| NSULI NOTROPI C PEPTI DE SYNTHESI S USI NG SOLI D AND SOLUTI ON PHASE COVBI NATI ON
TECHNI QUES The invention relates to nethods for preparing insulinotropic
pepti des,wpantoiesi7arl y gl ucagon-1|i ke peptide-1 (GLP-1) @0U/EPOMOISIPArt S

t hereof, using solid- and sol ution-phase processes. The present invention
further relates to internediate peptidel-fragments that can be used in these
nmet hods. Many net hods for peptide synthesis are described in the literature
(for exanple, 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; Kanber et al. (eds), Peptides, Chem stry and Bi ol ogy, ESCOM
Lei den (1992) 525-526; R niker et al. (1993) Tetrahedron Letters
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in which the synthesis takes place, nanely |iquid phase or solid phase. In
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cases the peptide cleaved fromthe support (i.e., a "peptide internediate
fragment") is used in the preparation of a |arger, mature peptide product.
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state of the phase in which the synthesis takes place, namely liquid phase or solid phase.

In solid phase peptide synthesis (SPPS), an amino acid or peptide group is bound to a solid
support resin. Then, successive amino acids or peptide groups are attached to the support-bound
peptide until the peptide material of interest is formed. The support-bound peptide is then

15 typically cleaved from the support and subject to further processing and/or purification. In some
cases, solid phase synthesis yields a mature peptide product; in other cases the peptide cleaved
from the support (i.c., a “peptide intermediate fragment”) is used in the preparation of a larger,
mature peptide product.

Peptide intermediate fragments generated from solid phase processes can be coupled

20 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

25 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 starting materials, such as activatable amino acids,

co-reagents, and solvents. These problems can increase as the length of the peptide increases.
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can | eale fragrnents. These side chain protecting groups are typically not removed until a mature

20  peptide has been formed.

Modest improvements in one or more steps in the overall synthetic scheme can amount to
significant improvements in 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.

25 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 useful 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

30 addition to other factors, very small improvements in the synthetic process of these larger
biomolecular pharmaceuticals can have a significant impact on whether it is even economically
feasible to produce such a pharmaceutical. Such improvements are necessary due to these high
production costs for larger biomolecular pharmaceuticals as supported by the fact that, in many
cases, there are few, if any, suitable therapeutic alternatives for these types of larger biomolecular

35 pharmaceuticals.
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bi ol pgiipaliby2:i nportant fragnments of this peptide do have insulinotropic
properties. For exanple, the native 3 1-amino acid |ong peptide G.P-I

(7-37) according to SEQ ) pGrRrSDVSSYLEGQAAKEFIAWLVKGRG

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
20 SEQIDNO. 3:

HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR

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

Native GLP-1 (1-37) and the native, insulinotropically active counterparts thercof
25 according to SEQ ID NO. 1 through 3 are metabolically unstable, having a plasma half-life of
only 1 to 2 minutes in vivo. Exogenously administered GLP-1 also is rapidly degraded. This
metabolic instability has limited the therapeutic potential of native GLP-1 and native fragments
thereof.

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

HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR
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SEQ ID 1 n or
Solution phase chemistry is then used to add additional amino acid material to one of the

15 fragments. The fragments are then coupled together in the solution phase. The present invention
is very useful for forming insulinotropic peptides such as GLP-1, GLP-1 (7-36) and natural and
non-natural counterparts of these, particularly GLP-1 (7-36) and its natural and non-natural

counterparts.
In particular, the application provides methods for preparing a deprotected insulinotropic
20  peptide including amino acid sequence of (SEQ ID NO. 9)
Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,
wherein
Z is H-; and

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

25 residues,
selected from the methods as described herein below.
The application provides a method of making an insulinotropic peptide, comprising the
steps of:

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



this peptide and counterparts thereof in conmmercially acceptable yields,
purities, and quantities. The present application relates to the

pr epar at iwo 20fo/i266501 | not r opi ¢ peptides that are synthesipeg®krasiongses2 sol i d
and sol ution phase ("hybrid") approach. In one nethod, the approach

i ncludes synthesizing three different geptide internediate fragnents using
solid phase chem stry. Solution phase chem stry is then used to add

addi ti onal am no acid nateriik%&gF?%ﬁAgﬁ:&ﬁiﬁﬁ%gﬁgents. The fragnents are

t hen coupl ed together in the solu ase. resent invention is very
useful for formng insulinotropic peptides such as GP-1, &G P-1 (7-36) and
natural an&ha®@i natural counterparts of these, particularly GLP-1 (7-36)
and its natural and non-natural counterparts. In particular, the
application jprovi des nethods for preparing a deprotected insulinotropic
peptide including am no acid sequence of (SEQ ID NO. 9) Z-HX

SEGTFTSDVSSYLE KEFI AW V| 5R-NH. 2 erein Zis H.: and X8 and X35 are
each i ndep d@%%?@“&ﬂﬁﬂ?&P5f6§??%@%ﬂwvﬂ@¥%??%%PF@fﬁ?ﬁﬁéﬁ% ani no acid
resi dues, selected fromthe nethods as descri bed herein below. The

appli cat i onnpoowmprtassiduayeif hlmdseghicnrakphenadly indlsddsisnistahaipiproteetmini; de,
conprising the steps of: a) providing a first peptide fragnment including

the amﬂ?(gr&l&diﬂg 5@5&%&?2?% fapfint M@m&%_@aﬁ%ﬁfﬂ%& ALV &%&@Mtg’ﬂ@ einZz

is H; 5 1is an achi optionally sterically hindered am no aci
resi due; and one or nore residues of %h sequence optionally includes side
chain protection; b) providing a sedond tide fragnment including the
am no acid sequence of (SEQ ID NO 6) Z-SYLEG
wherein

Z is an N-terminal protecting group; and
10 one or more residues of the sequence optionally includes side chain protection;

¢) coupling the first peptide fragment to the second peptide fragment in solution in order to
provide a third peptide fragment including the amino acid sequence of (SEQ ID NO. 7)

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

d) removing the N-terminal protecting group of the third peptide fragment to afford a fourth
peptide fragment including the amino acid sequence of (SEQ ID NO. 7)

20 Z-SYLEGQAAKEFIAWLVKX*’R-NH,
wherein
Zis H-;
X is an achiral, optionally sterically hindered amino acid residue; and

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



wherein Z is an N-termnal protecting group; and one or nore residues of

t he sequence optionally includes side chain protection; c¢) coupling the
first pepwodeldinageent to the second peptide fragnment i RCTa@Pat0OBS6HN Or der
to provide a third peptide fragnent including the am no acid sequence of
(SEQ I D NO. 7) Z- SYLEGQAAKEFI AWLVKX 35R-NH 2 wherein Z is an N-term nal
protecting group; X35 is an achiral, optionally sterically hi ndered am no
acid r igcl udes
o5 de Cﬁezp%%?dl%gg?@@%pt?% ﬁ?%r&ent ‘ﬁ?c'h%tff%th% ﬁuﬁ'orﬁcﬁng eeogf{sre‘gij‘g?m) 8@ ¢ the
third peptide fragment to afford a fourth peptide fragnent i ncluding the
anino aci d sequence of (SEQ IE>ZM¥X%§ KEFI AWLVKX 35R-NH 2 wherein
Zis H; X35 is an achiral, optlonally sterically hindered am no acid
residue; apghete or nore residues of the sequence optionally includes side
chain protection;e) providing a fifth peptide fragnent including the am no
aci d sequenRge of (S I ] . 2= EGTFTSDVS- B' erein X8 is an

achiral , ogfﬂ%ﬂh?%?g§¥85$%£$P§%ﬁ%mgg?gﬂ%gﬁPHB’%% P88  dues; z is an
N-term nal protecting group; B is -OH and one or nore residues of the
sequence optis amd-feyminabprotbeng g@prhai n protection; and f) coupling the
fifth peptide fragment to the fourth peptide fragment in solution to

provi de angagsqungifoplc peptide including the am no acid sequence of (SEQ
| D NO. 9) Z- HX 8EGTFTSDVSSYLEGQAAKEFI AW VKX 35R- NH 2

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

f) coupling the fifth peptide fragment to the fourth peptide fragment in solution to provide an
insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 9)

10 Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
Z is an N-terminal protecting group;

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

residues; and

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

The application provides the above method, further comprising the steps of:

g) removing the N-terminal protecting group of the insulinotropic peptide resulting from step f)
to afford the insulinotropic peptide including amino acid sequence of (SEQ ID NO. 9)

Z-HX’EX'"*TFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,
20 wherein
Zis H-;

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

residues; and

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



wherein Z is an N-termnal protecting group; X8 and X35 are each

i ndependently achiral, optionally sterically hindered am no acid residues;
and one owormoroe12s@si dues of the sequence optionally i nclPadEP2ai0gesechai n
protection. The application provides the above nethod, further conprising
the steps of: g) renoving the N-term nal- protecting group of the

i nsulinotropic peptide resulting fromstep f) to afford the insulinotropic

Do rsovelr Rl B ARy Bk bR AR ERIR R b i L Py Srdili srotees s
i ndependeneinynogasid sid¢ chedit toauiard the seprorastdd| ipsihinpdepie gepirderinclading amesn dues;

and one or ,ARKEJRSL SUSEPID Neg ogequence optional Iy includes side chain
protection; andh) contacting the insulinotropic peptide resulting fromstep

g) with acid in order 8 r n ' [ ide.chajns to afford the
deprotected insuli notzr'%& ggﬁ&%@ﬁyé%%@@ﬁmwg&%-mnce of (SEQID
NO. 9) Z-HX 8EGTFTSDVSSYLEGQAAKEFI AWLVKX 35R-NH 2 wherein Z is H; and X8
and X35 ar evhemith | ndependently achiral, optionally sterically hindered

am no acid residues. The application provides the above nethod, wherein the
depr ot ect eg ;i psul ijnot ropi ¢ peptide resulting fromstep h) has the am no

aci d sequence ( 8 | D No. 4) HAI bEGTFTSDVSSYLEGQAAKEFI AWLVKAI bR The

application.al so,provides a nethod of making an insulinotropic peptide,
conpri si ng> #Bd & ey cagh independently achiral, optionally sterically hindered amino acid

residues.

The application provides the above method, wherein the deprotected insulinotropic peptide

10 resulting from step h) has the amino acid sequence (SEQ. ID No. 4)
HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIibR
The application also provides a method of making an insulinotropic peptide, comprising
the steps of:
a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 8)
15 Z-HX’EGTFTSDVS-B’
wherein
X?® is an achiral, optionally sterically hindered amino acid residue;
Z is an N-terminal protecting group;
B’ is —OH; and
20 one or more residues of the sequence optionally includes side chain protection;
b) providing a second peptide fragment including the amino acid sequence of (SEQ ID NO. 6)
Z-SYLEG-B’
wherein
B’ is a solid phase resin;

25 Z is H-; and



a) providing a first peptide fragnent including the am no acid sequence of
(SEQ I D NO. 8) Z-HX 8EGIFTSDVS-B' wherein X8 is an achiral, optionally
sterical Iwohordies@d ami no acid residue; Z is an N-term Ral/Ereavssicbng
group; B is -OH and one or nore residues of the sequence optionally

i ncl udes side chain protection; b) prowi-ding a second peptide fragnment

i ncluding the am no acid sequence of (SEQ ID NO 6) Z-SYLEG B wherein B

is asolid esi:n; i - an . resi . he sequence
opt 1 onal 1 yPnds falseits gk o B EBIRRY BTN A ngleridlS, “oapti do
fragment to the second peptide fragnent in order to provide a third peptide

f r agmersd cowving dhairst peptidmifisemaet te teespgertpepsitic frepmentpn Nesier 1g proyidgy third

8EGTFTSDVSgyl e gnienRiuding tht 8moSRld §qRERSQF($BONMD NOI B1)an N-term nal
protecting group; and one or nore residues of the sequence optionally

i ncl udes side chain protectian; i hird peptide fragnment from
the solid phase resin to proggggg%Gigﬂgﬁkgggbgghb fragnment including the
am no acid sequence of (SEQ ID NO 11) Z-HX B8EGIFTSDVSSYLEG B' wherein B
is -0OH Z wmhemm N-term nal protecting group; and one or nore residues of
t he sequence optionally includes side chain protection;
B’ is a solid phase resin;
Z is an N-terminal protecting group; and

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

d) removing the third peptide fragment from the solid phase resin to provide a fourth peptide
10 fragment including the amino acid sequence of (SEQ ID NO. 11)

Z-HX’EGTFTSDVSSYLEG-B’
wherein
B’ is —OH;
Z is an N-terminal protecting group; and
15 one or more residues of the sequence optionally includes side chain protection;
¢) providing a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 5)
Z-QAAKEFIAWLVKXR-NH,
wherein
Zis H-;
20 X is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of the sequence optionally includes side chain protection;

f) coupling the fourth peptide fragment to the fifth peptide fragment in solution to provide an
insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,



e) providing a fifth peptide fragnent including the am no acid sequence of
(SEQ I D NO. 5) Z- QAAKEFI AWLVKX 35R-NH 2 wherein Zis H; X35 is an achiral,
opti onal Iwosvavi2s@b| y hi ndered am no acid residue; and @®0E/EPRONOEB6? esi dues
of the sequence optionally includes side chain protection; f) coupling the
fourth peptide fragment to the fifth pé€ptide fragnment in solution to
provide an insulinotropic peptide including the am no acid sequence of (SEQ
D NO. 9) & HX; 8EGTFTSDVSSYLEGQAAKEFI AWLVKX 35R-NH 2wherein Z is an

N-t er m nal profecting group; X8 and X35 are each independently achiral,
optionally sterically hindered am no acid residues; and one or nore

resi dues of i he NsisHuBakrrotstinda®uPy i ncl udes side chain protection. The
application provides the above nmethod, further conprising the steps of: Q)

removi ng tIX€ ahld SET seRath RHIREEA RO Bﬁ)tﬁtfnalliﬂ Stelibsl RiR@rEéP@PhmoRRRE | de
resulting from.step f) to afford an insulinotropic peptide including the
am no acid seraﬂéwea (SEQ I D NO. 9) Z- HX S8EGTFTSDVSSYLEGQAAKEFI AW VKX
35R-NH 2 wherein Zis H; X8 and X35 are each independently achiral,

opt i%onal | yost erimaoml reyidinisrod drcestqaencn opacnadlynedudhseste chad pootectam. nor e

resi dues of the sequence optionally includes side chain protection; and h)
contacting the insulinotropic peptide resulting fromstep g) with acid in

order to d%&%})ﬁl%ti&ﬂgr A eh@Hode BRI RRIHES cdiBprdid Lihd sfe%?oﬁlepr ot ected
i nsulinotropic peptide including amno acid sequence of (SEQ ID NO. 9) Z-HX

8EGIFTSDVSSYLE KEFI AW VKX 35R- NH 2 o . . .
g) removing the N-terminal protecting group of the insulinotropic peptide resulting from step f)

to afford an insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 9)
Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,
10 wherein
Zis H-;

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

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

15 h) contacting the insulinotropic peptide resulting from step g) with acid in order to deprotect the
amino acid side chains to afford the deprotected insulinotropic peptide including amino
acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,
wherein
20 Z is H-; and
X® and X are cach independently achiral, optionally sterically hindered amino acid
residues.
The application provides the above method, wherein the deprotected insulinotropic peptide

has the amino acid sequence (SEQ. ID No. 4)

25 HAIBEGTFTSDVSSYLEGQAAKEFIAWLVKAIibR-NH,



wherein Zis H; and X8 and X35 are each independently achiral, optionally
sterically hindered am no acid residues. The application provides the above
met hod, wwereio2sdve depr ot ected i nsulinotropic peptide ra3/HPR@OARI6HD aci d
sequence (SEQ ID No. 4) HA bEGIFTSDVSSYLEGQAAKEFI AWLVKAI bR- NH 2The
application al so provides a nethod of -#ki ng an insulinotropic peptide,
conprising the steps of: a) providing a first peptide fragnment including

th i i . . /- - B, in: i H:
and B 15 aEapioRRLE Pt R hobbe hRlnd AL RIRRE sttt ©
i ncl udithggstepseofani no aci d sequence of (SEQ ID NO. 8) Z-HX 8EGTFTSDVS- B

wherein X8 is an achiral, optionally sterically hindered am no acid

resi dug$ profidise &firdpbRidE PARimdaf AlcRElidge GhdPiciBsequénce @ (SERAIIPR®. QD) nor e
resi dues of the sequence optionally includes side chain protection; <¢)

orovi dea (hird pept| do. i ragment SNLFGRAARERE. ami ho aci @ sequence of (SEQ
I D NO 13) Z-HX 8EGIFTSDVSSYLEGQAAKE-B' wherein Z is an N-tern na
protéecti ngwlerup; B' is a solid phase resin;

