18 SEPTEMBER 2006 PEPTI DE PURI FI CATI ON FI ELD OF THE | NVENT SRPHENVBER 2006,
invention relates to the purification of peptides, in particular

i nternedi ate- size peptides, nore particularly nona- and decapepti des, such
as LHRH ant agoni sts. BACKGROUND OF THg | NVENTI ON Most internedi ate size
natural and synthetic peptides are anorphous substances. Many of them have
phar macol ogically interesting properties, such as many nona- and

decapept i pEPTIDEFURIHAARON | ut ei ni zi ng hor none-r el easi ng hor none)
ant agoni sts. One particular substance of this kind known only in anorphous

formis the synthetic decapeptide of the forrmula (I)

Ac- D- 2Nal i ASOehaIPIRVaNTeoORN- M Tyr - D- Asn- Leu- Lye(i Pr)-Pro-D-Ala-NH2 (1)
whi ch, being a potent LHRH antagoni st, has desirabl e pharnacol ogi cal
properties. For use in pharnaceutical preparations it is necessary for the

LHRH ant agoni st (1. - } St ar e to be
cssent 1 ai e prpe iydn ;PRST BRDAFEARGEL! ERR, if piitedr el
mul ti pl e- sizepepydesheamirs pagicplarly fiond- byd dbcapeptidesr syghi @ ARHRH-arthgemistet hods.
To elimnate residual solvent fromthe chromatography a thus purified

product usually has to be dissolved in an aqueous nedi um and freeze-dri ed.

This i s apAOSERHUNTY OFSEHR NQYENTIONa Vol um nous product which is not easy
to handle. A process of purification of an otherw se pure peptide from

resi dual organic solvent by other nmeans than freeze-drying thus is

desirabl eallcys\pln?e?élgéigé 1 eqliaﬁlﬂl%g §¥Iﬁ[gﬁ%ﬁg’%ﬁt€%fs Sﬁe;h?nn(gglgqﬁs F(@gﬁt%esoﬁv[a(ﬁ Q)IdeeXt rin

and a LHBR pep anal ogue, 1nc accept abl e
sal ts, f othetthehgyve epharatacalngiodllya inhatinpcpopertied, swrpasi tamy fnona-oraad

adm ni str %Eéaggpticfg? evimﬁzhla}(e ]I_,l-isf-II (?urteel];nez{nrg%%rrhcl)_lrgweleasing hormone) antagonists. One
particular substance of this kind known only in amorphous form is the synthetic

decapeptide of the formula (I)
Ac-D-2Nal-D-4CIPhe-D-3Pal-Ser-MeTyr-D-Asn-Leu-Lye(iPr)-Pro-D-Ala-NH; (I)
which, being a potent LHRH antagonist, has desirable 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 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-dried. This is a

costly process producing a voluminous product which is not easy to handle.

A process of purification of an otherwise pure peptide from residual organic solvent by

other means than freeze-drying thus is desirable.

WO 0018423 A discloses the use of the combination of cyclodextrin and a LHBR peptide
analogue, including its pharmaceutically acceptable salts, for the preparation of a

pharmaceutical composition for oral administration. Abarelix is a preferred LHRM



18 SEPTEMBER 2006 2 anal ogue. Acetate salts of the LHRH pHbPPRREMBERZMM st e
of D1 are disclosed to be pharnmaceutically acceptable in general. The
conpounds of WD 0018423 are useful in the nmanufacture of nedicaments. WO
0055190 A discl oses decapepti de LHRM ant agoni sts for the manufacture of

medi canent s agai nst hornone dependent tunors and hornone infl uenced

di seases, which nmay be purified by preparative HPLC, and freeze dried. EP
0955308 Aaglilsgile0PR6tatt 1O CESHe fIMRHNSeptid@Rafa@sit@e oD Drard)ihclosdd @ bee salts

