate, N-

methylpyrrolidone, dimethvlformamide, dioxane, or mixtures thereof.

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.

After the peptide 11 is formed, the product can be subject to deprotection,
purification, lyophilization, further processing (e.g., reaction with another peptide to

form a fusion protein}; combinations of these, and/or the like, as desired.
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Alhericio, Fernando; Chinchilla, Rafeal; Dodsworth, David J.; and. Najera,
Armen; Organic Preparations and Procedures International (2003), 33(3),
203- 303 Coupling of peptide intermediate fragments to other fra ments o
amin aculj?s) in 10 the solution phase can be carried out ushivg P&l ese0s2
coupling reagents, for example 2-(1H- - 28 - -

benzotriazol-I- yI)trls(dmethylammo)phosphonlum hexafluorophosphate
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e irdrit ilexaied i@fﬂwtﬂ%ﬁ%ﬁogw ug. ‘fi‘ﬁ%ykl/wﬁélﬂa%”ﬁ’é%
dﬂnmh‘gslfmcrmagﬂmﬂsepﬁmnane&mrc}mxwe&)meqseqfokmothmemh@t]mgm&sed ina
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rﬁa e,n SUC se%art WEF lilhp W, arts vo umee % 21 )Il]ll‘l l IS %6 fota parts 11'1
15 these embo Imentss water-miscible solven ispre Hera

Sonspatipne i tive %@%r@t@@f@ﬁ%@éﬂ@#%ﬂéﬁaﬁﬁm@gﬂ%&ho DTTina
weaie LIvEGH| enstiient-igused gnefieradiyAta e sonataad terselylaffdeDthes/ 100

ggﬁgq;ggt gegglgﬁﬂ{%r gb@@g{gtge\@g&formed the product can be

Subject to éh eprotection, purification, lyophilization, further processing

(e.g., feaction. with an gtrtler;pe tide to. form a fusion %Ote'rt}l
’ L th
Combiaone o ThAL e I8 e et sttt SO ek pigerein he

BRSIEDY009 RSB 28585 57 %@&Mﬂi@a&%ﬁf@w@ﬁw@@ﬂw%% is
sidetohhim e dttipy tgtoupsgre Qylpicaliyfretainked: orectherpecpti;iesitio ns include
ifermadialy Saamerts:taHaRowh SHEPR35e) S YAHESIS~ AR AISR S, or in an
and thrauahout the slufigy @yh%aeg&%%@g)%f actiops: zeperally, after

The precipitation is typically done using an ether, e.g., diethyi 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 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.

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
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solution phase coupling step is completed, one or more deprotection steps
may be 5 performed to remove one or more protecting groups from the

W§e tide. The removal of side chain protecting groups by globa

I

ezp%ftlélgﬁgn typically utilizes a deprotection solution that indIGdad 4))7/056052
acidolytic agent to cleave the side chain2protecting groups. Commonly
used acidolytic reagents for global deprotection include neat _
LB AtiRe SR PREACUE 2! LS d abis MRtk s Bibls Bedimmeassingcurs at
kg dicOpiydvbfle dricsecid q 198y, drydregentesamibie HBeferred embodiments, at
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amount.of S”a'Qfd%é‘?}g&kFe&TﬁPO%eﬂ% S.expressed as a R T B0 Brovide a pH of
BRI OSL R LY HSEAS S I B AR T e e o PR 2 PH 0
thebtalparessferehly ebmpdsitisrromgrnasainiblen scdepteteicionveshulionN
gentrining TF=AlH QiP hbia antato 0f 20:5io-( weight/ welgbtweight) Hase a pH of
TEAA g@éjé,)gzlg?gg;ogyg\{gq[ggb_Hzo at 5/ 1,00 parts by weight, and DTT
at 5/100 parts by weight. 20 In some embodiments, the deprotection
reaction can be performed wherein the _amount of.the acidaolytic agent, . .
e R R A AL fonic
BREEEDY Wsight IotReh Pratered MeprBtatidn BErgBERbNS mtigisatigdow so that
amhetantiel aeidal ytic agentdnanadwount 0fe321100: partsrhay anejghtconted. The
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oiherwise.Napdied. This maybe accomplished in any suitable fashion.
According to one suitable approach, the peptide is collected via filtering,
wash eWiPH %Olg‘mo? lt%u'evqusEn a%@r?t?otl(l)x{d ngev %@%ﬁ%‘é&ﬁ%ﬁ“&tg vfarit espect
suitable IgveL ,né then dried. The present invention also provides US_e]f]uT P
tedhnigliewres Pk X wmiesaiy e fopeptied! piEralag s Jatios are by
peptidesnde thieireounterpatysitéicgarticularly preferred purification
process involves at least two purification passes through
chrematpfrapliiclid ediae hateiisaifiBagimefiestpant Becw sratadisstihe N-

WO 2007/ 147%%&?{ '25’3—9&2’9&@95?0&%%011 on tﬁe His and Glu.

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

[nitially, 33mdc—Giy-loaded 2CTC resin was prepared. Amounts of reagents used are
listed in following table:

Preparation of Fmoc-Gly-2-Chlorotrityl Resin

Materials MwW Eq mmol grams mL

2-Chlorotritylchloride resin - - 52.24 35.06 -

Fmoc-Gly-OH 297.3 1.0 13.06 3.88 -
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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

In preferred embodiments, at least one pass under acidic conditions _
ccu/s“ﬁ%ﬁr to a pass occurring under basic conditions. An RuEFAalE 056052

mode of practicing this purification apprddich can be described 5 in the

illustrative context aof purifying fully protected peptide 11 resulting from the

%Q%@%};}ﬁ)egﬂ@mﬁg ﬁ%ﬁ}k-) ln i_tjgﬁ}%the _@g@tide iggiebally degprotected.

oAt o o A cida phdin ot At ey o ara plaavad A.-ficat
DULT TNYT ITTITIMTUS Al'tu S1TUT TGt pIULCbLIIIU yro o Al oIicqQvCuUu. A TITr3T

chroetatographic Ea@3NE )carrjed out inja water/ACN (acetonitrile) 1270

radient, Using enough TFA T¢ providea pHof about 110 b, preferably
8&92%%@%@6&% is theh carried jout in a water/ACN [1o gradient] 1785

gﬂ@% @Olf';[ltilge eq}l%nio %ﬁ/ r ammonium acetate, or the like, to providesa50
pH of aroun iTa) &l, preterably 8.5 t0 8.9. The pH values, whether ar‘? qr

basgopiannete Aniformity in that a unifarm ionic | species is|present in eaghg

mstance—Thus;theacidicpHdesirabty ts—sufficientty-tow-so-that
substantially all of the amino acid residues in the peptide material are
protonated. The 15 basic pH is desirably high. enough so that

substarftiafiy eirovass isierbta eidAeBidurRss id e thre pepticesiieltedialidird00 mL
defvotonatadinThe aeld Ahd lasechramelogriply casnhe Earsie P diNand

Y LU IR LUMERIP AQ g She, b §i%ﬂ@&@é?%@ﬁ%&?éw@ﬁﬁﬁé}ﬁunder

peé)tide cetate is a desired produgt iInasmuch as the acetate may be the
BrEaET: B chPOMARIGHAPRYTH™ RE Principles of the present invention will

now be further illustrated with respect to the foIIowingé/il‘IIustrative

examplésP 9 17 FERBRATY A pEtd Als§ e Bnd t aub L AE PR 98Reath 175 mL
DNES S bthe reisaerpressty sttated tEXxAPIe desiS oliddRindser Syrdthedis 8F mL of
Magmenth wathsﬁm&ﬁ&t@%% %W@%w&%@%,%@@%ﬂ% mL DMF
protection of fhe Hisaug, Glu-g4 f Breparatign of Emoc-Gliloadef o
ETERESHN ially, Er‘noc- y-loa a4 resinwas p epas’re 160 Dy washing
RiHoines bireaBanidesesinares Asrsiaremeriing raisie: P repasdtisrest loaded
FaxiocAGHyGhioredrityb Ridsytddtatesials MWriatignmol grams mL
2-Chlorotritylchloride resin - - 52.24 35.06 - Fmoc-Gly-OH 297.3 1.0 13.06

8.88 WX 20044 3448161 CT/EP2007/056052 -30

Solid phase synthesis was carried out starting with 20.0g of Pmoc-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 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 in NMP (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 negative chloranil test.

To prepare the coupling solution, the amino acid (2.85 equiv.) and 6-Chloro-1-
Hydroxybenzotriazole (6-Cl-HOBT, 2.85 equiv.) were weighed, dissolved in 2.55x
volume of NMP then combined with DIEA (3.25 equiv.) at 5 °C to 10 °C. TBTU (2.85
equiv.) was dissolved in 1.3x volume of NMP at 5 °C to 10 °C. The two solutions were
then combined. The resultant solution was added to the reaction vessel. The flask was

rinsed with 1.3x volume of DCM added into the reactor, which was then stirred for 2-3




L

10

i5

20

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

WREBhHE féictor and swelled with 400 mL DCM for 30 min at™$5 EPFRE036052

bed was drained and a solution of Fmoc3Gl-OH and DIEA in 8 volume of
DMF:DCM (87.5:12. S)T as added. The mixture was stirred under 5

Rtk ehFor2 ourLat R earpfatitre Biosier Kaispdashishrantg argtion for
washediondeé thitho3p0m keDivdnand ormoeplitte 176 hhoDMPpolinen Kaiser Test),

renainingacive sies:amibe R1cdEuas] we%r eRdzcappad with %&%@h of
of M H DIEA 1)\§olut|on for 1 h(ra%r he hed was.drained, wash

R S50 LB A e S A AL TBO W DN FCF UL gon
ﬁegfirﬁiwa%éué\Mé@lemwh@dtwvhtHM%Wm Pyol maehresiwiBen
deiedtd afchnBtant weightitg give;3&:2Q@:pligadedisesinlAnalysigated for the

showarha eadingfacteref f.18.mmely 11$th§®fQ£gﬁmfﬁl}}§—L§&§Q—@hs )

phase synthesis was carried out starting with 20.0g of Fmoc-Gly-2-C
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volieachrswashy). Wisdasihtwas tirnitrebyetitiviog With<2086hyolafiomefter one

BW'Q{B %‘fﬂn%e@ﬁé@fmﬁﬁﬁg freatmepilie Femaye FMAGRIHECHRE activated
ro P%AK/ Hl}g %8{: nd 20% plpendlne/NR/IP treatment, the resin was

Waé)h e’times Wlf 1 Rimp (5 vol. each wash) 20 to a negative chloranil
test. To, prepare the couplin tion, th ami 5 equw and.

6-Chl r‘iagﬂ%r‘&fﬁﬁﬂﬁfi?‘é‘hg %% S(é%fl BEY, 12‘%51%(&%6]%‘)(%%%
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oBquiv.) &t 5 ¢ 4o c| FBEY (X FequitBiwhs AadBived M. 3icoupling
vakithe of NMP at{SHD®I'1(Q () The pwalsplutitgs weréizb)theredmbired:
The resultant solutiop,was added to|the reagtion vessel. The [flask W& in)
rinsed with 1.3x valume of DCM added into the reactpr, which was then

5&1%&(}: ﬁ 3, WO 299g/14' é%;? I'él%PZOO 4%605 h( urs At ‘_?5%

> sample was pull Kaiser Test to chec?< the reaction for

3.36 | 1.76 1.51 5L.0 3.29 26.0 26.0 155

His(rt) 6.32 | 1.78 1.56 51.0 3.29 26.0 26.0 |60

His(trt) | 6.32 | 1.79 1.56  [51.0 |3.29 260 |260 |92

recoupling

The resin-bound peptide fragment was washed with NMP (5 vol.) 4 times, DCM (6
vol.} 5 times, IPA (5 vol.} 3 times. The de-swelled resin was then dried at 35°C under

vacuum to give 22.58 g resin and resin-bound peptide,
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. each wash) to remove any NMP residue.
The resin was cooled with the last DCM wash to -5 °C, The DCM was drained and a cold
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© the HsPoeivneAdRey - @71@2 PeNtWESsHrained and a cold WO

completion. If the coupling reaction was incomplete after 3 hours (positive
Kaiser Test), the reaction vessel was drained and recoupling was
ezrgf’o7rr111ed with fresh solution of activated amino acid. After co%n{gletloﬁln(} N
ec upf}n’g reaction, the coupling solution 5 was drained and e 156052

was washed with NMP 4 times (5 vol. eaéh-wash). Then removal of the

Fmoc protectln oup and coupling reaction cycle was repeated for the
SRS AT 1%% Mé%'@n%%ﬁﬂe elOir @%F&@Féﬁnd stirred for 30 min at
GRIOtBlUAID-Hig(trt) o Dilié\ tovdiffiddity toftiver cotiplingrredction HTEAVER:
@@é\&@@%‘%&ﬁ@ﬁ%@&tﬂ&@&t%dmﬁ&t@ QB Gl G ARG Themed o
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orceél 0 comp ef‘onsb dramin e reaC| i solution fter oRe hour and
iFiHeBrateRy %i’é‘r?@)]r%iﬁ@ tﬂé@r%@%é Inssaetigiriti acearyned frébrvater (7.5
aotivaied :Emimﬁm@ym)r@ﬂasdmﬂﬂhﬁ Al reagents] psedir: RartiBoabthicM (350

eXAMPIE are liste el fall Hg%:itl |§ '{&9 9.8 gnﬁ%ﬁM%ﬁ&TﬁbM was

NMP D C ACi B ( fi )

S %?&%’f@&“@é ‘%ﬁ% PR T B0 Al 6 7 76 PRz
320d@ 076 6 AP 6821178 10560810 3he 26D 26.0 60 His(trt)
6.32 1.79 1.36 51.0 3.29 26.0 26.0 92 recoupling 15 The resin-bound

peptide fragment was washed with BB ¥0l.) 4 times, DCM (6 vol.) 5
times, IPA (5 vol.) 3 times. The de-swelled resin was then dried at 35C
underPuperniimi@irec X158 lg4ésinand fesir-bound peptide. C.

Cleavage of the Fmoc and side-chain protected fragment from the resin

The beiffoesin B at Brabavevaas-guelied i ReM 125 abdmessed are

gjégvg it(l;\,\e; \glﬁlght of resin used; 12.5 ml DCM per g of resin or 12.5
:ilters per o%%?) min at 25 C and then washed with DCM 2 times (6.25

VO|. each wasn) {0 remove any NMP residue. THhETESIN was cooled with

200&(&,{478116 PCT/EP2007/056052M- solution ofi{1% TEA/DCM (10|v k
at ﬂ C) was added and stirfed for 3 qmin : nﬁn Pvrigflnp (1

equg\zcgfcg;gﬁ,}?w@ﬁﬁggerggg the reactor to heutraliz ejaj EA. Thqoqj@avage

i £i14 <l £L | 11 P \AL taa-rvracecalAararen ad
sofgton-was-ttered-ormrana conecieatira I ar\ VA4 IIC I VCQDCI vWwartTrcu

up, tbmoc-Gly-OH 297.3 1.0 29.84 8.87 -

Ditsopropylethylamine (DIEA) | 12925 | 1.67 | 49.90 6.45

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

Isopropanol (IPA) 1050

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.