Z is H-; and

B’ is a solid phase resin;

b) providing a second peptide fragment including the amino acid sequence of (SEQ ID NO. §)
Z-HX*EGTFTSDVS-B’
10 wherein

X® is an achiral, optionally sterically hindered amino acid residues;

Z is an N-terminal protecting group;

B’ is —OH; and

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

15 c¢) coupling the second peptide fragment to the first peptide fragment to provide a third peptide
fragment including the amino acid sequence of (SEQ ID NO. 13)

Z-HX*EGTFTSDVSSYLEGQAAKE-B’
wherein
Z is an N-terminal protecting group;
20 B’ is a solid phase resin;
X® is an achiral, optionally sterically hindered amino acid residues; and

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

The application provides the above method, further comprising the steps of:



X8 is an achiral, optionally sterically hindered am no acid residues; and
one or nore residues of the sequence optionally includes side chain

prot ecti om0 20tve12809pl | cati on provi des the above nethod, POTIEPRE100636p2 i Si ng
the steps of:d) renoving the third peptide fragment fromthe solid phase
resin to provide a fourth peptide fraghent including am no acid sequence of
(SEQ I D NO. 13) Z-HX 8EGTFTSDVSSYLEGQAAKE-B' wherein Zis H; B is -OH X8
is an ' - t i ' r 1; id resi ... and one
o mor & Petin B 8 el BRSPS ATRG, B ' CRLN BSpidec: on
and e) pr ovtagingef iaclding knpapadidecquerggrdtBEQABI NG hy) t he ami no aci d sequence
of (SEQ ID NO. 14) Z-FI AWLVKX 35R-NH 2 wherein X35 is an achiral,

optionally sterically hindgred*rpriesaesdyl esighi€kEagd one or nore residues
of the sequence optionally includes side chain protection; f) coupling the

fourth peptide.fragment to the fifth peptide fragnent in solution to

provi de an“¢ﬁ?ﬂ}inotropic peptide including the am no acid sequence of (SEQ
I D NO. 9) Z-HX 8EGTFTSDVSSYLEGQAAKEFI AWLVKX 35R-NH 2 wherein Z is an
N-term nal Zpsditecting group; X8 and X35 are each independently achiral,
optionally sterically hindered am no acid residues; and one or nore

resi dues 0E>hﬁg3ﬁequence optionally includes side chain protection; Q)
renoving the N-tefnminal protecting group of the insulinotropic peptide
resulting fromstep f) to afford the insulinotropic peptide including am no
aci d sequerices ¥t achaelopipmdly steyicatlyhingerestpm: CEidEPSAREE| AW VKX 35R- NH 2

one or more residues of the sequence optionally includes side chain protection; and
¢) providing a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 14)
10 Z-FIAWLVKXR-NH,
wherein
X is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of the sequence optionally includes side chain protection;

f) coupling the fourth peptide fragment to the fifth peptide fragment in solution to provide an
15 insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
Z is an N-terminal protecting group;

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

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

g) removing the N-terminal protecting group of the insulinotropic peptide resulting from step f) to

afford the insulinotropic peptide including amino acid sequence of (SEQ ID NO. 9)
Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,

25 wherein



whereinZ is H; X8 and X35 are each independently achiral, optionally
sterically hindered am no acid residues; and one or nore residues of the
sequence wpt2omiaki7y i ncl udes side chain protection; andPRY/Epermasichng t he

i nsulinotropic peptide resulting fromstep g) with acid in order to
deprotect the am no acid side chains t-d2afford the deprotected

i nsul i notropic peptide including am no acid sequence of (SEQ ID NO 9) Z-HX
8EGTFTSDVSSYL EGQAAKEFI AWLVKX 35R-NH 2 wherein Z is H; and X8 and X35 are
each independently achiral, optionally sterically hindered am no acid
residues. The agggication provi des the above nethod, wherein the

depr ot ect eX iand X' | wstcadpindensagentlyeachial, ppiéonaly sisrigdlychiséuedbpomo@SEQ | D No.
4) HAI bEGTFTSRM@RYL BEAAKEFI AWLVKAI bR-NH2 The application further provides
a nmethod of nmaking an insulinotropic peptide, conprising the steps of: a)
providing a first peptide fragment including.the amno. acid sequence of
U520 11D Robna 8 MoreREghevies Hamanres opHerh i 4 e Mg Gl 4t r al
optionally sterically hindered am no acid residue; and one or nore residues
of the h3equtectimg thpinsol@ittopid peptideesulsing éroohstem g pwoh ecitliiongdeblo gaportediting a

1oy e R A N M SRR TIER SRt

12) Z- SYLE term na
acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,
wherein
10 Z is H-; and
X® and X are cach independently achiral, optionally sterically hindered amino acid
residues.
The application provides the above method, wherein the deprotected insulinotropic peptide
has the amino acid sequence (SEQ. ID No. 4)
15 HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIibR-NH,
The application further provides a method of making an insulinotropic peptide, comprising
the steps of:
a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 14)
Z-FIAWLVKX’R-NH,
20 wherein
Zis H-;
X is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of the sequence optionally includes side chain protection;
b) providing a second peptide fragment including the amino acid sequence of (SEQ ID NO. 12)

25 Z-SYLEGQAAKE-B’



B is -OH and one or nore residues of the sequence optionally includes
side chain protection; and c) coupling the first peptide fragnent to the
second pepOi2dw/f26@gNeNt in solution to provide a third peptEPd@fsHNENL
including the amno acid sequence of (SEQ ID NO 7) Z- SYLEGQAAKEFI AW.VKX
35R-NH 2 wherein Z is an N-term nal pr-d8ecting group; X35 is an achiral,
optionally sterically hindered am no acid residues; and one or nore

resi dues O(x/hgrt%?n sequence optionally includes side chain protection. The
application provides the above nmethod, further conprising the steps of d)
renoving the N-term nal protecting group of the third peptide fragnent to
afford a f dupehNoepningepptegp@atoupncl udi ng the ami no aci d sequence of (SEQ
I D NO. 7) Z- SYLEGQAAKEFI AWLVKX 35R-NH 2 wherein Zis H; X35 is an achiral,
optional | ypstgerdgaiddy hindered amino acid residues; and one or nore

resi dues of the sequence optionally includes side chain protection; e)

providing a fifth peptide fragnment including.the amno. acid sequence of
(SE0 | D NoPe§! POre RS i e ARty e S R EBRinS SoGEE pihal 1 v
sterically hindered amino acid residues;Z is an N-term nal protecting

gr oup; cBrouming Gk, fiahpieptide flrogmentrte thesicdukpeptile filagmsetgoealuon i promalk lay

i ncl udes si I 1 Liom: L i tN fragnent to
P A R e A e
peptide including the am ng acid sequence of @Ig%l D NO. 9) Z-HX
8EGTFTSDVSSYLEGQAAKEFI AW \A&R Y35 FIAWLV -NH;

wherein
Z is an N-terminal protecting group;
10 X is an achiral, optionally sterically hindered amino acid residues; and

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

The application provides the above method, further comprising the steps of

d) removing the N-terminal protecting group of the third peptide fragment to afford a fourth
peptide fragment including the amino acid sequence of (SEQ. ID NO. 7)

15 Z-SYLEGQAAKEFIAWLVKX*’R-NH,
wherein
Zis H-;
X is an achiral, optionally sterically hindered amino acid residues; and
one or more residues of the sequence optionally includes side chain protection;
20 ¢) providing a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 8)
Z-HX’EGTFTSDVS-B’
wherein

X® is an achiral, optionally sterically hindered amino acid residues;



wherein Zis is an NNterm nal protecting group; and X8 and X35 are each

i ndependently achiral, optionally sterically hindered am no acid residues;
g) renoviwg 20tve2béwer m nal protecting group of the i nsulPChnaPe@piossepept i de
resulting fromstep f) to afford the insulinotropic peptide including am no
aci d sequence of (SEQ ID NO 9) Z-HX S8EGTFTSDVSSYLEGQAAKEFI AW.VKX 35R-NH 2
wherein Z is H; X8 and X35 are each independently achiral, optionally

stericall yzqg Qgﬁrﬁgnﬁﬁlcﬂﬁﬁgﬁh%%@@f' dues; and one or nore residues of the

sequence opti onal thain protection; and h) contacting the

i nsul i notropi-ca(gﬁpti de resulting fromstep h) with acid in order to
deprotect Bhés htndaci d side chains to afford the deprotected

i nsulinotropic peptide including am no acid sequence of (SEQ ID NO. 9) Z-HX
8EGTFTSDVSaN FbvaketilldloVihe &éﬁ%ﬂ&lo?ti&ﬁh@ﬂ’y%ﬂu&sisﬁieldhainqﬁ@lte&%@nd X35 are

each independently achiral, optionally sterically hindered am no acid

resi dues. The appligcati ol rovides th ove. hod, wherein the deprotected
| rout 1 ibsotng b s Bt R b PuRR S G i Tabdieny ARG IoR o

HAI BEGT FT SiMES\t FeEARtEREE Ak thR-ahth®acidhecquppde ddSEQHDpNOvPHes a pepti de

of the am no acid sequence (SEQ ID NO 5) Z- QAAKEFI AWLVKX 35R-NH 2 wherein

Zis H or an N-tern RarmRighREV gy SEGBRAKEFIAWLVKX *R-NH,
wherein
Z is is an N-terminal protecting group; and

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

g) removing the N-terminal protecting group of the insulinotropic peptide resulting from step f)
to afford the insulinotropic peptide including amino acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
15 Zis H-;

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

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

h) contacting the insulinotropic peptide resulting from step h) with acid in order to deprotect the
20 amino acid side chains to afford the deprotected insulinotropic peptide including amino
acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
Z is H-; and

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

residues.



X35 is an achiral, optionally sterically hindered am no acid residue; and
one or nore residues of the sequence optionally includes side chain

prot ecti om0 20tve128(9pl i cati on provides a peptide of the arCmEPaciodserUENCE
(SEQ ID NO. 7) Z- SYLEGQAAKEFI AWLVKX 35R-NH 2 wherein Zis H or an
N-term nal protecting group; X35 is anlachiral, optionally sterically

hi ndered am no acid residue; and one or nore residues of the sequence

optional lyi i.de. i i 0 e i i i .
pept  do of TtRaPHfieeT LA RITT RN REe” Perin RO AR LB BRI LE e
mhereimaxswhgmamaadﬁﬁnanqi@%ﬂldﬁdﬁrﬁ)stericaIIy hi ndered ami no aci d

residues; Zis H or an NNtermnal protecting group; B is -OH or a solid

phase resin; and onepdibPOTETSPYISEYEEHAAREFIAGHEVRA RNgNal |y incl udes
side chain protection. The application provides a peptide of the am no acid

sequence (SEQ ID.NO. 11) .7Z- HX 8EGTFTSDVSSYLEG B' wher gj ' 1s_-OH or a
Sl d phasd EaBpiaion P BibeRias biay rigrechh saatir REIBA0 Sha one o
nore residues of the sequence optionally includes side chain protection.
The application provides a pBpdAAKEFIAWIEV KX RoNkbi d sequence (SEQ I D NO
12) Z- SYLEGQAAKE-B' wherein Zis H or an N-term nal protecting group; and

B' is -OH QheRisolid phase resin. The application provides a peptide of the
am no acid sequence (SEQ ID NO. 13)

Z is H- or an N-terminal protecting group;
X is an achiral, optionally sterically hindered amino acid residue; and

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

10 The application provides a peptide of the amino acid sequence (SEQ ID NO. 7)
Z-SYLEGQAAKEFIAWLVKX*’R-NH,
wherein
Z is H- or an N-terminal protecting group;
X is an achiral, optionally sterically hindered amino acid residue; and

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

The application provides a peptide of the amino acid sequence (SEQ ID NO. 8)
Z-HX’EGTFTSDVS-B’
wherein
X® is an achiral, optionally sterically hindered amino acid residues;
20 Z is H- or an N-terminal protecting group;
B’ is —OH or a solid phase resin; and

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



Z- HX 8EGTFTSDVSSYLEGQAAKE-B' wherein Zis H or an N-term nal protecting
group; B is -OH or a solid phase resin; X8 is an achiral, optionally
sterical Iwohlordies@d am no acid residues; and one or nor @CTEP2UNASS661 t he
sequence optionally includes side chain protection. The application

provi des a peptide of the am no acid sé@uence (SEQ ID NO 7)

Z- SYLEGQAAKEFI AWLVKX 35R-NH 2 wherein Zis H or an N-term nal protecting

group; X35 i, %g%lgc%(lt}%)ﬁ ﬁ%mk%@%ﬁ%ﬁé&é é’ftﬁé ?%ierl%aéci&’seﬁh&%%ggﬂg%ﬁi 8. #f1 d

resi dues; and rere ues o sequernce o nal’ 1y i1 ncl udes side
chain protection. The applicatio rovides a peptide of the amno acid
sequence (SEQ ID NO 14) zZ- IZI-ﬂXEEﬁYF@SQNSﬂNLQEC%Bér ein Zis H or an
N-term nal protecting group; X35 is an achiral, optionally sterically

hi nder ed amjhegifci d resi dues; and one or nore residues of the sequence
optionally includes side chain protection. The application further provides

any of the_above . peptides, wherein Zis Fnoc. An 'TSf-term nal protecting
Grote wfdne

group" meafrs “a Y ¥ "Pom t he group consisting of Bz (benzoyl), Ac

(acetyl), Trt (trityl) Boc ( -butyloxycarbonyl), CBz (benzyloxy-carbonyl or
Z), s (diztinHasuverNaeyhinal RdtectifdRerodpkardd or Aryl, dtc = dithi o carbamate),
DBFnoc (2, 7-di - -butyl Fnoc or |, 7-di- -butylfluoren-9-yl nmet hoxycarbonyl),

Alloc (all yhoxyGareasds:of e RMHCE "099@1{351%|i1?811¥&‘e"§rsgf%rl‘}’15i)ﬂ’2pr6\{%§tion.
([[2-[(4-nitrophenyl)sul fonyl]-ethoxy]carbonyl]), Mc (2-

met hyl sul f onyl et hoxycar bonyl ), MBz (4-nethoxyCBz), Poc

E (2|- P Pﬁn?/l P bﬁ'gﬁlgigr@a}igﬁﬁfﬂ%&cﬁg Hé){equegffﬁ&wglgr%w%encgﬁ%géD NO. 12)

[[2, 2- bi s(4-nitrophenyl)- ethoxy]carbonyl], CBz [(phenyl nmethoxy)carbonyl],
Aoc [(I,I-dinmethyl propoxy) car bor#SYLE&QUAAKE-B’

wherein
10 Z is H- or an N-terminal protecting group; and

B’ is —OH or a solid phase resin.

The application provides a peptide of the amino acid sequence (SEQ ID NO. 13)
Z-HX*EGTFTSDVSSYLEGQAAKE-B’
wherein
15 Z is H- or an N-terminal protecting group;
B’ is —OH or a solid phase resin;
X® is an achiral, optionally sterically hindered amino acid residues; and

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

The application provides a peptide of the amino acid sequence (SEQ. ID NO. 7)
20 Z-SYLEGQAAKEFIAWLVKX*’R-NH,
wherein

Z is H- or an N-terminal protecting group;



Moz [[ (4-nmet hoxyphenyl ) nmet hoxy] carbonyl]. Preferred N-term nal protecting
groups are Fnoc, Bpoc, Trt, Poc and Boc. In one aspect, any of the above
met hods e 2emmpl26079N-t er mi nus hi sti di ne protecting groupsT(ERa18/0685662l
protecting groups) selected fromthe group consisting of Fnoc (9-

f 1 uor enyl met hoxycar bonyl ), Boc ( -butyldxycarbonyl), CBz (benzyl oxycarbonyl
or Z), Dts (dithiasuccinoyl), Rdtc (R= Alkyl or Aryl, dtc = dithio

car bamat e) 3 -

CButyl ] ofents %?h@h%pt%%l% %ﬁl’yl STRRE i S ).

