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general ly nona- and decapeptides (but may be shorter or 20 | onger)
conprising part of or the entire structure of LHRHin which one or several
am no aci ds have been exchanged for other natural am no acids and/or am no
acids n@ feundpi oF raturgyERPIOXNt heti ¢ LHRH ant agoni sts nmay be used for
contraception and in the treatnent of benign hyperplasia of the prostate
gl and, hornonal -dependent tunors of the breast and ovaries, dysmenorrhea,
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PCT/ 1 BO2/ 05588thesis of LHRH antagonists, to a process for the

production of these intermediates and to a process for the

10 production of LHRH antagonists.

BACKGROUND OF THE INVENTION

15 The luteinizing hormone-releasing hormone, LHRH, controls the
secretion of follicle stimulating hormone (FSH) and
luteinizing hormone (LH). LHRH antagonists are compounds
capable of blocking the secretion of FSH and LH. They are
generally nona- and decapeptides (but may be shorter or

20 longer) comprising part of or the entire structure of LHRH in
which one or several amino acids have been exchanged for
other natural amino acids and/or amino acids not found in

nature.

25 Synthetic LHRH antagonists may be used for contraception and
in the treatment of béhiéh hyperplasia of the prostate gland,
hormonal-dependent tumors of the breast and ovaries,
dysmenorrhea, endometriosis, and other conditions. These
synthetic LHRH antagonists have the general formula

30

Ac-D-2Nal-D-4C1Phe-D-3Pal-Ser—X-NHo,



2 wherein Xis fromb5 to 6 natural and/or synthetic am no acid residues.
More particularly they have the aforenmentioned general formula wherein X

i s AAl - AAROL80sAAB- Pro-D-Ala, in particular wherein AAl iPsTaBoRAISSs3al oOr
synthetic amno acid 5 and AA2 is a natural or synthetic am no acid or
zero, AA3 is a natural or synthetic anind acid. Wile there are a nunber
of synthetic nethods for preparing LHRH analogs known in the art, there is
a need for whereipr &vdrerfirosi fcda e nadtutalyiasidf @ LR ein cgsinbtasHéd

from known _pr.ocgsses.j s. haot  hi. i ?qq| i y
require extr%r%i \Illeesﬁurlvilofsﬁec allfc])dnl. %rrlceio‘ilgcﬁleqé %gé{}:érr;}héo%sf or étrﬂgibsrilénrtt?hesi s of
LHRH anal ogenlgiaiin fioxrntule: aHeraire Xuid AXIORAR-T.6-HRA Syt drastAl st rat egy

disclosed in U S patent no. 5,710,246 for ki ng decapepti de, or .
nonapept i d@AMRIFHEAAIRRLRD Anphrd §e§1a(frﬂéf£ﬁ g‘ﬁ@“’%fg i MR e

tripeptsde ;[ LRHESaN INGATAD [HSi B 10 FlfOWBidDH St A8tS, Aal hes 20
am no termnal of the peptide) wth a heptapeptide or a hexapeptide,
respect i velay meaprmslerts myrdiieivadminesidiks 4- 10 and 4-9, respectively.
The internediate tripeptide disclosed in US 5710246 A is an ester,

Boc- D- 2Nal - D- 4Cl Phe-D- 3Pal -O- Me or the correspondi ng benzyl or allyl

ester. 25 @BIEGTSHIrelHird NVENKIKIY: |4 f | Syrttust b mdflesds ofot herépaeimgon to

provide a tripeptide

LHRH analogs known in the art, there is a need for

10 improvement since the total yield of LHRH analogs obtained
from known processes is not high and the products, in
addition, may require extensive purification. Moreover, the
methods for the synthesis of LHRH analogs known in the art
are quite costly.

15
A synthesis strategy disclosed in U.S. patent no. 5,710,246
for making decapeptide or nonapeptide LHRH antagonists
comprises the coupling of an intermediate tripeptide
representing amino residues 1 to 3 (counting starts at the

20 amino terminal of the peptide) with a heptapeptide or a
hexapeptide, respectively representing amino acid residues 4-
10 and 4-9, respectively. The intermediate tripeptide
disclosed in US 5710246 A is an ester, Boc-D-2Nal-D-4ClPhe-D-
3Pal;O—Me or the corresponding benzyl or allyl ester.

25

OBJECTS OF THE INVENTION
It is thus an object of the invention to provide a tripeptide
30 intermediate for the 3+7 and 3+6 synthesis of LHRH analogs in

which the yield and/or purity of the product is improved.

It is another object of the invention to provide a process

for the production of such a tripeptide intermediate.



30 internediate for the 3+7 and 3+6 synthesis of LHRH analogs in which the
yield and/or purity of the product is inproved. It is another object of the
i nvent i orwD®3f053902 de a process for the production of suclrca/nBoi/sess i de

i nternedi ate. WD 03/ 055902 PCT/1B02/05583 3 It is still another object of
the invention to provide a process for the production of LHRH anal ogs in
which a tripeptide is coupled to a hepta- or hexapeptide. 5 Further

obj ect's of Itheési swedtli emowter t@éﬁd@m @tivitéms :ifmmnttik@ ﬁmlnmiﬂtﬁ summary of

the invention, the _description, of I enbad the appended
patent cl aPRECEPE BRF %ﬂhﬁpa@dﬁlﬁlﬁ l(%q'b\éfél or de |n|}}al|%§lns and
abbrevi at i ers peped den itshicoumiRld aat laomepamL W tesareegeingral |y accepted in

the field of the invention reference is made in particular to US 5710246
A. 15 SUMVARY OF THE | NVENTI ON According to the invention is provided a

tripeptsde g0 chepr %%%’étdt%g AN aghsh thoh ¥ian ddRhaHReStErdieche

termnal am no group of which is Boc- or Ac-protected and the term nal
car boxyl grf@a[iwnngnlscimn(atmawﬁ $het Havenrtiiorel drowesofiriian afid no. 3)

i s not protect 25 Accor.din toth iLnvention, i tripeptide
(1) Ac- D?ﬁ&l 2?65@5@05{ s C?Plequaeéu eq’LSeICA %Hrr%gl ate in a

process for the synthesis 30 of an LHRH ant agoni st of the general formula

(1)
10 DEFINITIONS AND ABBREVIATIONS
For definitions and abbreviations used in this application
and which are generally accepted in the field of the

invention reference is made in particular to US 5710246 A.

