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5 The present invention relates to the purification of peptides, in
parti cul awoiostoesmedi at e-si ze peptides, nore particul arly Paanae2/essi
decapepti des, such as LHRH antagonists. 10 BACKGROUND OF THE | NVENTI ON Most
internedi ate size natural and synthetic peptides are anorphous substances.
Many of them have pharmacologically 15 interesting properties, such as
many nona- and decapeptides which are LHRHL(I uteinizing hornone-rel easi ng
hor nrone) ant i St ] rticular substance of this kind known only in
anor phous f it Etsﬂ? rt?ﬁ%&f)&‘l decapeptide 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)
whi ch, being a potent LHRH antagoni st, has desirable 25 pharnacol ogi cal
properties. For use in pharnaceutical preparations it is necessary for the
LHRH ant agore®RLI IQF amk novaNTaoy decapepti des of simlar structure to be
essential.ly pure. The raw product obtained in 30 the |ast step of a
mul ti pl e“step synthesis is purified by chronmatographic and ot her nethods.
To el i m nat erhrevrhsdnt soveeant ohr arlbheschootthe oguaphicatidwsoHuredtiietes,
product usual |l s 1.a.b [ | in.an ' f
03/ 055900 PCH?|§§%§Eﬁﬂ§?f %f%e%%%dﬁgge nge SSHEQ&SSP?Réf%”ﬁ%?%1£&¥%¥i§”3
nona- and decapeptides, such as LHRH-antagonists.

10
BACKGROUND OF THE INVENTION

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

15 interesting 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) V

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 agqueous medium and freeze-



dried. This is a costly process producing a vol um nous product which is
not easy to handle. A process of purification of an otherw se pure peptide
from 5 rweiodwsidooor gani c sol vent by other neans than freePe€TdB§2/05§81 t hus i s
desirable. OBJECTS OF THE INVENTION 10 It is an object of the present
invention to provide a process of purification of an otherw se pure
peptide of the aforenentioned kind fromresidual organic solvent which
avoids freeze-drying. 15 It is another obgect of the present invention to

provi de such ot i S ure tide which is essentially.free from
resi dual or g%%%}d'so v{égnmtlsgn% (“lross% t RERSERE PEPRVSETY ac?’?%ﬁ?\{é‘&?‘bﬁ%’f%@u‘?’@
Furt her obj eé¢kichfis heot reesit iton heindlebeconme obvious fromthe foll ow ng
summary of the invention, the description of a preferred enbodi nent

t hereof, and the appended clains. 25 SUMVARY OF THE | NVENTI ON According to

t he present »ReIReTh 95 Prviiged imnpodc essotherpisef puati papofdanfrom

ot her wi S& pur&s RERLT Usk gddt PUSIEYR ong: 01 fecapept | de, npst
particularly a nona- or? ecapeptvi(\e & &)\%ﬁfgﬁe?sﬂgﬁngH %n?ﬁg%ﬁ?s({hfy*lf‘%m

resi dual or g&tli® koldesitrableonprising the fol | owi ng steps: WD 03/ 055900
PCT/ 1 B02/ 05581 3 - dissolving said otherw se pure peptide in a dissolution
sol vent m xture conprising water and at | east one al cohol

OBJECTS OF THE INVENTION

10
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.

15
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.

20
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.

25
SUMMARY OF THE INVENTION

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

30 nona- or decapeptide, most particularly a nona- or decapeptide
which is an LHRH antagonist, from residual organic solvent,

comprising the following steps:



sel ected from net hanol, ethanol, propanol, isopropanol; - adding the
solution of the otherwi se pure peptide in said 5 solvent mxture to a

vi gor ouslwogBiosyved precipitation solvent mxture essenti &CTYBEFS§ISt i ng of
one or several polar conpounds selected fromnethyl acetate, ethyl
acetate, methyl propionate, ethyl propionate, ethyl isopropionate, butyl
acetate, isobutyl acetate, t-butyl acetate, ethyl formate, 10 propyl
formate, isopropyl formate, and one or several non- pol ar conpounds

sel ected from_hexane, heptane ctane cycl ohexane,. met hyl ane,
and, optional F'ﬂ/,ss8ivfhﬁgt ga%&) bB}fge]é%Jeﬁ PO gropirom Clngl(;al %S%ﬁglgﬁgé ng the
preci pi t at edopephitdaixtbre wambhrigithewa sat smtl gieptdadd winteh adieehod a

m xture of said |l ar._co n or e | v i rg .of simlar
polarity, - S&P)‘?Fﬁ%gt %50%{%1%%61%%& i %@}ér\?m ];/hnéﬂéégapréglv'i gr%)ol{% tlﬁto%é wat er
content of saeddsobvéhe 20lutkonrefcthproshenyivg euzmesstideadn grdd

al cohol s %%'1%%%‘%& YLYL +8Ng. %Eg&r&*ﬂ&l OL UPEr & R OHfp it fd 1S SR Widknen
sol vent “ni Xture an he preci pitation solvent mxture i's 1:10 or nore.

