PROCESS FOR THE PREPARATI ON OF A PEPTI DE POANDER FORM The invention refers
to the preparation of a peptide powder form particularly to a freely

f | owabl e Wormogen1eazs powder form of a GLP-1 peptide drugPcBmpe@blog7ipept i de
drugs are anal ogues of human gl ucagon- |ike peptide- 1 (GP-1),
particularly the GLP-1 anal ogue with thle am no aci d sequence according to
SEQ I D No. 1:

Hi s- Ai b-d u-d y- Thr- Phe- Thr - Ser - Asp- Val - Ser-Ser-Tyr-Leu-G u-dy-A n-Al a-Al a
-Lys- d u-Phe-Ile-A a-Trp-Leu-Val -Lys-Ai b-Arg-NH 2, wherein 26 of these
amno acids are in the natural L configuration while four are not chiral.

Ai b means a-am noi sobutyric acid. This peptide is also nanmed (A b8 35) GLP-|
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synthesis of GLP-1 anal ogues can also follow a hybrid approach enconpassi ng
both solid phase peptide synthesis (SPPS) and fragnment couplings in
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usual l'y are highly selective, however, at the end of a nultistep chem cal
synt hesi s tShéalpe peptete dngSta}@h@aéd)gu)@S nﬁhurpm elueggongliketreptide-L§€bPds, a drug.

The cr yflgicularly the GLP-1 analogue with the amino acid sequence according to SEQ ID No. 1:

5 His-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys-
Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-Aib-Arg-NH,,

wherein 26 of these amino acids are in the natural L configuration while four are not chiral. Aib

means a-aminoisobutyric acid. This peptide is also named (Aib***)GLP-1(7-36)NH, and its

pharmaceutical use and preparation by solid phase peptide synthesis (SPPS) are described in the
10  PCT Publication WO 2000/34331.

The synthesis of GLP-1 analogues can also follow a hybrid approach encompassing both
solid phase peptide synthesis (SPPS) and fragment couplings in solution. For example the PCT
Publication WO 2007/147816 describes the preparation of (Aib*~>) GLP-1(7-36)NH, by

preparing three fragments and coupling these fragments in solution.

15 The individual synthetic steps usually are highly selective, however, at the end of a multi-
step chemical synthesis the product is typically not pure enough to be used as a drug. The crude
product can therefore be subjected to reverse phase high performance liquid chromatography
(RP-HPLC), to further purify the peptide and to achieve purity in the range of 96 to 99% (area).
After the RP-HPLC stage the product is normally obtained in the form of a solution with a

20 concentration of typically 1 to 15 % (w/w) of the peptide.

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

can either be subjected to lyophilization or precipitation techniques.

However, the procedures known in the art suffer from delivering a product in a form which
is not freely flowable. Furthermore precipitation and lyophilization techniques are time

25 consuming and need to be applied batchwise.



product can therefore be subjected to reverse phase high performance |iquid
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deliver a P-1 _peptide drug in freely fl bl e ho enous powder form
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coul 81 hatlirrddlidv.Wi th the process of the present invention as outlined
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hornogenous%owder. The solution of the peptide is directly obtained from the RP-HPLC stage
10 or from a RP-LPLC (low-pressure liquid chromatography) or RP-MPLC (medium-pressure

liquid chromatography).

The term “freely flowable” describes the property of spray dried GLP-1 peptide analogues
to show favorable flow properties, i.e. the GLP-1 peptide is in a homogenous powder form with

no tendency to form aggregates or lumps.

15 The term “GLP-1 peptide analogue” encompasses the natural human glucagon-like
peptide-1 (GLP-1) analogues GLP-1 (7-37) and GLP-1 (7-36)NH, and synthetic analogues of
the GLP-1 peptide (GLP-1 analogues).

Preferred GLP-1 analogues are the human GLP-1 analogue with the amino acid sequence
according to SEQ ID No. 1:

20 His-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys-
Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-Aib-Arg-NH,,

i.c. (Aib>**) GLP-1(7-36)NH,, and further analogues as described in the PCT Publication WO
2000/34331. (Aib>**) GLP-1(7-36)NH, is most preferred. The short form designates an analogue
formally derived from natural human GLP-1 (1-37) by deleting the amino acid residues Nos. 1 to

25 6, amidating at the C-terminus and substituting the naturally occurring amino acid residues in
position 8 (Ala) and 35 (Gly) by a-aminoisobutyric acid (Aib).

Suitable analogues of the GLP-1 peptide can further be selected from GLP-1 (7-37), GLP-
1 (7-36)NH,, (Gly®) GLP-1(7-37), (Gly®) GLP-1(7-36), (Ser’)GLP-1 (7-37), (Val*)GLP-1 (7-
37), (Val’,Glu®*) GLP-1 (7-37), (N-g-(y-Glu(N-a-hexadecanoyl)))-Lys”° Arg**-GLP-1(7-37)
30 (Liraglutide) and D-Ala®Lys’’-(2-(2-(2-maleimidopropionamido(ethoxy)ethoxy)acetamide))
GLP-1 (7-37) (CJC-1131).
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(Al a) an am nol so
0010, an exendln analogue having the armno a01d sequence accordlng to SEQ ID No. 3:

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

The figures have the meaning as outlined below:

Fig.1: shows a flow chart of the spray drying process

Fig 2a: shows a scanning electron microscopy of a precipitated (Aib>*”) GLP-1(7-36)NH,

Fig 2b: shows a scanning electron microscopy of a spray dried (Aib***) GLP-1(7-36)NHs.
15 In a preferred embodiment of the invention the process is characterized in that the solution

of the peptide analogue in an aqueous organic solvent is directly obtained from preparative
HPLC and fed into the spray drying process.

The spray drying process comprises the steps of

a) feeding a solution of the peptide in an aqueous organic solvent from a feed tank (1)
20 through a filter (2);

b) atomizing the filtered solution in a spray chamber (3) with the help of an atomizer (4);

¢) mixing the atomized mixture with hot drying gas fed through inlet (5), thereby causing
the solvent to evaporate and the peptide powder to precipitate; and

d) feeding the gas powder mixture into a cyclone (6) where the peptide can be collected as
25 freely flowable homogenous powder.