15
SUMMARY OF THE INVENTION
According to the invention is provided a tripeptide

20 representing amino acids 1-3 of an LHRH antagonist, the
terminal amino group of which is Boc- or Ac-protected and the
terminal carboxyl group of which (that is, the terminal group
of amino acid no. 3) is not protected.

25 According to the invention is disclosed the tripeptide (I)

Ac~-D-2Nal-D-4C1lPhe-D-3Pal-0OH (I)

which is a useful intermediate in a process for the synthesis

30 of an LHRH antagonist of the general formula (II)

Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser—-X-NH, (II)



Ac- D- 2Nal - D- 4C1 Phe-D- 3Pal - Ser-X-NH2 (11) WO 03/055902 PCT/|1B02/ 05583 4
wherein X is from5 to 7 natural and/or synthetic amno acid residues,
nore prefworiads®at - AA2- Leu- AA3-Pro-D-Ala, in particular RagEmBiassss is a
natural or synthetic amino acid and AA2 is a natural or synthetic am no
acid or zero, AA3 is 5 a natural or synthétic amino acid. Still preferred
is the use of the tripeptide (1) in the synthesis of a peptide of the
general fomingraifl Ka)islErom 5 to 7 natural and/or synthetic amino acid

Ac- D- 2Nal - D- 4C1 Phe- D- 3Pal - Ser: AAl - -.Leu- i Pr)s Pro-D- Al a- 2 (Il1a) ,
Wherei n APSRIGURR, TRRE (e SRR DA T IRove s oot o |
ant agoni st pefrttike1faer MHex-dild 1AA115 s a natural or synthetic amino acid

Ac- D- 2Nal - D- 4Cl Phe- D- 3Pal - Ser - MeTyr - D- Lys(Ni c) - Leu- Ly_séi Pr)- Pro-D Al a- NH2
(111) or, &nshBAgr dSprefdrl@l G (He et 21119 HCigEr zero, AA3 1s

Ac D 2081 - B 4QdienD APal yrtdle dblvindh st dpu- Lys(i Pr - Pro-D Ala- NH2
(I''1a) According to the I'nvention is also disclosed the tripeptide 25
Boc- D- 2Nal - D- 4Cl Phe-D-3Pal -OH (I X) of same utility. 30 Furthernore,

B I Se iy SR 18 HS UL Uk And AP e PIEPLA N8

synthesis of a peptide of the general formula (IIa)

10 Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-AAl-AA2-Leu-Lys (iPr)-Pro-D-Ala-

wherein AAl and AA2 have the meaning given above, in

particular a LHRH antagonist of the formula (III)

15
Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D-Lys (Nic) -Leu-Lys (iPr) -
Pro-D-Ala-NH, (III)
or, even more preferred, of the formula (IIIa)
20
Ac—D—ZNal—D—4ClPhe—D—3Pal—Ser—MeTy:—D—Asn—Leu—Lys(iPr)—Pro—D—
Ala-NH, (IIIa).
According to the invention is also disclosed the tripeptide
25

Boc-D-2Nal-D-4C1lPhe-D-3Pal-OH (IX)

of same utility.

30 Furthermore, according to the invention is disclosed a

process for preparing a tripeptide of the formula (I)

Ac-D-2Nal-D-4ClPhe-D-3Pal-0H (I)



Ac- D 2Nal - D- 4Cl Phe-D-3Pal - OH (1) WD 03/ 055902 PCT/1B02/05583 5 or (IX)
Boc- D 2Nal - D-4C Phe-D-3Pal -OH (I X), 5 conprising the foll ow ng consecutive
st eps forwoDle/osyoeparation of (1): (a) Reacting Boc- D 4C Poaasht/ossssh HONSu
to form Boc-D-4C Phe-OSu (VI1); (b) Reacting Boc-D 4C Phe-CSu (VI1) with
H D-3Pal -OH to form 10 Boc-D-4C Phe-D-3Pal -OH (VII1); (c) Reacting
Boc-D- 40 Phe-D-3Pal -OH (VI11) with Boc-D 2Nal - OSu prepared by reacting
Boc- D- 2Nal -a@H (W%)h HONSu to form Boc-D-2Nal - D-4d Phe-D-3Pal -OH (I X); (d)
Reacti ng Boc-D-2Nal - D-4C Phe-D-3Pal -OH (1 X) with acetic 15 acid to form
Ac- D- 2Nal - 4Cl Phe-D-3Pal -OH (1); or the consecutive steps (a) through (c)
for the prauss-av+2mel-ab-4{¢XPheThe3paDeens (DX) fhe invention for preparing a
LHRH ant agoni st 20 conprises the step of coupling the tripeptide (1) with
a heptapeptide (1V) of the general forrmula P -Ser (P2) -AAl-AA2-Leu-Lys
(iPr, P4) -dpirfmiNehé | 5011owbnghesesachdive stepsafioantne protecting

group such as Boc, wherein AAl1 and AA2 have the aforenentioned neaning, in
particul ar RESRAEAHER apEpfTHe (V) of the general formula Pl-Ser (P2)

-NMeTyr (P3) ron%%?t IJN%CJ%OC LUakysnlibh wféﬂ abk8nledl bk (V). wherein P

is selected? m no protecting group
Boc-D-4C1lPhe-0Su (VII);

(b) Reacting Boc-D-4ClPhe-0Su (VII) with H-D-3Pal-OH to form
10 Boc-D-4ClPhe-D-3Pal-0OH (VIII):;
(c) Reacting Boc-D-4ClPhe-D-3Pal-OH (VIII) with Boc-D-2Nal-
OSu prepared by reacting Boc-D-2Nal-OH with HONSu to form
Boc-D-2Nal-D-4ClPhe-D-3Pal-0H (IX):;
(d) Reacting Boc—D-2Nal-D-4ClPhe-D-3Pal-OH (IX) with acetic
15 acid to form Ac-D-2Nal-4ClPhe-D-3Pal-OH (I);
or the consecutive steps (a) through (c) for the preparation

of (IX).