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 MeOH:DIEA (9:1 by volume) solution for 1 hour. The bed was drained again, washed
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25 C, the resin was washed with DCM 7 times (7.5 vol.). The washes

were combined 5 with the cleavage solution. The DCM cleavage solution
Waso%?g,}blned with water (7.5 vol.). The resultant mixture w. ' t%%g 056052
e Yedlted pressure to remove DCM (350 torr at 28 C). d
fragment precipitated out from the wateri¥hen DCM was removed. The
fragment was washed with water and dried at 30 C-35 C under vacuum

RO 4175 5 b AL P (91 GSHATAS bl Mo he rein was
Exandptevilad Prepahatiowidt FRIGE-BlyHbaded 2GINGvResied at 35 °C under

RRacrSlY &Q@@h@s&;&%gﬂﬁﬁj NESD e paada Jdaa- amMounisyok KBagRAS loading
%s,etd ?\;0 gted ﬂ ollowing table: Preparation of Fmoc-Gly-2-Chlorotrityl
esin Materials Eq mmol grams mL 2-Chlorotritylchloride resin - -

?g 4%%% ngé)r % OH 297.3 1.0 29.84 8.87 - Diisopropylethylamine
IEATPISd Basq 80 6.45 Dimethyl formamide (DMF) 1580
Dich.loromethane (DCM) 1840 9:1 Methanol: DIEA 390 Isopropanol

(IPA) SU8bPIE5S Tbe SR YT AE 1A A PO RESHER AT PeptidetRattdr ahd
sl bk deidhn YO B4MmBIGM Tar:88myins ThdledsiniNad draihed.,) dmuBa min at 25

sol Uﬁ@@m%@%@&d@d}g@@ﬂa B MRLMR O WAMET REMHBE 2Rl NMP
Zglurpee)a ded. The mixture was stirred under nitrogen for 2 hours at
temper ure of 25 C. The resin bed was drained and washed once with

400 DMF and gnce W|th 00 20 F. Then, remainin
Sies TS B Er L RNt A AL W JG0 P O RS ISTEAS vol.
@chieviggmelsEen forok hovecthe HedpvasBrdireeseguintibashed

W@M@/Wﬁ 1eRGHE mzmaﬁeaash&&ﬁmmama&mmg@ ¥8il-cach wash}
%gvaﬁggq]fﬂggttlmes with 350 mL DCM. The resin was then
de sw lled by washing with 3X350 mL IPA. The resin was dried at 35 C

o L 0 ST QIS 4000 1 O«
@Wﬁenzon iazole (6-CI-HOBT, 1.7 equiv.) were Weighed dissolved in 4.6x volume
of NMP, and then combined with DIEA (1.9 equiv.) at 5 °C to 10 °C. TBTU (1.7 equiv.)
was dissolved in 2.28x volume of NMP at 5 °C to 10 °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
— 27 °C. The sample was pulled for a Kaiser Test to check the reaction for completion.
After completion of the coupling reaction, the coupling solution was drained, and the
resin was washed with NMP 4 times {5 vol. each wash). Removal of the Finoc group and
coupling reaction cycle was repeated for the remaining amino acids in the fragment (i.e,,
it the order of Glu{OtBu)—Atb—His(irt) ).

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

Amino Acid | g 6-Cl- DIEA |NMP | TBTU | NMP | DCM | Couphing
HOBT | (g) {mL) (g) (mL}) | (mL) 1} time
{g) (min)
Glu(OtBu) |10.79 | 4.24 | 2.67 | 127 8.13 |63 63 156
Aib 8.26 | 4.32 3.73 125 §.14 65 65 180




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
8 00 mL) for 30 min at 25 C. The DCM solvent was drained, and the
Wpeg?lq Bllashed and three times with NMP (5 vol. each wel’éﬁﬁ’ Ffé“‘m%’ﬁ%z
resin was then treated twice with 20% by¥elume piperidine in NMP (5 vol.
ach treatment) to remove Fmaoc protecting groups. After the second 20%

pipevidine/NMR freathert, the 3esin waswashes! 1six times with §8VP (550
ol. each wash) to a negative chloranil test. Tp prepare the cdupling

solution, the amino acid (1.7 equiv.) and 6-Chloro-I 15
Hydroxybenzotriazole (6-CI-HOBT, 1.7 equiv.) were weighed, dissolved in

4-6x V@lH&U?geOJfNM?m%%ﬁp%&%}e g with DIEA (1.9 equiv.) at 5 C to
10 C. TBTU (1.7 equiv.) was dissolved in 2.28x volume of NMP at 5 C to

10 C. The, e solitons were thenpampined Hhe fesulippsaliion 145 ) s
as wi '

adde %%)t e reac{lon vesse‘i as r| vqum

BN RtE TRy eS8 SR 'E\Laésr%ﬁ@n@ﬁ relFo M thelns RS @aéa)to 27°C.
G ffEhérsanng| DG puldd foF@ K alsET TestitchetkothErreaatipn farvol.) was

%‘&E&Eﬂe&iﬂﬂmH&%i%@ﬁé@%&ﬂ%%?%ﬁb@%eﬁ?ﬂﬁﬂ ANFE0up! !nge 1 3 equw
Eg Wascdraln nd thce resin Wa was tﬁllf\lMP 4 tlm

AL e e o e

@@a@ﬁ%ﬁm@aﬁ&rﬁﬁwﬁ@amm AR lﬁﬁ?écfrég?ﬁeﬁte(r@m ietheaghadmith

cmi@w(@ﬁam FAlbimzHisddhirel Allieag s bsedintibis EXampE asRition was
isted i felawing.able; x/%m”“l%@%%ﬂa%%xﬁl ANNBEBTLNERCN

Cou I|n HOBT ( g%} (9) mL%%pLé (min u OtB 10.79

PSR P Y6y (4 LH6 b J6)a aﬁéﬂfﬂ@%@iw%@ BB WFOvater

0oy M4 16 PETIERPRO0R 0560621 184 Hensl(mr@ WhH68a4cB84r8. 6828 §ITL- 35 °C

Rk LROuk. Gleavage of therfragmerms fronpthesresinoEne Ui, rasin was

\glgg,dq?qiwnh NMP (5 vol.) 6 tunes and then DCM (6 vol.) 8 times to

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

C. 5 After draining DCM, a cold (- Séi to - iLO C) solution of 1% TFA/DCM

(10 vol.) was added, and the resultar%xture was stirred for 30 min at

0 C Pyridine (1.3
P (3 PRI Gl loaded 2CTC Resin

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 MwW Eq mmoi grams | mL
2-Chlorotritylchloride resin - - 60.88 40.86 | -
Fmoc-Gly-OH 297.3 1.0 42.58 12,66 |-

Diisopropylethylamine {DIEA) | 129.25 1.48 63.21 8.17

Dimethyt formamide (DMF) 1380

Dichloromethane (DCM) 1840

9:1 Methanol: DIEA 390
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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,
he resin was washed with DCM (7.5 vol.) 11 times and drained into the

W&é%&?’éﬁé dblution. The DCM solution was 10 combined with W& ¢ht/ =652

vol.). The resultant mixture was distilled &neler reduced pressure to
remave DCM (350 torr at 28 C). The fragment precipitated out from water
whearofhieasiremoved. The fragment was washed with water and driggho
at30 C- 35 C under vacuum. A total of 11.12 g
Fmoc-(Aibs)GLP-1(7-10)-OH (78.8% vyield) was obtained.. 15 Example 3
A. Preparation of Fmoc-Gly-loaded 2CTC Resin Fmoc-Gly-loaded 2CTC
resin wiasrRIPRAIGH, ThG AMOURS Bl AGRRISUSEAA G SIER A (ol

| Resin Mate

table: ration of F

AR Ereﬁéfm ?@ﬁ%}ﬁ&%ﬁdﬁf@.%@rég a5 GO and DIEA in'
FriooGly IO 197N 803258 v2seddDiitbpropylathytarsime{DIEA) nitrogen for
2202k 1:4868:¢h Bt brDimethyl formamide (DMF) 1380

Dichloromethane (DCM) 1840 9:1 Methanol: DIEA 390 WO 2007/147816
PCT/ ER2B07A0REN3% 32180 aRANAL LR Avh 1RG0 2SI E ﬁ%ﬂ remammg

harged to a 500- eptide react and swelled with,40
O L A e A e i e T
\seluml oAl (s Mszdsalwa% werded Frhdimgxiura m@ﬁw and then
tingler migsegenay Bl Duraht eelemparadusiecit2bEwidienpedwas: 250 mL [PA,
arined,Ands washedanee Wit 490, mk RWE, JheR AL NAINIRG BGEYL caded

sites on the 2- ere end-capped WI'[ 390 mE of MeOH:DIE
Gy éBﬁth%snS%)r ‘5183&? élgﬂ’é B&?Wgsg dramEg \%/ashed two times with

350 mL DMF, and then four times with 350 mL DCM. The resin was
Ge-swetlishHbSH SRR With 4 x 250 mL IPA. 10 The resin was dried at 35

C under vacuum to a constant weight to give 52.02 g of loaded resin.
AnalySididtibwediatbesding faetoe do ARerimolgh 24.43g of Fmoc-Gly-2-CTC
resin loaded at 0.72 mmol/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 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.

To prepare the coupling solution, the amino acid and 6-Chioro-~1-
Hydroxyb'enzotriazole (6-CI-HOBT) were weighed, dissolved in NMP and then
combined with DIEA at 10 °C- 5 °C. TBTU was dissolved in NMP at 10 °C-5°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- 27 °C. The sample was pulled 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 recoupling was performed with
fresh solution of activated amino acid. After the coupling reaction was completed, the
coupling sclution 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
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B. Solid Phase Synthesis Solid phase synthesis was carried out starting
with 24.43g of Fmoc-Gly-2-CTC resin loaded at 0.72 mmol/g. The resin
was swelled in DCM (250 mL) for 30 min at 25 15 C. The DCM solvent

a
WRALHIAITEY and the resin was washed and three times with ‘RMBE 1BNEre0s2

each wash). The resin was then treated 3wice with 20% piperidine in NMP
%5 vol. each treatment) to remove Fmoc protecting groups. After the
QB S0 PIBARHIIND? theafitent e Seliniha8dvashed six times
Vit NINAP) (S AibL-daichimiash) to a negative 20 chloranil test. To prepare
the coupling solution, the amino acid and 6-Chioro-1-
Hydroxybenzattiazaler( 6 G ld@BE) anaiesmdightdydigsaied in NMP and

hen combined with DIEA at 10 C-5 C. TBTU was dissolved in NMP at 10
Cx 25, The two solutions we, en ined., resultant ipn .
i g 9 !%Qﬁ Igflé T %B-'H'Je W ;’? See(,ouplmg
)

vas added td & reaction vess he flaskiwas rinsed with )
F M-G time

b’?i%ing tableffor an%@lﬁg) nﬁ%Etﬁ)e re@ﬁi{ar, WisidH wad Eirre

hours at 25 C- 27 Cj Tgiegample was pulled [for Kaiser Test td check [thiein)

reaction for ctmpletlon. If the coupling reactipn was incompleie after3
hg’&‘r‘éofsﬁéiti ézrégise‘lrgF’est), e reactién vessef vas dridined afd

recoupling wastgerforingd with .§pesh| solution i &ictivated amino acid.

180

After the coupling reaction was completed, the 30 coupling sofution was |
Hfhed and the¥esintwis wabhiéd withdmP| £ times (570ol. eadl washy?
Then, removal bfthe Fiffoc grodp ang the coufllify reaction cycle was

repeated WO 2007/147816 PCT/EPZ2007/056052 - 36 for the remalnln?
atttho acids jrithe f agifient|(®d2 in théorder 815GIu(OHU)--AibS His(try
Atbeenplergs Lse83n thisexanpRe ard listed in faB6wing table: Amino g /

5-CI- DIEA NMP THTU NMP DCM Coupling [Acid Eq HOBT (G7EQ) (L)
ST nL) (it ‘e -&/Eq) 1iin) GldiBtBy) P40 4,98 4.2d 185 9.3780
70 70 180 /1.6594.651/2485/1263 Ail] 9.48 4/96.823 140 9.33 70 70 352

1.65/1.65/1.85/1.65 Aib 4{/3 2.48 ?.15 7214.85 36 36 120
His{trt 10.80 1 2.90 2,48 72 5.49 36

recoupling | /0.97 { /0.97 | /1.07 /0.97

36 180

C.  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 °C 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 equiv. of total TFA) for neutralizing TFA. Then,
the second portion of cold 19 TFA/DCM (6.14 vol.) was added to the reactor and stirred
for 2 min, The second cleavage solution was again 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 distilied 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 to 35 °C under vacuum. A total of
14.02 g of Fmoc-(Aib*)GLP-1(7-10)-OH (86.6% yield) according to SEQ ID NO. 7 was
obtained. Analysis showed a purity of 94.3% AN,
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recoupling /0.83 /0.83 /0.92 /0.83 His(trt) 21.18 5.80 4.99 140 10.98 70 70
180 /1.94/1.94 /2.14 /1.94 His(trt) 10.80 2.90 2.48 72 5.49 36 36 180
recouplln /0.97 /0.97 /1.07 /0.97 5 C. Cleavage of the fragment
-10)-OH from the resin The built resin was washed-With RfpPees2

(5 voI ) 6 times and DCM (6 vol.) 7 times3to- remove NMP. The resin was
cooled with the last DCM wash to 5 C The DCM was dralned and the
resin bed was #EEH2E W [ LU FAREYS agged
TFA/DCM (11.26 vol. ) forﬁmﬂﬁﬂﬁ@; @mm‘}géﬁolutlon was
collected in the flask, 10 to which had been added pyridine (1.3 equiv. of
total Tréyfarioaf ahzidgal-hadbenC Tlerseigond portion of cold 1%
TFA/DCM (6.14 vol.) was added to the reactor and stirred for 2 min. The
SeCOerﬁl@W%Q%&Q@Q@T@’?e%@Q@AB ined. iR theoealecHng JasKused are

lpgzl vessel \g)?rmed up to 25 C, the resin was washed with DCM 9
]8 “ilfl%m rained into the cleavage solution. The DCM solutlon

ste
mes

W(¢

ur] &éﬁ@%@@@&ﬁ@@ﬁr@b@r@*ﬂ@wmmmo torr at 28 C). The fragment

preg'iiplta bad out from water whe M was rempved. The! fragment WasL
w th water and dried a to un B}ngcuu t A total of ™

14 Q%QEQM:H}?EI%W@% 1('-10)-OH (86.6% Ygglgg accoagi@ to SEQ

% I\I\I \I\If'\
NV

I aob o choawad a1 i
l\lU l \l\lao UUL““'CU I_\Ilul_y |Q DIMUVWGEU ™ IJUII T \J_l' J

200°nb4 7826 RCT/EP2007/056083.5 37 Example #4%1Solid P¥mse -

Synthesis of side chain protectéd Fmog¢-(Aib35) GLP-1 (23-35)-OHA]
Prepitarr B bmveiath-loaded BETE Redth Frde-fib-lopéiéd 2CTC
resibliias prepared. The amounmts of reagents used are 5jlisted in

fo Iowmg table: I-’reparatlon of kmocC-AIp-Z-Chlo OII‘I'[yI Resin Viaterials
M e rhrgramsed P EC hiorotritylchloride resin - - 59,66 40.04 - | 1480

F b-OH. 325, 4,91 4.85 - Di thylamine 129.25 2.3
3£n§hcﬁt§§??ﬁfﬁﬂe?é&% ljsopropyjethylamine ?840

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 DIFA 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 DMF, 400 mL once and 200 mL a second
time. Then, any remaining active sites on the 2-CTC resin were end-capped with 400 mL
of MeQH:DIEA (9:1) solution for | hour. The bed was drained. The resin was washed
once with 450 mL DMF/MeOH/DIEA (4:0.9:0.1), once with 200 mL DMF, and four
times with 350 mL DCM. The resin was de-swelled by washing with 3 x 350 mL IPA. The
resin was dried to a constant weight to give 45.15 g of loaded resin. Analysis showed a

loading factor of 0.24 mmol/g.