(pni trobenzyl oxycar bonyI ),

([ [ 2- [ (4- nPh¢ ephersyesi Iaﬂqufml}q qeéumwpb@naﬂanmlwes siscchpm.protection.

met hyl sul f onyl et hoxycar bonyl ), MBz (4-nethoxyCBz), Bpoc
[(I-[I,]"-biphenyl]-4-yl-I|nethyl et hoxy) carbonyl], Bnpeoc

[[2, 2-bi s( 4“-116iab%l@ﬁh@ﬂ)éfo)v&leb@@ébﬁc&r&Qﬁé’hﬂmno@id s[eﬁ@&n%exmgt wxy).aay bonyl ],
Aoc [(I,I-dinmethyl propoxy)carbonyl], and Mz [[ (4-

met hoxyphenyl ) met hoxy] car bonyl ], N-ter m nus hi stidine
protecting group may berenoved |an[]/§mv}%jé ae chain deprotection step
using acid, prior renoval of the N—term nus h| stl di ne protecting group is
not ¥ equi r@dilereAn "achiral, optionally sterically hindered am no acid
residue” is an amno acid that nmay be derived fromthe native achiral

gl yci ne or zapet behn 8chihahl @mdagngagﬂoq Preferably, the achiral, optionally
sterically hindered am no acid re5| due is selected fromthe group

gogﬁ;ﬁ;: Rg y1sg"ﬁ bﬂﬁﬁa‘%@?f“ﬁ‘i" aeﬁfah L gﬂl‘# %@O%lﬂéeﬂéﬁsrﬂ}d optionally

sterically hindered am no acid residue is selected fromG or Aib. The
present i neenbimord rssidiased tledsetioesy nphetally indtdesdslefohnrinmadtiectgpnpept i des such
as the glucagon-like peptide- 1 (GP-1), and natural and non-natural
insulinotropically active counterparts thereof, using solid and/or solution

phase techning ‘é?ﬁhcaf’ gﬂtﬁlr%r VRRY LB o Plhc bB&vd &Xﬁﬂéé %efé?r}’ zRerppot ect ed,

unpr ot ect ed, partially protected. Protection may 1 nclude Ntermnus
protection, side chain protection, and/or Cterm nus prot ectl on. Wiile the

i nv t|on| neraII directed at the synthesi uca an- | 15
pepll des, T BIE 2D et & S ThaH ot ar pi (e AT RS on
pr oduc t(BeIanyll) tfh@(al’ce@l) Pt erpﬁp Bsc 0fbithlesgcaridigl)] 0Be mbemglokgaamﬂglsnr@r Btsn
can al %ﬁmfgsu%é)%yl? 304t€ (R AT 0PN NERIS aiftlio QDR HEBBFIRR (2 PR A sHHIARLY

t hose t
or 1,7- d1-t-butylﬂuoren—9-ylrnethoxycarbonyl), Alloc (allyloxycarbonyl), pNZ (p-

nitrobenzyloxycarbonyl), Nsc ([[2-[(4-nitrophenyl)sulfonyl]-ethoxy]carbonyl]), Msc (2-

15 methylsulfonylethoxycarbonyl), MBz (4-methoxyCBz), Poc (2-phenylpropyl(2)-oxycarbonyl),
Bpoc [(1-[1,1'-biphenyl]-4-yl-1-methylethoxy)carbonyl], Bnpeoc [[2,2-bis(4-nitrophenyl)-
ethoxy]carbonyl], CBz [(phenylmethoxy)carbonyl], Aoc [(1,1-dimethylpropoxy)carbonyl], and
Moz [[(4-methoxyphenyl)methoxy]carbonyl]. Preferred N-terminal protecting groups are Fmoc,
Bpoc, Trt, Poc and Boc.

20 In one aspect, any of the above methods may employ N-terminus histidine protecting
groups (N-terminal protecting groups) selected from the group consisting of Fmoc (9-
fluorenylmethoxycarbonyl), Boc (#-butyloxycarbonyl), CBz (benzyloxycarbonyl or Z), Dts
(dithiasuccinoyl), Rdtc (R= Alkyl or Aryl, dtc = dithiocarbamate), DBFmoc (2,7-di-z-butylFmoc
or 1,7-di-¢-butylfluoren-9-ylmethoxycarbonyl), Alloc (allyloxycarbonyl), pNZ (p-

25 nitrobenzyloxycarbonyl), Nsc ([[2-[(4-nitrophenyl)sulfonyl]ethoxy]carbonyl]), Msc (2-
methylsulfonylethoxycarbonyl), MBz (4-methoxyCBz), Bpoc [(1-[1,1'-biphenyl]-4-yl-1-
methylethoxy)carbonyl], Bnpeoc [[2,2-bis(4-nitrophenyl)ethoxy]carbonyl], CBz
[(phenylmethoxy)carbonyl], Aoc [(1,1-dimethylpropoxy)carbonyl], and Moz [[(4-

methoxyphenyl)methoxy]carbonyl], wherein if the N-terminus histidine protecting group may be



are synthesized using a conbination of solid phase and sol uti on phase
approaches. The invention is also applicable to the synthesis of peptide

i nt er nedivsiDeoforagiTent s associ ated with inpurities, partPCHIERRO1Y/055662
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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.

20 As used herein, the term “including the amino acid sequence” preferably means “having

the amino acid sequence”.

As used herein, a “counterpart” refers to natural and non-natural analogs, derivatives,
fusion compounds, salts, or the like of a peptide. As used herein, a peptide analog generally
refers to a peptide having a modified amino acid sequence such as by one or more amino acid

25 substitutions, deletions, inversions, and/or additions relative to another peptide or peptide
counterpart. Substitutions may involve one or more natural or non-natural amino acids.
Substitutions preferably may be conservative or highly conservative. A conservative substitution
refers to the substitution of an amino acid with another that has generally the same net electronic
charge and generally the same size and shape. For instance, amino acids with aliphatic or

30 substituted aliphatic amino acid side chains have approximately the same size when the total
number of carbon and heteroatoms in their side chains differs by no more than about four. They
have approximately the same shape when the number of branches in their side chains differs by
no more than about one or two. Amino acids with phenyl or substituted phenyl groups in their

side chains are considered to have about the same size and shape. Listed below are five groups of
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has "i %ﬁelljplel R%Enrloo ngs w%ﬁ 11phatt1% or substtltuted aliphatic amino acid side chains have nearly the
same size when the total number carbon and heteroatoms in their side chains differs by no more
20 than two. They have nearly the same shape when they have the same number of branches in their
side chains. Examples of highly conservative substitutions include valine for leucine, threonine

for serine, aspartic acid for glutamic acid and phenylglycine for phenylalanine.

A “peptide derivative” generally refers to a peptide, a peptide analog, or other peptide
counterpart having chemical modification of one or more of its side groups, alpha carbon atoms,

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

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

peptide derivatives.



able to stinmulate, or cause the stinulation of, or help cause the
stinulation of the synthesis or expression of the hornone insulin. In

pr ef er r edwodmg126679pr acti ce, insulinotropic activity carChEPdaonsss? at ed
according to assays described in U S. Pat. Nos. 6,887,849 and 6, 703, 365. In
preferred enbodi nents, the present invéftion provides nethodol ogies for
synt hesi zi ng synthetic (X8, X35)QG.P- 1(7-36) peptides having the foll ow ng
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hi ndered X8 and X35 residues are substituted for the native amno acid
resi dues at positions 8 and 35. The use of the achiral X8 and X35 am no
aci ds not a&npyeféreddpenilw dsheals, Ithaprekémirrveﬁﬁmtmtzidpepteﬂtd»dologie's fortsyhthssiaingo now
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shown in Schene 1 and degcribed further belom/ A partig ﬁ%arly preferred
embodi nent of a (X8, XdX)EEPFTIPYSSE)LESRANKERIANYL YR BeNdlent hesi zed in

accordance with principles of the present invention includes a peptide
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HAI bEGTFTSDVSS KEFI AW_VKAI. bR ts, th

or of o AHRGBE AT FLs BTGP URaLY S&eﬁgﬁ%dlpa b Tt el b8, ne
achlg alx® ramﬂlod 0’ ehidatydmmioasiynmag afelitderside chaindbréebinngsap@depiidds laycdyinihe
ac?br EVItg h{l? ﬁ)rf%'uﬁ)dlﬁgr QQ%Qh&aft %L@?@ ?@ea&?eagb%)(hart]i%: a%ﬂlrgln})%?on% l%étgﬁcallyb
desi g némre?@rdgingtm X oremﬂuas @A Sbaﬂt@@):d @irphe ngtipe 38Yino0 M@resirhlﬁs atrpotsigions and

i ndi cabgsThdiale FIAENRQ RELL Xé%hﬁﬁtﬁa&&f ﬂcﬁ%ﬁgﬂfylﬂ% stté)oﬂ‘ii%ech@%sﬂ@arﬁ% Tﬂ deA b”

appears at the 8 and 35 positions In he native_ al anine,
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pepts delsaaeelitidlie ket R rolfd dfhe prebcmt HRSAGIdIOREhoWn BPScheme 1 and described
further below.

A particularly preferred embodiment of a (X*, X**)GLP-1(7-36) peptide that may be
synthesized in accordance with principles of the present invention includes a peptide according to
the formula (SEQ. ID NO. 4):

20 HAIBEGTFTSDVSSYLEGQAAKEFIAWLVKAIibR-NH,

and counterparts thereof, which preferably (as shown) is amidated at the C-terminus. This
peptide uses the achiral residue of alpha-aminoisobutyric acid (shown schematically by the
abbreviation Aib) as both X® and X*°, preferably has an amide at the C-terminus, uses a residue
of the native G at the 10 position, and may be designated by the formula (Aib®**) GLP-1 (7-36)-
25 NHo,. This notation indicates that an amino acid residue corresponding to the amino acid “Aib”
appears at the 8 and 35 positions in place of the native alanine. The achiral alpha-aminoisobutric
acid is also known as methylalanine. The peptide according to SEQ. ID NO. 4 is described in EP
1137667 B1. The presence of the Aib residues at the 8 and 35 positions slows metabolic
degradation in the body, making this peptide much more stable in the body than the native GLP-1
30 (7-36) peptide.

The present invention provides improved methodologies for making GLP-1(7-36) peptides
such as the (Aib®**)GLP-1(7-36)-NH,. By way of example, Scheme 1 and Scheme 2 show



1137667 Bl . The presence of the Aib residues at the 8 and 35 positions

sl ows netabolic degradation in the body, making this peptide nuch nore

st abl e i rwoOheldsagyr9t han the native G.P-1 (7-36) pepti dePCTHP2p0OSTNL

i nvention provides inproved nethodol ogi es for making GLP- 1(7-36) peptides
such as the (Ai b8 35)G.P-1(7-36)-NH 2.-2Byway of exanple, Scheme 1 and
Schene 2 show | lustrative schenmes for synthesizing GLP- 1(7-36) pepti des
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QAAKEFI AV\LVKXSSTR— NH2 Fnoc- HXE GTFTSDVS- Resi n Fnoc- HXE GIFTSDVS- OH HX
EGTFTSDVSSYitEsmthesspnemmanSokomi] Npesa combimationpf solisdhnd soliomephasd nvol ves
syn;dﬂe%@hﬂgep@p&b@t@euﬁt@bﬁ@@p@a@ctfragrrents 1, 2 and 3 on the solid phase.
Fragment 1 1s a peptide fragnent including am no acid residues according to
SEQ ID NO. 8 : HX8EGIFTSDVS wherein X8 is as defined above, or is a
counterpart thereof including the X8 residues. One



or nore of the am no acid residues may include side chain protecting groups
i n accordance with conventional practices. In sone enbodi nents, the peptide
fragnent worraw/t2s07pesi n bound via the C-term nus. This Pcageeew/ospst onal |y
may bear N-term nus and/or C-term nus protection groups. Fnoc has been
found to be a particularly useful N-telf nus histidine protecting group
with respect to solid phase synthesis and solution or solid phase coupling
of the peptide fragment. Trt (tritylglggélalso been found to be a

particularly useful N-term nus histi otecting group with respect to
solid phase synthesis and solution or sqlid phase coupli tide
fragment. BoCHEEIYLEfResWyic (R= Al ?C%’Ftﬂ?ﬁ &r"r‘riubﬂgw ?“R]&ERRI?B

(2,7-di-t-butyl Fnoc), All oc, pNZ»(p-nitrobenzyl ester), Nsc
([[2-[(4-nitrophenyl9sul fonyl]ethoxy] carlppn
met hyl sul f onyl et hoxycar bonyl ), and MBz (4-net e also particularly
useful Nterm nus histidine protecting groups wt pect to solid phase
synt hesis and solution or solid phase coupling of tlhe peptide fragnent.
[(I-[I,r-biphenyl]-4-yl-I-nmethyl et hoxy)carbonyl], R 2, 2-

bi s(4-nit h b 17, t 11
di ot hyl pr SRS kN RARRTTY (). e R AIR PR ) e

particularly useful [N-term nus histidine protettd’'ng groups with respect to
solid phase synthesis and solution or solid phase upling of the peptide

fragment. Fra P es,the 11 am no acid residues corresponding to
the am no a@ﬁ%E@:ﬂ‘ﬁb&%r@th 17 posi tSW%ﬁAWIﬁWIEW&FBEHH(?-%)
pepti de, and therefore be represepted by the notation (X8)GLP-1(7-17).
In preferred entfodi ments, is Ailbor is a cdm®erpart thereof including
the Aib residue at the 10 posiryjg#a. The peptide fragnent according to SEQ
ID NO. 8 may be represented by the notation (A b8 G.P-1(7-17) to note the
substitution of Aib for the natiywe alanine at the 8 position of the native
G.P- 1(7-36). Solid phase synthesis is generally carried out in a direction
fromthe C ter FmvwdIX'EGTHT SVSSHLEGAAKERRAWLAGRETR-NH, Thus, the S17 anino
acid, which is present on the Cternmalg-portion of the fragnent, is the
first amno acid residue that ig coupled to the solid phase resin support.
Sol i d phase sy ] £ y adding am no acid
residues in a E%?ﬁgﬁ%gg?S§§3%§§$§g§¥§¥¥ﬁgﬂ e5|#%§£%equence. The synthesis
of the peptide internedi®ek fra%?enﬂﬁ2#3’

Deprotection

3)

HX’EGTFTSDVSSYLEGQAAKEFIAWLVKX*R-NH,
1+2+3’

As shown, Scheme 1 involves synthesizing peptide intermediate fragments 1, 2 and 3 on
the solid phase. Fragment 1 is a peptide fragment including amino acid residues according to
5 SEQID NO. &:

HX®EGTFTSDVS

wherein X® is as defined above, or is a counterpart thereof including the X® residues. One
or more of the amino acid residues may include side chain protecting groups in accordance with
conventional practices. In some embodiments, the peptide fragment 1 may be resin bound via the
10 C-terminus. This fragment optionally may bear N-terminus and/or C-terminus protection groups.
Fmoc has been found to be a particularly useful N-terminus histidine protecting group with
respect to solid phase synthesis and solution or solid phase coupling of the peptide fragment. Trt
(trityl) has also been found to be a particularly useful N-terminus histidine protecting group with

respect to solid phase synthesis and solution or solid phase coupling of the peptide fragment. Boc,



conplete after the N-term nal residue (for exanple, the N-term nal
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corresponding to the amino acid residués-in the 18 through 22 positions of
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Solid phase synthesis is generally carried out in a direction from the C-terminus to the N-
terminus of the fragment 1. Thus, the S'” 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

20  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.

Fragment 2 is a peptide fragment including amino acid residues according to SEQ ID NO.

25 SYLEG

Fragment 2 includes amino acid residues generally corresponding to the amino acid
residues in the 18 through 22 positions of the native GLP-1(7-36) peptide.

One or more of the amino acid residues of fragment 2 may include side chain protecting
groups in accordance with conventional practices. In some embodiments, the peptide fragment 2
30 may be 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 NO. 6 may be referred to by the notation GLP-1 (18-22).



am no acid at that position. Fragnent 3' may be represented by the notation
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Fragment 3' is conveniently prepared from fragment 3 (SEQ ID NO. 10):
QAAKEFIAWLVKX™

Fragment 3 is prepared by solid phase synthesis from Fmoc-Aib**-0-2CT using standard
coupling protocols. The lysine and tryptophan side chains were protected with Boc. The glutamic
20 acid side chain was protected as a tert-Bu ester and the glutamine side chain was protected by a
trityl group. Fragment 3 was cleaved from the resin and coupled with H-Arg (2HCI)-NH,.
Fragment 3 includes the amino acid residues corresponding to amino acids in positions 23
through 35 of native GLP-1(7-36) except that X is Aib.

In some embodiments, the peptide fragment 3 may be resin bound via the C-terminus. This
25 fragment optionally may bear side chain, N-terminus and/or C-terminus protection groups. Fmoc
has been found to be a particularly useful N-terminus protecting group with respect to solid phase
synthesis of the peptide fragment. In preferred embodiments, X is Aib or a counterpart thereof
including the Aib at the 35 position and may be represented by the notation (Aib*”) GLP-1(23-35)
to note the substitution of Aib for the native amino acid at the 35 position of the native GLP-1(7-
30  36).