"An ot herw séxpure pepentieally gopepstied whf cPn¢ OB FFILIENHY 35 pure for

use in a ”e@o%ép%gn%g%%&efc‘egdv@k%i hELhPPULEd i £8e, WG NRRG 4@ bendtarnved
or the content "0 ich needs to be substantially reduced. The otherw se
pure pepti dersiplionafer methylbprarsapatancethali HPRIRRIYHTE piittilcat i on by
chromat ogr aphy. 23Q , Prghbenabhyatheaethet whsey DUsCDoRd | dicliyil formate,
Ac- D- 2Nal - D- 4C Phe- D- 3Pal - er-MaTyr-bAsn- Leu-Lys(iPr)-Pro- D-Ala-NH2 (1).
VO 03/ 05890 RCTL BoxMetsg] 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 peptide;

15 - washing the isolated peptide with one or a mixture of said
polar compounds or a solvent or solvént mixture of similar
polarity,

- drying the washed peptide,
with the provisio that the water content of said solvent

20 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
25 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.
30

Preferably the otherwise pure peptide is

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

D-Ala-NH2 (I).



4 According to a first preferred aspect of the invention the water content
of the dissolution solvent mxture is below 5% (v/v). 5 According to a
second prwbDaesnsfo@aspect of the invention the volune rati @CofiBOMES581

di ssolution solvent mxture and the precipitation solvent mxture is at

| east 15, in particular at |east 20. 10 According to a third preferred
aspect of the invention the alcohol of the dissolution solvent mxture is

ethanol. According to a fourth preferred éspect of the invention the
pol ar conpo Jpre atig | t ure 5 et at e.
Accor di ng t acﬁ(iltnﬁ pre efflrl tt e@fa %%? LN ?raqr:\%(/e#l%ﬂhé \bélrlntolnojnpo ;ér

conponent ofwatheer poadientt atf d;hesdllsenﬂ.utrmnuselvgnt heist tiee 10 Balavh s
fol |l ow ng th@agﬁvention will be described in greater detail by reference
to a preferr nbodi nent thereof which should not be understood to limt
the invention. 25 DESCRI PTION OF A PREFERRED EMBCDI MENT Exanple 1. The

fractiong C%ﬂ&ﬂ!ezﬁ%-aCI%_%%Q@gﬁng{%%éfQ%gg%Q%%bﬁ LPt@hd ifvention the

et hanol - wat er-ac tained frompreparative HPLC
by whi ch t hevaslymehatatdal 1of tdist dﬂﬁé@lpﬁiééacﬁoh‘é@lﬁe@w‘ﬁﬂmfaféﬁ & e pool ed

and Conce“t Pé@i 'ﬂat\&%%%otl%% ﬁ&lxt‘&telecmsw@% ﬁgagyawr ai@%éﬂ:ﬁﬁllafﬂ%

et hanol . res lting solid was dissolved in 440 et Hanol and the
resul ting clle%ﬁfstscﬂ%tl on added over a period WO 03/ 055900 PCT/ 1 B0O2/ 05581 5

10 According to a third preferred aspect of the invention the

alcohol of the dissolution solvent mixture is ethanol.

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

According to a fifth preferred aspect of the invention the

non-polar component of the precipitation solvent mixture is

heptane.

20
In the following the invention will be described in greater
detail by reference to a preferred embodiment thereof which
should not be understood to limit the invention.

