26 JUNE 2006 PCT/1B02/ 05581 anmended 12.03. 2004 PEPTI DE PURI FI CATI QN ELEHE OF
THE INVENTION 5 1 The present invention relates to the purification OF
peptides, in particular internedi ate-size peptides, nore particularly

nona- and decapepti des, such as LHRH ant agonists. 10 BACKGROUND OF THE

| NVENTI ON Most internedi ate size natural and synthetic peptides are

anor phous Bthsk ABQE Sred¥etN) . @f 2d0hem have ghar macol ogically 15 interesting
properties, such as nmany nona- and decapeptides which are LHRH (I uteinizing
hor none- r PEPEIDE) PURIBTCATIGNt agoni sts. One particul ar substance of this

ki nd known only in anorphous formis the synthetic decapepti de of the
formula (1) 20 Ac-D- 2Nal - D-4C Phe- D- 3Pal - Ser - MeTyr - D- Asn- Leu- Lys(i Pr) - Pro-
D-Ala-NH2 (1) which, being a potent LHRH antagoni st, has desirable 25

phar macol ogj [ t] or.. use in pharnmaceutical preparations it is
necessary §iﬁfﬂré?(ﬂﬁﬁﬁ$@§h¥éiéﬁst (I') and nona- and decapeptides of simlar
structgre to be essentially pure. The raw product obtained in 30 the | ast
step of a Juultiple-step synthesis is purified by .chromatographic, and ot her
met hods.  TOIFTATHte TRETHAHD SHUER Fr SRt REZAhrGRREET RphY R ¢ Aas-
purified prrodseitidislat | v tersnddi die-Gizeopepd ide sanmageepus tiredil ul and

freeze . .
nona- and decapeptides, such as LHRH-antagonists.

10
BACKGROUND OF THE INVENTION

Most intermediate size natural and synthetic peptides are
amorphous substances. Many of them have pharmacologically

15 1interesting properties, such as many nona- and decapeptides
which are LHRH (luteinizing hormone-releasing hormone)
antagonists. One particular substance of this kind known only
in amorphous form is the synthetic decapeptide of the formula
(I)

20
Ac-D-2Nal-D-4ClPhe-D-3Pal~-Ser-MeTyr-D-Asn-Leu-Lys(iPr)-Pro-
D-Ala-NH,; (I)

which, being a potent LHRH antagonist, has desirable

25 pharmacological properties.

For use in pharmaceutical preparations it is necessary for the
LHRH antagonist (I) and nona- and decapeptides of similar
structure to be essentially pure. The raw product obtained in
30 the last step of a multiple-step synthesis is purified by
chromatographic and other methods. To eliminate residual
solvent from the chromatography a thus purified product

usually has to be dissolved in an aqueous medium and freeze-



26 JUNE 2006 PCT/1B02/ 05581 amended 12.03.2004 2 dried. This iszﬁaWd“
process producing a volum nous product, which is not easy to handle. A
process of purification of an otherw se pure peptide from 5 residual
organi ¢ solvent by other neans than freeze-drying thus is desirable. WO
0018423 A discl oses the use of the conmbination of cyclodextrin and a LHRH
peptide anakfHgsie osispchdieiang.dst80410 pharmageutically acceptable salts, for
the preparation of a pharmaceutical conposition for oral admnistration.
Abarel i x idriedrdters ed lAHRdsanal egueesAcetratiecsabt 8 obluhénbllBH pepti de

ant agoni st s rof D1 ar .dci scl osed taq be ph%y’rgfc[guti cally acceptable in
gener al . THE € Lprduﬁ”’ 3\‘ Ao 0018457 &Pe G885 15 in the manufacture of
medi canments. WD 0055190 A di scl oses decapepti de LHRH ant agoni sts for the

manuf act ur e, of nedi canent s .agai_nst__haor.nmone endent _tuno ne

i nf | uenced "diEEUSES ifeH yc r%(éwm:r)luralff r"‘é‘d"%ﬁg%g%?e%?& F\%Etilggc?gérﬂ[d)

freeze dri etksikRhd1955330/ A dicdolersedya ophecessahoer thhe frangtodnmuinon of

hydr ochl ori,éjhe sal t s, of. d%c%aeoepti de LHRH antagonists to their diacetate
us g e

salts in a concury edn > -step purification by 25 liquid chromatography.