Due to steric hindrance proximal to the X*> -loaded support resin, the coupling of lysine
(34) and valine (33) onto the peptide chain can be problematic. Even with an excess of amino

acid, it is difficult to force these coupling reactions to completion. Solvent choice and/or end-



unreacted resin-supported material from proceeding in further coupling
reactions. The endcapped material is nore easily renoved during

puri fi catworroiof126@gi red. Conventi onal end-cappi ng techniPqUaEP20mapsi®e2 used.
Continuing to refer to Schene 1, fragnents 1, 2, and 3' are assenbled to
conpl ete the desired peptide. Schenme }2&hows that fragnent 2 is added to
fragnent 3' to produce a larger, internediate fragrrent incorporati ng am no
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ID NO. 9): HX8EX 10TFTSDVSSYLEGQAAKEFI AW.VKX 35R-NH 2 and count er parts
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shown in Schene 1 and descri bed further bel ow.
Scheme 1 shows that fragment 2 is added to fragment 3’ to produce a larger, intermediate

15 fragment incorporating amino acid residues according to SEQ ID NO. 7
SYLEGQAAKEFIAWLVKX*R-NH,

wherein X*° is as defined above and is preferably Aib as defined above. The intermediate
fragment may be designated by the notation (X*°) GLP-1(18-36). To the extent that the amino

acids bear side chain protection, this protection desirably is maintained through this step.

20 Scheme 1 further shows that fragment 1 is then added to this intermediate fragment in
solution to produce the desired peptide (SEQ ID NO. 9):

HX*EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,

In alternative preferred embodiments, the present invention provides methodologies for
synthesizing synthetic (X°, X*)GLP-1 (7-36) peptides having the following formula (SEQ. ID
25 NO.9):

HX*EX'°TFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,

and counterparts thereof, wherein each of the symbols X at positions, 8 and 35
independently denotes an achiral, optionally sterically hindered amino acid residue. Either of the
X® and/or X’ residues optionally may include side chain protecting group(s). Peptides according
30 to this formula differ from the native GLP-1(7-36) at least in that the achiral, optionally sterically

hindered X® and X residues are substituted for the native amino acid residues at positions 8 and



A particularly preferred enbodi nent of a (X8, X35) GP-1 1 (7-36) peptide
that nay be synthesized in accordance with principles of the present

i nvent i orwOnoloudss9a pepti de according to the fornula ( BEQEPRDONEF662) :

HAI bEGTFTSDVSSYLEGQ AAKEFI AWLVKAI bR-NH 2 and counterparts thereof, which
preferably (as shown) is anidated at t-Bé- C-term nus. This peptide uses the
achiral residue of al pha-am noiso butyric acid (shown schematically by the

abbr evi,at i ' 8 S, f . am d -
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al ani ne. The achiral” al pha-am noi sobutric acid is al so known as

met hy| dWERGTRElOWFhe peptide according to SEQ ID NO. 4 is described in EP
1137667 Bl . The presence of the Aib residues at the 8 and 35 positions

sl ovls net abopirtickledy peiddridreniboditient bodyX® mak) GOP11Ni(3-308 pptide thateluyter e

bl e in.the body than the nati - 17 tide  Th hesi
Shown PHALTEAER st s VAR AR s et AR E e BB LR e

t o prephe ®rinhk (PER IANGroduct . Schene 2 Fnoc- Fnoc- SYLEGQAAKE-Resin - . F
WLLVKX 35R-NH 2 Fnoc- HX 8EGTFTSDVS- Resi n FnOC- SYLEGQAAKEFI AWLVKX 35R- NH2 |
2a+3' a | Fmoc- HX E_GTRTGRKETPHSIXAETTFICONSRILEAMLRAAEVEX 35R NH 2

G obal i 1+2a+3'a Deprotection | HX8EGIFTSDVSSYLEGQAAKEFI AWLVKX 35R- NH 2

23 o A ot SRR F el vee, YIRS ) 09 RABLICiyl et g

i ncludipaptidnissothrichiirdl @sdidlieast afghacmiihigo budyriE£id (shown schematically by the
abbreviation Aib) as both X® and X™°, preferably has an amide at the C-terminus, and may be
designated by the formula (Aib®**)GLP-1(7-36)-NH,. This notation indicates that an amino acid
residue corresponding to the amino acid “Aib” appears at the 8 and 35 positions in place of the
native alanine. The achiral alpha-aminoisobutric acid is also known as methylalanine. The

15 peptide according to SEQ ID NO. 4 is described in EP 1137667 B1. The presence of the Aib

residues at the 8 and 35 positions slows metabolic degradation in the body, making this peptide
much more stable in the body than the native GLP-1(7-36) peptide.

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



ID NO. 8 : HX8EGTFTSDVS wherein X8 is as defined above, or is a counterpart
t hereof including the X8 residue. One or nore of the am no acid residues
may i ncl wle 28iodies@kai n prot ecti ng groups i n accordance WCTIEPC@0®EISH2 onal
practices. In sone enbodi nents, the peptide fragment 1 nay be resin bound
via the G-termnus. This fragnent opti-8kally may bear N-term nus and/ or
C-term nus protection groups. Fnoc is a useful N-term nus histidine
protecting group with respect to sol{ e synthesis and solution or
solid phase coupling of the peptide C%el%azst Trt (trityl) is a useful
N-term nus histidine protecting group with respect to solid phase synthesis
and solution or solid phase coupling of the peptide fragnent. Boc (
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Rdtc (R= Al kyl or Aryl, dtc = dithiocar )y DBFNOC 4.2, 7-di -

“but yl Frocor |, 7- di - -butylfluortg’%-9-yl RS yrf:%zrbonyl):?% | oc

(al Iyl oxycar (pni trobenz ca yl), Ns 1

(1271 Ry s RER e, TTERRBRY 1B Mg (FAWLVIX RN,

met hyl sul f onyl et hoxyzaar bonyl ), and MBz (42aet ar®aal so usefu
N-term nus histidine protecting groups with respgct to solid phase
synthesis and solution or solid phase coupling ofythe peptide fragnent.
Bpoc [ (1-[fkbe k@f@ 565 Mesih,- Tt hyhiet Sexy)oms brayt AWLBRETENH, 2, 2- bi s(4-
nitropheny#?éiﬁoxy ?g#%%ﬁ§¥#?hCBz [ (phenyl met hoxyy) car bonyl ], 2%% [(1,1-
dinethylpropoxy)caﬂbo$yl], and Moz [[(4-&Bﬁhmxprenyl)nethoxy]carbonyl] are

useful Nt e S s34+ Sh 06 Jif ot ecti ng ' 59 &0l i d phase
synt hesi s %Iﬁbd‘nggl %Qf‘?is%g%?i(ﬁfi phas %@Lﬁ%&ﬁﬁ%@g‘g%igﬁ? agment .
Fragnment 2a includes the 10 amn 1 d r$s+i dues corresponding to the am no
acids in the 18 through 27 positiops of Eh«? %hative GLP- 1(7-36) peptide,
and therefore may be represented by the notation GP-1(18-27) and is a
fragment accordi 3ERT : Ybﬁgﬁgﬁ g, Rhase synthesis is
general ly carri eggggtﬁ In ah??isiyggtsli‘ I%Gﬁr om t ngyfggdmﬁ{nﬁgh?to the Nterm nus
of the fragment 2a. Thus, the E27 anilt®*&8c3 d, which is present on the
C-termnal portion of the fragnent, is the first amno acid residue that is
coupl ed to the sol i (HNRGEFFSBYS$S WURBQANKEFIAWLVKX *R-NH,

Global 1+2a+3’a
Deprotection l

HX’EGTFTSDVSSYLEGQAAKEFIAWLVKX*R-NH,
1+2a+3’a

As shown, Scheme 2 involves synthesizing peptide intermediate fragments 1 and 2 on the
solid phase. Fragment 1 is a peptide fragment including amino acid residues according to SEQ
5 IDNO.&:

HX®EGTFTSDVS

wherein X® is as defined above, or is a counterpart thereof including the X® residue. One or
more of the amino acid residues may include side chain protecting groups in accordance with
conventional practices. In some embodiments, the peptide fragment 1 may be resin bound via the
10 C-terminus. This fragment optionally may bear N-terminus and/or C-terminus protection groups.
Fmoc is a useful N-terminus histidine protecting group with respect to solid phase synthesis and
solution or solid phase coupling of the peptide fragment. Trt (trityl) is a useful N-terminus
histidine protecting group with respect to solid phase synthesis and solution or solid phase
coupling of the peptide fragment. Boc (z-butyloxycarbonyl), CBz (benzyloxycarbonyl or Z), Dts
15 (dithiasuccinoyl), Rdtc (R= Alkyl or Aryl, dtc = dithiocarbamate), DBFmoc (2,7-di-#-butylFmoc



Solid phase synthesis then proceeds by consecutively adding am no acid
residues in a manner corresponding to the desired sequence. The synthesis
of the pepOi2d®/i2ai7er nedi ate fragnent is conplete after Phe/ER016/085662]
residue (for exanple, the N-term nal serine residue (S) has been added to
t he nascent peptide chain. Fragnent 3'-88 s a peptide fragnent, or
counterpart thereof, including amno acid residues according to SEQ ID NO
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resin and coupled with HArg (2HCO )-NH . Fragnent 3a includes the am no
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groups. Fnoc has been found to be a particularly useful N-termnus

protecting group with respect to solslgggtljg nt hesis of the peptide
fragnent. In preferred enbodi nents ﬁ%@or a counterpart thereof
including the Aib at the 35 position and may be represented by the notation
(A b35) GLPSolif pBasgsynthesinistesnerlly sybisd ptlhmuacﬂn\re@flo pfthe Crigeningg fot8¢ i no

aci ts atterhhigus3F tROFhdrh&n 2af Thilethe a1 ¥Rin6lalid, ®hich3S 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 serine residue (S) has been

20 added to the nascent peptide chain.

Fragment 3’a is a peptide fragment, or counterpart thereof, including amino acid residues
according to SEQ ID NO. 14 wherein X°” is as defined above, or is a

FIAWLVKX>*R

counterpart thereof including the X*” residue. One or more of the amino acid residues may
25 include side chain protecting groups in accordance with conventional practices. Fragment 3’a
includes the amino acid residues corresponding to the amino acids in the 28 through 36 positions
of the native GLP-1(7-36) peptide, except that X is at the 35 position in place of the native
amino acid at that position. Fragment 3’ may be represented by the notation (X°”)GLP-1(28-36).
Fragment 3' is conveniently prepared from fragment 3a (SEQ ID NO. 15):

30 FIAWLVKX??

Fragment 3a is prepared by solid phase synthesis from Fmoc-Aib*-0-2CT using standard
coupling protocols. The lysine and tryptophan side chains were protected with Boc. The glutamic

acid side chain was protected as a fert-Bu ester and the glutamine side chain was protected by a



Due to steric hindrance proximal to the X35-1oaded support resin, the
coupling of lysine (34) and valine (33) onto the grow ng peptide chain can
be probl evatzow/1287en with an excess of amino acid, it i ®CaiHPRé10w0bic62 0 force
t hese coupling reactions to conpletion. Solvent choi ce and/ or endcappi ng
can help to alleviate this problem It-2fas been found that the nature of
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FragiedL2a¢B335.is then coupled to fragment 1 in the solution phase. To the
extent that the other am no acids bear side chain protection, this
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r epresepkaht d48 impact the degree to which the coupling goes to completion. In one set of
experiments, for example, coupling reactions were carried out in a 3:1 NMP/DCM, 1:1
NMP/DCM, 1:1 DMF/DCM, and 3:1 DMF/DCM. The ratios in these solvent combinations are
on a volume basis. NMP refers to N-methyl pyrrolidone, DCM refers to dichloromethane, and
DMF refers to dimethylformamide. It was found that the coupling reactions proceeded farther to

20  completion when using 1:1 DMF/DCM.

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

techniques may be used.

25 Continuing to refer to Scheme 2, fragments 1, 2a, and 3’a, are assembled to complete the

desired peptide.

Fragments 2a and 3’a are first coupled in solution to form fragment 2a+3’a, and is
according to SEQ. ID NO. 7:

SYLEGQAAKEFIAWLVKX*’R-NH,

30 which may be designated by the notation (X*°)GLP-1(18-36). Fragment 2a+3’a is then
coupled to fragment 1 in the solution phase. To the extent that the other amino acids bear side
chain protection, this protection desirably is maintained through this step. The desired peptide,

incorporating fragments 1+2a+3’a, according to SEQ ID NO. 9:
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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

20  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

25  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 under
conditions such that the side-chain groups of the cleaved peptide are still substantially globally
protected.

30 In one preferred method of synthesis, the peptide intermediate fragments synthesized on an
acid sensitive solid support that includes trityl groups, and more preferably on a resin that
includes trityl groups having pendent chlorine groups, for example a 2-chlorotrityl chloride (2-
CTC) resin (Barlos et al. (1989) Tetrahedron Letters 30(30):3943-3946). Examples also include

trityl chloride resin, 4-methyltrityl chloride resin, 4-methoxytrityl chloride resin. Some preferred
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The syntheses of the present invention preferably are carried out in the presence of
20 appropriate protecting groups unless otherwise noted. The nature and use of protecting groups is
well known in the art. Generally, a suitable protecting group is any sort of group that that can
help prevent the atom or moiety to which it is attached, e.g., oxygen or nitrogen, from
participating in undesired reactions during processing and synthesis. Protecting groups include
side chain protecting groups and amino- or N-terminal protecting groups. Protecting groups can

25 also prevent reaction or bonding of carboxylic acids, thiols and the like.

A side chain protecting group refers to a chemical moiety coupled to the side chain (i.e., R
group in the general amino acid formula H,N-C(R)(H)-COOH) of an amino acid that helps to
prevent a portion of the side chain from reacting with chemicals used in steps of peptide
synthesis, processing, etc. The choice of a side chain-protecting group can depend on various

30 factors, for example, type of synthesis performed, processing to which the peptide will be
subjected, and the desired intermediate product or final product. The nature of the side chain
protecting group also depends on the nature of the amino acid itself. Generally, a side chain
protecting group is chosen that is not removed during deprotection of the c.-amino groups during
the solid phase synthesis. Therefore the a-amino protecting group and the side chain protecting

35 group are typically not the same.
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2-trinethylsilylethoxycarbonyl (TEOC) Preferred side chain protecting
groups for amino acids conmonly used_ﬁbbgynthesize GLP- 1 peptides in the

practice of the present invention are shown in the following Table A Table
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Ala None

Arg None

Asp t-butyl ester (OtBu)

Gln trityl (trt)

Glu OtBu

Gly None

His trityl (trt)

Ile None

Leu None

Lys t-butyloxycarbonyl (Boc)

Phe None

Ser t-butyl (tBu)

Thr tBu

Trp Boc

Tyr tBu

Val None
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that are sized to allow for production of pepti des in the kilogramto

metric ton Frfdedt 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

20 carry out using mildly acidic cleaving agents. This kind of cleaving reaction is relatively clean in
terms of resultant by-products, impurities, etc., making it technically and economically feasible
to recover peptide on a large scale basis from both the swelling and shrinking washes, enhancing
yield. As used herein, “large scale” with respect to peptide synthesis generally includes the
synthesis of peptides in the range of at least 500 g, more preferably at least 2 kg per batch. Large-

25 scale synthesis is typically performed in large reaction vessels, such as steel reaction vessels, that
can accommodate quantities of reagents such as resins, solvents, amino acids, chemicals for
coupling, and deprotection reactions, that are sized to allow for production of peptides in the

kilogram to metric ton range.

Additionally, the Fmoc protecting group can be selectively cleaved from a peptide relative
30 to the side chain protecting groups so that the side chain protection are left in place when the
Fmoc is cleaved. This kind of selectivity is important during amino acid coupling to minimize
side chain reactions. Additionally, the side chain protecting groups can be selectively cleaved to
remove them relative to the Fmoc, leaving the Fmoc in place. This latter selectivity is very

advantageously relied upon during purification schemes described further below.
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20 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

25 acid on the resin (1 equivalent or more). Preferably the amount of amino acids used in the

coupling step is 1.7 to 2.0 equivalents.

Following the final coupling cycle, the resin is washed with a solvent such as NMP, and
then washed with an inert second solvent such as DCM. In order to remove the synthesized
peptide material from the resin, a cleaving treatment is carried out in a manner such that the

30 cleaved peptide material still bears sufficient side chain and terminus protecting groups. Leaving
the protective groups in place helps to prevent undesirable coupling or other undesirable
reactions of peptide fragments during or after resin cleavage. In the case when Fmoc or similar
chemistry is used to synthesize the peptide, protected cleavage may be accomplished in any
desired fashion such as by using a relatively weak acid reagent such as acetic acid or dilute TFA

35 in a solvent such as DCM. The use of 0.5 to 10 weight percent, preferably 1 to 3 weight percent
TFA in DCM is typical. See, e.g., U.S. Pat. No. 6,281,335.
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20  hours, preferably about 20 minutes to about 40 minutes. Adding the base and continued agitation
causes the temperature of the vessel contents to increase. At the end of agitation, the vessel

contents may be at a temperature in the range of from about 0°C to about 15°C, preferably about
5°C to about 10°C.

