| NTERVEDI ATES FOR LHRH ANTAGONI ST SYNTHESI S, PROCESS FOR THEI R PRODUCTI ON,
AND PROCESS FOR LHRH ANTAGONI ST PRODUCTION 5 FIELD OF THE | NVENTI ON The
present invention relates to internmediates for the synthesis of LHRH
antagoni sts, to a process for the production of these internediates and to
a process for the 10 production of LHRH antagonists. BACKGROUND OF THE

| NVENTI ON 15 The | uteini zi ng hornone-rel easi ng hornone, LHRH, controls the

secretion ofrN1GRMED A PE S FOR! LR NARTREEN SPHEYRPHESTH! ebROEERY RYR™ONE

(LH). LHRH antagoni sts are conpounds capable of blocking the secretion of
FSH and LH. THEER RRODUGRTEON) | ANDOPROCESS EEBapBRHI ANTAGONTS TMRPRODUCIIION: er
or 20 longer) conprising part of or the entire structure of LHRH in which
one or several am no acids have been exchanged for other natural am no
acids and/or am no acids not found in nature. 25 Synthetic LHRH antagoni sts
may be used for contraception and in the treatnent of benign hyperplasia of
t he prosfat FIPIEIhQF THE nDMENTE@Endent tunors of the breast and ovari es,
dysnenorrhea, endonetriosis, and other conditions. These synthetic LHRH

ant agoni sts have the general fornula 30 Ac-D 2Nal - D-4C Phe- D- 3Pal- Ser - X- NH2,

2 wherein ¥Hes JrédBrt o PPl 4 ale PRALOT tSYPLPELNEQRTLES 26kdthe
synthesis 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 benign 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-4ClPhe-D-3Pal-Ser-X-NHj,



residues. More particularly they have the aforenentioned general formula
wherein X is AAl- AA2-Leu-AA3-Pro-D-Ala, in particular wherein AAL is a
natural or synthetic amino acid 5 and AA2 is a natural or synthetic am no
acid or zero, AA3 is a natural or synthetic amno acid. Wiile there are a
nunber of synthetic nethods for preparing 2LHRH anal ogs known in the art,
there is a need for 10 inprovenent since the total yield of LHRH anal ogs
obt ai ned f mdradeiowX pirsckssessi sonét ndtgha Anandfer psedtihesici amiaddiaidian,
may require extensive purification, Mreover, the pethaods for the synthesis
of LHRH anal®gstd4foim MoFe Ragticubprelyurhey cbaveythesakorpRersédraest r at egy

di5C|Osedi'ﬁﬁ#ﬁ%aﬂx¥é¥ﬁuiﬁLwﬁegégngﬁGisfﬁﬁlnﬂﬁénﬂege RERLHAS-Bfia, in

nonapept i de antagoni sts conprises the coupling of an I nternedi ate.
tripeptide paaprieseldn rvhemeim ARSI lses datordl (opusynhbestiar amiab aled 20
amno tegrmnal  of the peptide) with a heptapeptide or a_ hexapeptide, .
respect i vel Wb drit i hdraint %la%FdsY’é’éﬁ%IE G aming gRyd40y, ZFéQperélsy.

e SeL ™ AL At L OSEIA IERISTION0 A o o S er
25 OBJECTS OF THE INVENTION It is thus an object of the invention to provide
a tripeptlde, 2% R id"s foiber ot ayithetic nithods Fof preparing °9°
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-0-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.



which the yield and/or purity of the product is inproved. It is another
object of the invention to provide a process for the production of such a
tripeptide intermediate. 3 It is still another object of the invention to
provide a process for the production of LHRH analogs in which a tripeptide
is coupled to a hepta- or hexapeptide. 5 Fuarther objects of the invention

w || becone obvious fromthe follow ng sunmary of the invention, the

description pf ;prefer1esngprhedi sByLet grdrhhe;aneended R YPHowidd . 10
DEFI NI TI ONS AND ABBREVI ATI ONS For definitions and abbreviations used in this

appl i cati on praceshi £or atke geneduttyonceoéplBBH| aneledlsi dind wifiathea i nvention
reference is_made in articulai .0, US 5%10%4@ A .15 SUNg%IY OF THE
| NVENTI ON ACCotREREE 9 tReSPRDLRdi bR PsPEPHET d88 ReXAPSEIH I 20

representing amno acids 1-3 of an LHRH antagonist, the term nal am no
group of which is Boc- or Ac-protected and the term nal carboxyl group of
whi ch (tRat Ferthéer ekiechal ofrbhe ipvenhiad Wéild hecose odwHeuprigtamt thk