OBJECTS OF THE INVENTION 30 It is an object of the present invention to
o e SRS DAL b 4T, BUDEr, Beeg s g of the
freeze-dryioygrlextdiNg 2006 a LHRH peptide analogue, including its
10 pharmaceutically acceptable salts, for the preparation of a
pharmaceutical composition for oral administration. Abarelix
is a preferred LHRH analogue. Acetate salts of the LHRH
peptide antagonists of D1 are disclosed to be pharmaceutically
acceptable in general. The compounds of WO 0018423 are useful

15 in the manufacture of medicaments.

WO 0055190 A discloses decapeptide LHRH antagonists for the
manufacture of medicaments against hormone dependent tumors
and hormone influenced diseases, which may be purified by

20 preparative HPLC, and freeze dried.

EP 0955308 A discloses a process for the transformation of
hydrochloride salts of decapeptide LHRH antagonists to their
diacetate salts in a concurrent single-step purification by

25 1liquid chromatography.

OBJECTS OF THE INVENTION

30 It is an object of the present invention to provide a process
of purification of an otherwise pure peptide of the
aforementioned kind from residual organic solvent, which

avoids freeze-drying.



PCT/ 1 B02/ 05581 anmended 12.03.2004 3 It is another object of the,peIeRh
: . . : . 01 1hey ? 0
invention to provide such an otherw se pure peptide, which is essentially
free from residual organic solvent and is not in the formof a
cryoprecipitate. 5 Further objects of the invention will becone obvious from
the follow ng summary of the invention, the description of a preferred
enbodi nent tdremsendsssiandndehez.appe@aded cl ai ng. 10 SUVMARY OF THE | NVENTI ON
According to the present invention is provided a process of purification of
an ot herwi sé@tpaseapephedeobiacparfi thut apreasdist normeen trodetapepVidee, smodt
particularly_a o p ' I [ LHRH i St om

resi dual or)gégnio(‘:%ggw\l/g%tSgggoﬁgé#g?%b%}{; ofsl’ gévé ng stazigfsfg%dfsfsroc{%i ng said
ot herwi se pueeipepti deginia dpsgehtt st isoteentn nihe ukerreodprd si ng wat er
and at |eas ofa]s 20 sel ected from net hanol, ethanol, propanol,

i sopr opanol ?:r-gggégll:%gb?%ﬁéeéol ution of the otherwi se pure peptide in said

sol vent i xture to a vigorously stirred precipitation solvent mxture
essential | y ;poRgL$t b??eQ’EsOB? Qﬂesﬁx‘{férg{si&?'@{n CORMINASSELBC t A f D

met hyl acetate, ethyl-acetate, nethy propi onate, ethyl propionate, butyl
acetate, isdbdiliphingesamwarytobutlhe dreertionetihsd deoyemiretiqropyla formate,

i sopr opyl a S non- S Jected from
hexane, hep%)gr%lg,ggrgg?a%@?gg%g?% e%ﬁ%&%’et%@?%ﬁ o%%ﬁ%@acn%%ﬁ%pti onal |y,

of up to 5% of acetic or propionic acid; 30 - isolating the precipitated
pepti de;,

SUMMARY OF THE INVENTION

According to the present invention is provided a process of
purification of an otherwise pure peptide, in particular a

15 nona- or decapeptide, most particularly a nona- or decapeptide
which is an LHRH antagonist, from residual organic solvent,
comprising the following steps:
- dissolving said otherwise pure peptide in a dissolution
solvent mixture comprising water and at least one alcohol

20 selected from methanol, ethanol, propanol, isopropanol;
- adding the solution of the otherwise pure peptide in said
solvent mixture to a vigorously stirred precipitation solvent
mixture essentially consisting of one or several polar
compounds selected from methyl acetate, ethyl acetate, methyl

25 propionate, ethyl propionate, butyl acetate, isobutyl acetate,
t-butyl acetate, ethyl formate, propyl formate, isopropyl
formate, and one or several non-polar compounds selected from
hexane, heptane, octane, cyclohexane, methylcyclohexane, and,
optionally, of up to 5% of acetic or propionic acid;