25

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)

30 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 mn to 8.8 L of ethyl acetate/ heptane 1:1 (v/v). Stirring was
continued for 1 hour and filtered. The anorphous product was washed with 3
L of ethywoaseszae; it was found that this renpoved nearl ycaliBotespsiane. The
washed product was 5 dried in a vacuum oven at 400C at 0.3 bar for 48 hrs.
El emental analysis of the dried product indicated that the nonoacetate of
(1) had be obtained. Cryoprecipitation, in contrast, produces the
correspondi ng diacetate. In the follow ngTabl e anal yt| cal paraneters of

t he nonoacet at e _of ( oduc ccor i gyent, are conpar ed
with those®bf28 BLRr E%p% pl]r"n #J %Hfall %6t aq“%({%l%gttg?ﬁl gcgt altvgga Table. All
per cent ages same:cbugmaghtt:oﬂﬁnhy@thfdr Zechqroduct fidéeirgdtaffag meQHbPUS

Water 3.4 % % Et hanol 0 2490 .< 40% | e % 24% 20
Hept ane <O. 0@528‘10 Uﬁﬁ‘?’qiﬁ |c a%lilgj (()%s f’acet}g}’i %?A)teé SLOQ/o Q’%éLqésgurgl ty0

99. 8% 99. 8%thRepthile cembead 8828y Rl D%BeHtEaw | nTheI viaghed ppodystowas
Exanpl e 2. %ﬁ%gtlon O%a&ﬂ&mcgyggdé{'4ﬁbéﬁaé'UE§MH§EIfd&aﬁ@oﬂr350|vent or
sol vent

otherwise proce

ure as in anpl e : rec:ﬁgltatlonln
pure et hyl a:clemahEalleanhngsm oF orhabduied IHadnictbdmdismtied WBRGhELPoss of
peptide. Preci PhNe; L &5 Ul S, dpt 2 istiGY oBl 0duct  whi ch
is difficul imofng b@ %g IDH%‘v/ v? m xt ure of ‘Zyt ﬂ)} -alc%)té't ateohexane gi ves

a product \mbnd:has$,easydtloe{5| thercoreesipqnding rEpsatade -edpeiffent s the
loss of peptd d¢ a5 akwBYS LASSyEDER1 Go2PaVteM®idiithe monoacetate of

10 (I) produced according to the invention are compared with

those of a corresponding lyophilized product (diacetate).

Table. All percentages are by weight

15 lyophilized product precipitated product
Water 3.4 % 3.0%
Ethanol <0.024% <0.024%
Ethyl acetate <0.024% <0.024%

20 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%

25

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

30 pure heptane results in a sticky product which i1s 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
.eéperiments the loss of peptide was always less than 0.5% by

weight.



WO 03/ 055900 PCT/1B02/05581 6 Exanple 3.Variation of water content of the
solution of oily product in the dissolution solvent (absolute ethanol);

ot herwi sewomBos®oure as in Exanple 1. A water content of PO¥IBO0S581)
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 nust not exceed 8% (v/v)
but should preferably be kept bel ow 5% (VW v). A water content below 5%is
10 acconplished by co-evaporating the oily product fromthe chromatography
at least twice with ethanol. Exanple 4. Variation in precipitation

t enper at ur e Examp@ewBs¥ariptoordaf ewaber ncdxzamt e fl. thehesqdrddiop ot ioda Y

temperature }a Rroved LReD8:08b1 L LA CBb1vdde CARb A Aritthdingm 0C Lo 20C

wi t hout not Pceable erences 1 n product yie nor p ogy. Exanple 5.
Vari ati on obtbemwéserapironedirg| dsi hntFeamoleli ssdt matmr swintemt oft Aéiwi se,
procedurg as. Lypl s datord her consandeiald amieh tke oily
pr oduct ?ro%%/%%%ggpg%t égrgpﬁ{é@%{/%{]ﬁ%d eoen%gro- e\rglporalted vvilth élt,hanol
in the di ssdlfifiicudtssbyEattshouPbdvdtensCoRirntasehostd biw VIEFEFUdts in

concent rat | g, 0f1330,80K WehoBkEobl ta broSel i ExAmla dradiiyal i N of

rati o between disSolution solvent and precipitation solvent vol u%rilsmuﬁgf
ot her vari atiesidtsother Weser cprbeREUFES BN 3GaRA 3. (Wi &t io
was found toRgerabayt pk: 2Qpt! beto! 83 bevshpWn tidter addrisedt WBlbWl 5% ds
1: 30 30 gave satlsfactoré results. Aratio of 1;10 resulted in sticky

pr oduct 10Pr @GosmPaiisdsd SYvEPy eVaRPraThid sty edst brP e 49 th%d 30 nin
after the | asltr AR%LIraRHYf a8l 388k¥edwice with ethanol.

Example 4. Variation in precipitation temperature; otherwise,
procedure as in Example 1. The precipitation temperature

15 proved to be not critical. It could be varied from 0°C to 20°C
without noticeable differences in product yield and

morphology.

Example 5. Variation of concentration of (I) in the

20 dissolution solvent; otherwise, procedure as in Example 1. It
was found that the concentration of the oily product 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.