The process of the invention for preparing a LHRH antagonist
20 comprises the step of coupling the tripeptide (I) with a
heptapeptide (IV) of the general formula

pPl-Ser (P?)-AAl-AA2-Leu-Lys (iPr, P*) -Pro-D-AlaNH, (IV),

25 wherein P* is H or an amino protecting group such as Boc,
wherein AAl and AA2 have the aforementioned meaning,
in particular with a heptapeptide (V) of the general formula
P'-Ser (P?) -NMeTyr (P®) -D-Lys (Nic) -Leu-Lys (iPr, P*) -Pro-D—AlaNH,
(V), wherein P! is selected from H or amino protecting group

30 and P? and P?® are independently selected from H and -OH
protecting group, and P? has the meaning given above, for
preparing the LHRH antagonist Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-
MeTyr-D-Lys (Nic)-Leu-Lys (iPr) -Pro-D-Ala-NH, (III),



30 and P2 and P3 are independently selected fromH and -OH protecting
group, and P4 has the neaning given above, for preparing the LHRH

ant agoni swOAsAHB9ENal - D- 4Cl Phe- D- 3Pal - Ser - PCT/IB02/05583
MeTyr-D-Lys(Nic)-Leu-Lys(iPr)-Pro-D-Ala-NH2 (111), W 03/055902

PCT/ 1 B02/ 05583 6 nore particularly with & heptapeptide (Va) of the general
formula Pl -Ser (P2) -NMeTyr (P3) -D-Asn-Leu-Lys (iPr, P4) -Pro-D Al aNH2
(Va), wher eiarePhdrsiseileotled Witdm H nepapept dot 66a) gt groupemadvaP2 and

3 o o TOSRSBS i SELSGH PO oA ) S ROl oo il a9 P has

Ac- D- 2Nal - @clﬂa@hPhQVQﬁP%ei@m METYE- @el‘é@ﬂtbaufrbmsﬂi Bi) afli@oDpfbaetidng
(I'11). The hept apeptl i.s described in US 5710246 A. The _10
hept apeptl SR @m\aﬁ! B orkral AnaeRpnisREddi Agleréedhdpeipdpende Oa)

can be g hgt}eo:dorresl%v)n dfar%;s ne, Mpdb4 icat irgy %:me%fnﬁl he swihesicvydf £09 or by

coupl i ng t ‘Boc- " ami no "aci on a peptide synt hesi zer
( Beckman M;dﬁipagﬂﬂv)g {15432 Idw&:rarbmlgmmmMfﬂ%a?lvme4©lléh@thhEaLfﬁeir-

ant agoni st i s disclos tivel ocess of the
i nventi on fbéﬁﬁﬁ%_ atithg llf—ﬁfja ]fﬁlq% QI?%JO%’Q%I € step of coupling
the tripeptide (IX) 20 Boc- D 2Nal - D- 4] Phe- D- 3Pal - O—|(IX) wth a

hept apeptide (1V) of the general formula 25 P1l-Ser - AAl - AA2- Leu- Lys
(i Pr, P4) ﬁhq)hygﬂqg@§¢¥ V) is described in US 71 246 A. The

10 heptapeptide of the general formula (IV) including the
heptapeptide (Va) can be synthesized by routine modifications
of the synthesis of (V) or by coupling the corresponding Boc-
amino acids on a peptide synthesizer (Beckman Model 990), as
described in WO 94/40757 where also the LHRH antagonist (III)

15 is disclosed.

Alternatively the process of the invention for preparing a
LHRH antagonist comprises the step of coupling the tripeptide
(IX)
20
* Boc-D-2Nal-D-4ClPhe-D-3Pal-0OH (IX)

with a heptapeptide (IV) of the general formula
25 pl-Ser (P?)-AAl-AA2-Leu-Lys (iPr, P*) -Pro-D-AlaNH, (IV),

wherein P!, P?, P!, AAl and AA2 have the meaning given above,

in particular with a heptapeptide (V) of the general formula

30 P!'-Ser (P?)-NMeTyr (P®) -D-Lys (Nic) -Leu-Lys (iPr, P*) -Pro~D—AlaNH,
(V)

or, even more preferred, with a heptapeptide of the general

formula (Va)



wherein P, P2, P4, AAl and AA2 have the neaning given above, in
particular with a heptapeptide (V) of the general formula 30 P1l-Ser (P2)
-NMeTyr (WB)03aB90ys (Nic) -Leu-Lys (iPr, P4) -Pro-D Al aNHPCT(IB)2/@5583 even
nore preferred, with a heptapeptide of the general fornula (Va) WO

03/ 055902 PCT/ 1 B02/ 05583 7 Pl-Ser (P2) -fMeTyr (P3) -D-Asn-Leu-Lys (iPr,
P4) - Pro- D-AIaNH2 Q mhergln Pl is selected fromH or am no otectlng
group, P2 IanﬁepﬁfaieNMﬁaﬁpéﬁdbﬁ@T%ﬁ@E%Q%ﬂ%ﬁﬁf%?ﬁn QT@*&%%Né;xﬁVﬁd 5
group, P4 has the aforenentioned neaning, followed by substituting the
N-term nal Boc group by an acyl group, in particular an acetyl group Mor e

parti cul ar lyhetdie, heptiapetidterf #hen aener alnifos Tp&@ted@llﬁé/)grcsu@heP
hept apepti de (VI

H- Ser (t Bu) -\ T3 -d2d-Vis{Npandait 1y Hd o tBat ) £ -ID-AANHH g jdctibnogr
even nore preferred, the hept

apepti de (Vi
H- Ser ( t Bu) -S0Tr -B3. Aers- [te L%ffgﬁ(ﬁ qn% @qgwrmHzqu%ed B particul ar

advant age o} fol t t
N e i e e R

t he protectpaetgrolgr axf dbetglagtoug. material need not be removed.
Therefore the synthesis of the invention is one step shorter and avoids
that material is lost in the additional step. Another 25 advantage is that

the format i OfpdPPUELL4LBy] NthBEheptapeptide of the general formula
10 (V) is the heptapeptide (VI)

H-Ser (tBu) -NMeTyr-D-Lys (Nic) -Leu-Lys (iPr, Boc) -Pro—-D—AlaNH;
(VI),

15 or even more preferred, the heptapeptide (VIa)
H-Ser (tBu) -NMeTyr-D-Asn-Leu-Lys (1Pr,Boc) —-Pro-D—AlaNH; (VIa).