30 - isolating the precipitated peptide;
- washing the isolated peptide with one or a mixture of said
polar compounds or a solvent or solvent mixture of similar
polarity,
- drying the washed peptide,



- washing the isolated peptide with one or a mxture of said pekgine2006
conpounds or a solvent or solvent mxture of simlar polarity, - drying the
washed peptide, 26 JUNE 2006 PCT/IB02/ 05581 anmended 12.03.2004 4 with the
proviso that the water content of said solvent mxture conprising water and
at | east one al cohol is below 8% (v/v), and that the volune ratio of the

di ssol ut i orcsolovenis: afdnxdaurzeosack t he precypitation solvent mxture is 1:10
or nore. 5 "An otherw se pure peptide" is a peptide which is sufficiently
pure for uselim Eheradicviise ebedptthieomwatelratphéenhpafi sRég sohivehtneed to be
removed or g Gont et afs Wy ¢ agedsdl g DecaSUDShaNLabLY, T edugedo, The

ot herwi se pure pepti Wi 210 “nor ma 'y "be a substance havi ng under gone
purificatiofv/¥ , cindbrdtadgrtayghy.olPmef epabbyofhehet Herapsetpanespepeide is 15

Ac- D-2Nal - %ﬂ&fﬁ@-ﬁ@%@% ;Eeffe- E%-&O%Sea%%hlcyﬁﬁk!é’ﬁ}é PEQ b: Ahas NHeofd ) -
According to a Tirst preferre spect of the invention the water content of
t he dis$olution solvent mxture is below 5% 20 (v/v). According to a second

Col vent i Xt & Sad g ST RSB, 1Eop Bep Bl Lok S SR ERLH By |
particul ar rire 251 amst 1202 AesGicdingg exeertt Apkdvplateteedmpgpetiedf the
invention the 2l (NPl Ol R dhisolyt kR SBLYERL BEX{HiEn! Se8582P9!ke
substantially reduced. The otherwise pure peptide will
10 normally be a substance having undergone purification by

chromatography.
Preferably the otherwise pure peptide is

15 Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D-Asn-Leu-Lys(iPr)-Pro-

D~-Ala-NHz (I).

According to a first preferred aspect of the invention the
water content of the dissclution solvent mixture is below 5%
20 (v/v).

According to a second preferred aspect of the invention the

volume ratio of the dissolution solvent mixture and the

precipitation solvent mixture is at least 15, in particular at
25 least 20.

According to a third preferred aspect of the invention the

alcohol of the dissolution solvent mixture is ethanol.

30 According to a fourth preferred aspect of the invention the
polar component of the precipitation solvent mixture is ethyl

acetate.



30 According to a fourth preferred aspect of the invention the -ggLRE 2006
conponent of the precipitation solvent mxture is ethyl acetate. 26 JUNE
2006 PCT/1B02/ 05581 anmended 12.03.2004 5 According to a fifth preferred
aspect of the invention the non-polar conponent of the precipitation
solvent mxture is heptane. 5 In the following the invention will be

descri bed inrgseaten aneetaizl.olddyposr ef erencesto a preferred enbodi nent thereof
whi ch should not be understood to limt the invention. 10 DESCRI PTION OF A
PREFERRED EABG&&E&@I’ tEex aampf ief th  phteef efrraect ia@moctomfaitﬂiieng}nwmi@@rrﬁb@nd (1)

(100 g in to in et ol - r-ac [ Y t ai.ned
from pr epar}l 111 mf%%%ncﬁﬁethgey tllheécztl%cagltﬁ% gt])itv(zf:ﬁﬁce \{L)B(Foggc?lshad
been puri flhedpt/\mee. pool ed and concentrated in vacuo to an oil which was
co-evaporated twice fromethanol. The resulting solid was dissolved in 440
m of ethanol and the resulting clear solution added over a period of 20
mn to & 8 Lnothetfyllacuiatdidepteand ion v\(i\)/lv)be 2@ sSriikeidng g e@d /i nued