Sui t abl e anal ogues of the G.P-1 peptide can further be selected from G.P-I
(7-37), GLP- 1 (7-36)NH2, (dy8) GP- 1(7-37), (Ay8) GP- 1(7-36),

( Ser 34) GWwol20(0f07362), (Val 8) GLP-1 (7- 37), (Val 8, d u22) @CPHEP2(03ABNBS
(N-e-(g-d u(N-a- hexadecanoyl )))-Lys 26Arg34-G.P-1(7-37) (Liraglutide) and
D- Al a8Lys37-(2-(2-(2-nual ei m dopr opi onari-do( et hoxy) et hoxy) acet ani de)) GLP- |
(7-37) (AQIC-1 131).Still further anal ogues of the GP-1 peptide can be the
exendi n anag es sel ected from exendi n-3, exendin-4 (exenatide) having the
am no aci dre‘g%‘)ence according to SEQ ID No. 2 :

H s-d y-G u-3dy-Thr-Phe-Thr - Ser - Asp- Leu- Ser - Lys-d n- Met - A u- d u- 3 u- Al a- Val
- Arg- Step a) requires feeding a solution of the peptide in an aqueous organic solvent from a feed
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-NH 2, exend| n-4"acid, exendin-4 (1-30), exendin-4 (1-30) anide, exendin-4
1-28 exe d| 8), a he exendi n-4 am de and 14Leu, 25Phe
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10 The aqueous organic solvent usually is a mixture of 20% to 80% w/w of water with 20% to
80% w/w of an aliphatic alcohol, preferably a mixture of 40% to 70% w/w of water with 30% to

60% w/w of an aliphatic alcohol.

The aliphatic alcohol can be selected from methanol, ethanol, n-propanol, 2-propanol, n-

butanol, s-butanol or t-butanol, preferably methanol or ethanol.

15 The peptide content in the aqueous organic solvent as a rule ranges between 0.5% to 15%

w/w, preferably between 1.0% to 10% w/w, more preferably between 0.5% to 8% w/w.

The solution of the peptide expediently contains a common buffer for pH stabilization. A
suitable buffer is preferably selected from ammonium acetate, which can be dosed in the range
0f 0.05% to 0.25% w/w, or acetic acid, which can be dosed in the range of 0.05% to 1% w/w.

20  More preferably, the buffer is acetic acid in an amount of 0.05 to 1% w/w.
The solution of the peptide is fed from a feed tank (1) through a filter (2) usually with a
feed rate of 1 kg/h to 20 kg/h, preferably of 5 kg/h to 15 kg/h into the spray chamber (3).
Depending on the size of the spray-dryer equipment used the feed rate can be consequently
increased by a scale-factor of 5 to 10.

25 The temperature of the solution of the peptide can be selected between 5 °C to 35 °C.

The size of the filter (2) as a rule is in the range of 0.2 um to 4.0 um.



Fig 2b: shows a scanning el ectron mcroscopy of a spray dried (A b8 35)
GP-I (7-36)NH2. In a preferred enbodi nent of the invention the process is
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organic solvent is directly obtained frompreparative HPLC and fed into the
spray drying process. The spray dryi ng-process conprises the steps of a)
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tank (1) tQﬁQ h afilter (2); b) atomzing the filtered solution in a
spray cha ) with the help of an atom zer (4); c) mxing the atom zed
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t he gas;ihpa 4)nixture into a cyclone (6) where the peptide can be
collected as freely fl owabl e honbgenous powder.-AStep a) requires feeding a

solution of, the peptide .in an aqueous ani c. solvent froma feed tank (1)
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anal Hgu® 009 pm @eqde@ddsrpar. gani ¢ solvent is preferably directly taken from
the preparative HPLC (synbolized as "A" in Fig. 1). In case m xtures of

wat er mﬁthfﬁgg&onitrile and THF are used as solvent in the purification
step a

Step ¢) requires mixing the atomized mixture with hot drying gas feed through inlet (5),

thereby causing the solvent to evaporate and the peptide powder to precipitate.

As “hot drying gas” nitrogen, carbon dioxide or air can be used. Preferred “hot drying gas”
10 is nitrogen which can be applied at a temperature of 100 °C to 200 °C, preferably 110 °C to 140
°C.

The hot drying gas is fed into the spray chamber (3) with a feed rate of 300 kg/h to 500
kg/h. Depending on the size of the spray-dryer equipment used the feed rate can be consequently

increased by a scale-factor of 5 to 10.

15 Step d)

Step d) requires feeding the gas powder mixture into a cyclone (6) where the peptide can

be collected as freely flowable homogenous powder.

The gas fed into the cyclone (6) as a rule has a temperature of 50 °C to 150 °C, preferably
50 °C to 110 °C and more preferably 60 °C to 80 °C.

20 The peptide can be collected with equipment well known in the art such as in a bag
housing (B).

Gas recovery

In a preferred embodiment of the invention the gas can be recovered according to the

following gas recovery steps:

25 ¢) purifying the gas leaving the cyclone (6) with a filter (7);

f) condensing the aqueous organic solvent in a condenser (8);



subsequent concentration of the peptide solution has to be carried out by
HPLC or, alternatively, by LPLC (low pressure |iquid chronmatography) or
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aqueous organic solvent as a rule ranges between 0.5%to 15% w w,
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st abi | iwzighHe@in the Sléd abl e buffer is preferably selected from amoni um
acetate, which can be dosed in the range of 0.05%to 0.25% w w, or acetic
acid, which can be dosed in the range of 0.05%to 1% w w. Mre preferably,
t he Huf f er Cendacset (8 indsadcomeetd amuutableatjupniBt ([9) bYaaud verinptbe saldghsedn of
the peptifg is fed froma feed tank (1) through a filter (2) usually with a
feed rate o% 1 kg/h to 20 kg/h, preferably of 5 kg/h to 15 kg/h into the
spray chamber (3). Depending on the size of the spray-dryer equi pnent used

the feed rghenCRatR 9RO RN 8R4ih Brought to the temperature for use as “hot drying gas” in
the spray drying process.

Alternatively, only fresh gas can be used. The spray drying process is then operating in an

10 “open cycle” mode versus operating in a “closed cycle” mode when the gas is recovered.

Product characteristics:

The peptide obtained from the spray drying process according to the present invention is as
rule in a freely flowable homogenous powder form. The particles accordingly, when compared
to a precipitated product, show a lower specific surface area and a lower bulk density. The

15 majority of the particles of the spray dried product are much lower in diameter when compared

to the precipitated product.

In a preferred embodiment the freely flowable homogenous powder of
(Aib>**)hGLP-1(7.36) NH, is characterized by a specific surface area measured according to the
BET method (ISO 9277) of 0.5 m?/g to 5 m%/g, preferably 0.5 m*/g to 2.5 m%/g i.c. values which

20 are substantially lower than the values measured for the precipitated product.