B.  Solid Phase Synthesis
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Dimethyl fonnamide (DMF) 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

%{r)(alned and a solution of Fmoc-Aib-OH and DIEA h8 XAlfra~60s2

of DMF:DCM (87.5:12.5) was added. Th&mixture was stirred under -
nitrogen for 10 2 hours at a temperature of 25 C. The bed was drained
and wished Aibneisbabé Kt 'sHeevihdordimipdcsat rd Himel/smek: charged
amy rexnaningsactive siteddmtiE-R4CT0 nels)foré feneinchiczipiie d ndth @PDsolvent

ks SLMEDELRIEALS: 1 vaoltign far L houk The.betiwasdiainad . 1he
resin was washed once with 450 mL DMF/MeOH/DIEA (4:0.9:0.1), once

with 260,k PUE  AOEL ML B 0SSN S50 e RCM G LR vol

Welled b%)nwashln g with 3 x 350 mL IPA: The_ resin was rle to a

RET R (LS GRS ABIES §EHITHeH FB SARBRSiS SR ved Riperidine/
IHézéjl?rigeﬁém@nioﬂ@ pimwesligpsBeSotid Phasei8ynthEs($ WO 2007447816
PCT/EP20071056052 -38 10.01 g of Fmoc-Aib-2-CTC resin with loading
factorat &4 mrholiguwbre ehlatged the aeaciion (edsetane. swelledidroxy-

@&%ﬂ%@h‘)&% ;mé }%%5“ dthe, @@% V?%eW@@sgf@%ﬁl ?@V@lﬁnﬁ of

ek d mes Wi sh

trlﬁen t?(teé’lted qlge(éw (f/o\% tﬁrﬁﬁéw Eerl I??wfﬁ% 62\95&%5{_?& equiv)
ngﬁﬁ%m)am@lrho%%ée%{&%%@@rwg IAfesrthe S érBtfchedpation vessel at
pipaTidirel. THY R-iréatmentitifie wastnanwdsrwdsbed-fattidimesaNith NMR §Gon

sem!a VM%%Q)WFH pm%ﬁ%eo@mi%%%cm? mine.acig - é?&e@ for 2
quiv. t%g é:}d droxy- benzotriazol r&N date C)BTh drate, 2.0

am TR S S VOGP g&@ 5 g aeted one
cornbiree withfzedese! milo s ollstioadé HBTIUL (206! EGEIKE ey D At KR (e dxd
voliplihBem2id ik PIEA {2168 aquivypvas s@@lqﬁf %%&h@@%ﬁ%@&%ﬁé@# was

It 0 erred 1 tlon vesse

%é%%‘éﬁ%@*?&iﬁﬁgwsé}%S%E%Sﬁ%%%‘éﬁ‘masnnéog LTt g 0 and
FEHEEHE RIS IV theAs SRR ROI0s thiblrBainhs eminget riskidiidha/kageent (e,
weth deailvedf Thébouptigl rebetion wiBoepealed-dine- Hhore Ge Wit —
fresirsolution-ofsactivatedramino acid (1.875 eq) After the second 15
coupling reaction was completed, the coupling solution was drained and

the reﬁiﬂr&%@nts used in this example are listed in following table:

Coupling Reaction of Frmoc-AA(23-35)-OH Example 1

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

Acid hydrate | (mL} (g} (mL) | (mL0 | {mL) time
(g) {min)

Lys(Boc) 2.12 1076 30.0 1.83 15.0 15.0 1.1 120

Lys{Boc) 2.12 10.76 30.0 1.83 15.0 15.0 I.1 120

recoupling

Val 1.33 | 0.76 30.0 1.83 15.0 15.0 1.1 120

Vait 1.53 1 0.76 30.0 1.83 15.0 15.0 1.1 120

recoupling

Leu 1.58 | 0.76 30.0 1.83 15.0 15.0 1.1 120

Leu 1.58 | 0.76 30.0 1.83 15,6 15.0 1.1 120




washed with NMP 4 times (6 vol. each wash). Then, removal of the Fmoc
group and coupling reaction cycle was repeated for the remaining amino
Facids in the fragment (i.e., in the order of Lys(Boc)- *Val-*Leu- )
WORNBYL Ala lle-+Phe-*Glu(OtBu)-* Lys(Boc)- *Ala-*Ala->GlEHf %6/ Kifes2
reagents used in this example are listed 38 following table: Coupling
Reaction of Fmoc-AA(23-35)-OH Example | Aming g HOBT NMP HBTU

NrR1BREM DIEA Coupling Acid hydrate (mL)) (9) (mL) (mLQ (mL) time

Vo Vo S W = 1

gy (i) Lys(Boc 2:12-0.76"30:0-1:83-15:01t5:0- -1 126 tystBoc) 2-12

) 5300 1.8335.001530 1.1 3120 recodpling M&d.53 0576 301011.83/15.0

1%{0@%‘6}20 Val 1.530.7630.0 1.83 1%.0 1%.0 1.1 120 recouplingiiLeu
1. 58098 30.6083"1570 15|04 120Feu 1/588.76/35:0 1.8315.0 159
1 recpBOIND 2007/147816 FCT/EP2007/056(052 -39; recoupling Trp(Boc)

Zé?a% 0.76 30.95%83 15.015,0 1.1 120 Trp(Bbc) 2.360.76 30.0 1.83 15.0
reco

1112 fhirdg Ala %4> 0.76%0.0 1.8395.0 1% 111420 AF*

1,42 0.76 30.0 8B40 15,646l 129 grecoupling lle1;,59 0.7 30.0 1.83%,
15.015.01.1 120 {lle 1.59 0.76 30.0 1.83 15/0 15.0 1.1 120 |recoupling

CSOPBIPE 76 30.0 1.83 150 15.0 1.1 120 Bhe 1.74 0.76 30.0 1.83 15.0

190 1.1120 59 | 0.76 30.0 |1.83 150 1150 |11 120

Ile 1.59 | 0.76 30.0 1.83 15.0 15.0 1.1 120
recoupling
Phe 1.74 | 0.76 30.0 1.83 15.0 15.0 1.1 120
Phe 1.74 ; 0.76 30.0 1.83 15.0 15.0 1.1 120
recoupling
Glu(OtBu) | 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 I.1 120
recoupling
Lys(Boc) |2.12 | 0.76 30.0 1.83 15.0 15.0 i1 120
Lys(Boc) | 2.11 | 0.76 30.0 1.83 15.0 15.0 1.1 120
recoupling
Ala 141 1 0.76 30.0 [.83 150 15.0 L1 120
Ala 140G | 0.76 30.0 1.83 15.0 15.0 1.1 126

recoupling

Ala 1.41 | 0.76 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

Gln{trt) 2.77 1076 30.0 1.83 15.0 15.0 1.1 120
Gln(tt) 2.76 | 0.76 30.0 1.83 15.0 15.0 1.1 120

recoupling
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recoupling Glu(OtBu) 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 recoupling Lys(Boc) 2.12 0.76 30.0
(1)280367%5%11650 1.1 120 Lys(Boc) 2.11 0.76 30.0 1.83 15.0 15.0 1.1 120
recouphing Ala 1.41 0.76 30.0 1.83 15.0 15.0 1.1 120 Ala 1.46 B 578%G/%6%2
1.8315.0 15.0 1.1 120 recoupling Ala 141 0.76 30.0 1.83 15.0 15.0 1.1

120 Ala 1.400.76 30.0 1.83 15.0 15.0 1.1 120 recoupling GIn(trt) 2.77

0.76 30:0 P18 48105 P it DY et 2l d e 3010 148 1505 ptimes
Witl1PAMeCowblingn W60 7ith 1846 RETVEPRA0Y /@b B0BR: balt Tewnbuik dried
resin wasigelaiech by, washingiwith4 tmeswith NIMP (6 vol.), 4 times with
DCM (6 vol.), and 3 times with Isopropanol (IPA, 6 vol.). The built resin

was Aeifdy 237 AL MREHI R, 2 A O RIN SRR MGe Obtained. C.

Cleavage of the intermediate fragment from built resin'5 6.6 g of built resin

from ere swelled in 1 Ox volume M for 30min, oled to

0 B R B e R el B ;i Gy
polsdciaelh §-chid& M asy drinstrad toiosbsRiriar 0'C MTREAIBSP4 g2 vol. at
soliition-Wa¥_ cutie et dradflaskeddntaitimgnparidiie [Re3leguive ©f Tko)was
Wiile.warmingkRIRARikg Fhesasinwas sirecrwith 190 ERMREM (0% 25 o,
¥8é-)ff8£5ms'@tf‘%1”é’%%¥hdi@/% y /@&“Uf’%&;?v‘é“. Siadded, After an %he{gﬁ equiv.)
mlnuetes, e solution'was (_:0| ecC ed. e _I’eSI was washed ‘Wi lf'l TD Zﬂ
firmedded ity MIPHICM WaREES Wherebtivmivadcalier whilhqiasiarponased
). PR ré siutiant MixluresWwas distitde:under sedboed pressuertovater/DCM =

remoye DCMRPMhitent Al 28 &hilkhe fagmant piscRiated, Qut frorhwaieiso

when 2&% removed. The fragment was washe WI]Té‘l ter and

A 3o B RS AU o L IEAURBE 5 o o The
fspEegBlHevRbre Yt wAlts I b Red@ B Emidé{ AibBs vaupnL. [18-g8yvage
procedure was repeated one more time. A total of 2.36 g of Fmoc-(Aib™) GLP-1 (23-35)-
OH was obtained {a 92 % yield).

Example 5

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

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

example aré listed in following table:

Preparation of Fmoc-Aib-2-Chlorotrityl Resin

Materials MW Eq mmol grams mlL
2-Chlorotritylchloride resin - - 59.67 40.05 -
Fmoc-Aib-OH 3255 1.0 14.92 4.85 -
Diisopropylethylamine (DIEA} | 129.25 2.35 35.20 4.55

Dimethyl formamide (DMF) 1280
Dichloromethane (DCM) 1840
9:1 Methanol: DIEA 400
Isopropanol (IPA) 1050
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OH was obtained (a 92 % vyield). Example 5 A. Preparation of
Fmoc-Aib-loaded 2CTC Resin Fmoc-Aib-loaded 2CTC resin was

E) 0%red‘d7 The amounts of reagents used in this 20 example are listed in
owﬁgﬁaﬁole Preparation of Fmoc-Aib-2-Chlorotrityl Resin MA{EFAIS7/056052

MW Eq mmol grams mL 2-Chlorotritylctddride resin - - 59.67 40.05 -
Fmoc-Aib-OH 325.51.0 14.92 4.85 - Dusopropylethylarnlne (DIEA) 129.25

2.35 35 B4 8B DB RAMINE D RAF} 250 - G St da. i 400 mL
(DON {84011 Tetirdnols DiEAd001dsoplopendhftRAYibeBH WA DIEA in §

2@@?%@1@] POENP200 7096002 adkl. 2‘1@?&&%@%@&&@%@&%& rogen for
gqg urs tlde rea ctor ?;ﬁ/\/elled with 400 ml. DCM for 30 min. The

was ra%n 450 t|on Fmoc-Aib-OH and DIEA in 8 volume of
DMF ( 2 5) was mixture was. stirred under nitrogen

for 2 POBSAPAN Hperatiife't BB PO BLA W P dB iR BGHaEF e
Witgs 200heE-OFAF eTinercrany dermzaihy tefiVe nsited M@ RUET(O:fesivlution for

were:endedpp e withi 40 wmakhef MeQH:PIEA (id hgolution dae dihomith 200 mL
B}QIb%ﬂﬁ%&%%@?%tﬂ'%@%%@h&mﬁawﬁ (ﬂl%%e?vbéﬁme imewith., 2

d four times with resin w

&’éos%l Eé 69’\5‘\/5%5%&Mﬂeéiow?ﬁ@fibﬂe‘%@?éﬂﬁ a2 Ridagyld resin.
condrantheighttb giveg45:82 gf fibadad!iesin. |0 Analysis showed a
loading factor of 0.30 mmol/g. B. Solid Phase Synthesis Solid phase
FinthésishviPhaecdiyiatieaist starting with 15.0g of Fmoc-Aib-2-CTC resin
loaded at 0.30 mmol/g. The resin was swelled in DCM (150 mL) for 30 min

at 25 QelﬂahﬂlamMlﬁﬁtvewamrw@mﬂd@ﬂmgmmimg@ WASHREMWACTC resin
tfmaavm {8 Mokeach M%&@ka ﬁﬂge&xé%rwe { N%oc The

each wash e resin was t en treated twice wit peri

¥ selyeRt %ﬂa@m ?&?éh?d&é‘@ﬁ%é”ﬁ?éﬁé&%‘@?@bb’ét e vol. each
secbncd2O%rpigaridingthMPIP (6 vol. each wash).