25 According.to, the invention i j scl.osed, the tripeptide.(l).

b ol D Diantng RSP bF ChRCARPENLLOR Fhe RS RiRtion 9F & orocess
for the synthesferrd® &hbadiksitsanhagdothst appehbeddpagiedlt farama (1)
Ac- D- 2Nal - D- 40 Phe-D-3Pal - Ser- X-NH2 (11)

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-4ClPhe-D-3Pal-OH (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)



4 wherein Xis from5 to 7 natural and/or synthetic am no acid  residues,
nore preferred AAl- AA2-Leu-AA3-Pro-D-Ala,. in particular wherein AAL 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 synthetic amno acid. Still preferred is
the use of the tripeptide (1) in the synthgsis of a peptide of the general
formula (lIl1a) 10

Ac- D- 2Nal - D- gkt PBenDx3Fal €3 AALoAH2 nla@indalls @rii JorPr it Brc NiRidd | #dia
wherein AA1 and AA2 have the neaning given above, in ‘particular a LHRH
ant agoni st ofeshduesy nfipze( prefersed AAl-AA2-Leu-AA3-Pro-D-Ala, in

Ac- D 2Nal - D- 4C] Phe- D- 3Pal - Ser.- r--D-Lys(Ni ¢)-Leu-Lys(i.Pr)- Pro-D-A ar NH2
(111 “or,  ovin FbFRIRFPFRad™ BPL S Ao PRTAT A S gie tic ditind "adid
Ac- D- 2Nal - D- 46 PAR2Di Pal n3efrd Ty Byhthekald lsiidracid GPb-zdtey: M3 is
(rrra). Accordln% to the invention is also disclosed the tripeptide 25
Boc- D- 2Na) - D24t PHE2D- 9Pasyolihettkyr apineameig-ility. 30 Furthernore,

according to the invention is disclosed a process for preparing a
tripeptide of the formula (1) Ac-D 2Nal-D 4C Phe-D- 3Pal -OH (1)

Still preferred is the use of the tripeptide (I) in the

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-
NH, (IIa),

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-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D-Asn-Leu-Lys (iPr)-Pro-D-
Ala-NH; (IIIa).
According to the invention is also disclosed the tripeptide
25

Boc-D-2Nal-D-4ClPhe-D-3Pal-~-0OH (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-OH (I)



5 or (IX) Boc-D 2Nal - D-4C Phe-D-3Pal -OH (1 X), 5 conprising the follow ng
consecutive steps for the preparation of (1): (a) Reacting Boc-D 4C Phe- OH
with HONSu to form Boc-D 4C Phe-OSu (VIl); (b) Reacting Boc-D 4C Phe-CSu
(M1) with HD-3Pal-OH to form 10 Boc-D 4C Phe-D-3Pal -OH (M 11); (c)
Reacting Boc-D-4C Phe-D-3Pal -OH (VII1) with Boc-D-2Nal - OSu prepared by
reacting Boc-D-2Nal -OH with HONSu to form Boc-D- 2Nal - D- 4C Phe- D- 3Pal - OH
(I'X); (d) React(imxg Boc-D-2Nal - D- 4Cl Phe-D-3Pal -OH (1 X) with acetic 15 acid
to form Ac-D-2Nal -4C Phe-D-3Pal -OH (1); or the consecutive steps (a) through
(c) for the preparation of (IX). The process of the invention for preparing

a LHRH ant agoni

0 SOTREL A5 151 SR o pUPl 110 e 1 pept e (1) wi T

a heptapep X

P' - Ser (P2) - AAl- AA2- Leu- Lys(i Pr, P4)-Pro-D-Al aNH2 (IV), 25 wherein p4 is H or
an am no_protecting group such as, Boc, wherein AAl and AA2 have the
af or emen? | ofEEPFESIING the Faklowinarconrsecut hept apepsi Ger (Wheof the general