The spray dried (Aib***)hGLP-1(;35)NH, is further characterized by a particle size
distribution doo (measured by laser scattering) of less than 200 um, preferably less than 150 um
and more preferably less than 100 um, which means that 90% of the particles have a particle size
of less than 200 pum, preferably less than 100 um. More than 60% of the precipitated peptide

25 have a particle size exceeding 500 pm.

The mean size of the particles of the spray dried (Aib***)hGLP-1(7.3)NH, as a rule is
within a range of 10 to 60 um, preferably within the range of 20 to 40 pm and more preferably
within the range of 20 to 30 pm.



increased by a scale-factor of 5 to 10. The tenperature of the solution of
the peptide can be selected between 5 0C to 35 0C. The size of the filter
(2) as a wol2elwww2d2n the range of 0.2 mMmto 4.0 nm Step PLTEPQUONEHSS

atom zing the filtered solution in a spray chanber (3) with the help of an
atom zer (4). As a rule a rotary wheel-7atom zer is used. The atom zer speed
is selected in a range of 10'000 rpnto 30' 000 rpm Step c) requires nixing
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orgamc solvent (feed solution), the concentratlon of the peptlde and of the acetate in the feed
solution and the pH value of the feed solution. With small amounts of acetate in the feed solution
bulk densities of the spray dried (Aib>**)hGLP-1(7.3)NH, of less than 0.1 g/cm’ are obtained,

10 whereas higher amounts of acetate in the feed solution lead to bulk densities of about 0.2 to 0.25

g/em’.

Thus, a spray dried powder of (Aib***)hGLP-1(7.3)NH, with a bulk density of less than
0.1 g/cm’ is obtained by the process as described herein that is characterized in that the solution
of the peptide (feed solution) contains less than 2 % w/w of (Aib***)hGLP-1(7.3)NH, and less
15  than 0.15, preferably less than 0.10 % w/w of acetate. A spray dried powder of (Aib***)hGLP-
1(7.3s)NH, with a bulk density of about 0.20 to 0.25 g/cm’ is obtained by the process as
described herein that is characterized in that the solution of the peptide (feed solution) contains 7
to 8 % w/w of (Aib>**)hGLP-1(7.36)NH, and acetate in the range of 0.4 to 0.6 % w/w.

The following examples shall illustrate the invention without limiting it.



The gas fed into the cyclone (6) as a rule has a tenperature of 50 0C to
150 0C, preferably 50 OC to 110 OC and nore preferably 60 OC to 80 OC. The
pepti de caio2bw/oediected with equi prent well known in tir€eTaEPROMO6HSES iN a
bag housing (B). Gas recovery In a preferred enbodi nent of the invention

t he gas can be recovered according to the follow ng gas recovery steps: e)
purifying the gas |l eaving the cyclone (6) with a filter (7); f) condensing
t he agueous organic solvent in a co NS84 (8);9) heating the gas |eaving
t he condenser (8) in a heater (9) a roduci ng the hot drying gas in
the spray chanber (3). Filter (7) is expediently connected to suitable
equi prent (EXampdrAcol | ecting fine particles withheld in the filter.
Condenser (8) is also connected to suitable equipnent (D) for recovering

t he condenqngasmdﬁthelg@tmge heater (9) the gas is again brought to the
tenperature for use as "hot drying gas" in the spray drying process.
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5 described in WO 2007/147816 by producing three fragments and coupling these fragments in

solution.

Example B:

RP-HPLC Purification

Purification of the crude peptide is performed on a RP (reversed phase) stationary phase.
10 Thus, the sorbent is RP material such as silica gel (e.g. Kromasil 100-16-C18) or acrylic ester
macroreticular adsorbent (e.g. Amberchrom CG71M). The purification involves a 1% pass
chromatographic purification at a pH of approximately 2, followed by a 2™ pass at a pH of
approximately 9.

1* Chromatography:

15 Crude (Aib>**)GLP-1(7-36)NH, is dissolved in water/acetonitrile/acetic acid (e.g. 90/9/1
v/v/v) and loaded onto a HPLC column (loading up to 20 g/L, bed depth approx. 25 cm) and the
purification program (example for a column with a length of 45 cm is described in Table 1) is
initiated. Fractions are collected and may be diluted with water or diluted ammonium hydroxide

solution.
20 Table 1

Parameters and Purification Program of Chromatography 1

Parameter Description

Sorbent RP silica gel (Kromasil 100-16-C18)

Detection uv

Eluent A aqueous ammonium phosphate (approx. pH 2) / acetonitrile (80/20 v/v)
Eluent B aqueous ammonium phosphate (approx. pH 2) / acetonitrile (60/40 v/v)
Column Flush |aqueous acetic acid or water / acetonitrile (25/75 v/v)




"open cycle" node versus operating in a "closed cycle" node when the gas is
recovered. Product characteristics: The peptide obtained fromthe spray
dryi ng prwoess/Eeeording to the present invention is asPCHEP20000/067188 eel y
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preferafly |egs than 158pmm andsnpre mcﬂﬁ@ﬁ@b)lhmwa%ﬁ pEibAd iRfBtidAM  Whi £h
means that 90% of the particlles have ja particle size of |less than 200 nm
preferahly T.ess, than I0Q0 mm [Vbre fhan 60% of T he reC| i.tated tide have
a partidle é?%%lexceedlzg 500 nmi© heqﬁgﬁhagﬁ?@néﬁ thaa E@ﬂ?ﬁﬁé@fg$ he
spray drlied (A b8 35)hGP-1 (| 7 )NH2 @l ul e is

1 20-30 5to 7 |Initial gradient

40 30-35 5to7 |Second gradient (product clutes)

4 70 5to 7 |Column flush

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

conditions of 2™ Chromatography.