of decapeptide LHRH antagonists to_their diacefate | in a. concurrent

si ngl e- st prrmacRuticlbacrentatls 1 gegesel T@ﬁF%‘Hﬁ?‘B‘aFa WO@%@ l@?fufrmléh? NVENTI ON
It is an g%%%tufgof{n%i&%ﬁgﬂt invention to provide a process of
purification of an otherw se pure peptide of the aforenentioned kind from

resi dual organic solvent, which avoids freeze-drying. It is another object

c ol v ave i ot her obj ec
of Lo Pr S55MbodsPYEE 8018 ROUI AT YRR ATGREASIN 35 Y SR or 1 ©

is essentiall ree fromresi 0 'S no e form of
a cryopr erdphinaite agdmst hti@one kigpeidentafimbdis @nd her@rne dnflushtdd dissasespwhniblvi ous

fromthe foll ow n ummary of e invention, the description of a preferred
enbodi mentM3y (k& PEY ?ds @hﬂf@%@“@dﬁgﬂqﬁeﬂg&%%‘&ed- SUMMARY OF THE | NVENTI ON
According to the present invention is provided a process of purification of

an ot herw se %g)ure pe(&tci de, in particular a nona- or decacgepjti de, nost
parti cul aEPy05A0ha disclosereeapregsss der e transfarmation (arrhysrachlpside swelts fof om

resi dual gg&sgﬂtﬁie iq?h%ﬁ gﬁtag&fmp{oi RLiPGialdifie salts in a concurrent single-step

purification by liquid chromatography.
OBJECTS OF THE INVENTION

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.

It is another object of the present invention to provide such an otherwise pure peptide,
which is essentially free from residual organic solvent and is not in the form of a

cryoprecipitate.

Further objects of the invention will become obvious from the following summary of the

invention, the description of a preferred embodiment thereof, and the appended claims.
SUMMARY OF THE INVENTION

According to the present invention is provided a process of purification of an otherwise
pure peptide, in particular a 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 selected from methanol, ethanol, propanol, isopropanol;



foll owi ng steps: - dissolving said otherw se pure peptide ‘%?Tﬁ%%ﬂ(}%n
sol vent m xture conprising water and at |east one al cohol selected from
met hanol , et hanol, propanol, isopropanol; 1 8 SEPTEMBER 2006 3 - adding the
solution of the otherw se pure peptidesin said solvent mxture to a
vigorously stirred precipitation solvent m xture essentially consisting of
one or several polar conpounds selected fromnethyl acetate, ethyl acetate,

nmethyl  propideingt e doRMPNOSH eeab@ervisd Yhreapsptidt an dafdBoliydt @e@iRt®, at - butyl
acetate, ethyl formate, propyl. formate, .isopropyl formate, and one or
several non-Yigaraysl shied: iecipitasion OBENt MyiUFRe 855Btallye GONSHEING oRlt aRfe OF

cycl ohexane, hybay ClHXANE seRBEd  frQRT P |abeta®l &Ry1T Qoebate Ofn tic or
pr opi oni c acsie{(;jg;ﬂl- )blbfsaoléa(l)tl ngﬁ{ﬁesepreci ;r)(lg}?at e{(gls’pep'f:ial e; l-E)yvvacshi ng teﬁfe%'@i sol at ed
pepti de wit tprogienate, mopriopiouate, diityd adcetateo| isobutyd nstatelst-butyh acetatey etityl or

sol vent m xture of sai olarity, -.drying the washed peptjde, wth the
provi so t hat%%aée’\ﬁé?péﬁl ?(?:rgqr?‘feehsto%oﬁ’yls%irra%g’ozfq\%oﬁlf or ﬁ?vffeﬂpgn'(%i%?: ?@P%uél IZ1\Slvat er and
at | east oneecRte@®hftbmi helxleOiepiné,v bdthne, ad\didhaRine! hitethylel dlotexard, i anddf t he

di ssol uti on sol vent m xt ure and the precjipitation solvent mxture is 1:10
or nore. "APPEPREIWPIE 9 R OhRESHS BlePropignig agidit i de which is sufficiently pure

for use in qﬁgﬁmgqh ec@@ﬁﬂf’%@%; vol atile inpurities which need to be
e con

renoved or t t ent needs to be substantially reduced. The
ot her wi se-puvahipgpthe delated pemivienwith ynder a wsixhst aficaidnalarngmpondds goae
purificati onsop%ntcor}rsgggtlto[girxgﬁggfSalf:{gglaergta’bl y the otherw se pure peptide is
— drying the washed peptide, with the proviso that the water content of said solvent
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.