The resin was then treated twice with 20% piperidine in NMP (6 vol. each
treatment) to remove Frmoc protecting groups. After the second 20% piperidine/NMP
treatment, 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 (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(L.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 1.33x volume of DCM into the reactor, which was then
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 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 aminoe acids in the fragment (i.e., in the order of Lvs(Boc)—Val-+Leu—
Trp{Boc)-»Ala—Ile—Phe—Glu{OtBu}—Lys(Boc)—»Ala—~ Ala—GIn{trt}).



treatment, the resin was washed six times with NMP (6 vol. each wash) to
a negative chloranil test. 20 To prepare the coupling solution, the amino

id (1.7 equiv.) and 6-chloro-I- hydroxybenzotriazole (6-CI-HOBT, 1.7 ;

Wégt%é#v'vgelrgé weighed, dissolved in 2.6x volume of NMP at 1%$8E gz&@r‘?g‘bz

then combined with DIEA (1 .9 to 3.0 eqgéi). TBTU or HBTU(1.7 equiv.)
was dissolved in 1.33x volume of P at 10 C- 5 C. The two saolutions
were {%lé%te&ﬂia#@ﬁ% R R SRS P 2-CTC
vesigelhdes 28nsiddrapitasiiwaty imdextaiith ir83wvelume oid@NPlntp ttvetions
re3etBbWRIChWESItRe N StEFeE Wibth resiRdRl & Bolobes @trdd Gctdoh Ciof he

?ﬁ”s‘qé%c‘ﬁ’-%ﬁﬁ%‘aﬂ‘%%f%ehﬁe i%%l}%%& 9. ghagk the reaction, completion. fithe.o
coﬂp ing’reaction incomptete after 3 hours (positive Kaisgr Test), tﬁe
FESRHRIT GRS 8T WAL H ANRH it RSB BITRG Wras aRforRRsac R Fshound
solttion diactivated: aciniomoid LAft8othe teupig-B8attionmaasiproved the
campRiciedr the aauR/ing 3R salulem wam dtalnad ARt RESHIN WAS the desirable
was({weg&/wth NMP 4 tlmes 6 vol. eac wash). Then, the removal of the

FOAUCT (LUTINE CNIroimia rapriic pUrirication, ..
-mocC group e coupﬁ%g Fekction cyclloe was repeated for the remaining

amino acids in the fragment (i.e., in the order of L ys(Boc)-*Val-+Leu->
Trp(BAL A SIS B 13 S S8 i 1)) WO

O7Z/114 4701 faYatlw i /alnlaYaY sl

N o DOATIENDS faY A0 N + Y H Y P AT Hp.
cUUTTISTO010 FUTIEF ZUUT7TUO00VUOZ =52 DUCT U a PJUSSITIT JUtliTsoaIly

pffect between 2-méthytalanhve (iiib)cait: Z:ETCA LR 3 ebddis

consjderable difficulty to fdrce the first twolamino acid coupling reactions
EYBBYC)-34%Nd VaIk33) 1 LBp|etidH Thérkbrd, Bt cotipiihg DEM | Coupl.
réations for B ys(BUeBB4,(wak33) wdre peddrmed gitee [timds (1.6xnl) | time

coupling was follo N@dgglyt 0 5 re¢ouplings). Also] acetic anhydride was| (imin)

ol 4+ | + I | H I at ol afitar ooy s o
SCU U TTiurLadp e uime U 1C3IT=Ooult ratciraranciicuupniy

rédctions of L3ys{Bot)34 ant Mal-339This haslrpreved theleffidi@ady of 175

tmgrﬁtglgggaquqm_m rifigation by moying the|impurities far from the desirable
IUéjUbt during-chromatographic-ptrification—At-reagents-tised-in:this
exAmple are fisted ihFdlowihgdabled9 Couphnt Refaction of thé | 20.0 | 180
FIyemAA(23-35)-OHAMINo 09/ 6-Cl- DIEANMP TBTU HBTU NMP DCM
U-é'lpi' Acrd-Eq-HOBT-(gfeq)tmb)-(gfEg)fofEg) (k) (mby)-time—(g/Ed)
@in) 1s° 3.63.41331 815 /{3016 2.535-020.02070 175 Lys(Bc) /1.20107 | 180
LiQstBoc) | /1.7 | 1.7 1.9 1.7
Acetic 2.33 |- 3221 1600 - - 30.0 |- 120
Anhvdride | /5.0 5.5
1% Val 2.62 1133/ | L13/ | 390 251/ |- 20.0 1 20.0 170
f1.7 1.7 1.9 1.7
2" Val 2.62 | 1.33/ [ 117/ |390 |249/ |- 200 |200 |180
{17 | 1.7 1.9 1.7
3*Val 263 | 132/ |3.67/ 1390 |250/ |- 200 1200 1141
[ 1.7 1.7 1.9 1.7
Acetic 4.69 | - 7.13/ | 60.0 - - 30.0 |- 153
Anhydride |/ 12.0
10.0 _
Leu 273 11357 1127 | 39.0 2507 |- 20.0 | 26.0 180
/17 1.7 1.9 1.7
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2 3.61 1.33/ 1,16/ 39.0 2.48/ 20.0 20.0 180 Lys(Boc) /1.7 1.7 1.9 1.7 3rd
3.611.33/1.13/39.0 2.47 / - 20.0 20.0 180 Lys(Boc)/1.71.71.91.7

3,22/60.0 30.0 - 120 Anhydride /5.0 5.5 1st Val,2.62 1,33/
% 51/-20.020.0 170 /1.7 1.7 1.9 1.7 2nd Val 2.82 1*33% 189

39.02.49/-20.020.0180 /1.7 1.7 1.9437 3rd Val 2.63 1.32/ 3.67 / 39.0

50/-200200141 1717191 7Acetic469-713/.600--30.0-153
Anhydiide / 1243 101053Len 2.73 1.856 §.12/ 394, 2130/ - 20.629.0 186, /1. {50
1.7191.7 \NH %OO 478]§d3CT EP2007/056052 -43 Trp(Boc) 4.03
1.33/1.78./39.0/2/50/ - 20.020.01180 1717301 17Ala1241131
1418 /39.0 -2.98 /230 ,20.0 380 49157 1.7 3.0 1|7 llg 2.724 31015548 1 150
39.0 - 2.93/ i% g 9 180 éé? 1|7 3.0 1.7 Phe 330 1.314/1.78|/39.0
93/2002d 018017 17%01/7 Glu@tru) 348 731111.78 /890 -
2193 /20.0 20.9218Q 4,17 1430 136 lys(Boc) 3.6L 531 1 278 / BHQ- | 180
2.93/20.0 22971Eq 7’]. 7 1 870 1/7 Ala 240 1.31 /11778 /139.0 - 2.93/
0.0200180/ 7307 ' :
Phe 3.00 | 1.31/ (1.787 |39.0 - 2937 126.0 |200 180
/1.7 | 1.7 3.0 1.7

Glu(OtBu) | 3.28 | 1.31/7 | 1.78/ 1390 - 2937 1200 |20.0 180
f1.7 1.7 3.0 1.7

Lys{Boc) 3.61 | 131/ {1.78/ | 39.0 - 2837 1200 2060 180
/1.7 | 1.7 3.0 1.7

Ala 240 | L31/ | L.78/7 | 39.0 2937 120.0 |20.0 180
/1.7 11.7 3.0 1.7

Ala 241 | 131/ 11787 1390 - 293/ 1200 | 200 180
117 | L7 3.0 1.7

Gln(irt) 472 [ 131/ 11.78/7 | 39.0 - 293/ 12006 200 180
f1.7 1.7 3.0 1.7

GIn(trt) 472 | 131/ [ 1.787 1390 - 2937 1200 200 180
/1.7 | 1.7 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 drained, and a cold solution of 19 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 (1.3 equiv. of TFA). While the vessel warmed up to 25 °C, the resin

was washed with DCM 9 times {10 vol.} and 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 washéd with and dried at 30

°C to 35 °C under vacuum. For this example the cleavage procedure was repeated one
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Wﬂ&&?%ﬂsﬁ%m the built resin The built resin from above was Wa¥F

Ala2.411.31/1.78/39.0-2.93/20.020.0180 /1.7 1.7 3.0 1.7 Gln(trt)
4.721.31/1.78/39.0-2.93/20.020.0180 /1.7 1.7 3.0 1.7 GIn(trt) 4.72
1.31/1.78/39.0-2.93/20.020.0180 1.7 1.7 3.0 1.7 C. Cleavage of the
EH’W( 6052
DCM 7 times (6 vol. each wash) to rema¥e NMP residue, and the resin
was cooled with the last DCM wash tq.-5 C. The s DCM was drained, and
5 SHuftdA Bk Ao TregDEM {20l G5 4620 EF Wwis ohigtaaddads- 19
stikddwoh 3@ mity af 87CTheicleavage 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 DCMER4inigsd10 vol.) and drained into the
cleavage solution. The DCM solution was combined with water (6 vol.).

The respgantinddarenyaa figtlasiiogesiresigduced pressure to remove
DCM (350 torr at 28 C). The fragment precipitated out from water when

DCM wyassamoneded hefragmg Q&a‘é’@ﬁe}?@é@?ﬁh\é’%%‘?{%iﬁ%ﬁkfﬂ oSelPin this
35C Linder va}é:élurg. gor.thls ample the cleavage procedure was

PRSI SHE T S0 B PCT/EP2007/056052 -44 more time. A

to 678 0C oc=(Ai = OH-was-obtaied{a 6815

yield) with a purity df18728960ANf Exampld &-AhRrepandtiesinf
Fmoc-Aib-loaded 2CTC Resin 5 Fmoc-Aib-loaded 2CTC résin was I
prelafe* ¥ he amounts of reagettused*f this |éREHible afd¥bted ™k

follgy@gg){ggjﬁ;ig{%pﬁr ion) of FFmoc-Aib-2-Chlorptityl Resir)}é\@terialls,~
MWL-Eg-mmol-grams-mL—2-Chlbrotritylchloride-resin-—--59.85 40.44
FmpeerAib:BH)HB25.5 1.0 20.95 682 5 Diisopropylethydaminegsl£9.25 0.95
19.88 2. 57 (DIEA) Dimethyformamide (DWF) 1280 Dichioromethane
(DENgorgapylethylamine 129.25 1 0.95 19.88 2.57
(DIEA) :
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 406 DCM
for 30 min. The bed was drained, and a solution of Fmoc-Aib-OH and DIEA in 8 volume
of DME: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 mL of MeOQH:DIEA (9:1) solution for
1 hour. The bed was drained, washed one time with 400 mL DMF, washed one time with
200 mL DMEF, and washed four times with 350 mL DCM. The resin was de-swelled by
washing with 3x 350 mL IPA. The resin was dried to a constant weight to give 47.56 g of

loaded resin. Analysis showed a loading factor of 0.37 mmol/g.

B.  Solid Phase Synthesis
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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
n. The bed was drained, and a solution of Fmoc-Aib-OH and DIEA in

cﬁ%"n{é”%l bf DMF:DCM (87.5:12.5) was added. The mixture” &15@%%&?885““2

under nitrogen for 2 hours at a temperatire of 25 C. The bed was drained
and washed with 400 mL DMF. Then, any remain mg active sites on the

2-CTE PR Mhas AR AT A0S WMBORASIEIA (001 YAdBidrion C resin
fordechour.3TherbdEwids drainweds washé dndnEnini2swit 460 AfLnDIMIE 25 °C. The

mmew&ﬂ umvﬁh&hbé%z@%mﬂe%s %@h\é@%&&@(ﬁmw&&@ﬂ%@m@&g cach

CM esm waﬁlw bﬁ)(/1 washing with 3x 350 mL IPA. The
resin was 0 a constant w gﬂ to glve .56 g of loaded resin.

Analysis showed a loadi ctqor of 0,37 mmol/g, B. Sqlid Phase
Synth 00 GBS T el OB S il ASHASIME (6 vol
syAtHesigwal tarey sul s ing withe2S @y oPRmobeailsa I Ceresin

Ioadad at/ASTPrmmekent bt resin wWas.uelieddniiag Mi(R SOvmL)s fas] 3QMitash)
% g%% th, echq)ogmds%lﬁent was drained, and the resin was washed two

times with DCM (6 vol. each wash), and three times with NMP (6 voI

each ashg sT e resin.was hfn tr%{;\t%d twice 1\gl§|}:} dZ

glperl ng I’?ﬁ %Oug m%g.% Ter 10

ro T
reaitmen 0 remove moc prote X)

FEERE IR hE SBEYRD) 2096 YWriishaAdidEne i ﬂfbét%ﬁé’ﬁkume%@ﬁﬁi%g DMF
eadhed $i% tiiss aifiCNMB) (fvoteasihslasi) TiRAnegativaehleramibTU was

tﬁ%goﬂ@d%ep%merﬁpewps vianrthe @@ A61%53Nhd Gln-23) at 10°C o 5
ro-I-h (L 10 be otriaz % %% Wer We| hedc? oved }
o T R dh B tﬂ%ﬁ% AN Gt
sorrbined Wil DIEsaineOihs! Cx TETD e ddsolval nadxryolthevas
ofi M P M dor 1315034 Aab38, tand GINT&3)aip: Grdophilled HREENer Test
%8'&!1&‘8[2%‘@%&%&8%&@@9 e 18 gﬁg%&%&% %ﬁc%ﬂﬂ; %é flea‘ 3 hours

reaction vessel, and the flask was rins 6X VO ume_of

ﬁﬁ’é’ﬁlé’é{‘ét%?‘WhT@ﬁtQ/v&%‘fI?%%?Fb&‘%ﬁ‘h“?es‘i’ﬁafBF%a§‘hb‘i§f§18’t%"@“t8%‘50é“€ with
Thehsaimplewascpuiited fonikaisad Pdstr theotvegiitiye sadctionasempldtied, the
Edﬂ@xﬁ@@@lﬁlﬂ)fﬁ&@&i@fhﬁﬂ@é ROMPIeit AHRRANRUIGHPRSILVE {(RISEE vol. cach
ﬁlg) lﬂm actian.yessel waagrained andrecqunling was performsd wih
ution o a tivated amino acid. Aftef the couﬁ?l éreac ion
@r f@aining amino acid in the fragment (i.e., in the order of L}fs(Boc)—Nai—»f

Leu—>Trp{Boc)ﬂAlawllemPhewGlu(OtBu J—Lys{Bocj—Ala—Ala—Gln{trt)).