for 1 hour I v&? hed Mitlr Jnkcaf ethyl
acet at e; |t§€g§su‘ %ﬁdlegf[%g%}%%g(g%l; ch{learl y al Vgg%t ane. The wagﬂ
product wasshdul@dnotn ke vaclems toyah fai U@Q tatthe. 3nyentfien .48 hrs. El enent al
anal ysis of the dried product indicated that the nonoacetate 25 of (I) had

be obtained. Cryoprecipitation, in contrast, produces the corresponding
di acetate. In the following Table analytical paraneters of the nonoacetate

of (1) Ry odygedk 1 BFFAT PG ks AkdrY YN AE conpared wi th those of a

Example 1. The fractions containing pure compound (1) (100 g
in total) in ethanol-water-acetic acid 40:59:1 (v/v/v)
obtained from preparative HPLC by which the synthetically

15 obtained product had been purified were pooled and
concentrated in vacuo to an oil which was co-evaporated twice
from ethanol. The resulting solid was dissolved in 440 ml of
ethanol and the resulting clear solution added over a period
of 20 min to 8.8 L of ethyl acetate/heptane 1:1 (v/v).

20 Stirring was continued for 1 hour and filtered. The amorphous
product was washed with 3 L of ethyl acetate; it was found
that this removed nearly all heptane. The washed product was
dried in a vacuum oven at 40°C at 0.3 bar for 48 hrs. Elemental
analysis of the dried product indicated that the monoacetate

25 of (I) had be obtained. Cryoprecipitation, in contrast,
produces the corresponding diacetate. In the following Table
analytical parameters of the monoacetate of (I) produced
according to the invention are compared with those of a
corresponding lyophilized product (diacetate).

30



correspond
PCT/ 1 B02/ 0
| yophilize
Et hanol <O.
Acetic aci
cont ent 88.
conpositio
pr ocedur e
f rom about
hept ane re

ing I'yophilized product (diacetate). 30 26 JUNE 2006 ¢ yung 2006

5581 anended 12.03.2004 6 Table. Al percentages are by wel ght
d product precipitated product Water3.4 9%3. 0%
024%<0. 024% Et hyl acet at e<0. 024%<0. 024% Hept ane<0. 024%<0. 024%
d (as acetate)7.5%3. 9% HPLC purity99. 8999. 8% Pepti de
8480920 4@ SRenbida f2i dstdoedt - 0. 3% Eganpl e 2. Variation of the
n of the precipitation 15 solvent or solvent m xture; otherw
afab Xe Exanplpe reeryeRispiatrat bgnwetightur e et hyl acetate results i
3% to about 5% by wei ght | oss of peptide. Precipitation in
sults in a sticky product which is difficult to filter. A1:1

se,
n
pur e

(v/v) mxture of ethyl-acetate lk@pane igedepradd0tppeducpivhiel psodasy to

filter and
than 0.5%
of oilys 2
ot herw se,
in a stick
content of
sati sfacto

10

15

20

25

30

dry; in repeated experinents the |oss of peptide was al ways
by weight. Exanple 3. Variation of water content of the sol ut
Sgdeduct in the dissolutiagn4dsel vent (absel.aoge et hanol);

rocedure as in Exanple 1. A water content .of /10% (v/v) resu
yé)‘b’} S O ER 0.7

t on precipitation is diff
BE%W A dagtdwsul ts in  an<ai.log4pr oduct orOpoeakpi tation. To ob
rQleptane <0.024% <0.024%
Acetic acid (as acetate) 7.5% 3.9%
HPLC purity 99.8% 99.8%
Peptide content 88.8% 94.9%
Loss in filtrate - 0.3%

Example 2. Variation of the composition of the precipitation
solvent or solvent mixture; otherwise, procedure as in Example
1. Precipitation in pure ethyl acetate results in from about
3% to about 5% by weight loss of peptide. Precipitation in
pure heptane results in a sticky product which is difficult to
filter. A 1:1 (v/v) mixture of ethyl-acetate hexane gives a
product which is easy to filter and dry; in repeated
experiments the loss of peptide was always less than 0.5% by

weight.