A particular advantage with the method of the invention is

20 that a cheaper starting material, H-D-Pal-OH-2HCl, can be
used instead of the ester H-Pal-OR-2HCl; the protective group
of the starting material need not be removed. Therefore the
synthesis of the invention is one step shorter and avoids
that material is lost in the additional step. Another

25 advantage is that the formation of impurities in the
saponification step is avoided. The formation of such
impurities is well known. For instance, the basic conditions
at the ester hydrolysis step cause partial racemization of
D-Pal. The other prior-art alternative of removing the ester

30 group by catalytic hydrogenation (in the case of allyl or
benzyl ester groups) risks to cause a loss of Cl from 4ClPhe
producing Phe. While allyl groups may be removed by still

other reagents the full removal is difficult to control.



saponification step is avoided. The formation of such inpurities is well
known. For instance, the basic conditions at the ester hydrolysis step
cause parwpaB/osmern zation of D-Pal. The other prior-art partiBezsssve of
removing the ester 30 group by catalytic hydrogenation (in the case of
allyl or benzyl ester groups) risks to c8use a loss of O from 4d Phe
produci ng Phe. Wiile allyl groups may be renoved by still other reagents
the full r@&mvanventdid iwilt naov dohtexplaEd3inssoee eer2iBo2y05583 8
The invention wll naw be ex ined | tail by reference to a
preferred &bddi Tt 9“15 Ebé%rc%%ﬁ%ﬂ ﬁ@)% D EMBODI MENT OF THE

| NVENTI ON  Synt hesi s of Ac-D 2Nal-4C Phe-D- 3Pal-OH (1). EXAWVPLE 1.

Boc- D- 4C Phe- OSu. Boc-D- 4C Phe-OH (299,75 g; 1,0 10 eqg.) and-HONSu (184, 1
g; 1,6 eq.) are dissolved in 2-propanol (4,5 L) . The mxture is cooled to
0C and B C o4 bliod Gr RUPpRerEries stpdbamixt g eriid strvekedofor 16h
while warmng to roomtenperature. The product is filtered of, washed with
2-propanol (1,5 L) and dried. Yield: 85% HPLC purity: 98,8% 15 EXAMPLE

2. Boc-D-4( Phe-D-3Pal - QH., H a) 2. F 251, g; 1,05 eqg.) and
Boc- D- 4C1 P s(’ﬁé?%%? ﬁ%&%ﬁ%cﬁe%:&ﬁv@ %%’ DVBO (3,33 L) and NWM
(318,8 g; 3,15 eq.) is added. The m xture is stirred for 16 h at room

tenperature. 20 Water (17 L) is added and pH_ is_adj usted ég 4-@,5.mhi8h
causes t he BFHRIE ¥ o PrerPpiChRle-a8R. BRETPeiFLPReTORr 479,72 97 1

10 eq.) and HONSu (184,1 g; 1,6 eq.) are dissolved in 2-propanol

(4,5 L). The mixture is cooled to 0°C and DIC (164,11 g; 1.3
eqg.) is added. The mixture is stirred for 16h while warming
to room temperature. The product is filtered of, washed with
2-propanol (1,5 L) and dried. Yield: 85%. HPLC purity: 98,8%.
15

EXAMPLE 2. Boc-D-4ClPhe-D-3Pal-OH. H-D-3Pal-OH, 2 HC1l (251,1
g: 1,05 eqg.) and Boc-D-4ClPhe-0OSu (396,8 g; 1,0 eq.) are
dissolved in DMSO (3,33 L) and NMM (318,8 g; 3,15 eq.) is

added. The mixture is stirred for 16 h at room temperature.
20 Water (17 L) is added and pH is adjusted to 4-4,5 which
causes the prodict to precipitate. The mixture is filtered
and the product is washed with water (3 x 5 L) to remove
traces of DMSO, H-D-3Pal-OH and Boc-D-4ClPhe-OH. The product
is dried. Yield: 80%. HPLC purity: 97, 8%
25
EXAMPLE 3. Boc-D-2Nal-0Su. Boc-D-2Nal-OH (315,4 g; 1,0 eq.)
is dissolved in 2-propanol (6,8 L) ‘at -10°C and IBC (157 g;
1,15 eq.) and NMM (116 g; 1,15 eq.) is added. After stirring

for 5-10 min a mixture of HONSu (230,1 g; 2,0 eq.) in 2-

30 propanol (1,4 L) is added. Additional NMM (10,1 g; 0,1 eq.)
is added. After half an hour water (0,82 L) is added to
dissolve precipitated NMM-HCl. The product is isolated by



and the product is washed with water (3 x 5 L) to renove traces of DVSO

H D-3Pal - OH and Boc- D-4Q Phe- OH. The product is dried. Yield: 80% HPLC
purity:. 9v08BW2BOEXAMPLE 3. Boc-D- 2Nal - OSu. Boc- D- 2Nal - OHPC3aB0405883 1, O
eq.) is dissolved in 2-propanol (6,8 L) at -10C and IBC (157 g; 1,15 eq.)
and NW (116 g; 1,15 eq.) is added. AfterS9stirring for 5-10 min a nmixture
of HONSu (230,1 g; 2,0 eq.) in 2 30 propanol (1 4 L) is added. Additional
NWM (10, 1 gfllctxla@epr), Washededl thf 2epropanohn (hoki - vaber drdeds Eyeld:added

to dissoly, gll\/l\@g: o The product is isolated by WD 03/ 055902
PCT/ | BO2/ 05@3% e%é]?é E?’%aft vv’asFled with 2-propanol (1 L), and dri ed.