P2), - ( ;:D-Lys(Nic)-Leu-Lys(iPr, P )-Pro-D Al aNH2
(alré)tsle e-c[%/fe F romH or amino protecting group 30 and P2 and

P3 are i ndepend®adaot isr 8decb+401PHe-s0l with HONSu to form

formula P1-
(V), wherei ﬁég%
(b)
10
(c)
(d)
15

Boc-D-4ClPhe-0Su (VII);

Reacting Boc-D-4ClPhe-0Su (VII) with H-D-3Pal-OH to form
Boc-D-4C1Phe-D-3Pal-OH (VIII);

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-OH (IX); ,

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) .

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

Pl-Ser(Pz)—AAl—AA2—Leu—Lys(iPr,P4)—Pro—D—AlaNH2 (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),



protecting group, and P has the neaning given above, for preparing the
LHRH ant agoni st Ac- D 2Nal - D- 4C Phe- D- 3Pal - Ser- MeTyr-D- Lys (N c¢) -Leu-Lys
(iPr) -Pro -D-Al a-NH2 (I1I1), 6 nore particularly with a heptapeptide (Va)
of the general fornula Pl-Ser(P2)-NWeTyr(P3)-D Asn-Leu-Lys(iPr, P4)-Pro-D
Al aNH2 (Va), wherein P1 is selected fromHe@r amno protecting group and P2
and P3 are independently selected fromH and -OH 5 protecting group, and P4

has the neanmagegpaeelabmaeayf Withpbea@g;:agaebh}_qdleHRlvaqntca@oghétgeneral
m{}%m-DM]%eDg%l n-Leu- Lys(iPr)-Pro-D Al a- NH2

(111). The hépmpé@t?de?e{x/jm)s-wxi (oY -PrAg8-5R162465 Prr,rié)-f@ro D—

con Do Byt rRShYE T M AEEHER T L el Bl o R CBRERSPb R YRk

coupling thege@ﬁpeaﬁang? ngnd@op® A8 Nihdspelsd et iy F@@Ié@@e@yﬂwmsnzehd —-OH
(Becknan Model 990& as described in WO 94/40757 where al so the LHRH
ant agoni st (PFPfectEngsgupypl oaad. PAl has nthe \Begning gigeasabeveyhgor

et oo REBEERSETEn hER e ARLAIANLE, ARRPRAGTS M R 0l SR
hept apept i deMéfTYY-DfasheLgareLys (ory+Pao2D-R1laSHH, P2Y IANL- AA2- Leu- Lys(i Pr,
P4) -Pro-D-AlaNH2 (I1V), wherein P1, P2, P4, AAl and AA2 have the meaning
gi ven above,

The heptapeptide (V) is described in US 5710246 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-OH (IX)

with a heptapeptide (IV) of the general formula
25 Pp'-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)



in particular with a heptapeptide (V) of the general forrmula 30

P1- Ser (P2) - NMeTyr (P3)-D-Lys(Ni c)-Leu-Lys(iPr,P4)-Pro-D-AlaNH2 (V) or, even
nore preferred, with a heptapeptide of the general fornula (Va) 7

P1- Ser (P2) - NMeTyr (P3) - D- Asn- Leu- Lys(i Pr, P4)-Pro-D- Al aNH2 (Va), wherein P1
is selected fromH or am no protecting grogp, P2 and P3 are independently
selected fromH and -OH protecting 5 group, P4 has the aforenentioned

meani ng, folptoged (b%) -MedByt { )i N9-AdHe-Ded-aryd NEbr POY UF i 3HD-N1 AMACKEa) ,

group, in particular an acetyl group. Mire particularly, the heptapeptide
of the general fornmula 10 (V) is the heptapeptide (V)

H Ser (t Bu) - NMeTyr,- D-_hys Nicé-L u-Lys(i Pr, Boc)-Pro-D-Al aNH2, (VI), 15 05 even
mor e preferV SF%EHeEheb%aﬁg Fﬁi@%ﬁﬁiﬂm H or ‘amino protectin g%oup, P

H Ser (t Bu) - NMeTys- D- Asn- Leu- L i, Pr, Boc) - Pro- Al aNH2 (VI a). articular
advant age wPlft thedhEt hB eg@n%isﬁéxquesrﬁﬁie&;eids_%t aﬁné E@ia%’é&g?éjr?‘?ng
materialg H | - QH2HCT, n 1 e fi nihe £t - OR2HCL,

t he protect?ggagfogtlﬁ%% Fﬁg g?éff#%gQ&gpgﬁig%aﬁég "not g?ﬂ{§m>ed.