Factors such as swelling and shrinking the resin in order to improve aspects of the peptide
25 recovery can optionally be incorporated into the overall synthesis process. These techniques are
described, for example, in U.S. Pat. Pub. No. 2005/0164912 Al.

In some aspects, the cleaved peptide fragments can be prepared for solution phase coupling
to other peptide fragments and/or amino acids. Peptide coupling reactions in the solution phase
are reviewed in, for example, New Trends in Peptide Coupling Reagents; Albericio, Fernando;

30 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 fragments or amino acid(s) in the
solution phase can be carried out using in situ coupling reagents, for example benzotriazol-1-yl-
oxy-tris-(dimethylamino )phosphoniumhexafluorophosphate (BOP), benzotriazol-1-yl-oxy-

35 tripyrrolidinophosphonium hexafluorophosphate (PyBOP), o-(benzotriazol-1-yl)-N,N,N’,N’-



about 2 hours or even as nuch as a day. Cleaving is desirably carried out
in such a chilled tenperature range to acconmopdate a reacti on exothermthat
m ght typwoablo2eaveur during the reaction. In addition, PCHEPR@MOES662
tenperature of the cleavage reaction prevents acid sensitive side chain
protecting groups, such as trt groups,-36+om bei ng renoved at this stage. At
the end of the cleaving treatnment, the reaction is quenched. This may be

20! eV S QR Bl FRTBIALATHNG ChERUNG LSRRI 1 gsul 2Dl e

e, suc ne or inurn e7and stir for
an addut@trmhylp@mumdhwﬂnowbomm (EATEYdr &7ra:mb¢nzatrw¢nlul-§ -1, b33-hour s,

pref er allin@RAHon2fh f&ﬂ&ﬂﬁ&%gh&spﬁ?c@ (tA$®) LML ESoAlElDg L hana ﬁ@@

conti nued agl tatl on causes erature of the vessel contéents

i ncr ead@ramg hxlﬁ@n&%h@faﬂa@mﬂ)a@spaﬁte (Hed Wee s Hi- %%@@n&%ﬁ%&w% ¥l lel 3a-
t enper aéttdngethylutoRfin &R@HuebobbiagnITaL) o MenzotrRbOLL-yBox yBiosPipefrelidiRby about 5

Ct bout. 10 C. . Fact | | Kj h ini d
o | o Bds g G met P b By MRS TSHAE] "be ncor porat ed.
i nt o t hasarepytdrbedimiidesi-&ighagedssphdhdeey)tle Bibtcopotsazamed G&b-one lﬁBHPBmer
exanpl atérr%oi'glé)%é ?a?ﬁ'(;durf g (W@% I? ég%% Bc]')?ycpilbon*lnméﬁg}:e %ﬁgﬁgi RN

cl eaved pepti ragnent s can e(E\Qqq::c)q;laﬁ)are ut I o e coup1 | hg to
ot her ﬁ@mm@@lﬂmagmm@ﬂaweb@r@t agioddenzsigzodtd- Xl)oNpN MgVreactions in
t hel(ﬁolt&%an%hﬁﬂl%%ﬁm@f&raﬂ@aﬂo@mfé ('I‘BTI@OO&% a&mlﬁﬁ &R EE@H%rbenﬁ@d)ﬁdt%

Q

Coupl i n Rea ent beri.ci q, Chi nchi rth,
Davi d F5t¢ mﬁ@r%ywc‘f%ﬁn J@éﬁ@&nﬁwﬂgpa@% @% W%&é’di @gm)

e e ST
carri ed“t lla?l %S Sﬁlﬁﬁ ha¢ 99 ?ﬁ%@%ﬁ W%gasr%cgggﬁ?é@‘f or exanpl e

benzotri azol - ﬁl oxy- tris-(dinmethylam no)phosphoni umhexaf| uor ophosphat e
(BOP), benZosuifaaleaiouplingdolwny tan ppyuscdlin dicvolutios phasaicanplingdatdtivor bphosphat e
( PYBOP)und@stob§ %ﬂﬂe‘ c%%lH%me% sdfve)nt(%b Nellf calll\lafféﬁ ttﬁead%}é%ydﬂiléc%ﬂhi’d]ﬁog o?f) the peptide

hexaf | yor ophosphat e aza enzotrl azol™-1-yl)

t et r amPORY frpsi @ﬁ]swéhaw a%trhs rsept&%e@néMAPeB idedragmensss pach s PRl repctipn) - | |
1,3, 3- r&t@tlrn%ﬂﬁfefkﬂbéﬂﬁﬁéﬂﬂm&ﬁ‘dduiflﬂl A QI10a asmRiRE 8ndé 3_1/51:5&)6, Wat€r-miscible reagents.

1H 6-chl oro: benzotri aza ur.oni
noxar | BORBBI AL S RGO ntide raraBlan DIR G RERER. ifffraorm 5 3.
dioxane, tetrahydrofuran, ethyl acetate, N-methylpyrrolidone, dimethylformamide, dioxane, or
20 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

25 deprotection reaction.

After the peptide of SEQ ID No. 9 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.

For example, according to the invention, the side-chain protecting groups are typically
30 retained on the peptide intermediate fragments throughout solid phase synthesis and also into and
throughout the solution phase coupling reactions. Generally, after solution phase step is
completed, one or more deprotection steps may be performed to remove one or more protecting
groups from the peptide. The removal of side chain protecting groups by global deprotection
typically utilizes a deprotection solution that includes an acidolytic agent to cleave the side chain

35 protecting groups. Commonly used acidolytic reagents for global deprotection include neat
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accordin he invention, the side-chain protecting groups are typically
retalnééuﬁﬂﬂ?ﬁgebéﬁQﬂHBCWﬁ@ernedlate fragments throughout solid phase
synthesis and also into and

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

20 through chromatographic media, wherein at least a first pass occurs at a first pH and at least a
second pass occurs at a second pH. More preferably, the first pass occurs at an acidic pH, while
the second pass occurs at a basic pH. In preferred embodiments, at least one pass under acidic
conditions occurs prior to a pass occurring under basic conditions. An illustrative mode of
practicing this purification approach can be described in the illustrative context of purifying fully

25 protected peptide 11. Initially, the peptide is globally de-protected. Both N-terminus and side
chain protecting groups are cleaved. A first chromatographic pass is carried out in a water/ACN
gradient, using enough TFA to provide a pH of about 1 to 5, preferably about 2. A second pass is
then carried out in a water/ACN gradient using a little ammonia and/or ammonium acetate, or the

like, to provide a pH of around 8 to 9, preferably 8.5 to 8.9.

30 The pH values, whether acid or base, promote uniformity in that a uniform ionic species is
present in each instance. Thus, the acidic pH desirably is sufficiently low so that substantially all
of the amino acid residues in the peptide material are protonated. The basic pH is desirably high
enough so that substantially all of the amino acid residues in the peptide material are

deprotonated. The acid and base chromatography can be carried out in any order. It is convenient
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L S T R AR S e
yl)-N N,N’N’-tetramethyluronium hexafluorophosphate acetic acid (HATU), acetic acid

20 (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure liquid chromatography (HPLC), iso-
propanol (IPA), lithium hexamethyl disilazane (LIHMDS), methanol (MeOH), melting point
(mp), MeSO,- (mesyl or Ms), , methyl (Me), acetonitrile (MeCN), m-chloroperbenzoic acid
(MCPBA), mass spectrum (ms), methyl #-butyl ether (MTBE), N-bromosuccinimide (NBS), N-
carboxyanhydride (NCA), N-chlorosuccinimide (NCS), N-methylmorpholine (NMM), N-

25 methylpyrrolidone (NMP), pyridinium chlorochromate (PCC), pyridinium dichromate (PDC),
phenyl (Ph), propyl (Pr), iso-propyl (i-Pr), pounds per square inch (psi), pyridine (pyr),
(benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyBOP), room
temperature (rt or RT), tert-butyldimethylsilyl or ~-BuMe,Si (TBDMS), triethylamine (TEA or
Et3N), 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate or CFzSO,- (TY), trifluoroacetic

30 acid (TFA), 1,1-bis-2,2,6,6-tetramethylheptane-2,6-dione (TMHD), O-benzotriazol-1-yl-
N,N,N',N'-tetramethyluronium tetrafluoroborate (TBTU), thin layer chromatography (TLC),
tetrahydrofuran (THF), trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid monohydrate
(TsOH or pTsOH), 4-Me-CsH4SO»- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),.
Conventional nomenclature including the prefixes normal (n), iso (i-), secondary (sec-), tertiary

35 (tert-) and neo have their customary meaning when used with an alkyl moiety. (J. Rigaudy and D.
P. Klesney, Nomenclature in Organic Chemistry, [IUPAC 1979 Pergamon Press, Oxford.).
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( dl ph enyl H&gﬁ@ﬁr% gpﬁ@@ %03’3198) e\am%n%?qblg >((i 8 eqlglv) ancl 1-hydroxybenzotriazole
hydrate (HOBT, 2.0 equiv.) were Welghed dissolved in 43.3mL DMF then activated by
combining with an HBTU (2.0 equiv.) solution in DMF (concentration: 205.76g/L; 31.4mL) and
then adding DIEA (3.5 equiv.) at 0°-5°C. The resulting solution was added to reaction vessel

containing resin, the activation flask was rinsed with 24.5mL DCM into reactor, which was then
stirred for 4-6 hours at 25°C. After 4 hours stirring coupling reaction mixture, the coupling

20 solution was drained and the resin was washed with DMF 4 times (90mL each wash). The resin
was then treated twice with 20% Piperidine in DMF (90mL each treatment) to remove Fmoc
protecting groups. After the second 20% Piperidine/DMF treatment, the resin was washed nine
times with DMF (90mL each wash).The removal of the Fmoc protecting group and coupling
reaction cycles were repeated for the remaining amino acids in the fragment (i.c., in the order of

25 Val—Asp(OtBu)—Ser(tBu)— Thr(tBu)—Phe—Thr(tBu)—Gly—Glu(OtBu)— Aib—His(trt).
The solvent for the final His(trt) coupling reaction was replaced DMF with 0.1 M LiBr in
THE/NMP (3:1). And coupling reagent for the final His coupling reaction was used DEPBT as
solution in DMF (concentration: 162.33 g/L; 31.4mL). And His was recoupled one more time to

ensure the coupling comletion.

30 All reagents used in this example are listed in following table:
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The built resin was washed with NMP (90mL.) 4 times and DCM (90mL.) 7 times.

Cleavage of the GLP-1 Fragment Fmoc-AA(7-17)-OH from built resin

The built resin from above was cooled with the last DCM wash to -5°C. The DCM was
drained and the cold solution of 1% v/v TFA/DCM (150mL at -5° to -10°C) was added and
stirred at 0°C. Pyridine (4.0mL) was added to the cleavage receiver for the neutralization of the

TFA. After 15 min treating the built resin at 0° C, the cleavage solution was collected in the
cleavage receiver. Another cold solution of 1% TFA/DCM (150mL at -5° to -10°C) was added
and stirred for 15 min at 0°C then drain to the cleavage receiver. The third cold solution of 1%
TFA/DCM (150mL at -5° to -10°C) was added and stirred for 30 min at 0°C then Pyridine

(2.0mL) was added to cleavage vessel to neutralize TFA and also drain the final cleavage

solution to the cleavage receiver. While vessel warming up to 25°C, the resin was washed with
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Solid phase synthesis of Fnoc-AA(7-17)-0OH was carried out starting with
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replaced DMF with 0.1 MLiBr in THF/ NMM And coupling reagent for the
final H's coupling reaction was used DEPBT as solution in DV

( cortc erfotid tphaye: svﬂﬁasiseafm/emno&mm)zzmmdz@mcmS recoupl ed one nore tine to
ensure the coupling cometion. reagents used in this exarrpl e are listed
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wash to
-5C. Theod2Y MBS0 min at 25° C. The DCM solvent was drained and the resin was washed three
times with NMP (120mL) three times.
15 To prepare the coupling solution, the amino acid (2.0 equiv.) and 1-hydroxybenzotriazole

hydrate (HOBT.H20; 0.16 g; 0.1 equiv.) were weighed, dissolved in 29.8mL of NMP then
activated by combining with an HBTU solution in NMP (concentration: 172.4g/L; 43.8mL; 1.95
equiv.) and then adding DIEA (3.9mL; 2.2 equiv.) at 0°-5°C. The resulting solution was added to
reaction vessel containing resin, the activation flask was rinsed with 23.7mL DCM into reactor,

20  which was then stirred at 22°C. After 5.0-6.5 hours stirring coupling reaction mixture, the
coupling solution was drained and the resin was washed with NMP 4 times (120mL). The resin
was then treated twice with 20% Piperidine in NMP (120mL) to remove Fmoc protecting groups.
After the second 20% Piperidine/NMP treatment, the resin was washed nine times with NMP
(120 mL).The removal of the Fmoc protecting group and coupling reaction cycles were repeated

25  for the remaining amino acids in the fragment (i.e., in the order of
Glu(OtBu)—Leu—Tyr(tBu)— Ser(tBu).

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



drained and the cold solution of 1%v/v TFA/DCM (1501 at -5 to -100C) was
added and stirred at 00C. Pyridine (4.01) was added to the cl eavage

recei ver wonotomesereutral i zati on of the TFA. After 15 m mCTmPationgsebhe built
resin at 0 C, the cleavage solution was collected in the cl eavage receiver.
Anot her cold solution of 1% TFA/DCM (8L at -5 to -100C) was added and
stirred for 15 mn at 00C then drain to the cl eavage receiver. The third
col d so t|
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synt hesi s of the Fnoc-AA(1l 8-22V O 2CT2CT Solid phase synthesis of
Froc- AA(1 1-22)-0OH was carried out starting with 20.0g of Hdy- 2-CT resin
(Patras; Ldiw babBo@yinlvomdeshet wih NPl 26ng)...) 7 hignos esd RO < 120xel..) & dinias. DCM
(200mL) for 30 min at 25 C. The DCM sol vent was drai ned and the resin was
washed él@iﬁﬁgfogﬁgmtmw@né&mm [£92). O rom Puilt @R@r € the coupling

sol ution acid equiv.) and ‘1-hydro xybenzotriazo le hydrate
(HOBT. H2G, ;0.1 equi wei ghe di ssolved in 29. 8 of NWP
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TFA from the first cleavage solution. After 30 min stirring, the cleavage solution was collected in

the cleavage receiver. Then another cold solution of 1% TFA/DCM (160mL at -5° to -10°C) was
added and stirred for 30 min at 0°C. Pyridine (2.1mL) was added to cleavage vessel to neutralize

10 TFA. After drain the second cleavage solution into cleavage receiver, vessel warming up to 25°C,
the resin was washed with DCM 6 times (120mL.) and drained into the cleavage solution
receiver. The combining DCM cleavage and wash solution were concentrated to a volume of
150mL and then combined with water (150mL). The DCM was distilled under reduced pressure
with vigorously agitation (350-50 torr at 25°C). The fragment precipitated out from the water

15  mixture when the DCM was removed. The fragment was washed with water and dried at 30°-
35°C under vacuum. A total of 8.76 g of GLP-1 Fmoc-AA(18-22)-OH with a purity of 98.6%

AN was obtained, yield of 89.6%.