(YI ;al d: 90% HPLC purity: 98,3% EXAMPLE 4. Boc-D-Nal -D-4C Phe-D-3Pal -OH. 5
a) Deprotection. Boc-D 4C Phe- P (44 1,0 eq.) is dissolved
in a mxt urs<RfPLE nd &MM (675 m) and MBA (454
nL; 7, 0seq. ?a)atDé’&réﬂchEEB agoctbiscieRpepatuae-bar (1wo, baugs. 1TBA«G1669

n1, 12 eq.) I's added. b) Condensation. Boc-D-Nal-OSu (412,4 g; 1,0 eq.)
i s added tolSt@%Sﬁ@hV¢dli§e@ wepkerecefonthvkt acetater dé téhpe?&?ﬁ#@ The

reaction mxture :11\2 ture.for % H3(154
n; 2,0 eq.3%% é%ﬁ% fi) ?]’El‘é #ri igrgﬁ) ﬁ Shgd?gxisﬁgc ?An?%%zg g
1- But anol (éhﬁsLﬂemﬁeﬁgéﬁget9oﬁ5tQ69M§ﬁ£spr§EAplH@%Qoﬁllleh@qswbigquent
extractions.

added.

10 b) Condensation. Boc-D-Nal-0OSu (412,4 g; 1,0 eq.) is added to
the neutralized deprotection mixture at room temperature. The
reaction mixture is kept at this temperature for 2-4 h. Adg.
25% NHs (154 mL; 2,0 eqg.) is added to quench remaining
hydroxysuccinimide ester. 1-Butanol (4,5 L) is added to

15 prevent precipitation in the subsequent extractions.

c) Purification and isolation. The reaction mixture is
extracted twice at pH 6 (2 x 4,5 L water) to remove TEA, at
pH 9 (4,5 L water) to remove MSA and finally at pH 7 (4,5 L
water). The extractions are carried out at 40-45°C to prevent
20 precipitation. To the organic phase is added acetic acid (4,5
L; 1 vol.) and the mixture is concentrated in vacuo and co-

evaporated with acetic acid (4,5 L) to give a solid.

EXAMPLE 5. Ac-D-2Nal-D-4ClPhe-D-3Pal-QONa.
25 a) Deprotection. To the solid Boc-D-2Nal-D-4ClPhe-D-3Pal-OH is
added water (90 ml), acetic acid (1,8 L) and MSA (454 mL; 7,0

eq.) and the mixture is stirred for 1-2 h at room temperature.
The mixture is cooled to 0°C and neutralized with TEA (1071 ml;
7,7 eq.). The solution is concentrated in vacuo and co-

30 evaporated twice with toluene (2 x 2,5 L) to give an oil.
b) Acetylation. The oil from the deprotection step is dissolve

in toluene (2,0 L) and acetyl imidazole (132,14 g) is added.



c) Purification and isolation. The reaction mxture is extracted tw ce at
pH 6 (2 x 4,5 L water) to renove TEA at pH 9 (4,5 L water) to renove MSA
and finalwgoawsybe 7 (4,5 L water). The extractions are c&CTIBeR/@3883 at
40-45C to prevent 20 precipitation. To the organic phase is added acetic
acid (4,5 L'; 1 vol.) and the m xture isloncentrated in vacuo and co-
evaporated with acetic acid (4,5 L) to give a solid. EXAWPLE 5.

Ac- D- 2Nal - DiCinRhesure3Ha -sONarred 25 ajodDe presestd i e T he korng then

Boc- D- 2Nal - D-,4C] Phe- Ral .- OH | ded. wat.er 0, i i L
and MEA (4RFGHE GO Ty g N T e Tl SPELE fRlfardnd D
tenperat urey) Hhe fiodtten ) STHO Bt ure 0fF @ dtine ud et y Pedi o t s Tda 40710

m; 7,7 eq.). The solution is concentrated in vacuo and co 30 evapor ated
twice with3biikgReapd t-Pusapplt d4gidvd)ad soiaddes) tae @mavAtoPT S iat ¥3Tm
the deprotection step is dissolves. in toluene (2,0, L n cetyl jmdazole
(132, 14°g) Ghe Mgy %%ﬁ%‘%ﬁ%@%%ﬁ%@éa’? 870 %‘h%’ %@t“&?%ﬁ 5 S0 eq
at room tenperature for..1 t r ;Ij(_?ﬁ i h
remai ni ng e;r!gw_ejt%/‘? a|‘.trrip azlo]I e!.ﬂb %g;jZ’Féquﬁ'vaf ca f)oné gerﬁn%(;(}% ﬁ?ég rorr%{t'ohlglllleﬁ9 1.
acetyl ati omdisnhdigsat e 125 130-CSG @il ledutlanolagd, éxtyacsiansetdot prevenent
precipitation 5 The m xture is extracted twice at pH 5 %12 X, 2,6 L vvatJe_rg
and twi ce REeHPitRYON. NaCl (B32ry) vk iAdeDE? othgj EsTShepg e last
Met hanol  (2,,25 40 { il hife 1888 SXIEACHHOPSIL OrRE ey ghk h
precipitation. z’%t&cﬁz ig(g%gjj Iﬂg addie%éto th% first }amd t he ?%s(t)usegt?ggfc’i'on
to minilfi zee)l oBsobdtijwoduld tie thiegeopesly phisesd organic phase from the

extractions is added heptane (15 L) and the resulting

suspension is left at room temperature while stirring for at

least 1 h. The mixture is filtered and the product is washed
twice with heptane (2 x 3,5 L) and dried. Yield; 75% (from Boc-