“An otherwise pure peptide” is a peptide which is sufficiently pure for use in a medicine
except for volatile impurities which need to be removed or the content of which needs to
be substantially reduced. The otherwise pure peptide will normally be a substance having

undergone purification by chromatography.
Preferably the otherwise pure peptide is
Ac-D-2Nal-D-4C|Phe-D-3Pal-Ser-MeTyr-D-Asn-Leu-Lye(iPr)-Pro-D-Ala-NH, (I).

According to a first preferred aspect of the invention the water content of the dissolution

solvent mixture is below 5% (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 1:15, in

particular at least 1:20.

According to a third preferred aspect of the invention the alcohol of the dissolution

solvent mixture is ethanol.



Ac- D- 2Nal - D- 4C1 Phe- D- 3Pal - Ser - MeTyr - D- Asn- Leu- Lye(i Pr) - Pr olS B TEMEER 2006
According to a first preferred aspect of the invention the water content of
the dissolution solvent mxture is below 5% (v/v). According to a second
preferred aspect of the invention the yolume ratio of the dissolution
solvent m xture and the Precipitation solvent mxture is at least 1:15, in
particular at least 1:20. According to a third preferred aspect of the

i nvent i on Alcbérdidlg@® B Gdurdif préfegedbspsal of tiednvensioh Urpolaricsinpéieent sf tht hanol . 18
SEPTEMBER 2006 .4 According to fourth preferred aspect of the invention
t he pol ar P%Wﬁé%hﬁolwtE“H@“reﬁ?gg}’l;ﬁc?téﬁei on solvent mixture is ethyl acetate.
According to a fifth preferred aspect of the invention the non-pol ar
conponent of the precipitation solvent mxture is heptane. In the follow ng
t he i nventicoerdimg|td afidthdecfemedasgedtof hedmreation e aion-pplar pehpensatel the a

preferred _enbodi men teof Wi shoul d not be understood to limt the

i nvent i onPF“IBE%@ﬂ ﬁ‘f%ﬂﬁ‘tﬁ&&‘ D EMBODI MENT EXAMPLE | The fractions
cont ai ni ng pure conmpound (1) (100 g in total) in ethanol-water-acetic acid
40:59:1 (v/v/v). obtained, frompreparative HPLC b ich the synthetically
obt ai ned _[‘bﬁéﬁjffﬂg’“ﬂ%t HHYepRRn W‘@g’em@gﬁﬁﬂo‘i"eﬂeéﬁ%ﬁt&ﬂcl@'nferf%f)té'é‘if fonav_acuo to
an oi | whipedferYaSerhBsdiB¥RPRERD L VhicH $heuldr o Rt hiReRtood Tldelim R SHE tinveatigR! | d was
dissolved in 440 mM of ethanol and the resulting clear solution added over

a period of 20 mn to 8.8 L of ethyl acetate/heptane L:1 (v/v).
DESCRIPTION OF A PREFERRED EMBODIMENT

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 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).

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 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).



Stirring was continued for 1 hour and filtered. The anor phlg EPJFWUE&NMS
washed with 3 L of ethyl acetate; it was found that this renoved nearly all
hept ane. The washed product was dried in a vacuumoven at 40 C. at 0.3 bar
for 48 hrs. Elenental analysis of thesdried product indicated that the
nonoacetate of (I) had be obtained. Cryoprecipitation, in contrast,
produces the correspondi ng diacetate. In the foll ow ng Tabl e anal yti cal
paraneters of the nonoacetate of (1)TABbHuced according to the invention are
conpared —with those of a corresponding lyophilized product(diacetate). 18
SEPTEMBER 2006 5 TABLE AlIl per cent ages ar e by wei ght | yophi li zed product
preci pitated product \Water 3AUgeRemiages Brabyrw¢ighi0. 024% <0. 024% Et hyl