2™ Chromatography:

The pooled diluted fractions from Chromatography 1 of (Aib***)GLP-1(7-36)NH, are
loaded onto the HPLC column and the purification program (see examples for a 45 cm column

10 in Table 2 and Table 3) is initiated. Fractions are collected and may be diluted with water or

diluted acetic acid.



within a range of 10 to 60 mm preferably within the range of 20 to 40 mm
and nore preferably within the range of 20 to 30 mm The processability

par anmet erwbublo/idedrsi ty of the spray dried (A b8 35) hGLPPCT(EPZo0pNETIBS as a
rule less than 0.25 g/cnB, preferably less than 0.2 g/cnB, but can be
adjusted to less than 0.1 g/cnB and thd8-is superior when conpared to a
preci pitated product which shows val ues exceeding 0.3 to 0.4 g/cnB. It has
been foundT% ggzthe bul k density and tapped density of the spray dried
product ca dj usted dependi ng on paraneters such as the ratio of water
to aliphatic alcohol in the aqueous organic solvent (feed solution), the
concent r at iPerpnestters ed Bepfiagien Freram of ﬁ%I%@P&T@EhY%(Ah@’HM@@CQ%OI uti on and
the pH value of the feed solution. Wth small ampunts of acetate in th
feed soliut pnRulk [densities of the spraypdgdrgiohAl b8 35) hGLP-1 (7 ) NH of
less thgn 0.1 g/cnB] are obtained, whereas higher amounts of acetate inlthe
feed soljutignbémad trp Butkedersdhasgisionficaoost 0.2 to 0.25 g/cnB. Thus, |a
spray drli ed powder |of (Aib%'SS)hGLP—I (7 S)NH2 with a bulk density of

| ess t hgn Melecgbem [igVobt ai ned by the process as described herein that |i s
charactdgrized in that the solution of the peptide (feed solution) contdins
| ess thgn ZElenCv of Aduvebb8aBimphiGhPadetate GpBOKNPHE S%andthhed$8@/AAn/N). 15,
preferably | ess than 0.10 % w w of acetate. A spray dried powder of
(Al b8' 35) h@lwent I 7- [35)udpizs sthimhnianbadelatel@ngioxy pldi9) abdenol@3 65 ve) 0. 25 g/ dnB

is obtailned by the [process as
Column Flush [ Aqueous acetic acid / ethanol (10/90 v/v)

Program
Time (min) % organic Flow Description
solvent (L/min)
(by weight)
initial 15 5to7 Initial conditions
1 15-35 5to7 Initial gradient
30 35-44 5to7 Second gradient (product clutes)

Proportions of C and D may be varied in order to achieve approximately the % organic
5 solvent indicated in the purification program, corresponding to a minimal retention for the main
peak (peptide (Aib®*”) GLP-1(7-36)NH,). The event time, gradient and loading aspects may be

varied in order to optimize the purification.

The pooled fractions can be directly used in the precipitation process or the spray-drying
process as described herein after.



described herein that is characterized in that the solution of the peptide
(feed solution) contains 7 to 8 %w w of (A b8 35)hG.P-I (7_36)NH2 and

acet at e iwothw/a7a62ge of 0.4 to 0.6 % w w. The foll ow ngrexarpéoescsRal |
illustrate the invention without Iimting it.Exanples Exanple A
Preparation of the peptide The crude pépti de (A b8 35)GP-1(7-36)NH 2 can
be prepared according to the nethod described in WD 2007/ 147816 by

pr oduci ng LES fragnents and coupling these fragnents in solution. Exanple
B: RP-HPLC rfication Purification of the crude peptide is perforned on a
RP (reversed phase) stationary phase. Thus, the sorbent is RP material such
as silica derangescry andPeesition Pogeramet Ghr@nategrapley 3 (Abcragtir2bymcr or et i cul ar
adsorbent_(e.g. Amberchrom CG71IM . The purification involves a 1st pas
chromat dgr pphhgtpurfification at a pH of appioytigrtely 2, followed by a |2nd
pass at |a pH of approximately 9 1st Chromatography - Crude
(A b8' 33) CL&brbént- 36)RYkiBcd ScldKesRAsVIE@OL D-oaf er / acetonitril e/ acetic acig
(e.g. 90/9/1
Detection |UV

Eluent E Aqueous ammonium acetate (approx. pH 7) / acetonitrile (80/20 v/v)

Eluent F Aqueous ammonium acetate (approx. pH 9) / acetonitrile / THF (25/60/15

v/v/v)

Column Flush | Aqueous acetic acid / acetonitrile (10/90 v/v)

Program
Time (min) % organic Flow Description
solvent (L/min)
(by weight)
10 12 5to7 Column equilibration prior to injection
initial 12 Sto7 Initial conditions
10 12-28 5to7 Initial gradient
25 28 5to7 Isocratic hold
10 28-72 5to7 Column flush

Proportions of E and F are varied in order to achieve approximately the % organic solvent
5 indicated in the purification program, corresponding to a minimal retention for the main peak
(peptide (Aib***) GLP-1(7-36)NH,). The event time, gradient and loading aspects may be varied

in order to optimize the purification.

The pooled fractions are collected and may be diluted with water or diluted acetic acid.

They are then loaded directly onto the HPLC column for the following concentration step.



v/v/v) and | oaded onto a HPLC colum (loading up to 20 g/L, bed depth
approx. 25 cm and the purification program (exanple for a colum with a
| engt h ofwo2o0tm7e@1described in Table 1) is initiated. PCREPR@NHHBE
collected and nmay be diluted with water or diluted ammoni um hydroxi de
solution. Table 1 Paranmeters and Puri f-l2ati on Program of Chromat ography 1
Par anmet er Description Sorbent RP silica gel (Kronmasil 100- 16-C 8)
Det ecti on oS phosphate (approx. pH 2) /
acetonitri i%;énwﬁlg né/f@%u uen]? ggﬁnglous anmoni um phosphat e (approx. pH 2)
|/ acetonitrile (60/40 v/ v) Col um Fl ush aglueous acetic acid or water /
acet oni t r i [The folsywigg viep fr eopeentiading isotptianalbap@faragd becasarlterdative Hrigascd o
achi evqnmnézsmaiagdgyaﬁh &ty @ﬁ&ﬁ&!l@d %g%méarﬁacﬁ&glm%érﬁatbg% Q'(af-d 16£ﬁ>ddé10n
program c pon re n he i pepti de
(Al bg' 3B %p f qu@ratedrw@m% P9k Phgt ik Sullt i 380 e APTagpess
may $e acatid ﬁdd/eﬂha@crlcd&mﬁ @/ ptiheiba freit dfwnpwttiohn@aialngm toldh@rang@hetfllefphagt i ons
aClr,]? O];nl;'[d(; ha ra!aBﬁH%rl 1];1|"lea%le W 01;[ ara%egl(l)sna%leglclz Xl et%fanozler/gsI ng?an%g(rA lgkhsy)GL%JﬂI ?(7-
36)NH2 is collected as it elutes from the column.