Example 3. Variation of water content of the solution of oily
product in the dissolution solvent (absolute ethanol);
otherwise, procedure as in Example 1. A water content of 10%
(v/v) results in a sticky product on precipitation which is
difficult to filter. A water content of 15% (v/v) results in
an oily product on precipitation. To obtain satisfactory
results the water content must not exceed 8% (v/v) but should
preferably be kept below 5% (v/v). A water content below 5% is
accomplished by co-evaporating the oily product from the

chromatography at least twice with ethanol.

| ess
i on

Its

é%to filter. A water

tain



30 results the water content must not exceed 8% (v/v) but shoul %JENE&%@NV
be kept below 5% (v/v). A water content below 5%is acconplished by
co-evaporating the oily product fromthe chromatography at |east twice with
et hanol . 26 JUNE 2006 PCT/ 1502/ 05581 anended 12. 03.2004 7 Exanpl e 4.
Variation in precipitation tenperature; otherw se, procedure as in Exanple

1. The preccpirtatison merperatsuroes proved o be not critical. It could be
varied fromOC to 20C wthout noticeable differences in product yield and 5
nmor phol ogy .ExEraris ed 5.Vasard tdtdrornirofe regripdatdonotn egbefbf uire / t kéhediwésel ut i on

sol vent; cwggg%§§$ﬂzg%§ﬁ§9%5&1 d Q.Eﬁ%%pg?f%iggkat@%ﬁ f-apad Lhat. ot he

concentration product fromth romat ography whi ch had0 been
co- evapor atrbwed ettt igritimaldi ddolcguildn bsolveeneds hgemd 066 &8s H§h as

possi bl e. I%Yﬂr}gt?lf% e&ta[k?itdé ol er_%%%e% By, ioglagtcg,gleqdbgnﬁsed. Exanpl e 6.

Variation o etween di ssol ution solvent an precipitation sol vent
vol unmes Sandnatedlegiri ati ons; ot herwi se, procedure as in Exanple 1. The
optimumratio was found to be about 1:20. It could be shown that ratios
from1:15 to 1: 30 gave satisfactory results. Aratio of 1:10 resulted in a
sticky prodisanp e i pigmitdtoren oivaopdeadtratiioa odsgénsiiontden 20 be
fi'ltered 30,.4 t . it of _di d . .subs . shipg

W th ethyl SOHORL T o adu T (R To5 PoP arohoct ot SPrBientry e
renoved heptamefo2sd UNE 2066 ROTENBO2/t3%958 fabrded 1¥2r@8d2004 fComl Mse

10 chromatography which had been co-evaporated with ethanol in
the dissolution solvent should be as high as possible. Even a

concentration of 330 g by weight could be used.

Example 6. Variation of ratio between dissolution solvent and
15 precipitation solvent volumes and other variations; otherwise,
procedure as in Example 1. The optimum ratio was found to be
about 1:20. It could be shown that ratios from 1:15 to 1:30
gave satisfactory results. A ratio of 1:10 resulted in a
sticky product. Precipitation is very fast. The suspension can
20 be filtered 30 min after the last addition of dissolved
substance. Washing with ethyl acetate did not result in loss

of product but efficiently removed heptane.



8 1. A process of purification of an otherwi se pure nona- or 5;¢ecaPeRe de
fromresidual organic solvent, conprising the follow ng steps: - dissolving
t he nona- or decapeptide in a dissolution solvent mxture conprising water
and at | east one al cohol selected from nethanol, ethanol, propanol,

i sopropanol ; 10 - adding the solution of the nona- or decapeptide in said
sol vent m Xtz to6ss@ aMdngar@Us|2gosst i rred pgeci pitati on solvent mxture
essentially consisting of one or several polar conpounds selected from

met hyl acetate, ethyl acetate, nethyl propionate, ethyl propionate, butyl
acetate, is acetate, 15 t-butyl acetate, ethyl formate, propyl

formate, | éﬁh formate, and one or several non-polar conpounds sel ected
from hexane, heptane, octane, cyclohexane, nethylcyclohexane and,