15 D-4ClPhe-D-3Pal-OH). HPLC purity: 92%. Amino acid analysis:
2Nal: 1.1; 4ClPhe: 1.0; 3Pal: 0.9. MS: MW 586. Na: 4.6%

EXAMPLE 6. Ac-D-2Nal-D-4ClPhe-D-3Pal-QH'®'DCHA
a) Deprotection. To the solid Boc-D-2Nal-D-4ClPhe-D-3Pal-OH
20 uis added water“(90 mL), acetic acid (1,8 L) and MSA (454 mL;

7,0 eq.) and the mixture is stirred for 1-2 h at room
temperature. The mixture is cooled to 0°C and neutralized with
TEA (1071 mL; 7,7 eqg.). The solution is concentrated in vacuo
and co-evaporated twice with toluene (2 x 2,5 L) to give an

25 oil.
b) Acetylation. The oil from the deprotection is dissolved in
toluene (2,0 L) and acetyl imidazole (132,14 g) is added. The
mixture is stirred at room temperature for 1 h followed by
addition of water (100 ml) to quench remaining acetyl

30 imidazole.
c) Purification. The mixture is heated to 30-35°C and l-butanol

(4,5 L) is added to prevent precipitation. The mixture is

extracted twice at pH 7 (2 x 2,6 L water), once at pH 9-9,5



10 e) Isolation. To the vigorously stirred organic phase fromthe
extractions is added heptane (15 L) and the resulting suspension is |left
at room twopansivaze while stirring for at |east 1 h. ThePOTABW 583
filtered and the product is washed twice with heptane (2 x 3,5 L) and
dried. Yield: 75% (from Boc 15 D-4CIPhe-E¥%PaI CH). HPLC purity 92% Am no
acid analysis: 2Nal: 1.1; 4d Phe: 0; 3Pal: . Na: 4.6%
EXANPLE 6I (k- D-Ip N L 4@%@@%%‘? _REDEHAR = TE)e‘ﬁ%%huBﬁHATo the solid
Boc- D- 2Nal - 2 C 8
L) and MSA 44%&%&#%3%%%)%383@6@%@%%‘?1% 1&?%1?1;% %%rg%{léeﬁﬁgtgt&%om
t enper at ur &in Tecwd XtTHe podwst ells t ouderded newt Tabhizatdowi (A, STEA ££080°C
m.; 7,7 eq.). The solution is concentrated in vacuo and co-evaporated

twice with amsi vk 3dged 19 th@?Q/%SJafﬁ sHhreed . heptage: yPacton. ThRe oi |
fromth«g derFJst%eCt Id]'(.)n.lsh% dJIFTg—? ?aldve&d over nl‘.lLe g:t(zflol reag'da el{ﬁ/é c%?%‘el €

(132,1479g) e’ is Stirred rroom enper ure f

folloved by, addy Purl#m@fwm&ef ~$dP 51 Jndo aened. s empin 89, pcehy! tﬁ@ce

i mdazole. ¢ i'cation. The mxture is heated to 30-35C and 1- but anol

(4,5 L) is podethdprDievents o5 ec) pitoéion. 65he( Mt UBEc+B-4€XxPhaebedpPhii-ce
at pH7 (2 x 2,6 L water), once ag pH 9-9,5 WD 03/ 055902 PCT/|BOZ/05583 11
(2,6 L wat ?Y) aftPlnceunttyH 94(2%6 Aipe er§1d DepRlYEdFeydNBhexyt Lani ne) is

added and the gixiuf el s3gonceptsatgd. ww 586 (free peptide) .
10
EXAMPLE 7. Ac-D-2Nal-D-4ClPhe-D-3Pal-OH.
a) Deprotection. To the solid Boc-D-2Nal-D-4ClPhe-D-3Pal-OH is
added water (90 mL), acetic acid (1,8 L) and MSA (454 ml; 7,0

eqg.) and the mixture is stirred for 1-2 h at room temperature.
15 The mixture is cooled to 0°C and neutralized with TEA (1071 mL;

7,7 eqg.). The solution is concentrated in vacuo and co-

evaporated twice with toluene (2 x 2,5 L) to give an oil.

b) Acetylation. The oil from the deprotection is dissolved in

toluene (2,0 L) and acetyl imidazole (132,14 g) is added. The
20 mixture is stirred at room temperature for 1 h and then water

(100 mL) is added to quench remaining acetyl imidazole.

c) Purification. The mixture from the acetylation is heated to

30-35°C and l-butanol (4,5 L) is added to prevent precipitation

The mixture is extracted twice at pH = 7 (2 x 2,6 L water), anc

25 once at pH = 9-9,5 (2,6 L water) and once at pH=7 (2,6 L
water). The mixture is concentrated in vacuo to an oil, which
is dissolved in acetic acid (750 ml), concentrated, re-
dissolved in acetic acid (750 ml) and slowly added to
vigorously stirred heptane/ethyl acetate (3:1; 3,6 L). The

30 mixture is left with stirring at 0°C over night. The mixture is
filtered, and the product is washed twice with ethyl acetate/
heptane (1:3; 2x3,6 L) and twice with heptane (2x3,6 L).



in vacuo. The product is suspended in 1-butanol (4,5 L) at 50C and slowy
added to vigorously stirred heptane (27 L). The 5 mxture is stirred at 0C
over ni ghwp oBioki9ez ed and t he product washed tw ce w th lProotiBensiss$sept ane
(1:3; 2x4,8 L) and twice wth heptane (2x4,5 L). Yield: 65% (from