Table 4

Concentration

Parameter Description

Sorbent RP material (Kromasil 100-16-C18)
Detection |[UV
Initial Buffer | Aqueous ammonium acetate (approx. pH 9)ethanol' (85/15 v/v)

Final Buffer | Aqueous ammonium acetate (approx. pH 9)/ethanol' (20/80 v/v)

Program
Time (min) % organic Flow Description
solvent (L/min)
(by weight)
initial 28 2t0 4 Initial conditions
1 28-35 2t0 4 Initial gradient
20 35-70 2to 4 Second gradient (product clutes)

10 ' Ethanol may be substituted by methanol.

The event time, gradient and loading aspects of the column may be varied in order to
optimize the concentration. Several concentration runs are combined and the ethanol content of
the (Aib***)GLP-1(7-36)NH, containing solution is determined (e.g. by GC).



The pool ed diluted fractions from Chromat ography 1 of (A b8 35) GP-|I

(7-30 NH are | oaded onto the HPLC colum and the purification program (see
exanpl es wonroe/¥362¢m col unm in Table 2 and Table 3) is iPairtEPat0eM671B8 act i ons
are collected and may be diluted with water or diluted acetic acid. Table 2
Paranmet ers and Purification Program of-1&hr omat ography 2 (Al ternative 2a)
Proportions of C and D may be varied in order to achi eve approxi mately the

% or gani c SCOJ iﬁlga%ti\j @Jaﬁﬁﬁeeéz in the purification program corresponding to a

m nimal ret in peak (peptide (A b8 35) GP-1(7-36)NH2)

The event time, gradient and | oadi ng aspects may be varied in order to
optim ze t Weeqitatippcati on. The pooled fractions can be directly used in the
precipitation process or the spray-drying process as described herein

af ter. Tabl gn3 sERIAERLEEHS 180 Hg BEmifhiyt LRty IRIRG (MNBH) Jchhonatweier smphys 2
IS DN o N G N R R T T
cor r 2sgenNHpgbtamed fivinniheglrepaetten tHRINC dreradtiéewithinrd toeldkminp®pt indberufcAs b8' 35)
GLP- 147300y cr B GUENE bR GEAd) Y 1B0CLARRY] 9\APBOG S [, e
varied 1rn-order to optimze tnhe pufification. € pooled fractions are
col | ectasfterdrgatinyorbefiien diyerd Owi mh thaeake indrigi with atrogee farc Sauindind further
dried under vacuum (less than 100 mbar) for 9 hours at 25 °C to 30 °C. The cake is then washed
twice with 3.4 kg ethanol each and dried under vacuum (less than 100 mbar) for 19 hours at 25
10  °C. The obtained product is humidified by passing through the filter dryer from below damp
nitrogen for 3 hours and dry nitrogen for 1 hour in an alternating manner until the ethanol
content has been depleted to less than 1 %. Thereby the product takes up moisture and another
drying cycle is necessary. By passing through the filter dryer from below dry nitrogen for 3
hours the moisture content is adjusted to approximately 6 %. 601 g of product (Yield: 92 %
15 according to HPLC assay) arc obtained (containing 97.9 % (area) (Aib®**)hGLP-1(7-36)NH,,
6.1 % H,0, 0.73 % ecthanol and 0.02 % MTBE).

Spray Drying Examples la and 1b

Spray drying conditions applied for example 1a and 1b:
Table 5

Feed solution composition: 0.8-1.7 % (w/w) of (Aib***YhGLP-1(7.3)NH,
58-79 % (w/w) water
20-40 % (w/w) ethanol’

0.055-0.11 % (w/w) ammonium acetate

Feed solution quality: 97.9 (Aib>**)hGLP-1(7.3s)NH, (area %)
Feed Rate 9-11 kg/h

Atomizing Mode Rotary wheel atomizer

Atomizer speed: 15°000 RPM

Drying gas inlet temperature | 135°C

Drying gas outlet temperature | 76°C

Drying gas (nitrogen) 380 - 420 kg/h, closed cycle mode

In-situ” nitrogen purge” no




They are then | oaded directly onto the HPLC colum for the foll ow ng
concentration step. Concentration of (A b8 35)G.P- 1(7-36)NHz : The

f ol | owi ngwetep/d7eé21concentration i s optionally perfor me@CIEPC&9M67188
alternative 2a is used in the 2nd chromat ography step. The pool ed, diluted
fracti ons from Chromat ography 2 are | cd#led onto the colum and equilibrated
with a weak nobile phase (Initial Buffer in Table 4 or aqueous acetic

i d/ et hanql_.( 85/ g he b d to a st
robi 1 o phact PR Y Dot POy ST SROBERLAL 08y PN LAReS ! " 050, 50
viv)) anldtedap grae) dagrdation (8OfMlawing dablk é¢tieebrazng appedumetsly Frhot(wew) of
col um-etﬂﬁgl,a-ﬂ%%wwa?gva%&prawsm%(W REeirbbbleuhed by nethanol . The

event tinme, gradient an oadi ng aspects ‘of the colum nmay be varied in
order to ogi%g}ée the concentration. Several concentration runs are

conbi ned a et hanol content of the (A b8 35)GP-1(7-36)NH 2 cont ai ni ng
solution is determned (e.g. by GC). Conparative Exanple C. Precipitation:

| n a5 sui t alilypicabqetioy atir8htdsapfaprapwirioy ( AfEr YhGLPYI- NHr (MIBE) are ni xed
with 122 kg ethanol at a tenperature of 24 to 26 0C. 36.7 kg of the

purified sol ut {op.of I b8' 35) hGUP-1 (7 ) sab fro e
preparative HP ggggé“%@%%ﬁ wthinb tosfggﬁygﬁ(%ﬁ% Qﬁéﬁgrglggﬁﬁz
Example 1a Example 1b
Isolated Amounts 0.44 kg 0.15 kg
Assay
- (Aib**)hGLP-1(736)NH, (arca %) 98.0% 97.6%
- (Aib**)hGLP-1(736)NH, (mass %) 87.6% 86.9%
Organic impurity (mass %)
-RRT =0.98 0.39% 0.39%
-RRT =1.06 0.23% 0.20%
-RRT =1.08 0.25% 0.27%
- Unspecified impurities 0.77% 0.92%
- Total of all organic impurities 1.6% 1.8%
Residual solvents (% (w/w))
- Ethanol 1.1% 2.0%
- other organic solvents <0.01% cach <0.01% cach
Water % (w/w)) 4.8% 4.7%
Acetate (% (W/w)) 2.9% 3.1%
Trifluoroacetate (% (W/w)) <0.05% <0.05%
Triethylamine (% (w/w)) 0.04% 0.04%
Ammonium (% (w/w)) <0.02% <0.02%
Phosphate (% (w/w)) 0.02% 0.02%