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. 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-Cl-
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 order to force the coupling reaction to
completion. Also, in this example, acetic 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:



coupling solution was drained, and the resin was washed with NMP 4

times (6 vol. each 20 wash). Then, the deprotecting of the Fmoc group

and coupllng reaction cycle was repeated for remaining amino acid in the
WH&G&hEile., in the order of Lys(Boc)-*Val-* Leu-*Trp(Boc)eSIKfA2007/036052

lle-*Phe- Glu(OtBu) *Lys(Boc)- *Ala-*Ala&GIn(trt)). Due to a possible

buttressing effect between 2-methylalanine (Aibh) and 2-CTC resin, there

is considerable d'ff'@:Hﬁ}ﬁﬁﬁgf@Je%%dBﬁ ém&é%amm%%ﬁ}%ﬁ"ng

nnnnnnnn Lo Y =y A RY /Dr\r\ N~
DA A A

reactions—25 (C A-ant-Va to-completion—Hhe-cot IJIII o)

sonditibns|fert Lyc (B@Ii) 34D‘I/M33DMEI Ginvirt)- 2B Were ImddifisiMiy; DCM | Coupl.
increasing| the usegesaf b%t)@ mingacid ang ‘JI@)E OB, fson, A 4 EQl0 | 1
2.5 Eq and DIEA from])S q %frza.o EqJ The sglvent rcoupllné repction e

was also ‘“ha(‘l‘gp MP_to DME in|order to force the coupling (min)

1eagliny to ompletion: Alsaain this gxample, acejic anhygyide was|ugsg | 170
to end-cap'ggf: unreacted %%iresh-bound materi @I after coupling reactions
4

of Lys(Boc)-34 an ‘Val-337 This has improved éefﬁ ciency of the
subsequentpurification by movirJg the impuritiés far frqm the|desirdble

roduct duripg.chromatogr |c urIfICcltI | reagents useg.in this
g‘xangle afrépgéted in foIIcvé\f;ﬁg taFle WO (é% 7/14781¢ 00" 120

AR 0077656052 -46 Goupling Reaction df the Fmoc-AA(23-35)-OH

terial wt 11 DIEA D P TBTU DMFNMP.DCM Cqaupl. (9)./
igterial i 6.C11 )Ngq)(mﬁg.gm- RS O | 17

BT (g/E 3) (ML) (M 1) (mL) tlme Eq q) (min
Lys(Boc) 10.83.93438.63//80.0 7.44/ 40.0 - 40,070 4/2.53.02.52.5

ASsjic 479 461 - 1000, 8010 120 Apyciice 7.0 5.5 Vgl 145

39 fs,ml%g.% -'7.44/4015“)4‘g 00177 DB 550 2b Avetbda - | 120
Aatwgridon/o - - 50.0 - 120 'Afhydride {/12.0 1.0.0 Ldn 5.56/2.68/ 2.33/ -
78.6 5.05 ] 189.339.3 184 /1.7 1.7 1.9|1.7

Leu 556 | 2.68/ | 233/ |- 78.6 505/ |- 39.3 1393 | 184
{L7 11T 1.9 1.7

Trp(Boc) | 830 | 270/ | 228/ |- 78.6 | 5.05/ - 393 1393 | 180
f1.7 1.7 1.9 1

Ala 492 | 268/ | 230/ |- 78.6 | 505/ - 39.3 1393 | 177
/1.7 | L7 1.9 1.7

Ile 556 | 270/ | 226/ |- 786 {506/ |- 39.3 1393 | 168
{17 11T 1.9 1.7

Phe 6.10 | 2706/ 1231/ |- 78.6 | 5.06/ |- 393 {393 | 168
/17 |17 1.9 1.7

Glu(OtBu) | 6.72 | 2,67/ | 229/ |- 786 5057 |- 39.3 | 39.3 | 168
/L7 | L7 1.9 1.7

Lys(Boc) | 7.39 |2.70/ |2.29/ |- 78.6 | 505/ |- 3831393 | 165
/1.7 | 1.7 1.9 1.7

Ala 491 1270/ | 2417 |- 786 505/ |- 3.3 | 393 180
/1.7 1.7 1.9 1.7

Ala 492 | 2.68/ 2327 |- 786 1503/ |- 393 1393 171
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Trp(Boc) 8.30 2.70/ 2.28/ - 78.6 5.05/ - 39.3 39.3 180 /1.7 1.7 1.9 1.7 Ala
4.92 2.68/ 2.30/ - 78.6 5.05/ - 39.3 39.3 177 /1.7 1.7 1.9 1.7 lle 5.56 2.70/
2.26/- 78.6 5.06 / - 39.3 39.3 168 /1.7 1.7 1.9 1.7 Phe 6.10 2,70/ 2.31 /

WO EIE 1. 30.339.3168 /1.7 1.7 1.9 1.7 Glu(OtBU) 6.72 BCHpBIg pses

78.6 5.05/-39.339.3168 /1.7 1.7 1.94/7 Lys(Boc) 7.39 2.70/ 2.29/ -
786505/-393393165 /1.71.71917Al1a491270/241/-786

5.05/-39.8/3973 180 / 1;71187 1.0 1.7 Ala 4.92 2.88/ 232! - 78.6 5.03 / -

39.339.3 17T WO 2007/147816 PCT/EP2007/056052 -47 1.7 I.77Y 917
Blair) 14/118.04/ 3.94/1 8d7T0 { 7|49/10.0 - 40/0/485 3/49.8 3.0 2.5 p15.0C| 185
Cleavage pBthe ffagiment fram built resin The buils resip from|above was
washed WI}EB g)CM 6 times (6 vol.leach ﬁash) to remove NMP, and the

racin wnc wath tha lnet DCANMayvadh-t EIC Tha DCMwwae. 5
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drained, and a cold solution of 1% TFA/DCM (10 vol. at -5 C to -10 C) was
added and stirred for 30 min at 0 C. The cleavage solution was collected

if.a fladtecegrtaitingfpgmdindrdnSbaduresaf TFA). While the vessel
warmed up to 25 C, the resin was washed with DCM 7 times (6 vol.) and

drain€thirbaithe:dlefvagebsetuiionwie DCM Bolvionin@scashkingdyadt) 1o
W%?Rré]g\%g?rlearrﬁ%ege geé{l\f#@% éﬂ%@d@iﬂaﬁgf §§U lﬁ%%ggiﬁrﬁan%%dDCM was
Gt P SRR f éﬁ@&@%@ﬁé R gt Wﬁﬁ%éd and
ahyghied Ht 3dnate 851be gldereeachiiion Fos toeekdmpid]latiecoldairine
pretade e Wagurepsated oRemhole: HagIv2eRie Ve eomplelercleavagss Aashed

Wial k- ?’grgegf(g MRS LAPRYLGL (B a@av@& WAtion. The DCM solution
was combined with water (10 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 °C to -35 °C
under vacuum. For this example, the cleavage procedure was repeated one more time to
achieve complete cleavage. A total of 12.36 g of Fmoc-{Aib™) GLP-1 (23-35)-OH was
obtained (a 59.35% vield) with a purity of 84.3% AN.

Example 7

1. Resin Washing

Starting with preloaded Fmoc-Gly-0-2-CTC resin (loading from 0.18 to 0.65
mmol/g), or Fmoc-Aib-O-2-CTC (loading 0.25 to 0.65 mmol/g), standard Fmoc
chemistry applied. The resin was first swelled in 10x volume of DCM for 30-60 min.
Then DCM was drained and the resin was washed with 10x volume of NMP for 3-5 times

{5 min each}.
2. General Synthesis Cycle:

Using a resin washed in accordance with Section A of this Example 7, Fmoc
removal was accomplished by two treatments of ~10x solution of 20% Piperidine in
NMP (v/v}. The treatments lasted 15-30 min/each. The Piperidine/NMP solution was
drained after each treatment. The resin was then washed by NMP 4-5 times (10x volume,

5 min/each).
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obtained (a 59.35% yield) with a purity of 84.3% AN. 15 Example 7 1.
Resin Washing Starting with preloaded Fmoc-Gly-O-2-CTC resin (Ioading
from 0.18 to 0.65 mmol/g), or Fmoc-Aib-O-2-CTC (loading 0.25 to 0.6

W%?‘R?ﬂ/& 8fandard Fmoc chemistry applied. The resin was fﬁ&%@\%ﬂ%‘)ﬁ?e’z

lox volume of DCM for 30-60 min. 20 Théh-DCM was drained and the

resin was washed with IOx volume of NMP for 3-5 times (5 min each).
Generdl BRe ¢ é&}tﬂ@ﬂ@ﬁh&i&%@ﬁ%@@ﬁw@%ﬁé@%&ﬁ% i HOBY

Sectionighed {hid BxangieiV), Ematvad mavalobasacthiviflished®ytdeombined
teatments of- i@&ﬁﬁ@“%@ﬂ(@%f@&[ﬂﬂ?%@ B2 NMMP V) JIBBe of NMP at

g«&a&mgjnti Igség Qt115 30(:]1]2;t ga((::gm'ghe Eap%rldme/N qu |on W M for 1.2
rained after each?reatmen TheTesIi Was then was

e sTHG XsrBl sl e o WPE@?BI’GSP@WEPQWW%@W@Sin

43 Jeo prepare finel coaplingsstlutiom thewamod pdotectadaminotaciok(A M)

20 HOR, cWEﬁﬁéH@%Q'E%?c&%ﬁ&éeg Q80h mgﬁ%%{ﬁﬁe@ Aﬁ&oﬂyé*&%ﬁghng
NMI?athC an él{nqjg lthDIENRs] d(% % V% $152 hed with
&Gtivy v AR GBI SRS X VT e R i 6 Esliitistiavashed wit
We® themeoHbimeliard Tae&astth 3x volume of DCM for 1-2 5 min. The

resultant solution was added to the reaction vessel and mixed with the

resin Arddoagimtiorzfor kG iesisyThelsample fivasipulBohdor KRlsér(11-22)-
testie ?lafﬁalgfthe néﬁﬁ;@ts@@&@{ceo«mmﬁﬂ@ rateng@mfa @g%@@ﬂﬁlme@%ymhesgs
recouple ter the coup e m ete u _
oA A0 SO, Lo eE PSR e S P thgy rogment

VoS thitledein? 40" f&.ar%irr‘dﬁﬁﬁ@ e &éﬁ@&%éé%%ﬁ@é@dﬁ%bﬁtﬁé
fragméntFmoc- GLP-1 (11-22)- 2-CTC having the native sequence was
built stepwise using the same general synthesis procedure, a fragment

accorging o EQHDINGral waﬁ]@@upieactmiaezmewgamnftranMLp 1(11-22)-2-
'(:ﬁ'@c{v%l'tﬁnglg e%vxglgé %IS;IQ&W EH{E\%FS(I%% HW@C%?E&%C{]{%rQSdUUOH

fﬁnt eSIS proc dure Wln egenera €SIS proceaure

?réwéﬁémfﬁa%déwﬁmnﬁw DR R RISV, (7). T
thisliFma dlre mavmicoo tidige atWaspohanged fo”sé”séiFm@nScrf( 0% pipéribienmsition

and 296 PRIITNMBLYLYMssteadRfdQ80 pipaddined i ME(WY o pletion.
Using the same general synthesis procedure, a fragment according to SEQ ID NO. 7 was
coupled to the resultant Fmoc-GLP-1 (11-22)-2-CTC using the general synthesis

procedure.

C. Following the general synthesis procedure, with the Fmoc removal solution as
10% piperidine and 2% DBU in NMP(v/v}, the Fragment Fmoc-(X'"**) GLP-1 (11-22)-
2-CTC was built stepwise. Then the fragment according to SEQ ID NO. 7 was coupled to
the resultant Fmoc-(X* ') GLP-1 (11-22)-2-CTC using the general synthesis procedure.

D. Following the general synthesis procedure, the fragment Fmoc-(X'"") GLP-1
(11-22;-2-CTC was built stepwise. Then the fragment according to SEQ ID NO. 7 was
coupled to the resultant Fmoc-(X"7'*) GLP-1 (11-22)-2-CTC using the general synthesis

procedure.

E. Following the general synthesis procedure of section D immediately above, and
except for differences noted in the following table, a fragment Fmoc-({X" ™) GLP-1 (11-
22}-2-CTC was built stepwise. Then a fragment according to SEQ ID NO. 7 was coupled
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addition, the treatment times at the position of AA14 [Fmoc-Ser(tBu)-] and
the position of AA13 [Fmoc-Thr(tBu)-j were extended to 1.5 h to drive the
reaction completlon 20 Using the same general synthesis procedure, a

Wﬂ&&%’éﬁ éccordlng to SEQ ID NO. 7 was coupled to the reduttHft 2007056052

Fmoc-GLP-1 (11-22)-2-CTC using the géferal synthesis procedure. C.
Following the eneral synthesis rocedure with the Fmoc removal
DI OHAPEn ne. S 2ok DREF P 1ME Dosmentragindht gvel x
'Sypthebiy, rGlefute(11-22)- 25 2-CTC was built stepwise. Then the

fragment according to SEQ ID NO. 7 was coupled to the resultant Fmoc

X'7- "ThSoRedrdd rd2-Aamar isingr this geparaldyeinesisqugcBdiingis Bxample:
Following the general synthesis procedure, the fragment Fmoc-(X1i8)

ohE - 2T &%ﬁ}&@‘f’" LSRG AINGIAIPINRY) view

o SEQ ID NOj 7 was co uped to the resultant oc-
11-22)[2-CTC uing the| §EMEEH nthesi<® Sov68edard. & Eblipiiid the
generdl synthesismpebigedure of section D ifmediately above, angd except

for differencesjnoted in fhe foIIowgf% table, a fragment Fmoc-(X1 18O ox
ALP-1 t81- 22)P2ETC WA B flide ohen a fragment accortfiry to 42%
SEQ ID NO. 7 \was coupl®dA/O 2007/147816 PCT/EP2007/056052 -49

tesultant-Fmoe-Of 7-is) GER- (11 29-2-C TG fragment using-the

ao-the

VT O IUTUCrT LILA~ A~ \

pinerd| 26ynthesisprocedote piheifollowingtable summarizes detasls, of | 6296
hrough B ebthigExample] Ex. Scale Loadin Fmo¢

nnrnlln l:nlll\l Dllrl'hl V| |d o f‘nnt‘llflnn q POS!t on-l17z Qf

romg SOUTTTItroTt
i 4 J

I8 A Sg)%%ﬂpzﬂa’mprp etieine/ No 2.0 30}%@ A2%84NMP 745
o piperiding). NB1tnG8% p2% 2%DBU/NMP C 5¢ 0.30