Ther ef or e t babssytultdsigs tdfe Nrecarmviandl @og syxoep bepashacyer gaadpavonds
that material is lﬁ%t} in the additional step. Another 25 advantage is that

the formati BATSE B P &SSYY L IFOWRxponi fication step is avoided. The
formati on of such .

More particularly, the heptapeptide 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 (iPr,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.



inmpurities is well known. For instance, the basic conditions at.the ester
hydrol ysis step cause partial racemzation of D-Pal. The other prior-art
alternative of renmoving the ester 30 group by catal ytic hydrogenation (in
the case of allyl or benzyl ester groups) risks to cause a loss of O from
4Cl Phe producing Phe. Wile allyl groups rpay be renoved by still other
reagents the full renoval is difficult to control. 8 The invention will now
be expl ai nedrhd® RYEnEebAl WibY nbef BeeBgpl1henadphief aidred guHadi ot . 5
DESCRI PTI ON OF A PREFERRED EMBODI MENT OF THE | NVENTI ON Synt hesi s of

Ac- D- 2Nal - 4GFherengPakoOp Prefepxarperbedipeatn- 4C Phe- OSu. Boc- D- 4 Phe- OH
(299,75 ¢g; 1,0 10 eq.) and HONSu (184,1 g; 1,6 eq.) are dissolved in
2-propanol (4,5 L). The mxture is cooled to OC and DIC (164,1 g; 1.3 eq.)
is added. The m xture is stirred for 16h while warm ng to roomtenperature.
The product is filtered of, washed wth Z-Bro anol (1,5 L) and dried.
Yield: 85% PESCRPRFION: OBgASPREFEBRERAKMBEDIMENGC OF JHEP N OH.
HD3Pal-OH, 2 HClL (251,1 g; 1,05 eq.) and Boc-D 4C Phe-Osu (396,8 g; 1,0
eq.) are dissolved in DVMSO (3,33 L) and NwW (318,8 g; 3,15 eq.) is added.
The m xture sgnthésigdof OAcib-DNalL-acaPhiesppepPalvoa (39 Mater (17 L) is
added and pHis adjusted to 4-4,5 which causes the product to precipitate.
The m xture is filtered and the product is washed with water (3 x 5 L) to

remove EXAMPLE 1. Boc-D-4ClPhe-0Su. Boc-D-4ClPhe-OH (299,75 g; 1,0

10 eq.) and HONSu (184,1 g; 1,6 eq.) are dissolved in 2-propanol
(4,5 L). The mixture is cooled to OfC and DIC (164,1 g; 1.3
eq.) 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 HCl1l (251,1

g; 1,05 eq.) 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 product to precipitate. The mixture is filtered
and the product is washed with water (3 x 5 L) to remove
traces bf 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-0OSu. 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



traces of DMSO, H D 3Pal - OH and Boc- D-4C Phe-OH. The product is dried.
Yield: 80% HPLC purity: 97,8% 25 EXAMPLE 3. Boc-D 2Nal - OSu. Boc-D- 2Nal - CH
(315,4 g; 1,0 eq.) is dissolved in 2-propanol (6,8 1.) at -10C and IBC (157
g; 1,15 eq.) and NW (116 g; 1,15 eq.) is added. After stirring for 5-10
mn a mxture of HONSu (230,1 g; 2,0 eq.) 9n 2 30 propanol (1,4 L) is added.
Additional NW (10,1 g; 0,1 eq.) 1is added. After half an hour water (0O, 82
L) is addedftbtrdtsgobvwaphedlput@t@dpmwwﬁcbl THe Ipr,ocast drsiedolBieldby 9
filtration, sh th 2 r opan (1 L), and dried. Yield: 90% HPLC
purity: 98, %/o Eﬁ% LB%4 ! t&oCB%%%I D-4C Phe-D-3Pal -OH. 5 (a) Deprotection.
Boc- D 40 Phe-D-3Pal -OH (447,93 g; 1,0 eq.) 1is dissolved in a mxture of
ethyl acetate (3,4 L), acetic acid (675 m) and MSA (454 nL; 7,0 eq.) at OC
and kept atEXBMPbEténpeBaFuDethrDPW6lﬁbar§-3PEA-@&669 m; 12 eq.) is