Boc- D- 4Cl Phe-D-3Pal - OH). HPLC purity: 9412% Anmino acid analysis: 2Nal:
1.1; 4d Phe: 1.0; 3Pal: 0.9. M5: MN586 (free Eetide 10 EXAMPLE 7.
Ac- D- 2Nall -ﬂ&@l@h@@)ﬁSIbﬁFOG-IBO&)'DDéEELBPECH 8RalTEHY neHEGC purity: 93,9%
Boc- D- 2Nal - 1 { nﬁ%ﬁ&& éﬁ’éhygﬂ 'SNaﬁddelwhe&pﬁ%C’ AL, agghi:coaeid (1,8 L)
and MSA (454 ; 8 he mixfure is stirred for 1-2 h at room

t enper at ur eMs 15MWhB8 fi Xfuee pspt@dbéd to OC and neutralized with TEA (1071
m.; 7,7 eg.). The solution is concentrated in vacuo and co- evaporated
twice with toluene (2 x 2,5 L) to give an oil. b) Acetylation. The oil from
t he deprotection is dissolved in toluene (2,0 L) and acetyl im dazole
(132,14 g) is added. The 20 mxture is stirred at roomtenperature for 1 h
and then water (100 nlL) is added to quench remaining acetyl imdazole. c)
Purification. The m xture fromthe acetylation is heated to 30-35C and
1-butanol (4,5 L) is added to prevent precipitation The m xture is
extracted twice at pH=7 (2 x 2,6 L water), anc 25 once at pH = 9-9,5
(2,6 L water) and once at pH=7 (2,6 L water). The m xture is concentrated
in vacuo to an oil, which is dissolved in acetic acid (750 m),
concentrated, re- dissolved in acetic acid (750 m) and slowy added to
vigorously stirred heptane/ethyl acetate (3:1; 3,6 L). The



30 mxture is left wwth stirring at 0OC over night. The m xture is
filtered, and the product is washed twice with ethyl acetate/ heptane
(1:3; 2x3wbmps:enzl twice with heptane (2x3,6 L). WO 03/ 05P20AB02/05583
PCT/ 1 B02/ 05583 12 Yield: 70% (from Boc-D-4C Phe-D-3Pal -OH). HPLC purity:
93,9% Amino acid analysis: Nal: . 1.1, 4ClPhe: 1. 0; 3Pal: 0.9 M5: MN 586
(free peptide). WO 03/055902 PCT/1B02/05583 13 CLAIMS 1. A process for
prepari ng aC F%ﬁptide, including a salt thereof, of the forrmula (I) 5
Ac- D- 2Nal - D-4Cl Phe-D-3Pal -OH (1) or (I X) 10 Boc-D- 2Nal - D- 4C Phe- D- 3Pal - OH
(I'X), conprising the follow ng consecutive steps for the reparation of
(1): (a) RehetRnpreeesp 40rPhecoRnMROh aHONSRePd ider mints uel &aRffe- OSu

(VI1); (b) i.Rg c:p-4 - VII) with HD-3Pal-OH to form

Boc- D- 4C1 Phgﬁ%’%%{?’gf-%@( F@FI E??R?‘%%S% cting Boc- D-4C Phe-D-3Pal -OH (VI 1)
wi th Bocs D-2Nal - OSu prepared by reacting Boc-D-2Nal -OH with HONSu to form
20 Boc-D 2Nal - D40 Phe-D-3Pal - OH_(I X); _-(d)-Reacti ng

Boc-D. 2Nal - br70r AHeL DDIBSLEBA-Dr AF-PH ddbt i o

or (IX)
10 Boc-D-2Nal-D-4ClPhe-D-3Pal-0OH (IX),

comprising the following consecutive steps for the
preparation of (I):
(a) Reacting Boc-D-4ClPhe-OH with HONSu to form
15 Boc~D-4ClPhe-0Su (VII);
(b) Reacting Boc-D-4ClPhe-0Su (VII) with H-D-3Pal-OH to form
Boc-D-4ClPhe-D-3Pal-OH (VIII);
(c) Reacting Boc—D—4ClPhe;D—3Pai-OH (VIII) with Boc-D-2Nal-
OSu prepared by reacting Boc-D-2Nal-OH with HONSu to form
20 Boc-D-2Nal-D-4Cl1Phe-D-3Pal-0OH (IX);
——- . {d) .Reacting Boc-D-2Nal-D-4ClPhe-D-3Pal-OH (IX) with acetic
acid to form Ac-D-2Nal-4ClPhe-D-3Pal-OH (I):
or the consecutive steps (a) through (c¢) for the preparation
of (IX).
25
2. The tripeptide Ac-D-2Nal-D-4ClPhe-D-3Pal-OH (I) or a salt
thereof. '

3. The tripeptide Boc-D-2Nal-D-4Cl1Phe-D-3Pal-OH (IX) or a
30 salt thereof.

4. A process for preparing an LHRH‘antagonist or a

pharmaceutically acceptable salt thereof, comprising coupling



acid to form Ac-D 2Nal - 4Cl Phe-D-3Pal -OH (I); or the consecutive steps (a)
through (c) for the preparation of (I1X). 25 2. The tripeptide

Ac- D- 2Nal wD-04@sPhe- D- 3Pal -OH (1) or a salt thereof. 3. TIRETHBIEPEI de
Boc- D 2Nal - D-4C Phe-D-3Pal -OH (I X) or a 30 salt thereof. 4. A process for
prepari ng an LHRH antagoni st or a pharnma %utical | y acceptable salt

t hereof , conprising coupling WO 03/055902 PCT/]B02/05583 14 a tripeptide
Ac- D- 2Nal - B MW@%@JPC-'CQT%IHl'\?\PT%C]_aPh%EBT bR T(?Ige%?] WibkE ®he general
formul a Plger (R i &N (AA-dLUchY SgéhEFal PAdrmitt9-D-AlaNH2 (1V), 5
wherein P1 1s selected fromH or amno protecting group, P2 is H or

OH protecting group, P4 is Hor an am no protecting group such as Doc, AA
is natural @Qr s tic.an,no-aci 4y L s,.natu r t hetic am no
acid or zer%.—S%qga?%élp%geggﬁogygﬂg?%, ) mﬁreéle]?ﬁé?%lgﬁﬁe%p'epti de of the
general sformula (1V) is a heptapeptide of the general forrmula P1-Ser (P2)
-NMeTyr (P3), -D-Lys (Nic) -Leu-&ys (1 Pr, P4) -Pro-D Al aNH? é \/$ 15 erein
P3 is H or WgrekdtRetinhgedrisihsd Erothdl o @R QPRI E NI Vit Bn Fhes

hept apepti de 6§ éﬁEbrotecting group, P* is H or an amino protecting group
such as Boc, AAl is natural or synthetic amino acid and AAZ

is natural or synthetic amino acid or zero.