The Solution Phase Svnthesis of the GLP-1 Fragment H-AA(18-36)-NH>»

H-Ser(OtBu)- Tyr(tBu)-Leu-Glu(OtBu)-Gly-Gin(trt)-Ala-Ala-Lys(Boc)-Glu(OtBu)-Phe-1le-Ala-
20 Trp(Boc)-Leu-Val-Lys(Boc)-Aib-Arg-NH,

Example 3

The GPA Fragment 3° H-AA(23-36)-NH2 (2.76 g), Fragment Fmoc-AA(18-22)-OH (0.99
g), and HOBT hydrate (0.16 g) were dissolved in DMF (14 mL). To this solution, a solution of
BOP (0.56 g) in DMF (15mL) and DIEA (0.29) were charged along with a DMF rinse (10mL).
25  The reaction was stirred at 20° C and monitored by HPLC. After 4 hours, the coupling reaction



whi ch was then stirred at 22C. After 5.0-6.5 hours stirring coupling
reaction m xture, the coupling solution was drained and the resin was
washed wiwb 2biA28070i nes (1201L). The resin was then treaCedPeowossestt h 20%
Piperidine in NWP (120n) to renove Fnoc protecting groups. After the
second 20% Pi peridine/ NVP treatnent, t-H& resin was washed nine times wth
NVP (120 nlL). The renoval of the Fnobc protecting group and coupling reaction
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vigorously agitation (350-50 torr at 250C). The fragment precipitated out
W th vt ot and dried at 30~ 350 and SUBMERT A (oral of .76 g of LRI
Froc- AA(18-22)-OH with a purity of 98.6% AN was obtai ned, yield of 89.6%
The Sol Ut | gHC IS Eregpienh il 23t Y-\l FGynthesatgad sencrp yscroglimsp-pepdures
LR B Iaouoato) g 20 v il DN Qo) MU Gntp et
T)r/p( Boléir@f_—gﬁg@/grﬁ_%%sgé@yﬁogl ggr(ngl{]lja.zThen tﬁaél colé' \(/00-5% 5} SO utluon of the Fragment
Fmoc-AA(18-22)-OH (1.154 g) and HOBT .hydrate (0.018 g) in the mixed solvents of DMF
(2mL) & Me-THF (24mL) was charged along with a DMF rinse (5mL). To this resulting solution,
a solution of BOP (0.69 g) in DMF (2mL) and DIEA (0.21 g) were charged along with a DMF
20 rinse (10mL). The reaction was stirred at 0° C and monitored by HPLC. After 15.5 hours, the
coupling reaction was uncompleted. The kickers of fragment additional Fragment 3’ (0.172 g),
the solution BOP (0.16 g) in 2mL DMF, and DIEA (0.15.) were added along with a DMF rinse
(1mL). The reaction was complete after overnight agitation at 20° C. Piperidine (0.44 g) was
charged to the reaction mixture. The Fmoc removal was done after 1 hour at 38° C. After cooling
25 to 25° C, the reaction mixture was quenched with water (75mL) and Me-THF (30mL) at ambient
temperature. After phase separation, Me-THF (15mL) was used to back extraction of the low
aqueous layer. The combined Me-THF layers were concentrated on rotary evaporator then fresh
Me-THF (30mL) was charged to dissolve the residue. The concentration, redissolvin in Me-THF
(30mL), and concentration operations were repeated one more time. The residue finally was
30 dissolved in Me-THF (15mL) and fed into the stirring Heptane (120mL) along with a Me-THF
(3mL) rinse. The precipitated solid were filtered and washed with Heptane (25mL each). The
filter cake was air dried for 0.5 hours and then vacuum dried at 35°-40° C. A total of 3.66 g, 95.5

% actual yield, was obtained with a purity of 85.1% AN.



Exanpl e 3 The GPA Fragnent 3' H AA(23-36)-NH2 (2.76 g), Fragnent

Froc- AA(18-22)-0H (0.99 g), and HOBT hydrate (0.16 g) were dissolved in DW
(14 mL). wWo2ptwieswel uti on, a solution of BOP (0.56 g) i rCD¥P2¢10®8d652 and

DI EA (0.29) were charged along with a DVF rinse (10n.). The reaction was
stirred at 20 C and nonitored by HPLC-4After 4 hours, the coupling
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quenched reaction mixture was aged at 15° for 30 min. The solid product was ﬁltered, washed
with MTBE (3x19 mL), and dried overnight under vacuum at 35° C. A 1.91 g of GPA crude
(34.3% wt/wt) was obtained with a purity of 63.4% AN; a 45.6% yield.

20 GLP-1 Solid Phase Synthesis of GLP-1 Fragment Fmoc-AA(19-27)-OH

Fmoc-Ser(OtBu)-Tyr(tBu)-Leu-Glu(OtBu)-Gly-Glin(trt)-Ala-Ala-Lys(Bo¢)-Glu(OtBu)-OH

Example 6

Solid phase synthesis of the Fmoc-AA(19-27)- O-2CT2CT

Solid phase synthesis of Fmoc-AA(19-27)-OH was carried out starting with 20.0g of
25  Fmoc-Glu(OtBu)-2-CTC resin loaded at 0.58mmole/g. The resin was swelled in DCM (200mL)
for 30 min at 25° C. The DCM solvent was drained and the resin was washed with DMF (120mL)
three times. The removal of Fmoc protection group was achieved by treating the swelled resin
twice with 20% Piperidine in DMF (120mL). After the second 20% Piperidine/DMF treatment,
the resin was washed nine times with DMF (120 mL).

30 To prepare the coupling solution, the amino acid (2.0 equiv.) and 1-hydroxybenzotriazole
hydrate (HOBT.H20; 3.55 g; 2.0 equiv.) were weighed, dissolved in 60.0 mL of DMF then
activated by combining with an HBTU solution in DMF (concentration: 205.76g/L; 42.8mL; 2.0
equiv.) and then adding DIEA (9.1mL; 4.5 equiv.) at 0°-5°C. The resulting solution was added to



(I'm). The reaction was conplete after overnight agitation at 20 C
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The built resin was sequentially washed with DMF (120mL.) 4 times, DCM (120mL.) 8
times and IPA (120mL) 4 times. Then the built resin was vacuum dried at 35° C and led 32.75 ¢
Fmoc-(19-27)-O-2CT Resin. An 83.6% yield is based on the weight gain of resin.

Example 7

15 Solid phase synthesis of the Fmoc-AA(18-27)- O-2CT2CT

Solid phase synthesis of Fmoc-AA(18-27)-OH was carried out with 16.38g of Fmoc-
AA(19-27)-0-2-CTC resin from above. The resin was swelled in DCM (100mL) for 30 min at
25° C. The DCM solvent was drained and the resin was washed with DMF (60mL) three times.
The removal of Fmoc protection group was achieved by treating the swelled resin twice with

20 20% Piperidine in DMF (60mL). After the second 20% Piperidine/DMF treatment, the resin was
washed nine times with DMF (60 mL).



guenched reaction m xture was aged at 15 for 30 mn. The solid product was
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The built resin was sequentially washed with DMF (120mL.) 4 times, DCM (120mL.) 8
times and IPA (120mL) 4 times.

Example 8

15 Cleavage of the GLP-1 Fragment Fmoc-AA(18-27)-OH from built resin

The built resin was swelled with the DCM (200mL) for 30 min. and then cooled to -5°C.

The DCM was drained and the cold solution of 1% v/v TFA/DCM (200mL at -5° to -10°C) was
added and stirred at 0°C. Pyridine (6.5mL) was added to the cleavage receiver for the
neutralization of the TFA from the cleavage solution. After 30 min stirring, the cleavage solution

20  was collected in the cleavage receiver. Then another cold solution of 1% TFA/DCM (200mL at -
5°to -10°C) was added and stirred for 30 min at 0°C. After drain the second cleavage solution
into cleavage receiver, IPA (20mL) was charged to cleavage receiver to avoid the gel formation.
Cleavage vessel was warmed up to 25°C, and the resin was washed with DCM (200mL) 6 times
and drained into the cleavage solution receiver. The combining cleavage and wash solution were

25  concentrated to a volume of less than 200mL and then combined with water (200mL). The DCM
was distilled under reduced pressure with vigorously agitation (350-50torr at 25°C). The
fragment precipitated out from the water mixture when the DCM was removed. The fragment
was filtered, washed with water, and dried at 30°-35°C under vacuum. A total of 18.09 g of GLP-
1 Fragment Fmoc-AA(18-27)-OH with a purity of 89.0% AN was obtained, yield of 82.7%.



times and I PA (120m) 4 tinmes. Then the built resin was vacuumdried at 35
Cand led 32.75 g Fnoc-(1 9-27)-02CT Resin. An 83.6%yield is based on the
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To prepare the coupling solution, the amino acid and 1-Hydroxybenzotriazole Hydrate

(HOBT.H,0) were weighed, dissolved in DMF then sequentially combined with HBTU solution

15  (0.503 mmoles/mL)in DMF and DIEA at 0°-5°C. The resultant solution was added to reaction
vessel, flask was rinsed with DCM into reactor, which was stirred with resin for 4-16 hours at
25°C. The sample was pulled for Kaiser Test or HPLC analysis to check the reaction completion.
After the coupling reaction was completed, the coupling solution was drained and the resin was
washed with NMP 4 times (6.7 vol. each wash). Then the deprotecting of the Fmoc group and

20 coupling reaction cycle was repeated for remaining amino acid in the fragment (i.e., in the order
of Lys(Boc)—Val—Leu—Trp(Boc)—Ala—Ile—Phe.

Due to a 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 and Val-33 were modified by

25 increasing the usages of both amino acid and HOBT Hydrate from 1.7 equiv. to 2.35 equiv. and
DIEA from 4.0 equiv. to 5.0 equiv. to force the coupling reaction to completion. Also, in this
example, acetic anhydride was used to end-capping any unreacting peptide fragment or amino
acid on the resin after coupling reactions of Lys(Boc)-34 and Val-33.. This has improved the
efficiency of the purification step by moving the impurities far from the desirable product during

30 chromatographic purification.

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



neutralization of the TFA fromthe cl eavage sol ution
the cl eavage solution was collected in the cl eavage receiver.
Then anotwerzowai2é78ol uti on of 1% TFA/ DCM (200l at

stirring,

After 30 mn

and stirred for 30 mn at 00C. After drain the second cl eavage sol ution

into cl eavage receiver,
avoid the ge

resin
sol uti
concent

(2000L) .

formation.

G eavage vesse

| PA (201.) was48harged to cl eavage receiver to
was warnmed up to 25C, and the

- 5 POoTAPOOQPSWes added

A@)faterl ? hed

DN [ eCei vel
rated to i

The DCM
OT11

aBgol une of
was distll

Mﬁ‘e@?m AR

) 6
0i ni hg cl
Ph@ss th
nde

S
pavage| a
atm20Q

r redu

ﬁﬂ%x

dr 4
was

n{mlafid) t

ced

pres

i i ntq
h soluti @
He/EqQhbi
sure with

BaG

n werie

&oup 1nge

ifend.) wi tithe wat el

vi gor

@S] Y

agitati
wat er |
W th we

Fragnen
82. 7% &

Lo ut

DtorT 250

<L 9t7h/eZ@>‘é:M

Aé@/rlﬂe @a

fragn
2oy 08 T

it

prec

71 odn

pi tated

2 (BdS f

out

.t +1
S IUNALS

2114|960

wash

A{AREtic and ¢

Sh0

Inisadsgt 3

AA( 18- 27) - OH

sSe Qyn'r hesij 4

D- 35C und
wth ap
of GLP-

er vac
urity

Er aa
J

Loty 180t
of 89. 09

nt

3a,

ot al
o AN was d
Enpc- AA(

of 1

8. 09
bt ai n
28-13

o f GLPq
ed, vyielcg
) - OH

Fnoc- Pl
Synt hes
Fnoc- Ph
Frmoc- Af
of Fno¢

n&~l | e- Al a

IBpf/aozstLe

9val2-3sv

sfdecV,

Ad.b- Gt E

Xl 239

Sol4 d

Jgnase

51.S of the
PG Al a
RMﬁyc'ﬁ&)e O

JE?/ s

2CT was Ci

native
u-Vval - Lv
arri ed ou

ragme
s( BocV
I on R

ATNEIT

oche Pep

MmoC- AA( 2
C Solid g
tide Synt

-35)-

hase |s

hesi z

0-2CT
t hesi ¢

er. 15. 0]

Aib -CTC

-\n \lﬁﬂﬂl‘\

E3rRSny W |

142935 P,

g fact

CN

ghipie

SIS

2 8

ar ged

DA
LA P, A |

reacti
sol vent
each we

JIT VOO STl

Ty Bod) ai |

||u SVWCT 1T T\

ndd3and’ t he

1T LOIVI

1485i1n7 w

LIU TI

as Was

hed /8Hr e

N
U TImmir att

el82 kg v

W2t O

NFKKG vol .

1§p3 AII d(

BI(3/4C} i Of

|
o
e
N

§ 490 I-ps

n wer

N A [ O

E3, %"?‘Wd N

dy o4k | By

bﬁ t

ﬂ@ t he

resin t
Fnoc pi
resin

WLt V\II LII

deecti ng ¢

8PS Al

uritre 111

érd3t/He’ s

V(O
econd

VUI .

D%/ fh%e

chtreatt

ri&? h&/7DN

El’%ﬁ e

l. U 1T CIUVYy

atd¥ent , t

he

\pge Washed

RisHG 1t7 TES

5 1t/ PV

F (6.7

y9|/4 Fa

Cfg Mash) .

219 P

repare ti

ne

coupl i

sol ution wamea@d@gleh@n beaetsbBd
react or

10

15

g sotutio

cleavage.

D6 150

T, the—am

tlrre

1sopropano\?n(§

10 dClTu a

EM g3

o1

1{' ”[f he Vacuurn drle

uruxyu nmzotrraz
(HOBT.H O were wei ghed, dissolved in DV then sequentially conbined with
HBTU sol ution (0.503 nmmles/nL)in DMF and DI EA at 0-5C. The resultant

Example 10

ho

e

drate

?ﬂahesﬁd tehs lﬁes\ﬁa&elrel Wsaed vy DIMIDEM bt wl),
({J the buht resin and hold for

Cleavage of the GLP-1 intermediate fragment Fmoc-AA(28-35)-OH from built resin

The built resin from above was swelled in DCM (10 vol) for 30 min at 25° C. Then the pot
mixture was cooled to -5° C. The DCM was drained and the resin was treated with the cold
solution of 2% TFA/DCM (2 x 7.5 vol) twice by stirring for 30 min at 0°C. The cleavage
solution was collected in the flask containing pyridine (1.3 equiv. of the total of TFA). While

vessel warming up to 25°C, the resin was washed with DCM 6 times (10 vol.) and drained into

the DCM washes. The DCM solution was combined, concentrated, and mixed with water (10

vol.). The resultant mixture was distilled under reduced pressure to remove DCM (350-50 torr at

25°C). The fragment precipitated out from water when DCM was removed. The fragment was
filtered, washed with and dried at 30°-35°C under vacuum. A 92.7% yield of GLP-1 Fmoc-
AA(28-35)-OH was obtained with a purity of 95.2% AN.



25C. The sanple was pulled for Kaiser Test or HPLC analysis to check the
reaction conpletion. After the coupling reaction was conpl eted, the
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VGSSGF ﬂagk was rinsed with NMP 1ngo reactor, wh?ch was stirred with resin for 4-16 hours at

15  25°C. The sample was pulled for Kaiser Test or HPLC analysis to check the reaction completion.
After the coupling reaction was completed, the coupling solution was drained and the resin was
washed with NMP 4 times (6.7 vol. each wash). Then the deprotecting of the Fmoc group and
coupling reaction cycle was repeated for remaining amino acid in the fragment (i.e., in the order
of Lys(Boc)—Val—Leu—Trp(Boc)—Ala—lle—Phe).

20 The coupling conditions for Lys(Boc)-34 and Val-33 were modified by increasing the
usages of both amino acid and HOBT Hydrate from 1.7 Eq to 2.0 Eq and DIEA from 2.13 Eq to
2.5 Eq to force the coupling reaction to completion. Also, in this example, acetic anhydride in
DCM was used to end-capping any unreacting peptide fragment or amino acid on the resin after
coupling reactions of Lys(Boc)-34 and Val-33.

25 All reagents used in this example are listed in following table:
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After completion of the solid phase synthesis the resin were washed by NMP (4x6.0 vol),

DCM (7x6.0

vol).

Cleavage of the GLP-1 intermediate fragment Fmoc-AA(28-35)-OH from built resin

The built resin from above was cooled in DCM (6 vol) for 30 min to -5° C. Then DCM was
drained and the resin was treated with the cold solution of 2% TFA/DCM (2X10 vol) twice by

stirring for 30 min at 0°C. The cleavage solution was collected in the flask containing pyridine

(1.3 equiv. of the total of TFA). While vessel warming up to 25°C, the resin was washed with
DCM 6 times (10 vol.) and drained into the DCM washes. The DCM solution was combined,

concentrated, and mixed with water (6 vol.). The resultant mixture was distilled under reduced

pressure to remove DCM (350-50 torr at 25°C). The fragment precipitated out from water when
DCM was removed. The fragment was filtered, washed with and dried at 30°-35°C under
vacuum. A 96.9% yield of Fmoc-AA(28-35)-OH was obtained with a purity of 96.1% AN.



Al'l reagents used in this exanple are listed in follow ng table: After
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GLP-1 alternative Fragment 3’ H- AA(28 36)-NH2 (6.22 g, weight yield 106.9%). HPLC

analysis shown a purity of 87% AN.