/| Vac 2 QA0L 7404
(=5 o4 70170

CTIammTIGT T o9

D 5g 0.30 20% piperidine/ | Yes 2.0 75% | 80%
NMP

E 20g 0.42 20% piperidine/ | Yes 2.0 89% | 86%
| NMP

F.  The Fragment Cleavage:

To accomplish fragment cleavage with respect to any of the peptide fragments
synthesized in this Example, the built peptide-resin is swelled in 10x volume of DCM for
30 min, and 1s cooled to -10 °C. The DCM is drained and a solution of 19 TEFA/DCM
(10x volume) is added and stirred for 30 min. The cleavage solution is collected in a flask
containing pyridine (2-3 equiv. relative to TFA). While warming up to 25 °C, the resin is
treated with 1% TFA/DCM (10x volume) for 5 min, and then pyridine {2-3 equiv. to
TFA) is added. After another 5 min agitation, the solution is collected. The resin is then
washed with 10x volume of DCM for 4 times (5 nmuin/each). The solutions of all the
washes and the cleavage are combined and mixed with water (water/DCM ratio = ~1/4
by volume). The resultant mixture is distilled at reduced pressure to remove DCM (350
torr/28 °C). The peptide fragment crashes out from water when DCM is removed, and is

filtered. The peptide fragment is washed with water and dried at 30 °C under vacuun.
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2%DBU/NMP D 5g 0.30 20% piperidine/ Yes 2.0 75% 80% NMP E 20g
0.42 20% piperidine/ Yes 2.0 89% 86% NMP 5 F. The Fragment
Cleava%e: To accomplish fragment cleavage with respect to an

of the
%&ments synthesized in this Example, the built peﬁtﬁtﬁgl??ezglﬂr?/ o052
swelled in lox volume of DCM for 30 minfland is cooled to -10 C. The

and stirred for 30 misS BIHEH oHectdddi=a flask 10
containing pyridine (2-3 equiv. relative to TFA). While warming up to 25 C,
the redif’id treak@dviftr 1D e RPEMeoR L omBY foP D ieiRoBRECtHEMS to
Awhdinea(t 8 @uly Ftaod fdldsiadde dh Alee antiherdhlmin agitatian] ) thes
seluiondsaoliesiedohe rasis BanNaaRe WiRIO% wolimerai REMos o 4
for 4§)| E‘l‘g mm/eﬁ;h). Th s%léla%ﬁns og ﬁ%ﬁ washes and the, Ieavag[(l-:- d
SRS o> B d e Wit Whtbr WatSHOCNI Tatic L34 Aopsi) were charge
vhlomeitiTHenpb U EMOMIixEhea dactistilted agireiddead presitoredtbyrbilibVeAfter 4
DGV, (BRO-ctRIA28:a) ndher peNtdE, Kagment fAnABRGS0 i kT Wates B8 Rvas
is ren is.. filter i agment is.w d wi

e R LR M ARIRA e Fmoc
BEREbYBD IS 6052056 ERGNPRIS- BB SyHFRSEd Kibiicg wagrn(800
(Al 3B GlaPed #2343 5)ifragmertti(bediihiyside ehaifl preteetichedoghdiager (400
1] ahiea_nebeanngdmeciralacHen & Be:Nsterminur: (dd, 0 394 GLp-1
g}@g%)was dissolved in I%II?/I@SO (%%L). ?o%s%tio%, HOBt (g.(42 gajr)4

quiv), HBTU (5.98 g, 4 5 equiv), DIEA (3.44 mL, 5 equiv), and H-Arg
(2HC1)-NH2 (3.8 849, 4 equiv) were charged_ along with 10 mL of DMSO.
The reaction was agitated and mon%?%ﬁz%ngPLC. After 4 hours, the
reaction was not completed, so 2 mL of DIEA was added. The reaction

was dosdev8ffGHtThEN pigehBMd (B ML) das addenrs theersagtis chain
mixtereod peEmaoc acembuakwas:doméein 2nddimecEhetectationthexivreminus

was fuenrehad willviseswates (800 to mL) and stirred for 40 min. The white
solid formed was filtered, washed with water (400 mL) and dried

overmghiio giNg;he ifagments(@;859 irightyiald 10939) eXB3RhGhRrtea
?23-3192 Example S? o35 R

0.71 mL, 7.40 mmol), and the Fragment (Aib™) GLP-1 (23-36) (8.5 g, 3.45 mmol)} were
charged along with 20 mL of DMSO. The reaction was agitated and monitored by HPLC.
After 3 hours the coupling was completed. Then piperidine (5 mL} was added to the
reaction mixture, The Fmoc removal was done in 2 hours. The reaction mixture was
quenched with ice water (800 mL) and stirred for 30 min. The white solid formed was
filtered, washed with water (400 mL) and dried overnight to give the protected peptide

(AIBE, X17E ALY GLP-1 (7-36).

Example 10 - Global Deprotection

A peptide prepared according to Example 9 (16.24 g) was treated with a solution of
TFA/DTT/Water (100 mL/5 ¢/2.0 mL) for 2 hours and the resultant solution was poured
into MTBE (800 mL) in ice bath. After 30 min agitation, the white solid formed was
filtered, washed with MTBE (400 mL) and dried to provide the crude peptide product
{16.0 g, weight yield 138%. The resultant de-protected peptide is hereinafter referred to
as the “crude” peptide.
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The fragment (Aibe, X17 i$) GLP-1 (7-22) (7.73 g, 2.88 mmol) bearing

side chain 15 protection groups in accordance with Table A and Fmoc
rotection at the N-terminus was dissolved in DMSO (65 mL). To this

Q&Qﬂ 164 7H®Bt (0.73 g, 4.77 mmol), HBTU (1.46 g, 3.85 mm STEF’éﬂ’”‘Wm

(0.71 mL, 7.40 mmot), and the Fragmen® {Aib3") GLP-1 (23-36) (8.5 g,

3.45 mmol) were charged along with 20 mL of DMSO. The reaction was

agitated and monitored by HER@Ele WeadWifistiiethe coupling was

completed. Then piperidine (5 mL) was added to the reaction mixture.

The Fiséirarasval thas aénpeirtig hiomesiorhe deattidnanixeilfeCal) micron, 2.0 x

geencheldwitlyiidengateri(BAGeplijiandostivegdan3thminothe mihitasoliebntained

fgqlérea3?hv%%ggfi%%%eaq’ﬁg&dz\fiéggb%%%{réﬂ%qAma}afm gf ﬁgaaxswgﬁf Pgsliowed

X&f%@ i@ a@gb%{%}aﬁgﬂg&%@pfwﬁ%\% é)apéé@ drm'haetgurthm handled
Bxamptesel(Ita 24 gpinwelsweaténweitte besaluplontof rEFABRI T @ p¢eDfom the
RLOR @A Mby ’{S@H}%ﬁlﬂl&ﬁ%@&dpﬁ@e@ﬁﬂﬂgmﬁ SN WAR RUISEnIBIRL isolated

w g %ﬁ%q%owas%ﬁc Wlt OI{,}I%?E{‘EI %gﬂrlgL %}%CP 1hS()'v%brcl(!:SAV| |I$]£0£mzi

peptide product 30 0 We| ht yield 138%). The resuyl r otecte
peptldg iS hereinatt éjrf?lé‘fnerr edto 2 at)s{/)‘fﬁss”:rud‘;"epe é(é ‘ECF"‘PE mg/m

,émﬁmcz%hﬁlﬁi@rrﬁeplzeom%’é%zc@ﬂz@xéﬁ{p@tﬂ(ﬂﬁmuﬁe‘aﬁ@ﬁczd) Replicate
Pusifieafion:ofdhe Cordepdiios iaperiatmathgneiteamasii(n) T4 1Qater /TFA

ML 2054 NGH G ¥ fﬁ“:&e%‘&g e penlide. at28%3R PN AN Ied at

60 % contained / contained 'y urification involves g 1st p
eﬁ%&%g‘aﬁm&swﬁaﬁw ALY f %ﬁs«%ﬁf @@@Hdﬁﬁgges sitﬁﬁ?-«u@mg the
After tagquinifieAtloRE (heejsuriflddh peplidetmagberhulthier $ihdiedtyos combined

prekessathin povarely @hvaysl By-wayiotexmple, thel eption-prrifiedaphic
gglffg%mg cond pass maybe Iyophlllzed or passed through a
oncentration co?umn and isolated by precipitation. Both isolations will

yield the de ptlde (ace s an.pver of th 0 pass
tﬂl neg ass déa\ f‘{‘fgg\% QH{% 1¢ egsmﬁl Rass on

processs ¢rud IS |sso aitied badi
ﬁhﬁ(ﬁﬂ%@eéﬁir@ﬂﬁ&%&éﬁﬁkﬂ@% M&@fammaﬁ\@@ﬂ&iﬂéw Pﬁfe/pwem@/ FOOT RGN
injeratiofjs{ 6ahtgindidrvalis) aties Aradertibingdancatatoritrile bt 1\wateos 2nd

? 54y gradientyand.ftachionscof sIaYo RuALY: e PRIGH O 58%\/@%&%1@&;

ction” is also pooled at -70% purity representing -34% recovery. T
Fé)g)t/%]lgef%lctlon is re-injected using the

The combined 2nd pass pool (pH 8.8) was then concentrated using the same
Kromasil® C4 column but using a methanol / water / ammonium acetate step gradient.

Fractions are combined and are ready for isolation.
A.  Crude peptide solution preparation:

8 g of crude peptide was dissolved in 500 ml of a solution of 90% 0.2N acetic acid /
10% acetonitrile. The solution was filtered, once through a 0.45 micron Durapore filter
(47 mm diameter)} {Millipore) and then through a Supor EKV disk stack micron filter
{0.65 /0.2 mm diameter; (Pall Filters). The crude injection solution was analyzed by
HPLC and found to contain 5.02 mg (wt%) of contained peptide per ml. (506 ml x 5.02
mg/ml = 2512 mg contained peptide).
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same acetonitrile / THE / water / TFA gradient, and a pool at -85% purity
is combined 15 with the main pool. The contained to contained yield for
the Ist pass chromatographic purification is 70%. The combined 1st

ass
WB&&?F/(ﬁf—ffﬁfwas then further purified in a second pass on thgcsgﬁ%ogwﬂ"(‘ﬂﬁ

Kromasil(c) C4 column but using an acetanitrile / THE / water / ammonium
acetate (pH 8.8) gradient. Fractions are combined yielding 98 +% purity at
&-ssésonpeparadstieys stiovérall yield for both purification steps
will be 60% (contained / contained). The combined 2nd pass pool (pH

8.8) wWaditheplicatsdaitrhead veing e waihEh waoidasiioyesignimepoilowing
usitt methanol / water / ammonium acetate step gradient. Fractions

are combined and are ready for isolation. 25 A. Crude peptide solution

RISRAAoNNS @eh cBeneplida was disseived ta0thmiielha salitirMehensions
90% %fi\ba%igrgcid / 10% acetonitrile. The solution was filtered, once
through'a 0.

micron Durapore filter (47 mm diameter) (Millipore) and
en through a .Supqr EKV disk stack micron filter_ (0,65 /0.2 mm
T etir) AT RS- s SBU O oo s AARBe 550
HPLC and found to contain 5.02 mg (wt%) of contained peptide per ml.
O X B2 2HRBFAL = 2512 mg contained peptide). WO 2007/147816
PCT/EP2007/056052 52 B. Chromatography - 1st pass at pH -2: Four
RA plicketis:ijet s iere hhas Bagkithgieuétdde solution under the following

conditions: Column: Manufactured by Kromasil with a packing of C4, 10
riichdn pirrdehe dimensions 5 0f2.0x25cm Detector: Ultraviolet detector

set 10,2808 By hengwichhe 32QL2Q1aM 1183H) aCobinimnid emp; ambient

Flow tate; 13.0 ml i{h - %bar ba(%k Rressyte Ntol?ile é}ase: = o
i o B ot S PLTR AL B AT ey Betonivile
mixture GFeiDs trifluoroacetic acid / 15% tetrahydrofuran / 70% :
acetonitrile / 15% water Gradient: The gradient begins with 100% A

frttsitenphidessitiont heginforohi Atfutentphde phase and is held for 0.1 minute. The

sammple is then manuvally loaded onto the column by pump C (see below for
description of Pump C). After sample loading, a linear gradient from 100% A to
839% A is run over 1 minute. The mobile phase is then held at 83% A for the next 11
minutes. A second linear gradient is then run to 73% A over 10 minutes. The
mobile phase is then held at 73% A for the next 15 minutes. The run is then
complete and is followed by a 10 minute 100% B fiush followed by a 20 minute re-

equilibration of the column at 100% A.

The sample was loaded using a separate isocratic HP 1100 pump at 9.0 ml/min
{pump ~ C}. The early eluting impurities are separated from the main peak by an
initial 11 minute isocratic hold at 83% A followed by a linear gradient to 73% A
over the next 10 minutes. The main peptide peak is then eluted during the 15
minute hoid at 73% A. Fractions are collected during this 15 minute hold at 73% A.

C. 1" Pass at pH ~2 Recycle:

The recycle pool is obtained from fractions determined to have purities below that
which can bé added to the combined pool. These fractions were combined separately and
dituted with an equal volume of water. A recycle injection was made back onto the

column from this separately combined pool. The same chromatographic conditions are
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sample is then manually loaded onto the column by pump C (see below
for 15 description of Pump Q. After sample loading, a linear gradient from

100% A.to 83% A is run over 1 minute. The mobile phase is then held at _
T/EP20¥C7)/0360:2

W3 A46 fhe next 11 minutes. A second linear gradient is theh HiA

73% A over 10 minutes. The mobile phase is then held at 73% A for the
next 15 minutes, The run is then camplete and is followed by a 10 minute

Yerounns fiEsHAOHONEY 15y X'9B TR T& S0 BORBrAfiBiT GrtRR WSl afo ume
v08U:A 2Tl e &bt piethwast padedmbingdapseparate isocratic HP 1100

pump at 9.0 nil/min (pump - Q. The early eluting impurities are separated.
from thexdhadfqeak fyvak ifjiiabhisvimifeiaderrticthalthatB3%cArde injection

MW%&M@J&@&?&%@H%%&Z@%M I%é?rﬂtl'g% ?ﬁellgsgﬂ'%eﬁre? there is 1

mair;geptide ’;E)gak is then eluted durir%g the 15 25 minute hold at 73% A.
EraltiolieaP& b MetiEd 4ahity (RIS I8 inute hold at 73% A. C. 1s® Pass
at pH -2 Recycle: The recycle pool is obtained from fractions determined
{& hate partieEB&buemesiAER ¥aitb&8idded to the combined pool.

These fractions were combined separately and diluted with an equal

volunedfiatermkipseyfenicptionwal rHxd e patrdritsaisbrapesigmmhing at
fram. thisssep arhtelyfeothbinethpeaclichife samelehiedh dioghapticrder of the

aapditions e@{a%N}éga%%%%}?a%lép%?ﬂ%%%’%%QZ_éQﬁﬁ.%—_% BAHEEH ARG this
fractions of acceptable purity are combined, diluted with and equal volume
ik Rt e ge

P hatEr R eP R d B the §<"tombined pool. Loading for the
recycle injection is significantly less than with the crude injection due to

frlamaeikeyirnpurtey MR dloihear e pebtide! paxi oy addig gimensions

therea$ 240 5 P&ayule injection for every 2 crude injections. D. 2'd Pass Prep
Chromatography at pH 8.8: The final combined 1st pass pool was further
putifiesh-bylrerabtardatagsaphing 220 pil & 8using piB, 8 fonthenehpass
significantly changed the elution order of the impurities, enabling a better
clsamyrrahigheniggovery. The conditions used for this 10 2nd
chromatography step were as follows: Column: Manufactured by Kromasil

WE%%Pé‘i'si.'ﬂ%ﬂfn%él@d‘B'l&fBQcQ%E’eE';lﬁr@')ime”SiO”S 0f2.0x25¢cm
Detector: Ultraviolet detector set to 280 nm (8 nm bandwidth, 350/20 nm

f\ﬁ@bi%%ﬂggg: Temp: ambient
A = mixture of 15% acetonitrile / 85% water containing 2 grams per liter of
ammonium acetate and Iml per liter of concentrated ammonium hydroxide
B = mixture of 15% tetrahydrofuran / 60% acetonitrile / 25% water containing 2
grams per liter of ammonium acetate and ImlL per liter of concentrated

ammonium hydroxide.