10
5. The process of claim 4, wherein the heptapeptide of the
general formula (IV) is a héptapeptide of the general formula
Pl-Ser (P?) -NMeTyr (P®) -D-Lys (Nic) -Leu-Lys (iPr, P*) -Pro-D-AlaNH, (V)
15
wherein P® is H or -OH protecting group.
6. The process of claim 4, wherein the heptapeptide of the
general formula (IV) is a heptapeptide of the general formula
20

pPl-Ser (P?) -NMeTyr (P®) -D-Asn-Leu-Lys (iPr, P*) -Pro-D-AlaNH, (Va).

wherein P® is H or -OH protecting group.

25 7. The process of claim 5, wherein the heptapeptide of the

general formula (V) is a heptapeptide of the formula

H-Ser.(tBu) -NMeTyr-D-Lys (Nic)-Leu-Lys (iPr, Boc) ~Pro-D—AlaNH,
(VI).

30
8. The process of claim 6, wherein the heptapeptide of the
formula (VI) is a heptapeptide of the formula

H-Ser (tBu) ~-NMeTyr-D-Asn-Leu-Lys (iPr,Boc) -Pro—D—AlaNH, (VIia) .



general formula (l1V) is a heptapeptide of the general fornmula 20 P --Ser
(P2) -NMeTyr (P3) -D Asn-Leu-Lys (iPr, P4) -Pro-D-AlaNH2 (Va). wherein P3
is Hor -vwdopfsverti ng group. 25 7. The process of clai m PCTUBer®sss t he
hept apepti de of the general fornmula (V) is a heptapeptide of the formula
H Ser. (tBu) -NMeTyr-D-Lys (Nic) -Leu-Lys {fFW,Boc) -Pro-D-AlaNH2 (VI) 30
8. The process of claim6, wherein, the hgﬁtgﬁégt{de of the formula (VI) is
a hept apept%‘deAd?rqcheessf ok Breparing an LHR ntagonist or a

I—I—Ser(tBu)-m < Asds Ley- i C H2 2) si 30825892
PCT/ 1 BO2/ 05583 a?LCSERE) Ajﬁlra%c%%%é%‘)%bis?e%%ﬁ%%ﬁé?ﬁmcgﬁ%aégﬁfgt eorga ¢

phar maceut i e | i keerptdd| BogaPt2¥abrotClBoepPT3Pag-eBuplihg the
tripeptide Boc-D 2Nal -D-4C Phe-D-3Pal -OH (1 X) 5 with a heptapeptide (1V) of
the general fornmula PlI-Ser (P2) -AA -AA2-Leu-Lys (iPr, P4) -Pro-D A aNH2
(1V) , dheneith Rl heptsapestede fr IVH of ahe ngepepsdcfonguiaoup, P2 is 10 H
or OHprotecting group, P4 is Hor amno protecting group such as Boc, AAl
is a natural or synthetic amino acid and AA2 is a natural or synthetic

anmi no aci d gr_gzer@?) 18a1 TRR-PERGE3S sk pe!, @ M Brouhes ehRut herept apept i de of
the 15 general fornula (1V) is a heptapeptide (V) of the general formula
P1- Ser (P2) - NMeTyr (P3) -D-Lys(Ni c) - Leu-Lys(i Pr, P4)-Pro-D Al aNH2 (V)
wherein P! is selected from H or amino protecting group, P? is
10 H or OH-protecting group, P! is H or amino protecting group
{ such as Boc, AAl is a natural or synthetic amino acid and AAZ2

is a natural or synthetic amino acid or =zero.

10. The process of claim 9, wherein the heptapeptide of the
15 general formula (IV) is a heptapeptide (V) of the general

formula
pl-ger (P?) -NMeTyr (B°) ~D-Lys (Nic) -Leu-Lys (iPr, P!) ~Pro-D-AlaNH; (V)
20 wherein P® is H or OH-protecting group.

11. The process of claim 10, wherein the heptapeptide of the
general formula (V) is the heptapeptide

25 H-Ser (tBu)-NMeTyr-D-Lys (Nic)-Leu-Lys (iPr,Boc)-Pro-D—AlaNH;
(VI).

12. The process of claim 9, wherein the heptapeptide of the

general formula (IV) is a heptapeptide of the general formula
30

p'-Ser (P?) -NMeTyr (P*) -D-Asn-Leu-Lys (iPr, P*) -Pro-D—-AlaNH, (Va),

followed by substituting the Boc group by an acyl group, in

particular an acetyl group.



20 wherein P3 is Hor OHdprotecting group. 11. The process of claim 10,
wherein the heptapeptide of the general formula (V) is the heptapeptide 25
H- Ser (t BuoNSoI3pn2 D- Lys(Ni c) - Leu- Lys(i Pr, Boc) - Pro- D- Al aNHPCT(IB0%0s5582. The
process of claim9, wherein the hept apeptl de of the general formula (1V)
is a hept apept| de of the general formula 180 PI-Ser (P2) -NNETyr (P3)

-D Asn- Leu- %lPr -Pro-D-AlaNH2 (Vva) ,. followed b tit |ggthe
Boc group blyg/an lh%yﬂ’r%ﬁ;%ﬁuﬁ OfnCl'ﬁéﬂF‘t}%ul‘&?eﬁﬁlﬁcEPﬁlhﬁpsﬁéep §3PH55652
PCT/ 1 B02/ 0 raf éérmJbg prOFess eﬁecﬂl@?%g@ptmgel n the heptapeptide of
the general tormula is the heptapeptide

H Ser (t Bu)-NI\/bTyr-DAsn_ Leu-Lys(i Pr, Boc)-Pro-D-AlaNH2 (Vla), 5 followed by
Soorul ot -8 (D PLORY - P 8hOHR. DYy 801 BEYboc§ RUB- LRI BREEL ! F¥EAY, 21

acetyl gro
5

followed by substituting the N-terminal Boc group by an acyl

group, in particular an acetyl group.