Example 13

20 The alternative fragment 3a (Fmoc-AA(28-35)-OH, 6.12 g, 4.42 mmoles and argininamide
dihydrochloride (H-Arg (2HCI1)-NH,, 2.19 g, 8.84 mmol, 2 equiv) were dissolved in DMF (42
mL). To this solution, the solution of HOBt.H20 (0.67 g, 1 equiv) and HBTU (3.38 g, 2 equiv) in
DMF (42 mL), DIEA (3.44 mL, 4 equiv) were sequentially charged along with 15 mL of DMF.
The reaction was agitated at 25° C and monitored by HPLC. The reaction was done overnight

25 (16.3 hours). Then piperidine (4.52 g, 12 equiv) was added to the reaction mixture. The Fmoc
removal was completed after stirring at 25° C for 35 min. The reaction mixture was quenched
with water (200 mL). 180 mL DCM were charged and extracted the precipitated product. The
bottom DCM layer was washed with water twice (2x100 mL) and concentrated to a volume of 50
mL. This concentrated DCM solution was feed by portion to precipitate the product. DCM was

30 distilled by vacuum. MTBE was charged to the precipitation mixture. The white solid formed
was filtered, washed with MTBE/n-heptane (1:1 = vol: vol; 2x50 mL), and vacuum dried to give
the GLP-1 alternative Fragment 3’a H-AA(28-36)-NH, (6.54 g, weight yield 112.4%). HPLC
analysis shown a purity of 92.1% AN.
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of 3 age® L)k ABe PRVMIEH Re43@ion PEPBEdcPtht Drgnic fdde. AAFA stfhrBn of
phases, Me-THF (20 mL) was added to the aqueous phase as a back-extraction. The combined

organic phases were distilled to an oil under vacuum (95 torr, bath 37°C), re-dissolved in Me-
THF (30 mL) and again distilled to an oil. The oil was again dissolved in Me-THF (30 mL) and
the resulting mixture (along with a Me-THF (10 mL) rinse) was poured into a reaction vessel at

20 15°C containing n-heptane (60 mL). After 30 min of aging, the precipitated product was filtered,
washed with n-heptane (20 mL) and dried overnight to afford 2.78 g of product with the purity of
55.2% AN, 94.1% yield based on Fragment Fmoc-AA(18-27)-OH.

Example 15

The GLP-1 Fragment Fmoc-AA(7-17)-OH (1.00 g) was dissolved in THF (20 mL) at 22°C.
25 Then this solution was combined with Fragment H-AA(18-36)-NH,) (1.81 g, 1.2 equiv. ) and
stirred to dissolve all solids. To this solution, DEPBT (0.181 g, 1.2 equiv.), and then DIEA (0.22
mL, 2.4 equiv) were charged along with a THF rinse (5 mL). The reaction was agitated at room

temperature (22°C) and monitored by HPLC. After 2.5 h, reaction completion check indicated
that the reaction was incomplete (21.9% excess of Fragment Fmoc-AA(7-17)-OH). Kicker
30 charges of Fragment H-AA(18-36)-NH,) (0.80g), DEPBT (0.10 g), and DIEA (0.11 mL) were

added. After stirring overnight at room temperature, HPLC analysis indicated that the reaction

was complete. Piperidine (0.30 mL, 6 equiv.) was charged and the resulting reaction mixture was
stirred at room temperature. After stirring for 5 h, the de-protection reaction was done. The THF
in the reaction mixture then was displaced with DCM (13 mL) under vacuum (35°C under 50

35 mm Hg vacuum). The residue was dissolved in DCM (10 mL) and combined with a solution of



m.) were added. After stirring overnight at roomtenperature, HPLC analysis
i ndicated that the reaction was conplete. Piperidine (0.30 nm., 3 equiv.)
was char gwo 2ardi2sd7e¢ resulting reaction m xture was stirPEU/ERR010OSTE52
tenperature. After stirring for 1 h, the de-Fnoc conpletion check indicated
that the reaction was inconplete. A ki-6ker charge of Piperidine (0.30 nl)
was added. A sanple taken after an overnight stir indicated that the

d
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n- hept 33? O m). After 30 min of aging, the precipitated product was
filtered, Washed with n-heptane (20 nlL) and dried overnight to afford 2.78
g of product with the purity of 55.2% AN, 94. 1% vyield based on Fragnent
Frnoc- AA( 18-The feaDiHes Eiselnpiden 1k iegod@igRldscifrtmgnenthe Foiwiﬂgﬂ@lﬁimsz Vipte§std @0 g)
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reacti on was agltat ed at roomterrperature (22C) and nonitored by HPLC
After 2.5 react.ion co tlon hec. di cat that the. reaction,was
hcompl et e 118 1858 duE8E Fis BEn e TR ESRAT AR ORILRET bR gos of
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vacuumAPEScssdRions But Py 1@%%%&‘1]%?)‘1% W@é&#%ger% ta.@sgﬁ%alg.aﬁp (10
m) andlaeshilaedwith the fall sedpatofequi®ilBHts td whdh sg¢h clwkbsedre €2titldg) , and TFA (40
m) with a DCMrinse (2 nL) at 150C. After stirring 6



hours at 15 C, the reaction m xture was cooled to -3C and quenched by
charging cold (-200C) MIBE (180 nlL). The quenched reaction m xture was aged
at 15 forwBQom'1n507%he solid product was filtered, washe@®CREPR0INIBI66E 3X50
m.), and dried overnight. A 2.78 g of GPA crude (21.0% wt/w) was obtai ned
with a purity of 38.9% AN, 163. 6% yi el-4{ based on Fragment Fnoc- AA(7-
17)-0OH). The features disclosed in the foregoing description, or the
following clains, expressed in their specific fornms or in terns of a nmeans
for performng the disclosed function, or a nethod or process for attaining
the disclosed result, as appropriate,ClaBiis separately, or in any

conbi nation of such features, be utilized for realizing the invention in

di verse for t hereof . The foregoing.invention has en _described in sone
et ai 1 by ey e Phrooing b SR B L SRR dBE R BIE oty and
understanding. It will be obvious to one of skill in the art that changes
and nmod) picvatingn dirsreyptists frreatni pethdwig the aminveacat sagecrske of KBEQPPeNded) cl ai ns.
Therefore, it is to be understood that the above description is intended to
be idlustrative and not restyiGAhKEFIANL PRRPR-Rf,t he invention should,
therefore, be determned not wmth reference to the above description, but
shoul d instead.be determined with reference to the foll ow ng appended
clains, al 83" Wth the full scope of equival ents to which such clains are
entitled.Cains 1. A nmethod of making an insulinotropic peptide, conprising
the steps @&fisHa) providing a first peptide fragnment including the am no
aci d sequence of (SEQ ID NO 5) Z- QAAKEFI AWLVKX 35R-NH 2 wherein Z is H

X35 is an gechjral. .,:.0nt e ' r Rgle) id residue; and
one or nnr2Pr%S?éﬁggﬂﬁhggﬂ%ﬁ%g%%%%%gﬁ%%¥rgﬁgﬁﬁieﬁﬁgﬁ% égﬁgide chain
protection; b) providing a second peptide fragment including the amno acid
sequence oPN{ GEOPIeHeKEdNCSES the ssyuenee whEusilly includes side chain protection;

10 b) providing a second peptide fragment including the amino acid sequence of (SEQ ID NO. 6)
Z-SYLEG
wherein
Z is an N-terminal protecting group; and

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

15 c¢) coupling the first peptide fragment to the second peptide fragment in solution in order to

provide a third peptide fragment including the amino acid sequence of (SEQ ID NO. 7)
Z-SYLEGQAAKEFIAWLVKX*’R-NH,
wherein
Z is an N-terminal protecting group;
20 X is an achiral, optionally sterically hindered amino acid residue; and

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

d) removing the N-terminal protecting group of the third peptide fragment to afford a fourth
peptide fragment including the amino acid sequence of (SEQ ID NO. 7)

Z-SYLEGQAAKEFIAWLVKX*’R-NH,



Zis an Ntermnal protecting group; and one or nore residues of the
sequence optionally includes side chain protection; c) coupling the first
pepti de fwagmi2si70 t he second peptide fragnment in sol uPCBEPRMMOOEHEL t O
provide a third peptide fragnent including the am no acid sequence of (SEQ
I D NO 7) Z- SYLEGQAAKEFI AW.VKX 35R- NH-35wherein Z is an N-term nal
protecting group; X35 is an achiral, optionally sterically hindered am no
acid resid ore d one or nore residues of the sequence optionally includes
side chain protection; d) renmoving the N-term nal protecting group of the
third peptide fragment to afford a fourth peptide fragnent including the
am no aci dZsiéfuence of (SEQ ID NO. 7) Z- SYLEGQAAKEFI AW.VKX 35R- NH 2wher ei n
Zis H; X35 is an achiral, optionally sterically hindered am no acid

resi due; and® RRA aBRirdIDERiCheSY o8& QhitdecdSaaiue 6™ repdienad | y i ncl udes side
chain protection; e) providing a fifth peptide fragnment including the am no

id f (SEQ.ID NO. 8) Z-HX BEGIFTSDVS- B! [ 8 i
i ol OB BrAPIS S AL IR P AT A A G e BEPQBC P o
N-term nal protecting group; B is -OH and one or nore residues of the

et ) PROHERR o7 ol SRt REARTEL B IREAEEH Rlnclde fPERQ 9N e an

i nsulinotropic peptide including the am no acid sequence of (SEQ ID NO 9)
Z- HX 8EGTFTSDVSSYLEGQAAKEFI AW VEKXIXZ RN SDViddt ei n

wherein
X?® is an achiral, optionally sterically hindered amino acid residue;
Z is an N-terminal protecting group;

10 B’ is —OH; and

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

f) coupling the fifth peptide fragment to the fourth peptide fragment in solution to provide an
insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,
15 wherein
Z is an N-terminal protecting group;

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

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

20 g) removing the N-terminal protecting group of the insulinotropic peptide resulting from step f)

to afford the insulinotropic peptide including amino acid sequence of (SEQ ID NO. 9)
Z-HX’EX'"*TFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,
wherein

Zis H-;



Zis an Ntermnal protecting group; X8 and X35 are each independently
achiral, optionally sterically hindered am no acid residues; and one or
nor e resiwoesiofRsi’ne sequence optionally includes side ehAEP2@OO5%62i on; Q)
removing the N-terminal protecting group of the insulinotropic peptide
resulting fromstep f) to afford the i-A6ulinotropic peptide including am no
aci d sequence of (SEQ ID NO 9) Z-HX 8EX 10TFTSDVSSYLEGQAAKEFI AW.VKX 35R- NH

2 wherein Zsi 5 d. e i . i tionally
sterical |l y%iaﬁggﬁ e%gae%alnlga(gp%ing&ﬁlgsa%ﬁgaels Q&goﬁlgng n{é%l%%ilﬂnﬁgggr%%@%geag Gf(;f t he
sequence opti orealdbgs;iapgl udes side chain protection; and h) contacting the

i nsulinotropic peptide resulting fromstep g) with acid in order to

deprotect bReoPRbRAcAGIA oFititescqghdicBpli®nadl iRt RRIcAaPMYr 8t esh; and
i nsul i notropi c peptide including ami no acid sequence of (SEQ ID NO 9) Z-HX

8EGTFTSDVSSYLEGQAAKEFI AWLVKX 35R-NH 2 wherein Z is H; and X8 and X35 are
each i myepaac@atthy indaliot@pic pptidorslkijig $ioad stegk) withiaoiden edicard dpraedtdhe
residues. 2. .The.nmethod.of claiml, wherein the deprotected insulinotropic
bopt] de 1 oSt ST TP AuRp S aeHaeRidln B SBE BB RIS R S BRG. a
HAI bEGTFT SBUSSYLEGQPAEEQANY MKAODR 3. A nmet hod of making an insulinotropic
peptide, conprising the steps of: a) providing a first peptide fragnent

including the am no A¢rERGURTPESPF T ESGERAENA W Kk FGECTFTSDVS- B

wher ei n

wherein
Z is H-; and

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

residues.

2. The method of claim 1, wherein the deprotected insulinotropic peptide resulting from
step h) has the amino acid sequence (SEQ. ID NO. 4)

HAIbEGTFTSDVSSYLEGQAAKEFIAWLVKAIbR

15 3. A method of making an insulinotropic peptide, comprising the steps of:
a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 8)
Z-HX’EGTFTSDVS-B’

wherein
X® is an achiral, optionally sterically hindered amino acid residues;

20 Z is an N-terminal protecting group;
B’ is —OH; and
one or more residues of the sequence optionally includes side chain protection;

b) providing a second peptide fragment including the amino acid sequence of (SEQ ID NO. 6)



X8 is an achiral, optionally sterically hindered am no acid residues; Zis
an N-term nal protecting group; B is -OH and one or nore residues of the
sequence wpt2omiaki7y i ncl udes side chain protection; b) pcoEPdIIYSHESecond
pepti de fragnment including the am no acid sequence of (SEQ I D NO

6) Z- SYLEG B' wherein B is a solid phasé resin; Zis H; and one or nore
resi dues of the sequence optionally includes side chain protection; c)
coupling the first peptide fragmentz_ggLFpJ@Bsecond pepti de fragnment in order
to provide a third peptide fragnment irncluding the am no acid sequence of
(SEQ ID NO 11) Z-HX 8EGIFTSDVSSYLEG B' wherein B' is a solid phase resin;
Z is an N terdithal protecting group; and one or nore residues of the
sequence optionally includes side chain protection; d) renoving the third
peptide fragnenolfdryhand Reinsol i d phase resin to provide a fourth peptide
fragment including the am no acid sequence of (SEQ ID NO 11) Z-HX
8EGTFTSDVS YLES B', wherein B is -OH, Zis an Nterm nal protecting group;
and one or “rbre arnéisi dues of the sequence optionally includes side chain
protection; e) providing a fifth peptide fragnment including the am no acid
sequence obng SEQoIcDeNMIcsH) the- QAUKIEE b AMENAKX IBHRININIR ohhierpeptection;

¢) coupling the first peptide fragment to the second peptide fragment in order to provide a third
peptide fragment including the amino acid sequence of (SEQ ID NO. 11)

Z-HX’EGTFTSDVSSYLEG-B’
wherein
10 B’ is a solid phase resin;
Z is an N-terminal protecting group; and

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

d) removing the third peptide fragment from the solid phase resin to provide a fourth peptide
fragment including the amino acid sequence of (SEQ ID NO. 11)

15 Z-HX’EGTFTSDVSSYLEG-B’
wherein
B’ is —OH;
Z is an N-terminal protecting group; and

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

20 ¢) providing a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 5)
Z-QAAKEFIAWLVKXR-NH,
wherein

Zis H-;



Zis H;X35 is an achiral, optionally sterically hindered am no acid

resi due; and one or nore residues of the sequence optionally includes side
chai n provecvioonso7®) coupling the fourth peptide fragnmerCTiER20410053661t h
peptide fragment in solution to provide an insulinotropic peptide including
the am no acid sequence of (SEQ I D NO-58) Z-HX 8EGITFTSDVSSYLEGQAAKEFI AW VKX
35R-NH 2 wherein Zis an Nterm nal protecting group; X8 and X35 are each

| ndependentdy; aghifgl ij%pgi%‘i&ifﬂ?fﬁéﬂiés’an ol dcF elr%(ingiaglﬂﬁr%ﬁ&{lea?mm acid resi dues;

and one or nore resi equence optiona in¢l'udes side chain
protection; g) renoving the N-term nal protecting group of the

i nsul i not r Op¢ er persticsieugsed tha seaperice ontianadly moludas sgferebp@ raptertisul i not r opi ¢
peptide including the am no acid sequence of (SEQ ID NO. 9) Z-HX

BEGTFT S HhEHABIIET hANINL BB Hhe ARSI Fagnfontlin sokRioAnd piRidaae each
|ndependen2#ﬁ.ach|ral, . tl?Qﬁéiéﬁsterlca% % hlnd%;éﬂ%gﬂhgg%%ﬁld resi dues;
and one or SBHEOTRL RARLLC giely GUEMERIORTIVEHE @y i de chain
protection; h) contacting the insulinotropic peptide resulting fromstep Q)
withs acid in order tHHIERGIRSD VLY BRGAM AHCER AAWHY KaRA$H; 0 afford t he
deprotected insulinotropic peptide including am no acid sequence of (SEQ ID
NO. 9) Z-H&mggggFTSDVSSYLEGCAAKEFIAMLVKX 35R-NH 2 wherein Z is H; and X8
and X35 are each independently achiral, optionally sterically hindered

am no acid residues.4. The nethod of claim3, wherein the deprotected
insulinotr8ﬁ§énB%EFPH@IMHgmﬂﬁég%WPhO

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

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

g) removing the N-terminal protecting group of the insulinotropic peptide resulting from step f)
to afford an insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
15 Zis H-;

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

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

h) contacting the insulinotropic peptide resulting from step g) with acid in order to deprotect the
20 amino acid side chains to afford the deprotected insulinotropic peptide including amino
acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
Z is H-; and

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

residues.