25
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

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.

35



substance. Washing with ethyl acetate did not result in loss of product
but efficiently renoved heptane. 35 WO 03/055900 PCT/1B02/05581 7 CLAIM
1. A proceodspsspurification of an otherw se pure nona- oPCTABaxGSagIepti de
fromresidual organic solvent, conprising the follow ng steps: -

di ssolving the nona- or decapeptide in a dissolution solvent mxture
conprising water and at |east one al cohol selected from nethanol, ethanol,
propanol , isopropanol; 10 - adding the sol Gition of the nona- or decapepti de
in said solvent mxture to a vigorously stirred precipitation solvent

m xture essentially consisting of one or several polar conpounds sel ected
fromnet hyl it e, ethyl acetate, nethyl propionate, ethyl propionate,
et hyl isopropionate, butyl 15 acetate, isobutyl acetate, t-butyl acetate,
ethyl formate, propyl formate, isopropyl formate, and one or several non-
pol ar conpouhdh setaststssd o pmrlidigagionepfang, obberiese RYES IHEGANEOT

met hyl cygl 0'@%?’% @l AR 9alil0a106-HBNEE 330 veht ACEEMST O£ RF OpONI C
acid; 20 - iso tﬁhg t he precipﬁtaﬁéd ﬁgng- or dgcapeptidg; -]a%shing t he
i sol at ed nonfellewidet ffqRrSde with one or a nixture of said polar

conpounds 0-_ iS5 HRAtn Prerd el JF ¥ebkBeptigbMihas @OkabliYion SBWdEHE
t he washed nona- or decapeptide, 25 with the provisio ;h t Lhe wat er
content of SEIFFWH RORPTIHLRY M tEEmMERrs Plig L RaBEr OBR2hECPRLsTELRE ST cohol

i's bel ow 8% £k e trth 1t hattHaae 1v0lpudpahalli, 0i8bpikbpafibEsol uti on sol vent
mxture and the, Pes B AR el KoRhE 62 46dp8ht M8 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
propionate, ethyl propionate, ethyl isopropionate, butyl
15 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;
20 - 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,
25 with the provisio 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.

30 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).



30 2. The process of claim1l1l, wherein the water content of said solvent

m xture conprising water and at | east one alcohol is below 5% (v/v). WO
03/ 055900wB@3/05BOR/ 05581 8 3. The process of claiml, whecCaRox@Essl nona-
or decapeptide is an LHRH antagonist. 4.-The process of claim 3, wherein
sai d nona- or decapeptide 5 is

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

Ser - MeTyr - D - L Pr)zPro-.D-Ala-NH2 (1)-is obtained i 10 form of
t he rmnoacet??Eﬁ%%#%%%é:o%fes@ao]fn cﬂ’aiw °f e §PEn PRE" WA ePeEBRERPO01
the dissol W#$ omn soiREmnaganirss.i s bel ow 5% (v/v). 15 7. The process of
claim1l1, wherein the volune ratio of the dissolution solvent m xture and
the precipitation solvent mxture is at |east 15. 8. The process of claim

1, wherein the Bredietrceds tdfe cl2Gmiidssohetiedn selidenbnatxbur éedspebhiode! .
9. The prsocess ©f_glAi - |_R-13he 1palar. ogent. of .th { Pr) o Pro—
mﬁJD 4/&1%% b1 2e f{é?ggSBlg.snTﬁueu f%%gjs%r)ofP%‘? aim

precipitation solvent mxture is ethyl "aceta e pr
1, wherein theATofNEp| @) .conponent of the precipitation solvent mxture is
hept ane. 11. The nonoacetate of Ac-D 2Nal - D- 4C Phe-D- 3Pal - Ser - MeTyr - D-
Asn- Leu-Lys(Pr)-Pro-D- Al a-NH2. 30
5. The process of claim 4, wherein Ac-D-2Nal-D-4ClPhe-D-3Pal-
Ser-MeTyr-D-Asn-Leu-Lys (iPr) -Pro-D-Ala~NH2 (I) is obtained in

10 form of the monoacetate.

6. The process of claim 1, wherein the water content of the

dissolution solvent mixture is below 5% (v/v).

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

mixture is at least 15.

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

20 dissolution solvent mixture is ethanol.

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

precipitation solvent mixture is ethyl acetate.

25 10. The process of claim 1, wherein the non-polar component of

the precipitation solvent mixture is heptane.

11. The monoacetate of Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D-
Asn-Leu-Lys (iPr) -Pro-D-Ala-NH>.
30