added. dens n. Bo I IS dto the
neutral|zed agbﬂ8P58 %lﬁPXt§P§ §a4Fg§ﬁ1£§n§gF&?6?% 4&?]&%é%bt 'oh i xt ur e
is kept at tBi giksspoeat iheaf Qi x2utehofAdthy2S YR el 5B, 1), G@dkici S
added to quench remai ni ng hydroxysuccinimde ester. 1- Butanol (4,5L) is

added to 1l5apidvéA?Spmégi pnHaMiSan (idB4t he; sUb@e@qenta&xﬂfﬁcandnkeptcht
Purification and isolation. The reaction m xture

this temperature for two hours. TEA (1669 ml; 12 eq.) is
added.

10 b) Condensation. Boc-D-Nal-OSu (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. Aqg.
25% NH; (154 mL; 2,0 eq.) 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 ét 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-ONa.

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 dissolved

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



extracted twce at pH6 (2 x 4,5 L water) to renove TEA, at pH9 (4,5 L
water) to renove MSA and finally at pH7 (4,5 L water). The extractions are
carried out at 40-45C to prevent 20 precipitation. To the organic phase is
added acetic acid (4,5 L; 1 vol.) and the m xture is concentrated in vacuo
and co- evaporated with acetic acid (4,5 LJ10to give a solid. EXAMPLE S.

Ac- D- 2Nal - D- 4C Phe-D-3Pal -ONa. 25 a) Deprotection. To the solid

Boc- D- 2Nal - [I-‘hﬂé]lﬂbetl&épﬂt wlfSedaddeﬂomt eemp@tathire et ilc Iacnd (theéh L)
and MSA (454 nL; 7,0 ? and the mxture is stirred for 1-2 h at, room

t enper at ur e.Wa g% HQ(Q 119 i Sceefled £ GReRRY REHR R Fed SR md damrrhe m ;
7,7eq.). T on t n u r

W (h°Tol uene 2 aE o BEE b o B T g Ak e SR R R D

depr ot ecti orgGt®$d and smiu&hol N 404 uenei § 2afdéd 8pdpaeoknk predapeht@tion.
(132,14 g) is added. 10 The mxture is stirred at roomtenperature for 1 h

and then5 wealles .mixA0frer }si sxbrdetdetiotgqienchtr piaibni(2g xaetey L iwatdazgl eand d)
Purification. The mxture fromthe acetylation is heated to 30-35C and
1-butanol (45%ice a% RHEJEYH (3 prévénb waterpi uatl'ngnNaQHTft@ ridgtusite pls to 11

extracted t H ce  at H11 2 X 2,6
wat er) usi ngd’?\ﬁ@?]g 5%1 %étﬁbHi”?oa k/ét ﬁg Ilaﬁgl §§tlf)a dO0FqdS BF $HRR

| ast extr actjansidor PFEYRNINaBLe¢iBbt 8} 08. abACH €53019) it sadded tad fleast
first and the last extraction to mnimze |oss of product in the aqueous

phases. 10 extmsatidomnto Toinheigegdooasdby produed dngduhiec agiesaisf pdrasdse.

10 e) Isolation. To the vigorously stirred 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 1is 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-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



extractions is added heptane (15 L) and the resulting suspension is left at
roomtenperature while stirring for at least 1 h. The mxture is filtered
and the product is washed twice with heptane (2 x 3,5 L) and dried. Yield:
75% (from Boc 15 D-4C Phe-D-3Pal -OH). HPLC purity: 92% Am no acid anal ysis:
2Nal : 1.1; 4Cd Phe: 1.0; 3Pal: 0.9. Ms: MN586. Na: 4.6% EXAVPLE 6.