Gradient: The gradient begins with 100% A mobile phase and is held for 0.1 minute. The
sample is then manually loaded onto the column by pump C. After sample loading,
a linear gradient from 100% A to 67% A is run over 2 minutes. The mobile phase is
then held at 67% A for the next 33 minutes. The run is then complete and is
followed by a 5 minute 100% B flush followed by a 15 minute re-equilibration of
the column at 100% A.

The sample was loaded using a separate isocratic HP 1100 pump at 9.0 ml/min
(pump — C). After the 30 minute loading step, a short gradient from 100%A to 67%
A was run from 30.2 to 32 min. The main peptide peak was eluted during a 33

minute hold at 67% A. Fractions are collected starting 20 minutes after column



ot

n

15 Flow rate: 13.0 nil/min (-50 bar back pressure) Mobile Phase: A =
mixture of 15% acetonitrile / 85% water containing 2 grams per liter of

Wﬁz %179{4‘;"18?' acetate and | mL per liter of concentrated ammoniurp 056052

ydroxide B = mixture of 15% tetrahydrofuran / 60% acetonifrite FEEY)/05603

water containing 2 20 grams per liter of Zmmonium acetate and ImL per
liter of concentrated ammonium hydroxide. Gradient: The gradient begins
with TEBIFATOBNE PHESE mA sTef o RitE U THe Sandpe A
manuallicttatied antothedelyiimby pampCsAitde Santplesleadingledand
lineargradienttir ameL0006chinbAXoaAeis AURQVRN 2BABIES: THassmahiighe
phase &%’i%?a%hoennbg I&ilg £v6'7t?3/0f1% E?orxi[sh Sel) erxgs%lmi%yt%s 't -I;Q e E’ theri]de to
complete and s 1o onvecﬁ)y a §_m|n e 160% B II}I_usfh_ Jf—loﬁowealf%/ 375
minuté Y828 APt EF P EBlMmATRetoow: iR hiisalimsewadBaded
usinginj sepearate: iseckatiodHR 12OE famiprat B0l adlfminedpiimp - Q. After
the 30 minute loading step, a short gradient from 100%A to 67% 30 A
Was rgedftemr3foh R Min. The main peptide peak was eluted during a
33 minute hold at 67% A. Fractions are collected starting 20 minutes after

C(JtlunTJE]hWQazg&HiiﬂZs@éﬁdD 1555:;/ %Pg%%@f&%?ﬂé@?@@éh load @Qe%@ﬁl@?:q én];nn and
r the.main pea com uting. The fractions are collecte
e B e RS SR B T S e
FREMIRIP RYSEVEILINE Rvatss 2afpdleyse is possible at this stage of the
purification but the waste fractions generally do not contain enough
pepuve:ty wantanehirekyelnanijedtion rithsmal/ b dEmucfeasibtbtifeglimensions
large grurmber DEninjections are made and the waste fractions pooled for
recycle. E. Concentration Run: The final combined 2nd pass combined
pRelds joaded npdhesame columa.and eitad Suinklysusing adifferent
mobile phase to concentrate peptide for isolation. The to conditions used
forithis, step wereas,follows: Column: Manufactured by Kromasil with a
packing of C4, 10 micron and the dimensions of 2.0x25cm Detector:

iravioles dgtestor setlg 280,0m (.nm pandwidth, 350/20 nm ref)
olumn Temp: ambient

Mobile phase:

A = mixture of 10% methanol / 90% 20 mM ammonium acetate

B = mixture of 90% methanol / 10% 20 mM ammonium acetate

Gradient: The gradient begins with 100% A mobile phase and is held for 0.1 minute. The
sample is then manually loaded onto the column by pump C. After sample loading,
the mobile phase is held at 1009 A for 5 minutes. The mobile phase is then
immediately stepped to 10G%B for the next 20 minutes. The run is then complete

and is followed by a 15 minute re-equilibration of the column at 100% A.

The sample was loaded using a separate isocratic HP 1100 pump at 9.0 mi/min
{pump —‘C). After the 45 minute loading step, a short hold using 100% A for 5
minutes then a step gradient to 100% B was run for 20 minutes to elute the peptide.
The main peak began eluting 2 minutes after the step gradient to 100%3B. The next

12 minutes of fractions contained peptide and were pooled for isolation.

Example 12 - Lvophilization
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15

20

30

W%eza?r%%?tﬁ 100% A mobile phase and is held for 0.1 minute. PF

15 Flow rate: 13.0 ml/min (-50 bar back pressure) Mobile phase: A =

mixture of 10% methanol / 90% 20 mM ammonium acetate B = mixture of

90%.methanol / 10% 20 mM ammonium acetate Gradient: The gradient
’ﬁggl’égj)”;’/(bé(}az

sample is then manually loaded onto thebeelumn by pump C. After sample

loading, the mobile phase is held at 100% A for 5 minutes. The mob

phaseg S tHenieidten  Sehpen'ta totse b the Hes&%aﬁﬁﬁéré§he purified

Phel i Gsrther @ohiptéte’, dibl s FIRWEH 1) actBminuteiresquilibratios

eﬁtheﬁrﬂﬂm&et&%@cénfat}eﬁa«mrrtesré@eﬂ@@&iegrrrﬁéa%@«réﬁp@@tﬂ and the
BRSO A S0 SR S R
graibeit fw&w@%@lﬁmﬁr& PoerfirasieiaBlanits wsypeptaad thﬁé%%ii’ﬁ
peakdiegah etltitded Kiinuies hftdrtheastepigradigrittobi00%Be Tinel next placed
%mmt%afémt@? s-4emained qﬁ@t@w&peqteﬁg&mépéaﬁ%
Exam[? 91& cYOsph' zation WO 2007/147816 PCT/EP2007/056052 -55
Rier wide motthed FLPE bottle was tared. To this bottle was added

the purlfled pool (210 ml) of (Aiba, x17-C8, A|b35) GLP-1 (7-36) acetate

in aqutlbtis ABdtBnTIA AR MBhTGHcAda e e etrrﬁ%rme SHinsEfan
witideidninkd Weater8on s nbramitiheniegesagere added to the pool. This
solution was swirled to homogenize and then capped 5 and shell frozen in
liquid Aéteogem:tihe frbzbn hatitewrastncappedrand thephbtthacdveredight was

tﬂ@tz@@%%@%p%@tmmm Y AarbRen bag (grotth%raqttlel\tf%%the
edt |fr[1avtacu ainer n the Iy‘fﬁ |i|zera d I%/(ggohllrze Conq]%nser land
i Bifarlibe s HECY BrLdTre gl Ao NS AREF S 11 6 U AL el o
Wﬁb@ﬂt@éﬁéé@f@?ﬁt@‘g%@h@é@mas still an 10 audible chunk of ice
present. Lyophilization restarted After a further 18 h the bottle was
removed from the I\l 1L githéokeddd he weight

was unstable, rising rprdly dueto the hyroscoplc nature of the product.
The statidkylproshictinasiquicklyntr ansferr editd, &' tdfedisCintiliation viad \aneiate

rrequgqoqrﬁ@%rgﬂt)m'%erxeé&%@ﬁ% }éﬁéqnwleoﬁnarm&%@a Qi 1
%‘ug § tide In a flask, a.s t&qof 100.5 rrlt3 of p ure) QML

}TH?L (;}1%51 8% faé‘f dn Me fwater (9:1 by volum agrtauon, 20mL
Isopropanol (IPA) were slowly fed into flask at 20 °C to 25°C. The pot mixture became
cloudy after adding 15 mL IPA. Stirring continued overnight at 20 °C to 25 °C. The

precipitating product was filtered and washed by 5 mL IPA and then dried at 25°C under
vacuum until a constant weight. 90.9 mg peptide was obtained (a 90.42% recovery).

Example 14: Isolation of purified peptide

In a flask, a solution of 497.7 mg of pure (AIDS, 718 ATD™) GLP-1 {(7-36) acetate
in 10 mL 20 mM ammonium acetate in MeOH/water {9:1) was diluted with 6 mL 20mM
ammonium acetate in MeOH/water (9:1). With agitation, 40 mL isopropanol (IPA) Were
slowly fed into the flask at 20 °C to 25 °C over 35 min. The pot mixture became cloudy
after adding 2 mL IPA. Stirring continued for an hour at 20 °C to 25°C. The precipitating
product was filtered and washed by 5 mL IPA and then dried at 25 °C under vacuum
until a constant weight, 458.4 mg peptide was obtained (a 92% recovery).

Example 15: Isolation of purified peptide




L

in 2 mL 20 mM ammonium acetate in MeOH/water (9:1 by volume) was

diluted with I mL 20mM ammonium acetate in MeOH/water (9:1 by

volume) With agitation, 20 mL Isopropanol (IPA) were slowly fed into flask
WO 8 %sc. The pot mixture became 20 cloudy after add P PP 7/056052

IPA. Stirring continued overnight at 20 €5-25 C. The precipitating

product was filtered and washed by 5 mL IPA and then dried at 25C under

vacuuth tfitika WretaMt werir elod vade pépedesiraE speamied ¢ obX40ams of

necofiety )\ iBXAMplerlls” 1 solation b pusifiedepepitidenh 20fladk amselntion aftate

49T eang-Ripurs: (Nl@z@agq%\7a%§ﬁ&@§§zt%%1&§@ Aeetaler 22 1M1 fBlition

20 mM ammonium acetate in MeQH/water (9:1).was diluted, with 6 mL

2B ammoniunT dcetatd it RIEOTa 5?“5@:35??)%@%%*5&&&@{&%4?6%@ IPA.
iSHpiBpantiEa ot sk wyted iatdsite Hoskigripdating podygyessIBtered
mikt. W atyintU e hecdrieclodey aatter@dditg@ mlddPAcSIiiRgL! a constant
continuad 8", A0 NauAL20 618,23G, TheRIREiRiLaing product was
filtered and washed by 5 mL IPA and then dried at 25 C under vacuum 30
until a constant weight. 458.4 mg peptide was obtained (a 92% recovery).
Example 15: Isolation of purified peptide WO 2007/147816
PCT/EP2007/056052 -56 In a flask, 900 mL IPA were slowly added into a
stirring solution of --1000 mg of purified (Aib8, x17-is Aib3") GLP-1 (7-36)
acetate in 150 mL 20 mM ammonium acetate in MeOH/water (9:1)

through a concentration column at 20 C to 25C. This addition was
complete over 45 min. The pot mixture became cloudy after adding 260

mL IPA. 5 Stirring continued for 40 min at 20 C to 25C. The precipitating
product was filtered and washed by 5 mL IPA and then dried at 20 C to

25 C under vacuum until a constant weight. A 746 mg peptide was
obtained (a 74.6% recovery). WO 2007/147816 PCT/EP2007/056052 -57
Claims 1. A method of making an insulinotropic peptide, comprising one

or more of the steps of: h) providing a first peptide fragment including the
amino acid sequence HX'EX1Q 5 (SEQ ID NO. 6), wherein X8 and Xi are
each residues of an achiral amino acid, each of H and E optionally
including side chain protection; i) providing a second peptide fragment
including the amino acid sequence



TFTSDVX'7 18YLEG (SEQ ID NO. 8) wherein the residue denoted by the
symbol X1718 is a dipeptide residue of a pseudoproline, said amino acid

esi of the 10 sequence optionally including side chain pr. ion: ).
wh zogﬁrfzg%% ir @8’,&21%&%97 56052

cou st fragment to the second fragment to provide a

peptide fragment including the amino adid-sequence HX8EX10

TFTSDVX17-'8YLEG (SEQ ID NO. 11), said amino acid residues of the

seqguence optionally including side c@aign%rotection; 15 k) providing a

fourth peptide fragment including the-armimo acid sequence

QAAKEFIAWLVKX3' (SEQ ID NO. 9), wherein X35 is a residue of an
chir mingo agi id. aming. acid resid of the sequence optionall

T R o o ey o ghe

é@ﬁﬁfé in order to provide a fifth 20 peptide fragment including the

amino acid sequence QAAKEFIAWLVK X35R (SEQ ID NO. 12), said

residues of the sequence aptionally inclyding side chain protection; and, .

m) Soupiing e ﬁfﬁﬁSﬁaa?ﬂéﬁfrfo%m@mﬁ HPHHBAE TR BRI T At B

insulindGBRIERISlde; inbludin thedMino acidsegidensef an achiral amino acid,

HXBEX4OT ETSRYETo 2R TaNLERQAMKEE ML X8F(SEQ 1D NO.

13), said residues of the sequence optionally including side chain

protection. WO 2007/147816 PCT/EP2007/056052 -58 2. The method
accordingRislaimdoaap@risiagriienstepscufandal). santhbadmeihatnce

ac cord ngéi%@m ?@gg Mgggig'i%}'ieﬁpﬁ%fﬂ}ﬂl @W@g\elg%t&e symbol
side chaln protecting groups in order to’provide an insulinotropic p ptlée
in cludir?@ theSfhsinsBiKle r§§]&ﬂ§ﬁé@ gseudoproline, said amino acid residues of the
HXSEXtQEFRESDWSENLEGQIRAKER it VFOX38R(SEQ ID NO. 5) and
counterparts thereof, wherein each of the symbols X at positions, 8, 10,
and 35 independently denotes an achiral, optionally sterically hindered
amino acithlresibaérst fimgmeticd dfersraking fsaginsutivotropidepetblidepeptide
accordingia-gliainal k4SRRI ising o LOithe steps oixal providinp wdifSEYLEG (SEQ
peptid nt including the.amine acid-sequence HX8EX %\S Q.ID ..
NG, ) Whcren B8 S i T RS Lo Raranng 1 A o
Ciaimn proigciion;

k) providing a fourth peptide fragment including the amino acid sequence
QAAKEFIAWLVKX™ (SEQ ID NQO. 9), wherein X is a residue of an achiral
amino acid, said amino acid residues of the sequence optionally including side

chain protection;

) coupling the fourth peptide fragment to arginine in order to provide a fifth
peptide fragment including the amino acid sequence QAAKEFIAWLVK XR
(SEQ ID NO. 12), said residues of the sequence optionally including side chain

protection; and

m} coupling the fifth fragment to the third fragment in order to provide an
insulinotropic peptide including the amino acid sequence HX*EX'"TFTSDVX'"™
BYLEGQAAKEFIAWLVK X*R (SEQ ID NO. 13), said residues of the sequence

optionally including side chain protection.