acet ate <0.024% <0. 024% Heptane <0.024% <0.024% Acetic acid (as acetate)
7.5% 3. 9% HPLC purity 99. 8% 99. 8% ntent 88..8% 9 Loss in
filtrate - 0.3% EXAVPLE 2 Vari at(Yoé)ﬁei%Fé P'ﬁ’gu%c:{orrpoaRre%%l{é?fgrﬁéwﬁr eci pitation
sol vent or solvent m xture: otherw se, procedure as in Exanple 1.
Precipitation in pure ethyl acetate results in froma Olbl 3% to about 5% by
wei ght 1 oY%t peptide. Precipitati oR-4"h pur e heptane Sults in a sticky

Ethanol <0.024% <O 024%
Ethyl acetate <0.024% <0.024%
Heptane <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 lives a
product which is easy to filter and dry; in repeated experiments the loss of peptide was

always leas 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 result 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.



product which is difficult to filter. A 1:1 (v/v) nixture BHSERTRMBERZI0G o
hexane lives a product which is easy to filter and dry; in repeated
experinments the | oss of peptide was always |eas than 0.5% by wei ght.
EXAMPLE 3 Variation of water content ofc the solution of oily product in the
di ssolution solvent (absolute ethanol), otherw se, procedure as in Exanple
1. A water content of 10% (v/v) results in a sticky product on
precipitaExayMPhEah is difficult to filter. A water content of 15% (v/vV)
results in an oily product on precipitation. To obtain satisfactory result
the water content nust not exceed 8% (v/v) but should preferably be kept
bel ow 5% Matiztijon A& prexiptationnem@pératned: omth&Hises paedurpl ass he dExbmpleod edapor at i ng

the oily product fromthe chr t ography, at | t twi.ce wiih ethanol. 18
ST ENEL RSO ion ERAKBLES BoVES fodte ah citicah Thequif B vdrioH oo f B8

ot her wi sewilb@CedydtRedtste | N dipf@bMes 1.in Th@roddteCi pieldt | @Ad t enpapRIlbEye proved
to be not critical. It could be varied fromO0O C. to 20 C. without

noti ceabl e differences in product yield and norphol ogy. EXAMPLE 5 Variation
of concenhatPNeQf (1) in the dissolution solvent; otherw se, procedure as

in Exanp . was found that the concentration of the oily product from
the chromat ography whi ch had been co-evaporated wth ethanol in the

di ssol uti .sol vent shoul d as high gs.possible..Even a concentr.ation of

330°g by vargsn Sotngenid el 0 Bl ARG TP Rt FrE A A

di ssol uti gRampleventt angt B6 @i Bdt aghe OonsehthEih ¥Olthdrasilyapeoduct from the
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 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 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.



other variations otherwise, procedure as in Exanple 1. The!S&HETRYRERAQS \as
found to be about 1:20. It could be shown that ratios from1:15 to 1:30
gave satisfactory results. A ratio of 1. 10 resulted in a sticky product.
Precipitation is very fast. The suspengion can be filtered 30 mn after the
| ast addition of dissolved substance. Washing with ethyl acetate did not
result in loss of product but efficiently renoved heptane. 18 SEPTEMBER 2006
7 CLAI MS: cLlAIMs:process of renoving residual organic solvent from an

ot herwi se pure nona- or decapeptide, conprising the follow ng steps:

di ssolving the nona- or decapeptide in a dissolution solvent m xture

conpri si ng WatieProgesg o4 tremeyiag r‘éﬁfblahp’tgéhlﬁlsob'éme@?'@oﬁnf PBPRMASSIPWE HOBB i st i ng

of met hanql opanol ; adding the solution of the
: gecgpfggawprlsm§QH@mllow1 s

nona- e'iln sad solvent mxture to a vigorously stirred
preci pitati on dsbaleing thé xbra-eorcdmespeptidarin escbanhmlahlsylveﬁt mnveumrconqawmgal