acid sequence (SEQ 1D NO 4) HA bEGITFTSDVSSYLEGQAAKEFI AWLVKAI bR-NH 2 5. A
nmet hod of making an insulinotropic peptide, conprising the steps of: a)
provi di ngvea 2biwieso7pept i de fragnment including the am no &CTEPI@QOEIS6E Of
(SEQ ID NO. 12) Z- SYLEGQAAKE-B' wherein Zis H; and B is a solid phase
resin; b) providing a second peptide ff&gnent including the anino acid
sequence of (SEQ ID NO. 8) Z-HX 8EGIFTSDVS-B' wherein X8 is an achiral,

optionally,s i cal i r i i i 2] r m.nal
oot ecti ng tor el b7 Uhitgsy SRR RS GRbECA RS rorfe hip PRI E A
opt i onakidyseqursice QIO AR n protection; c¢) coupling the second peptide
fragnment to the first peptide fragnent to provide a third peptide fragnent

i ncludi ng the am no gQ\ifEGEAYSDYS ST HGRELA KR ENOW 13K AZ5IENH, _
8EGTFTSDVSSYLEGQAAKE-B' wherein Z is an N-term nal protecting group; B is

a solid phase resin; X8 is an achiral, optionally sterically hindered am no
aci d resi dues; andone or nore residues of the sequence optionally includes

ol o phacé pabiod 8l AE TRV Bl bl PRI “FRETLai ng-ami no aci d
sequence of (SEQ ID NO. 13) Z-HX 8EGIFTSDVSSYLEGQAAKE-B' wherein
5 a)providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 12)
Z-SYLEGQAAKE-B’
wherein
Z is H-; and
B’ is a solid phase resin;
10 b) providing a second peptide fragment including the amino acid sequence of (SEQ ID NO. §)
Z-HX’EGTFTSDVS-B’
wherein
X® is an achiral, optionally sterically hindered amino acid residues;
Z is an N-terminal protecting group;
15 B’ is —OH; and
one or more residues of the sequence optionally includes side chain protection;

¢) coupling the second peptide fragment to the first peptide fragment to provide a third peptide
fragment including the amino acid sequence of (SEQ ID NO. 13)

Z-HX*EGTFTSDVSSYLEGQAAKE-B’
20 wherein
Z is an N-terminal protecting group;
B’ is a solid phase resin;

X® is an achiral, optionally sterically hindered amino acid residues; and



Zis H; B is -OH X8 is an achiral, optionally sterically hindered am no
acid residues; and one or nore residues of the sequence optionally includes
si de chaiwopporiesi’von; and e) providing a fifth pepti depPCragaeosionz| udi ng
the am no acid sequence of (SEQ ID NO 14) Z-Fl AWVKX 35R- NH 2 wherein X35
is an achiral, optionally sterically hbfdered am no acid residue; and one

or nore residues of the sequence optionally includes side chain protection;

f) coupli NGnd Qlemgro %giﬁlue%eo%l%eds%g{lén%gg@ﬁ&naﬁl&.i%rh&defsisF(feg;hQﬁ%tr. tggtiofnr; agment in
solution to provide an insulinotroplc peptide 1nclud ng the anno acid
sequence of (SEQ ID NO. 9) Z-HX 8EGTFTSDVSSYLEGQAAKEFI AW.VKX 35R- NH 2
wher ei i) Zemeviagththisd pemigk fsgercaciomdghgyadidphaxaesindo rRyiderasfosrh peptide

i ndependentihymaghhéialing QRPN bqueh&rdresEQMDWOdesed ami no acid resi dues;
and one or nore residues of the sequence optionally includes side chain

protection; g) renoving th 1 tin roup of the

i nsul i notropi c peptide resgﬂ%%ﬁgﬁf%ﬂﬂ¢¥$égiﬁﬁcpﬁgggﬁgrd the insulinotropic
peptide including am no acid sequence of (SEQ ID NO. 9) Z-HX
8EGIFTSDVSSYLEGQAAKEFI AWLVKX 35R-NH 2wherein Z is H; X8 and X35 are each
i ndependently achiral, optionally sterically hindered am no acid residues;
and one or ynpEe. resi dues of the sequence optionally includes side chain
protection; and h) contacting the insulinotropic peptide resulting from
step g) with acid in order to deprotect the amno acid side chains to
afford theBdépr@tect ed i nsulinotropic peptide including anino

X® is an achiral, optionally sterically hindered amino acid residues; and
one or more residues of the sequence optionally includes side chain protection; and
10 ¢) providing a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 14)
Z-FIAWLVKXR-NH,
wherein
X is an achiral, optionally sterically hindered amino acid residue; and
one or more residues of the sequence optionally includes side chain protection;

15 1) coupling the fourth peptide fragment to the fifth peptide fragment in solution to provide an
insulinotropic peptide including the amino acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
Z is an N-terminal protecting group;

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

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

g) removing the N-terminal protecting group of the insulinotropic peptide resulting from step f)

to afford the insulinotropic peptide including amino acid sequence of (SEQ ID NO. 9)

25 Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,



acid sequence of (SEQ ID NO. 9) Z-HX 8EGIFTSDVSSYLEGQAAKEFI AWLVKX 35R- NH 2
wherein Zis H; and X and X35 are each independently achiral, optionally
sterical Iwohordies@d ami no acid residues. 6. The net hod eCTm@EPadé1m0SI6e6her ei n
the deprotected insulinotropic peptide has the am no acid sequence (SEQ 1D
NO. 4) HAI bEGTFTSDVSSYLEGQAAKEFI AW VKADDR-NH2 7. A net hod of nmking an

i nsul i notropic peptide, conprising the steps of: a) providing a first

pepti de fragg&i i ncluding the am no acid sequence of (SEQ ID NO 14)

Z- FI AWLVKX -NH 2 wherein Zis H; X35 is an achiral, optionally
sterically hindered am no acid residue; and one or nore residues of the
sequence optibbnal |y i ncludes side chain protection;b) providing a second
peptide fragnent including the am no acid sequence of (SEQ ID NO. 12)

Z- SYLEGQAAKELR] xthgtehth ihdésenatntN-dcalram Bﬁthoxﬁnfats@ﬁbélgmﬁd&éwamﬁo dc®l - OH, and
one or nore residues of the sequence optionally includes side chain
protection?”gﬁe%&ﬁ ling the first peptide fragnment to the second peptide
fragnent in solution to provide a third peptide fragnent including the

am o aci dosequancacafludsSEQe defuiCr oplionr ]S Yh EHGHPRBAKIEFhAMPrEtEct3BRaiNH 2
wherein Z is an N-term nal protecting group;

h) contacting the insulinotropic peptide resulting from step g) with acid in order to deprotect the
amino acid side chains to afford the deprotected insulinotropic peptide including amino
acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKX*’R-NH,
10 wherein
Z is H-; and

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

residues.

6. The method of claim 5, wherein the deprotected insulinotropic peptide has the amino
15 acid sequence (SEQ. ID NO. 4)

HAIBEGTFTSDVSSYLEGQAAKEFIAWLVKAIibR-NH,

7. A method of making an insulinotropic peptide, comprising the steps of:
a) providing a first peptide fragment including the amino acid sequence of (SEQ ID NO. 14)
Z-FIAWLVKX’R-NH,
20 wherein
Zis H-;
X is an achiral, optionally sterically hindered amino acid residue; and

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



X35 is an achiral, optionally sterically hindered am no acid residues; and
one or nore residues of the sequence optionally includes side chain

prot ecti oNO 2d)0/128070Vi ng the N-term nal protecting groupPofi/EPh@tbier2I
peptide fragment to afford a fourth peptide fragment including the am no
acid sequence of (SEQ ID NO 7) Z-SYL-BBQAAKEFI AWLVKX 35R-NH 2 wherein Z is
H; X35 is an achiral, optionally sterically hindered am no acid residues;

and on - resi . of - 1 ce .. ongl. [ [ had.n
oot ect) 8o TR 5 ETE AR e BRNRREGP RIRNAK Yook PG TSRUBIGN .
sequence of (SEQ ID NO 8) Z-HX 8EGIFTSDVS-B' wherein X8 is an achiral,
optionally sterically hindered @ NbESQMAKESBdues: Z is an N-termi nal
protecting group; B is -OH and one or nore residues of the sequence
optional | ywheglinides side chain protection; f) coupling the fifth peptide
fragnent to the fourth peptide fragnent in solution to provide an

i nsul i notrgpic tide including the am no acid sequence of (SEQ ID NO 9)
Z- HX 8EGTF%§E)€‘/‘§ '%&3&%@%@%&%%’%&1’35& NH 2 wherein Zis H; and X8 and X35
are each independently achiral, optionally sterically hindered am no acid
residues; &) iveddyvamlg the N-term nal protecting group of the insulinotropic
peptide resulting fromstep f) to afford the insulinotropic peptide

i ncl udi ng gRl POMBL I‘ésiéﬁ'éllbq@l@eesegﬁet{cgggi&gll%clgaes%idé%hain protection;
8EGIFTSDVSSYLEGQAAKEFI AW.VKX 35R- NH wherei n

¢) coupling the first peptide fragment to the second peptide fragment in solution to provide a
third peptide fragment including the amino acid sequence of (SEQ. ID NO. 7)

Z-SYLEGQAAKEFIAWLVKX*’R-NH,
10 wherein
Z is an N-terminal protecting group;
X is an achiral, optionally sterically hindered amino acid residues; and
one or more residues of the sequence optionally includes side chain protection;

d) removing the N-terminal protecting group of the third peptide fragment to afford a fourth
15 peptide fragment including the amino acid sequence of (SEQ. ID NO. 7)

Z-SYLEGQAAKEFIAWLVKX*’R-NH,
wherein
Zis H-;
X is an achiral, optionally sterically hindered amino acid residues; and
20 one or more residues of the sequence optionally includes side chain protection;
¢) providing a fifth peptide fragment including the amino acid sequence of (SEQ ID NO. 8)
Z-HX*EGTFTSDVS-B’
wherein

X® is an achiral, optionally sterically hindered amino acid residues;



Zis H; X8 and X35 are each independently achiral, optionally sterically

hi ndered am no acid residues; and one or nore residues of the sequence

opti onal Iwoizonl26E@s si de chain protection; and h) cont aeCrmp2e10855662

i nsulinotropic peptide resulting fromstep h) with acid in order to
deprotect the am no acid side chains t63afford the deprotected

i nsul i notropic peptide including am no acid sequence of (SEQ ID NO 9) Z-HX

8EGTFTSDVSSY! I V] 35R- 2 wherein Zis H; and X8 and X35 are
AT LS AT

each i ndepend |1y sterically hindered am no acid
resi dues. 8. The nethod of claim7, wherein the deprotected insulinotropic
pepti de ha® theOHnmo aci d sequence (SEQ |D NO. 4)

HAI bEGTFTSDVSSYLEGQAAKEFI AWLVKAI bR-NH 2 9. A nethod for preparing a

depr ot ect edné 5SiabidNRLIHRRIF tIRER h&ﬂe'\'?\gﬁd)ﬂhqi[ NecladdsRRlcahhih pre@ugice of (SEQ ID
NO. 9) Z-HX 8EGTFTSDVSSYLEGQAAKEFI AW VKX 35R-NH 2 wherein Z is H; and X8

and X35 are..each independentl chiral opt i | | tericall hi nder ed
amino_ JLFarPHEE e U Plde ngiet i g Rutthabpidre sl it ol gibn o ARRidS s 1, 3,
5 arfd 7. 1Gsulnquepid pptidé irtchelignihn e atid sguence f((SEQ IDINNICY) 5)
Z- QAAKEFI AWLVKX 35R-NH 2 wherein Zis H or an N-term nal protecting group;
Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein

Z is H-; and

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

10 residues;

g) removing the N-terminal protecting group of the insulinotropic peptide resulting from step f)
to afford the insulinotropic peptide including amino acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
15 Zis H-;

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

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

h) contacting the insulinotropic peptide resulting from step h) with acid in order to deprotect the
20 amino acid side chains to afford the deprotected insulinotropic peptide including amino
acid sequence of (SEQ ID NO. 9)

Z-HX’EGTFTSDVSSYLEGQAAKEFIAWLVKXR-NH,
wherein
Z is H-; and

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

residues.



X35 is an achiral, optionally sterically hindered am no acid residue; and
one or nore residues of the sequence optionally includes side chain
prot ecti om0 200/12807pept i de of the am no acid sequence ( SEQTIHP2NQ0535652
Z- SYLEGQAAKEFI AWLVKX 35R-NH 2 wherein Zis H or an N-term nal protecting
group; X35 is an achiral, optionally sbérically hindered am no acid
resi due; andone or nore residues of the sequence optionally includes side

chain prot $C’E)Q&&ﬁth$§ of Alaﬂﬁ pt Jgﬂ&‘el?lfthé H%ﬁr t]%8 11?3% 190‘[?02%?@%%?6 €1§5Et aFPuwa

Z- HX 8EGTFTS erically nder ed
am no a@wdewe@pdﬂﬂngsz@ M or an N-terninal protectlng group; B is -OH
or a solid phase resin; and one or nore residues of the sequence optionally

i ncl udes side chain IOr}PAi%EGT@TSD@SSﬁ@@QMQ@EWAWDW@%RQ\IHQl d sequence
(SEQ ID NO. 11) Z-HX 8EGIFTSDVSSYLEG B' wherein B' is -OH or a solid phase

resin; Zis H or an N—ternlnal protecting group; and one or nore residues
of the seq ence onaII Iud S |de chain protectio 14. A peptide of
Che. ani no dchd B R deerpdee feRiE R oS PoieE s Wi iling 355 o or
an Nt eequened ofp(iS&EeH NGy 9yr oup; and B is -OHor a solid phase resin.15. A
pepti de of the am no acid sequence (SEQ ID NO 13) Z-HX
8EGTFTSDVSSYLECQAAKE; Bix*EGTFTSDVSSYLEGQAAKEFIAWLVKX *R-NH,

wherein

Z is H-; and

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

10 residues,

selected from the methods as described in claims 1, 3, 5 and 7.

10. A peptide of the amino acid sequence (SEQ ID NO. 5)
Z-QAAKEFIAWLVKXR-NH,
wherein
15 Z is H- or an N-terminal protecting group;
X is an achiral, optionally sterically hindered amino acid residue; and

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

11. A peptide of the amino acid sequence (SEQ ID NO. 7)
Z-SYLEGQAAKEFIAWLVKX*’R-NH,
20 wherein
Z is H- or an N-terminal protecting group;

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



wherein Zis H or an Ntermnal protecting group; B is -CHor a solid
phase resin; X8 is an achiral, optionally sterically hindered am no acid
resi dues;warndiooneo7or nore resi dues of the sequence opti ecalEPRotvesicazies si de
chain protection. 16. A peptide of the am no acid sequence (SEQ ID NO 7)
Z- SYLEGQAAKEFI AWLVKX 35R-NH 2 wherein-B5is H or an N-term nal protecting
group; X35 is an achiral, optionally sterically hindered am no acid

resi dues; al..: e cl.esj - opt.i i ncl udes side
Chai n-pr ot S0y oG ERDORRdHGR: Bhubly ARG Rt ) 5R0 "1y
Z- FI AWLVKX 35R-NH 2 wherein Zis H or an N-termi nal protecting group; X35
is an achiral, optionally sterically hindered am no acid residues; and one

or nore residues of the sequence optionall¥ i_ncl udes side chain protection.
18. The peptid@cftdepiyheangrci ssavrncg SEQTRNOwHerein z is Froc.

Z-HX’EGTFTSDVS-B’
wherein
5 X® is an achiral, optionally sterically hindered amino acid residues;
Z is H- or an N-terminal protecting group;
B’ is —OH or a solid phase resin; and

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

13. A peptide of the amino acid sequence (SEQ ID NO. 11)
10 Z-HX*EGTFTSDVSSYLEG-B’

wherein

B’ is —OH or a solid phase resin;

Z is H- or an N-terminal protecting group; and

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

15 14. A peptide of the amino acid sequence (SEQ ID NO. 12)
Z-SYLEGQAAKE-B’
wherein
Z is H- or an N-terminal protecting group; and

B’ is —OH or a solid phase resin.
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15. A peptide of the amino acid sequence (SEQ ID NO. 13)
Z-HX*EGTFTSDVSSYLEGQAAKE-B’
wherein
Z is H- or an N-terminal protecting group;
B’ is —OH or a solid phase resin;
X® is an achiral, optionally sterically hindered amino acid residues; and

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

16. A peptide of the amino acid sequence (SEQ. ID NO. 7)
Z-SYLEGQAAKEFIAWLVKX*’R-NH,

wherein

Z is H- or an N-terminal protecting group;

X is an achiral, optionally sterically hindered amino acid residues; and

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

17. A peptide of the amino acid sequence (SEQ. ID NO. 14)
Z-FIAWLVKXR-NH,

wherein

Z is H- or an N-terminal protecting group;

X is an achiral, optionally sterically hindered amino acid residues; and

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

18. The peptide of any one of claims 10 to 17, wherein Z is Fmoc.

ok ok