X10 is an amino acid residue corresponding to glycine, and each of H and
E optionally including side chain protection; 15 b) providing a second
eptide fragment including the amino acid sequence ,

Wgﬁ %V?(‘%?-lvaEG (SEQ ID NO. 8) wherein the residue derndgt&dy/Hs?
symbol X17-18 is a dipeptide residue ofi@ pseudoproline, said amino acid
residues of the sequence optionally including side chain protection; c)
ouplifetiE fid fagFABit R IRESECSHBRTAGh R T8l third
peptide 20 fragment including the amino acid sequence HX8EX1Q
TFTSDV X17 18YLEG, (SEQ ID NO. 11), said amino acid residues of the
sSequete BtiaAafy it g st |HainBrBRIEHBAH2 dY 6V fourth
peptide fragment including the amino acid sequence QAAKEFIAWLVKX3'
(SEQ ID NO.,9), wherein X3S is an.amino acid residue 25 ¢ rresporﬁdin .
to Al ,Eﬂfﬁ%‘ﬁﬁﬁbeafé%ﬂ &10RELTET the LegaEHEe" E)’ii%fi)”‘i%aﬁdﬁﬁd giggorec
chain pperéetonc Wi 067147816 PEIVERL007/056052 - 59 €) coupling

5 the fourtxfreptivesaorpsyt ko argNEFIAWIdeK 16 Rrosidera fifth, peptide
ragment elulng the aur-Reilaeayeree AKETIARINE K358, and 35

(SEQ ID ), said residues of the seque optionally including side
chain PROfEEHIFR BhEE e aDAMRYthe R agHalelly fHRdird araginard
followettBuemoving the side chain protecting groups in order to provide
an insulinotropic peptide of the formula
HX5EX10TFTSDVSSYLEGQAAKEFIAWLVKX35R (SEQ. ID No. 5) and
dountérpattwtheteotkivg ercin X 3:amdpX35 pid amncodaridrebiduds comprising
10 eeFrgspopging to Aib and X10 is an amino acid residue corresponding to
glycine. 10 5. The method of making an insulinotropic peptide according to
claim 1 comprising the step a) preparing a peptide fragment including the
amigp peisigaguenes hXeEXLREQANARING (1) MiareidiX S qich XlQemEs
each resi n | H i sai ent i :
thereot i e AR Sl e A PUIEAPRD and
optionalty inERiBiRG SR I BRABEHRIN LR hebioTatiHte pepriik! B
fragmeapinmabn imdulingsopiclpeptidete6tidthe method according to claims
1 or 5, wherein X8 is an amino acid residue

15 b} providing a second peptide fragment including the amino acid sequence
TETSDVX" "*YLEG (SEQ ID NO. 8) wherein the residue denoted by the symbol
X% is a dipeptide residue of a pseudoproline, said amino acid residues of the

sequence optionally including side chain protection;

¢) coupling the first fragment to the second fragment to provide a third peptide
20 fragment including the amino acid sequence HX*EX' TFTSDV X7 *YLEG (SEQ
ID NO. 11}, said amino acid residues of the sequence optionally including side

chain protection;

d} providing a fourth peptide fragment including the amino acid sequence
QAAKERIAWLVEX™ (SEQ ID NO. 9), wherein X is an amino acid residue

corresponding to Aib, said amino acid residues of the sequence optionally

8]
Ln

including side chain protection;



corresponding to methyl alanine. 7. The method according to claims 1 or
5, wherein X1 is an amino acid residue 20 corresponding to glycine. 8. A

07114781

ﬁegtide fratgment having the amino acid sequence HX8EX10 (SE
W )2

L9)]

10

i5

20

ID NO. _
&71R X$ and X1 are each residues of an achiral amind Jéf&%ﬂ%‘f?‘“’”
of H, E, X8 and X' optionally including sithe-chain protection. 9 The
peptide fragment of claim 8, wherein X8 is an amino acid residue 25

cor@s PO 10 AR ARLPRAY s B aRmhtS ABHPRSIR R Lariesperafy e
glycinepst0i2 68gA7818RCE 5P 20074056052 16RIQATRE RAINGE K X 'R
according:t91¢}ain 3 WheKe s IIgNSUIRQUQRIG RIS INGIHARRIAE side chain
amino ag%_%é%J\_(/e%(éi(SEQ. ID No. 5) :
HXSEXIT /S5YLEGQAAKEFIAWLVKX35R and counterparts

thereof, wherein each of the symbols X at positions, 8, 10, and 35 5
'”d?g’erc‘%?flty iﬁ@%&%? @ achiral petionally, sterigal 1&'\%{? e A0 Acid, 4.
residue; aﬁd o erein one or more of the amio acid residues o?ftlpn I
includeS'&iBd EHSFH BB REHIA CTIe TR FRBHO N dBEBRAME R Chsi e the
whereifioatlelasiBi XIS SHASKBEHS @ AdSi@FeAON M XIRIIEThED No, 5) and
method aeeRANg 1 SRIMWIHL MWD 8FRINIKD isa Fesidus Pf QMG lRsponding
The m%hg%on Kiri1 gr;rinr}ggliar%o&rlpegigtpeé)tide accC[[Jrq}irT;Oq tlo claim 1,
comprising thes ep fpreparlngla peIp ide rlélegS Tent ifc uélﬁcgn}f"ie amino

acid sequence TFTSDVXI7- 12_3YLEG (S_EQ. _ID No._8) wherein the residue
eeudai R i e AR AR Rt 1 comprising
i‘i@lﬁﬁﬁbtropic peptide. 14. The method according to claim 13, wherein the
insulinotropic peptide includes the amino acid sequence »
HXSEXEOPRTSTIVRIGR ey QAnkERmamvxesR(@rETIBIKEK 18EQ.
and caanterpaits thesect’ W@?mibe&hmﬂi_&%af_ Xila@nehDeaB,eaehd, or said
indepepgienily 0. dennie anasbiat apiog acid s xand Ah 8 IniA 1

residue 0t a psgudaoproline, saild amino acid residues optjonally including

side cRaiffFroteCRUR™AS! FHEHRANEY SLusrBitl 18 WaricL or 13, wherein
XL7-18 has the formula WO 2007/147816 PCT/EP2007/056052

incorporating the peptide fragment into an insulinotropic peptide.

6. . The method according to claims 1 or 5, wherein X' is an amino acid residue

corresponding to methyl alanine.

7. The method according to claims 1 or 5, wherein X'” is an amino acid residue

corresponding to glycine.

8. A peptide fragment having the amino acid sequence HX’EX** (SEQ ID NO. 6),
wherein X and X'? are each residues of an achiral amino acid, each of H, E, X* and X*°

optionally including side chain protection.

9 The peptide fragment of claim 8, wherein X% is an amino acid residue

. . 10 - . . . . .
corresponding to Atb and X" is an amino acid residue corresponding to glycine,



i0

15

WaELSHiHg

-61 R'-O -}-qi-N R2 LLL O' wherein C represents the residue of any

amino acid optionally include side chain protection and each of R' and.

R2 is indePendentIy a suitable divalent linking moiety. 16. The method =
fo claim 15, wherein (D represents a residue of SEr-gFHoNaNy 42

including side chain protection. 17. The filethod according to claim 15,

wherein R2 is -CH2-. 18. The method according to claim 15, wherein R1

R4 TRz fisereineea M Reder R4S RSB ERIY e tide includes the

momovaleiemoeisty (SélectédNweim H or io lower alkyl; or R3 and R also

maybe co-members of a ring structure. 19. The method according to claim

18, wherein each of R3 and R4 is methyl. 20. A peptide or a counterpart

thereof including EKEEAMTRB LMY SSYUSHIQ AR KSDIAWLEKIER (SEQ. ID

NO. 8) wherein the residue denoted by the symbol X1 u is a dipeptide

residue of a pseudoproline; said amino acid residues optionally including

sitecokiainrp s proterstdrnyizr e Mvaametibesyibelkifg arrinselindropiend 35

pepiiderecdngite saithitaicoptansing the SieRiAfl- WO 200d 44id #8%6ue; and

%&E‘EF&%Q?Z%&Q%%tﬁgéi%llﬁ)%‘é?lf@%5&1?&'5%%?8&&9‘%5&%%@%&‘ nglyding

the amino acid sequence HX8EX1 (SEQ ID'NO. 6), wherein X§ and X1D
Areedi¥i residues of an achiral amino acid, each of H and E optionally
including side chain protection, to the second peptide fragment including

the amino acjd sequence TFTSDVX1748YLEG (SEQ ID NO. 8%, 5. ,
WhereiRAE TR S ARG Ehid's H%mﬁ%qg%?é% e of
éfita pseudoproline, said amino acid residues of the sequence optionally
including side chain protection, to provide a third peptide fragment

including the amino acid sequence HX8EX10 TFTSDVX17 "YLEG (SEQ
I3.NOhe1nedzid arpmeingig claim 10, wherein X' is a residue of glycine.

13.  The method of making an insulinotropic peptide according to claim 1, comprising
the step

b) preparing a peptide fragment including the amino acid sequence TFTSDVX'™
PYLEG (SEQ. ID No. 8) wherein the residue denoted by the symbol X7 isa
dipeptide residue of a pseudoproline; and

incorporating the peptide fragment into an insulinotropic peptide.

14. The method according to claim 13, wherein the insulinotropic peptide includes the
amino acid sequence HX*EX'TFTSDVX" *YLEG QAAKEFIAWLVKX R (SEQ ID NO.
13) and counterparts thereof, wherein the symbols X°, X', and X each independently
denote an achiral amino acid residue, and X'° is a residue of a pseudoproline, said

amino acid residues optionally including side chain protection.

15, The method according to claim 1 or 13, wherein X7 has the formula
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15

residues of the sequence optionally including side chain protection; and
10 incorporating the peptide fragment into an insulinotropic peptide. 22.
he method of making an insulinotropic peptide according to claim 1

Wg&ﬁ?ﬂﬁé?ﬁb the step of: d) preparing a peptide fragment or C%BWI%!FH&W 036052

thereof including the amino acid sequeride QAAKEFIAWLVI X'5 (SEQ ID
NO. 9), wherein X35 is a residue of an 15 achlral amino acid, said
residues of the sequence optionalty mcludRﬁg@lde chain protection; and
incorporating the peptide frag 1191.0_ |ns linotropic peptide. 23. The

method according to claim 22, wherein X n amino acid residue of
methylalanine. 20 24. The method according toj claim 22, further
comprising the step of: e) coupling the Ide fragment or counterpart

thereof including the amino acid sequence QAAKEFIAWLVKX35 (SEQ ID
NO. 9) to arginine in order to provide a peptide fragment including the

S5 TRISE QAL XESRSEQIDAR 2N o8,
residues of the sequence Og iona gl Including side ¢ am otectio

?H&%@tﬁaada%&am’g L 18iri zlflemémH&ﬁétﬁtﬂéééiﬁﬂfmé1a@@%melew
chain protection. WO 2007/147816 PCT/EP2007/056052 -63 26. The

method according to claim 22, wherein the insulinotropic peptide includes
oo aﬁﬁﬁﬁ%@i@%@ﬁﬂ%&é to claim 15, wherein @ represents a residue of Ser optionally

HXISEXG OTETBDMXTe8BEGQAAKEFIAWLVKX35R (SEQ ID NO. 13)
and counterparts thereof, wherein the symbols X8, X1, and X35 each
independently denotes an achiral amino acid reS|due said amino acid
isidUide ofdthe dequedie SooptionailywheleidiRg sid€idhain protection; and
wherein X17"18 is a residue of a pseudoproline. 27. The method
according to claim 22, wherein the msullnotroplc peptide includes the
afind b@i@@bq@ém@@&@ 4BING S5YVHXBER' BFTSD V
SSYLEGQAAKEFIAWLYV KX35R 10 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; and wherein
one or more of the amino acid resighies gptionally includes side chain

wherein each of R and R* is independently a monovalent moiety selected from H or

lower alkyl; or R* and R* also may be co-members of a ring structure.
19. The method according to claim 18, wherein each of R’ and R* is methyl.

20. A peptide or a counterpart thereof including the amino acid sequence TFTSDVX'"
*YLEG (SEQ. ID NO. 8) wherein the residue denoted by the symbol X' ** is a dipeptide
residue of a pseudoproline; said amino acid residues optionally including side chain

protection.

21, The method of making an insulinotropic peptide according to claim 1, comprising
the step of:
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protection. 28. The method according to claims | to 7, 13 or 21 to 25,
wherein the insulinotropic 1s peptide has the amino acid sequence (SEQ.
ID No. 4) HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR and
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counterparts thereof. 29. The method according to claim 28,%&5?8%‘@6052
insulinotropic peptide has the amino aeielsequence (SEQ. ID No. 4) 20
HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR and counterparts S 10
theTeof "WHIBH 18 SabATEL it tReehE sitane the amino acid sequence HX'EX
(SEQ ID NO. 6), wherein X and X'? are each residues of an achiral amino acid,

each of H and E optionally including side chain protection, to the second peptide
fragment including the amino acid sequence TETSDVX " H¥YLEG (SEQ 1D NO. 8),

718 is a dipeptide residue of a

wherein the residue denoted by the symbol X
pseudoprol.ine, said amino acid residues of the sequence optionally including side
chain protection, to provide a third peptide fragment including the amino acid
sequence HX*EX' TFTSDVX' ¥YLEG (SEQ ID NO. 11), said amino acid

residues of the sequence optionally including side chain protection; and
incorporating the peptide fragment into an insulinotropic peptide,

22.  The method of making an insulinotropic peptide according to claim 1, comprising

the step of:

d) preparing a peptide fragment or counterpart thereof including the amino acid
sequence QAAKEFIAWLVKX™ (SEQ ID NO. 9), wherein X is a residue of an
achiral amino acid, said residues of the sequence optionally including side chain
protection; and

incorporating the peptide fragment into an insulinotropic peptide.

23, The method according to claim 22, wherein X is an amino acid residue of

methylalanine,
24, The method according to claim 22, further comprising the step of:

e) coupling the peptide fragment or counterpart thereof including the amino acid
sequence QAAKEFIAWLVKX™ (SEQ ID NO. 9) to arginine in order to provide a
peptide fragment including the amino acid sequence QAAKEFIAWLVK X*R
{SEQ ID NO. 12), said residues of the sequence optionally including side chain

protection.

25.  The method according to claim 24, wherein the R does not include side chain

protection.



16

15

20

WO 2007/147816 PCT/EP2007/056052

- 63 -

26. The method according to claim 22, wherein the insulinotropic peptide includes the
amino acid sequence HX EX'TFTSDVX' *YLEGQAAKEFIAWLVKX>R (SEQ ID NO.
13) and counterparts thereof, wherein the symbols X*, X', and X* each independently

denotes an achiral amino acid residue, said amino acid residues of the sequence

optionally including side chain protection; and wherein X' is a residue of a

psendoproline.

27.  The method according to claim 22, wherein the insulinotropic peptide includes the
armino acid sequence (SEQ. ID No. 5)

HX*EX*TETSDVSSYLEGQAAKEFIAWLVKX*R

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; and
wherein one or more of the amine acid residues optionally includes side chain

protection.

28.  The method according to claims 1 to 7, 13 or 21 to 25, wherein the insulinotropic
peptide has the amino acid sequence (SEQ. ID No. 4)

HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR
and counterparts thereof.

29.  The method according to claim 28, wherein the insulinotropic peptide has the
amino acid sequence (SEQ. ID No. 4)

HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR

and counterparts thereof, which is amidated at the C-terminus.
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