Ac- D- 2Nal - D- 4C Phe- D- 3Pal - OHDCHA a) Deprotection. To the solid

Boc- D- 2Nal - D- &) #he- W2 8&a) - &£hid aﬂcésaadpﬁd7maaeﬁ tO&artiey,) .a®&tHA acid (1,8
L) and MSA (454, ni;. 7,0 fq.%,a the mixture is stirred for, 1-2 h at room
t enper at ur e. Yﬁ%?ﬁ?%y's bB?édlFoaééegnénﬁeﬁpﬁamﬂié&qﬁtH? cﬂE&?ﬁﬁﬁ%@%ﬁ

7,7 eq.). The, so con ated in 0- evapor o
with toluene'i% &a L?ﬁ? 152§u8PFn 8% A@eg %&Fagﬁq é 0| Eﬁbﬂo c
the depr ot ectdu éPo»le%SQhMSQ tB vieb%uglws@lkf)ce@nﬂe@@%&w (2% dazolme
(132,14 g) is added. e mxture iS stirred roomtenperature for 1 h

fol | oned By nmkﬁmt®nisfsmmreed(aaooﬁm)ov@rqme@nh réivhtarad anet yhe3@roduct
i mdazole. c) Purification. The mxture is heated to 30-35C and 1-butanol
(4,5 L) i s adtghed pw‘eoenmphea;i—putanbévihephenm XfluBe i2x4,8xilr)acnst twiicee

at pH7 (2 x 2,6 L water), once 32 6 L water) and once at pH
7 (2,6 L maté*%t [ﬁ?ﬁ@aPﬁlégéﬂoﬁe&yi Xhﬁhé} ﬁ§%a deamaBecrRs 4aLBhg-3pal-

concentrated o aso- nTDe:t 0giCh s SaRiaBeNded hilal RISt 9 1y, at 50C
4ClPhe: 1.0; 3Pal: 0.9. MS: MW 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

eq.) 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 eq.). 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 1L water), and
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).



and slowy added to vigorously stirred heptane (27 L). The 5 mxture is
stirred at 0OC over night, filtered and the product washed twice with
1- but anol / heptane (1:3; 2x4,8 L) and twice wth heptane (2x4,5 L). Yield:
65% (from Boc- D 4Cl Phe-D-3Pal - OH). HPLC purity: 94,2% Am no acid anal ysis:
2Nal : 1.1; 4C Phe: 1.0; 3Pal: 0.9. MS: MAR586 (free peptide). 10 EXAMPLE 7.
Ac- D 2Nal - D-4C Phe-D-3Pal -OH. a) Deprotection. To the solid
Boc- D- 2Nal - Bi4@aRPhe0R Ifdontbd s-p-amttiath aval-e3pd Blom)-)  HRKEt peraeyd 63, 83L)
and MSA (454 m; 7,0 eq.) and the mxture is stirred for 1-2 h at room
terrper at ur e AMIROTI8E 1 An#lers s -cd\lﬂ]e-d k.d0d@ERheeut r Q& i ZRAL Wi RO TEA (1071
m.;, 7,7 eq td 0 ntrat ed in vacuo and co- evaporated
twice with P%I uws%%l u(ﬂzre‘% IBeR ve an oil. b) Acetylation. The oil from
t he deprotection is dissolved in toI uene (2,0 L) and acetyl im dazole
(132,14 g) is added. The 20 m xture is stirred at roomtenperature for 1 h
and then water (100 nL) is added to quench renai ning acetyl i m dazole. c)
Purification. The m xture fromthe acetylation is heated to 30-35C and
1-butanol (4,5 L) is added to prevent precipitation. The mixture is
extracted twce at pH=7 (2 x 2,6 L water), and 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 mM) 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; 2x3,6 L)
and twice with heptane (2x3,6 L). 12 Yield: 70% (from

Boc- D-4C Phe-D-3Pal -OH). HPLC purity: 93,0 Amno acid analysis: Nal: 1.1;
4Cl Phe: 1.0; 3Pal: 0.9 Ms: MNVN586 (free peptide). 13 CLAIMS 1. A process
for prepariQIQAIMI ri peptide, including a salt thereof, of the formula (1) 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)y, conprising the follow ng consecutive steps for the preparation of