nd = not detected



heated to a tenperature of 34 0OCto 36 0C, stirred for 1 hour and then
cooled to 24 0OCto 26 OC. After filtration on a filter dryer (0.2 nR) the
cake i s dwpediowvd7edzini trogen for 15 mn and further drie#Cumpesodwenssim (| ess
than 100 nmbar) for 9 hours at 25 0C to 30 OC. The cake is then washed tw ce
with 3.4 kg ethanol each and dried undép- vacuum (| ess than 100 nbar) for 19
hours at 25 OC. The obtai ned product is humdified by passing through the
filter dry§§ Eiggb?@ggp/danp nitrogen for 3 hours and dry nitrogen for 1
hour in an i ‘manner until the ethanol content has been depl eted
to less than 1% Thereby the product takes up noisture and anot her drying
cycl e iBirthecesdhpgale @yinpzagindgaks hrase prefarmed pyith somegyayiatiofs b piogessdr y

ni t r ogefrdriMterd iMORICS tol MRIMTRL $hdiBo iR BY RRIdubBetRdliowst ed to approximately 6 %
601 g of product (Yield: 92 %according to HPLC assay) are obtained
(containin 7.9 % (area) (A b8 35)hAP-1(7-36)NH 2, 6.1 % H20O 0.73 %

et hanol and28isgh % MIBE). Spray Drying Exanples la and Ib Spray drying
condi ti ons appH-edfor—exanpleta—-andtb—Table 5Spray-dried

( Ai b8' 35) hGLR-Heed sdludidircorapasitiomo od . Tolbani/tvyo fiAibo Cih GAiy 1 (ReNHapuF i ti es
related to thernmal degradation (see followng Table 6). It contpins
approximately 1-2 % (ww) of ethad8l% (M~5H watéw/ w) of water as well as 3 %
(ww) of acetlate (table 4). Tabl ¢

> 6
40 % (w/w) ethanol

14

0.15 % (w/w) ammonium acetate

Atomizing Mode Rotary wheel atomizer

Atomizer speed: 20°000 RPM

Therefore a continuous “in-situ” nitrogen purge has been set up and a relative depletion of
23 to 28 % cthanol has been successfully achieved (table 8).

Table 8:

Process parameters and specific quality attributes of small-scale trials

Examples Ex.2a | Ex.2b Ex. 2c Ex. 2d Ex. 2e Ex. 2f
- inlet temperature (°C) 135 120 120 135 135 135
- outlet temperature (°C) 65 70 65 65 65 65
- gas flow (kg/h) 350 400 400 350 350 350
“In-situ” nitrogen purge no no no no yes yes

Residual solvents

(% (w/w))

- Ethanol 2.2% 2.2% 2.4% 2.3% 1.7% 1.8%
- others each <0.01% | <0.01% | <0.01% | <0.01% | <0.01% | <0.01%
Water (mass %) 5.6% 4.0% 4.0% 4.8% n.a. 3.4%
Acetate (mass %) 2.7% 2.2% 2.3% 2.3% n.a. 2.7%

10



Typical quality attributes of spray-dried (A b8 35 hG&P-I ( 7 )NH nd = not
det ect edExanpl es 2a to 2f: Further small-scale optimzation trials were

pr ef or redweizbtv/wesee vari ati ons of the process paranet er $CIEPIEAH718D

m ni m ze the anount of residual ethanol: Table 7 Therefore a continuous
"in-situ" nitrogen purge has been set -lif- and a rel ative depletion of 23 to
28 % et hanol has been successfully achieved (table 8). Table 8 : Process
par amet ers]&g]gl fe@%ﬁiaﬁ b.qual ity attributes of small-scale trial seExanples 3a
and 3b: Subseq&em—nu#t%—r' ki | ogram scal e bat ches were perfornmed using

fol | owi ng Spbsagiewdngt kaagtas-scaleTithes 9 crhperfvbmad neidg qulpiwing optimizedut es of
two bat ches.ghidepi cted in table 10: Table 10: Quality attributes of |arge
scal e batcheskExanple 4 : 160 kg of a solution containing 1.87% (ww (A b
8 35 hAP-1_ (7 36)NH 2, 61% (ww water and 37% (W w) ethanol is fed to a
Niro SD 4- R2%8Y Spraying chamber 0 1.2 x 0.75 m capacity

Feed solution composition: 1.7-1.9 % (w/w) of (Aib***)hGLP-1(7.3s)NH,
58 % (w/w) water
40 % (w/w) ethanol

0.15 % (w/w) ammonium acetate

Feed Rate 11-12 kg/h
Atomizing Mode Rotary wheel atomizer
Atomizer speed: 20°000 RPM

Drying gas inlet temperature | 135°C

Drying gas outlet temperature | 65°C

Drying gas (nitrogen) 350 kg/h, closed cycle mode

In-situ” nitrogen purge” continuous

The obtained quality attributes of two batches are depicted in table 10:
Table 10:

Quality attributes of large scale batches

Quality Attribute Spray-dried (Aib®**)hGLP-1(7.3s)NH,
Example 3a Example 3b

Isolated Amounts 1.9kg 2.7kg

Feed solution quality: 98.1% 97.7%

(Aib>**)hGLP-1(7-36)NH, (arca %)

Assay
(Aib>**)hGLP-1(7-36)NH, (arca %) 98.1% 97.3%
(Aib***)hGLP-1(7-36)NH; (mass %) 88.6% 88.8%




8 kg H Qzh). After about 15 hours, 2.73 kg of a fine powder (analytical

val ues see exanpl e 3a above) are collected fromthe cyclone. Table 11:
Conpar i somoab1ogobké2d st at e properties between precipitat @edTardowfosags dri ed
(Aib 8 35)hG.P- 1(7_36) NH2products. A range obtai ned from various
measurenents i s provided. Exanple 5: Fulfher optimzation trials were
performed to determ ne how the bul k density of the spraydried powder can be
adj ust ed, | rder ofacihjtate the down-stream processing. The results are
shown ig{eflgbl%ﬂeso Vf?lgsg@a@{)/w 5a to pf were carried out wth different
conposi| tibthmobf the feed solution,|i.e. vatiations of the sdl&ent ratio
(et hanol_ hip WakRlc)so el concentration of Lybg Jop hG-P-I (7s§§)1b)tﬂ@aﬁnd t he
concentirati on of acetate in the feed solution resulting in different pH
The variations were integrated in the final _preparative HPLC step imnm order
to caryVaet Cp K& Vehr ay- dryi ng of the prepatdative HPLC sol utiddlvodirect!y and
W thout—any further nmpdification [Table 12 : FEvolutilon of the bulk density

of |argecead @ patwhesd ains 1. Process fop7vhe production ofsg freely
fi owablle honmbgenous powder form of| a G.P-I

Trifluoroacetate (% (w/w)) 0.05% <0.05%
Isolation Capacity 0.16 kg/h 0.18 kg/h
Example 4:

160 kg of a solution containing 1.87% (w/w) (Aib***)hGLP-1(7.36)NH,, 61% (w/w) water
and 37% (w/w) ethanol is fed to a Niro SD-4-R-CC (Spraying chamber @ 1.2 x 0.75 m, capacity
5 8 kg H,0/h). After about 15 hours, 2.73 kg of a fine powder (analytical values see example 3a

above) are collected from the cyclone.
Table 11:

Comparison of solid state properties between precipitated and spray-dried
(Aib>**)hGLP-1(7.3)NH,products.