[y, of 5% L
oo L i e OB WALIA BBl bRPRaRRAEDE,

decapep5|dedauiﬁbpﬂmﬁanfﬁbmrn@ﬁﬂdualobr@amdcpebavenonpoumg$1snng sbeévent or
sol vent re of simlar polarity, - drying the washed nona- or
decapeptldég i Y% PF5Vi so that the water content of said sol vent 25

m Xt ure corprdiss sl wiatee reranch cata - @astde@ra@ealtd:dlaolini 8 Hekewl8%iofvkw)yeand

that the volune ratio of. the di solutlon sol vent ur n
preC|p|taI|Tﬂf%ﬂﬁ§nﬁﬁmgﬁ5&ﬁﬂ%3W£% %F tnd Qeast ong Sﬁﬁnggsgeg 8tFaiml
wher ei n tfmxmwmemeuhnﬁdmu edfhasaild pmbpsmbaenusnpxbpaeo&onpr|S|ng wat er and

at1o25k,0"e Aeonel e L AUQUPRA LD R THE BEREBEB Ll Bty Wherein
said n | e antagoni St.
solvent mixture to a v1gorously stlrred precipitation solvent
mixture essentially consisting of one or several polar
compounds selected from methyl acetate, ethyl acetate, methyl
propionate, ethyl propionate, butyl acetate, isobutyl acetate,

15 t-butyl acetate, ethyl formate, propyl formate, isopropyl
formate, and one or several non-polar compounds selected from
hexane, heptane, octane, cyclohexane, methylcyclohexane, and,
optionally, of up to 5% of acetic or propionic acid;

- isolating the precipitated nona- or decapeptide;

20 - washing the isolated nona- or decapeptide with one or a
mixture of said polar compounds or a solvent or solvent
mixture of similar polarity,

- drying the washed nona- or decapeptide,
with the proviso that the water content of said solvent

25 mixture comprising water and at least one alcohol is below 8%

(v/v), and that the volume ratio of the dissolution solvent

mixture and the precipitation solvent mixture is 1:10 or more.

2. The process of claim 1, wherein the water content of said
30 solvent mixture comprising water and at least one alcohol is

below 5% (v/v).

3. The process of claim 1, wherein said nona- or decapeptide

is an LHRH antagonist.



26 JUNE 2006 PCT/ 1802/ 05581 anended 12.03.2004 9 4. The processy@jund Rios 3.
wherei n said nona- or decapeptide is

Ac- D- 2Nal - D- 4] Phe- D- 3Pal - Ser - McTyr - D- Asn- Leu-Lys(i Pr)-Pro- D-Ala-NH2 (1).
5. The process of claim4, wherein Ac-D 2Nal - D- 4Cl Phe- D- 3Pal -

Ser- MTyr-D- Asn- Leu-Lys(iPr)-Pro-D-Ala-NH2 (1) is obtained in formof the
nmonoacet at ecr/12 HsssT henpluoeesszoof claim 1g wherein the volune ratio of the
di ssolution solvent m xture and the precipitation solvent mxture is at

| east 15. 7. The process of claim1, wherein the al cohol of the 15

di ssol ution, sql.vent m xture is ethanol. 8 .Th r,0 of _cl.ai rein
t he pol ar c%'npéheerﬁrooc‘fest%é) p?r gclimp?t’afﬂihgﬁeégl 58‘%9 ﬁ‘l&%?ﬁr 8% gggnhéptg@%t at e.
20 9. The prodesD-ANl-Ai-aCh Pharér-SiPaltSerrtirTypotarAsorpenedlysdfiPri hRro-
precipitation solvent mxture is heptane. 10. The npnoacet ate of

5

Ac- D- 2Nal - G PRel2D-(3Pal - Ser- MeTyr-D- Asn- Leu- Lys(i Pr)-Pro-D-Al a-NH2. 25 30

5
5. The process of claim 4, wherein Ac-D-2Nal-D-4ClPhe-D-3Pal-

Ser-MeTyr-D-Asn-Leu-Lys (iPr)-Pro-D-Ala-NHy (I) is obtained in

form of the monoacetate.

10 6. The process of claim 1, wherein the volume ratio of the
dissolution solvent mixture and the precipitation solvent

mixture is at least 15.

7. The process of claim 1, wherein the alcohol of the

15 dissolution solvent mixture is ethanol.

8. The process of claim 1, wherein the polar component of the

precipitation solvent mixture is ethyl acetate.

20 9. The process of claim 1, wherein the non-polar component of

the precipitation solvent mixture is heptane.

10. The monocacetate of Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D-
Asn-Leu-Lys (iPr)-Pro-D-Ala-NH>.
25

30