pol ar conpounds sel ected from a ng of net h t at t hyl
acet ate, met hyMafsf dlﬁﬁoﬁalte@t (E‘[ehy? l}ﬂ’?c?ﬁfe ét tﬁ%lggﬂul’a‘éoélfé{ ? E%“)?F
acetate, t-but¥hanagabpdndl, i®pypandlor mate, pr opyI formate and i sopropyl
formate, and one or several non- pol ar conpounds sel ected from a group

consi sting of hddiamdhe Kelptiomef thetnane, or dyeapeptideaitie st somenh ikl Yhéxane,
and, opt i onal | Yigd I'ouglg H‘?re%(y%t%%l g&\tﬁﬁ' gol&Jnh.nB&Rl?%(wﬁs?stn?lg él ntlaflf Q)Ifa(;n'en& the
decapRpt Paa o ashi™g ted or

precipitated nom € 1 S0 nona-
decapepti de wi téveahpolar canmuntisnseiecnéd frainch groba consisving ofi mkshyd racetats pdthrdnt  or

sol vent m xture of si n]]
acetate met

yl pro 10nate etl}/yl propionate, butyl acetate, isobutyl acetate, t-butyl
acetate, ethyl formate, propyl formate and isopropyl formate, and one or several
non-polar compounds selected from a group consisting of hexane, heptane, octane,
cyclohexane and methylcyclohexane, and, optionally of up to 5% of acetic or
propionic acid;

— isolating the precipitated nona- or decapeptide;

- 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 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 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.

4. The process of claim 3, wherein said nona- or decapeptide is Ac-D-2Nal-D-4CIPhe-
D-3Pal-Ser-MeTyr-D-Asn-Leu-Lys(iPr)-Pro-D-Ala-NH; (I).

5. The process of claim 4, wherein Ac-D-2Nal-D-4CIPhe-D-3Pal-Ser-MeTyr-D-Asn-
Leu-Lys(iPr)-Pro-D-Ala-NH; () is obtained in form of the monoacetate.



- drying the washed nona- or decapeptide, - with the provi$&SEHEEMBER2006 o
content of said solvent m xture conprising water and at |east one al cohol
is below 8 (v/v), and that the volune ratio of the dissolution solvent

m xture and the precipitation solvent gixture is 1:10 or nore. 2. The
process of claim1, wherein the water content of said solvent m xture
conprising water and at |east one al cohol is below 5% (v/v). 3. The process
of claim§, wheh&prdcs&aiotclamma, wikreid eitnphithé chiolo$ tirnlidsbidHoasdlagmisture 4. The
process of claim 3, wherein said nona- or decapeptide is Ac-D 2Nal - D- 4ClPhe-
D- 3Pall -SeF‘U‘K)é‘?YFQCIP-‘tAE?ﬁ i‘gYF-"E%’(tPTﬁrlﬁ ‘ﬁ“ﬁ?‘%ﬁ BIA a-NHz (1). 5. The process of
claim4, wherein Ac-D 2Nal - D- 4C1lPhe- D- 3Pal - Ser - MeTyr - D- Asn-
Leu-Lys(iPr)-Pro-D-Ala-NHz (1) is obtained in formof the nonoacetate. 18
SEPTEMBER72006 Thg p®cesshad qhaine bswhes¢ingheiplephiol ofittke dissolutien sadvamtnixtard s of t he
di ssol uti §ﬁ’la§0q' vent mxture and the precipitation solvent mxture is at

| east 1:15. 7. The process of claiml1l, wherein the alcohol of the

di ssolution solvent mxture is ethanol. 8. The process of claim1l, wherein
t he pol ar _conpgpent of the precjpitation solvent i xture.is ethyl acetate.
9. The pr gcess%g? propess f qlaimhapRarein thicPalas copaPaant ebivp BFreHitagion § %em

preci pi t abjiQfre i§ SfhyPktafd. Xt Ure i s heptane.

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

solvent mixture is heptane.