10 A range obtained from various measurements is provided.

Precipitated product Spray dried product
(comparison) (invention)

Specific surface area (BET) 14.9-18.8 0.8-1.4

acording to ISO 9277 (m%/g)/

Bulk Density (g/cm’) 0.34-0.39 0.05-0.06

Tapped Density (ISO 3953) 0.38-0.43 0.08-0.11

(g/cm’)

Particle size distribution, particle | 63% t090% of the particles | djo=11-12
size measured with laser >500 um dso=33-38

scattering method (um) doo=67-86




pepti de anal ogue, wherein a solution of the peptide anal ogue in an agueous
organic solvent is subjected to a spray drying process and recovered in the
form of awbnremlor2d2ziowabl e honmogenous powder. 2. ProcessPat@Epre@o0g7i8® cl ai m
1, wherein the solution of the peptide in an aqueous organic solvent is
obt ai ned from preparative HPLC, LPLC ofd8MPLC. 3. Process according to claim
1, wherein the solution of the peptide in an aqueous organic solvent is
obtai ned from preparative HPLC. 4. Process according to clains 1 to 3,
wherein the spray drying process conprises the steps of a) feeding a
solution of the peptide in an agueous organic solvent froma feed tank (1)
t hrough a fixample 3:2): b) atomizing the filtered solution in a spray chamber
(3) with the help of an atom zer (4); c¢) mxing the atom zed m xture with

hot dryi ng Faaserd cqﬁuﬁlmtwqhals Rhced pe(r@rmea R i 8BNS HSW rﬂlge &me délssllt%m&het Pray-
evaporate and t an

he pept.i reC| ate;
ponder U parger Hubeqdap iR et Rrlhee HRd-BuptrdE hlenBE b sl das
freely shoowaibtablchidrigemnples Spansiewere sarried onesdh diffeedi cogpbeitichsaofithe feetio 4,
wher ei %o}utglgn?l(.]eg SRk %?ﬁl‘e%oﬁ%h%%ﬂ& (étﬁan%l B %Lt%{),ethgfconcentration of
(Aib>**)hGLP-1(7.3)NH, and the concentration of acetate in the feed solution resulting in
different pH. The variations were integrated in the final preparative HPLC step in order to carry
out the spray-drying of the preparative HPLC solution directly and without any further

10  modification.
Table 12:

Evolution of the bulk density of large scale batches

Ex. 5a Ex. 5b Ex. 5¢ Ex. 5d Ex. 5e Ex. 5f

Feed solution composition
- Water/Ethanol (% w/w) 59/41 62/38 61/39 57/43 62/38 58/42

- Acetate (% w/w) 0.09 0.09 0.09 0.49 0.56 0.53
- (Aib**)hGLP-1(73)NH, 1.67 1.87 1.92 7.06 7.25 7.48
(% wiw)

-pH 8.5 8.4 8.6 52 52 5.4
Bulk density (kg/L) 0.06 0.05 0.06 0.22 0.21 0.22

Dissolution time 2h55 2h58 2h55 1h51 1h41 2h01




20% to 80% w w of water wth 20%to 80% w w of an aliphatic al cohol. 6.
Process according to claim5, wherein the aliphatic al cohol is nethanol or
et hanol . WO 2Progoees according to clains 1 to 6, wherei nPCiiEPI@OO6718%1 of t he
pepti de contains a buffer. 8. Process according to clains 1 to 6, wherein
the solution of the peptide contains ad®tate.9. Process according to clains
1 to 6, wherein the solution of the peptide contains 0.4 to 0.6 %ww
acetate. 10. Process according to clains 1 to 6, wherein the solution of

t he peptide contains |less than 0.15 % w w acetate. 11. Process according to
claim4, wherein in step a) of the smriaunglryi ng process the solution of the
peptide is fed fromfeed tank (1) through a filter (2) with a feed rate of

1 kg/h to 20,kg/h.. 12. Process acearding t,0,claim11l erein th ol ution
of ‘The pept BERkRoRE aiBRTDT oL BRUEGRbE nbuBulol po IS BLR SrATIIRLY o
any oneepfidchmilomiedwherein aamobitib, of Wheepepitide hmalsguepn aj agfiedul ergprcaplventyis ng

proces Zsuyggtgg :Ti\; % 619%1‘6 H@?}ﬁf #ﬁ#o%fef‘sﬁ s\lﬁglc?)ecb\?eréc{]inttﬁg erg{‘gﬂ%of?Jelﬁﬂc%NﬂE ljicﬂ'la(? Holfm 14

Proces erein in step t'he spray i ng
pr oces oy dept ary wheel atom zer is used. 15. Process according to claim 14,
wherein the atom zer speed is selected in a range of 10' 000 rpmto 30000
rpm

2. Process according to claim 1, wherein the solution of the peptide in an aqueous organic

solvent is obtained from preparative HPLC, LPLC or MPLC.

3. Process according to claim 1, wherein the solution of the peptide in an aqueous organic

10  solvent is obtained from preparative HPLC.

4. Process according to claims 1 to 3, wherein the spray drying process comprises the steps

of
a) feeding a solution of the peptide in an aqueous organic solvent from a feed tank (1)
through a filter (2);
15 b) atomizing the filtered solution in a spray chamber (3) with the help of an atomizer (4);

¢) mixing the atomized mixture with hot drying gas fed through inlet (5), thereby causing

the solvent to evaporate and the peptide powder to precipitate; and

d) feeding the gas powder mixture into a cyclone (6) where the peptide can be collected as
freely flowable homogenous powder.

20 5. Process according to claims 1 to 4, wherein the aqueous organic solvent is a mixture of
20% to 80% w/w of water with 20% to 80% w/w of an aliphatic alcohol.

6. Process according to claim 5, wherein the aliphatic alcohol is methanol or ethanol.

7. Process according to claims 1 to 6, wherein the solution of the peptide contains a buffer.

8. Process according to claims 1 to 6, wherein the solution of the peptide contains acetate.



16. Process according to claim4, wherein in step c) of the spray drying
process nitrogen with a tenperature of 100 OC to 200 OC i s used as hot
dryi ng gas0 20i0/07B20cess according to any one of clains 2CamP2@08/06%Ber ei n
the hot drying gas is fed with a feed rate of 300 kg/h to 500 kg/h. 18.
Process according to claim4, wherein -2 step d) of the spray drying
process the gas fed into the cyclone (6) has a tenperature of 50 0C to 110

0C. 19. Pr S Broted %?c{]rﬂ gqo cf&uﬁi Atk %ohte}‘@qﬁ b thﬁd&% o%%e&yeﬁ)gd%( ﬁ&ﬂalﬂﬁ 89559.6 N

addi tion conprise recovery as leaving
the cycooviw aceptewi th a filter (7);f) conden5| ng the aqueous organic sol vent
in a condenser (8); g) heating the gas |eaving the condenser (8) in a
heater (9) and reintroducing the hot drying gas in the spray chanber (3).

20. Pr ocesqoapﬁféégélawrmga@mam @f6, GlhatcibthblseluliBn oMRRbAdd fitddhrels

pepti de ané %g}le IS sel eéted fromthe group consisting of GLP-1 (7-37),
GLP-1 (BB RV Y &YHS GLP- 1(7-37), (G y8) GLP- 1(7-36), (Ser34)GLP-]|
(7-37), (val8)GP-I (7-37), (Val 8, du22) GAP-1 (7-37), (A b8 35)hGP-
1(7-36) NH2., (N-e-(g-d u(N- a-hexadecanoyl)))-Lys 26Arg34-G.P- 1(7-37),

DAl aBLys37-1(l. Process @comdiing itorildiop #.ogiaseian stop et dioky preran dxy) siwetesiitep)utiGnP- |

7-37), e LR Z1RE o 0= di n- 4
El- )of%egékfﬂtgf(esﬁfg?ﬁ%df g@%%(%%@ LEIRE (B witk € RH Ratd of LrdBo 26%ERdI N

12. Process according to claim 11, wherein the solution of the peptide has a temperature of
5 °Cto 35 °C.

13. Process according to any one of claims 4, 11 and 12, wherein in step a) of the spray

10 drying process the size of the filter (2) is in the range of 0.2 um to 4.0 pm.

14. Process according to claim 4, wherein in step b) of the spray drying process a rotary

wheel atomizer is used.

15. Process according to claim 14, wherein the atomizer speed is selected in a range of
10000 rpm to 30°000 rpm.

15 16. Process according to claim 4, wherein in step c) of the spray drying process nitrogen

with a temperature of 100 °C to 200 °C is used as hot drying gas.

17. Process according to any one of claims 4 and 16, wherein the hot drying gas is fed with
a feed rate of 300 kg/h to 500 kg/h.

18. Process according to claim 4, wherein in step d) of the spray drying process the gas fed
20 into the cyclone (6) has a temperature of 50 °C to 110 °C.

19. Process according to claim 4, wherein the spray drying process in addition comprises

the gas recovery steps of

e) purifying the gas leaving the cyclone (6) with a filter (7);



exendin-4 (1-28) am de, Leu, Phe exendin-4 am de and Leu, Phe exendin-4
(1-28) am de and AVE-0010. 21. Process according to any one of clains 1lto
19, wher evo 20tvn7¢d2P- | pepti de anal ogue is the (A b8' 35) RGLRPRFIHABABNH 2
22. GLP-1 peptide anal ogue obtainable with a process according to clains
1to 19. 23. Freely flowabl e honbgenous2powder form of

(Aib8'35)hGLP—I(7 36)NH 2. 24. Freely fl owabl e honbgenous powder form of

(A b8 35) h C&E$§ reaqﬁgg%fg%%u gﬁ&%ﬁﬁlg‘ﬂhéé%ﬁ srein the particles have

a specific ace 25. Freely flowabl e
honogenous pomder forn1of (A b8 35)hGLP—I(7 36)NH 2 according to clains 22

and 23, whep @l gis 164V E%rﬁie%e Q)Vﬁ PhtR BRI r‘é’ﬂhtﬂoﬁﬁén%ﬁﬁ%ogoo nm

26. The, novel pr es an nove forms as descri bed hérein before.
drying gas 1n the spray chamber (3

20. Process according to any one of claims 1 to 19, wherein the GLP-1 peptide analogue is
5 selected from the group consisting of GLP-1 (7-37), GLP-1 (7-36)NH,, (Gly®) GLP-1(7-37),
(Gly®) GLP-1(7-36), (Ser’)YGLP-1 (7-37), (Val*)GLP-1 (7-37), (Val’,Glu**) GLP-1 (7-37),
(Aib***YhGLP-1(7.36)NH,., (N-g-(y-Glu(N-a-hexadecanoyl)))-Lys”®Arg**-GLP-1(7-37), D-
Ala’Lys’’-(2-(2-(2-maleimidopropionamido(ethoxy)ethoxy)acetamide)) GLP-1 (7-37), exendin-
3, exendin-4, exendin-4 acid, exendin-4 (1-30), exendin-4 (1-30) amide, exendin-4 (1-28),
10  exendin-4 (1-28) amide, '*Leu,*’Phe exendin-4 amide and '*Leu,”’Phe exendin-4 (1-28) amide

and AVE-0010.

21. Process according to any one of claims 1 to 19, wherein the GLP-1 peptide analogue is
the (Aib>**)hGLP-1(7-36)NH,,

22. GLP-1 peptide analogue obtainable with a process according to claims 1 to 19.
15 23. Freely flowable homogenous powder form of (Aib®**YhGLP-1(7-36)NH,.

24. Freely flowable homogenous powder form of (Aib>**)hGLP-1(7-36)NH, according to
claim 23, wherein the particles have a specific surface area (BET) of 0.5 m%/g to 5 m*/g.

25. Freely flowable homogenous powder form of (Aib**)hGLP-1(7-36)NH, according to
claims 22 and 23, wherein 90% of the particles have a diameter of less than 200 um.

20 26. The novel processes and novel powder forms as described herein before.
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