(1): (a) Reacty - Phe- i th - form - D-4C_RPhe- OSu
(V1)5 (b Rede nr?g% osg%%égﬁg%é(%%E%éﬁl%bméﬁéﬁ-‘%%ﬁtgoaf Set
Boc- D- 4Q PhérelR2edg| -@HHNE I£9:mTd Reacti ng Boc- D-4d Phe-D-3Pal -OH (VI 1)
wi th Boc-D-2Nal - OSu prepared by reacting Boc-D-2Nal-OH with HONSu to form

20 Boc-D-2Nal -D- 40 Phe-D-3Pal -CH (I X) ; (d) Reacting

Boc- D- 2Nal Pha- Pal 5 I i i id f
ho- D 2l - 30 Ph e B Ty b Ratton pEptie actd to form
or (IX)-

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

comprising the following consecutive steps for the
preparation of (I):
(a) Reacting Boc-D-4ClPhe-OH with HONSu to form
15 Boc-D-4Cl1Phe-0Su (VII);
(b) Reacting Boc-D-4ClPhe-0OSu (VII) with H-D-3Pal-OH to form
Boc-D-4C1Phe-D-3Pal-OH (VIII);
(c) Reacting Boc-D-4ClPhe-D-3Pal-OH (VIII) with Boc-D-2Nal-
" 0Su prepared by reacting Boc-D-2Nal-OH with HONSu to form
20 Boc-D-2Nal-D-4ClPhe-D-3Pal-OH (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. A process for preparing an LHRH antagonist or a
pharmaceutically acceptable salt thereof, comprising coupling
a tripeptide Ac-D-2Nal-D-4ClPhe-D-3Pal-OH (I) prepared
according to the process of claim 1 with a heptapeptide (IV)

30 of the general formula

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



or the consecutive steps (a) through (c) for the preparation of (I1X). 25 2.
A process for preparing an LHRH antagoni st or a pharmaceutically acceptable
salt thereof, conprising coupling a tripeptide Ac-D 2Nal - D- 40 Phe- D 3Pal - OH
(1) prepared according to the process pgf claim1l with a heptapeptide (1V)
30 of the general formula Pi-Ser(P2)-AAl- AA2-Leu-Lys(i Pr, F4)-Pro-D Al aNH2
(rvy, 14 rein Pl is selected_ fr H_ar 1 no_protecting group, P2 is H
or OHpro g% F%& Sroh%,siik?gegi Foﬁghaﬁfn%ﬁgégt%g?F%E%épguﬁgogachPa§‘Boc,
AAl is natubal ogrpsyhtBetng afong,actdiand &AZanismiabupabrectsygt febis
amino acid or zero. 5 3. The process of claim2, wherein the heptapeptide of
the genePdFhf8fndiPa, (PY is aakepeapest isyatoetiReagdmer ACkbrand A2

P1- Ser (P2) =N 3)-D- L Ni.G).- - i:Br,.P4)-Pro-D-AlaNH2 (V) 10 wherein
P3 is H o%s-ggg%%éieé iﬁ&XE%SEg% %ﬁq?hg%gkgcggskggoélain12, wherein the

hept apepti de of the general formula (1V) is a heptapeptide of the general
formula 15 Pl-Ser(PZ)-NNbTyr(P3)-D—Asn-Leu-L%s(iPr, F4) - Pro- D- Al aNH2 (Va)
wher ei n P3-i $he Brocepisppét 6daiifg2gr whgrein sheThepgpperssids af dihe 3,

wherein tpe,ept apgpiL9s 9CviNes 2 neptapeptide of the general formula

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

10
wherein P® is H or -OH protecting group.
4. The process of claim 2, wherein the heptapeptide of the
general formula (IV) is a heptapeptide of the general formula
15

P'-Ser (P?)-NMeTyr (P?) -D-Asn-Leu-Lys (iPr, P*) -Pro-D—AlaNH, (Va).
wherein P?® is H or -OH protecting group.

20 5. The process of claim 3, 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).
25
6. The process of claim 4, 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, (VIa).
30

7. A process for preparing an LHRH antagonist or a
pharmaceutically acceptable salt thereof, comprising coupling
the tripeptide Boc-D-2Nal-D-4ClPhe-D-3Pal-OH (IX) prepared by

the process of claim 1



general formula (V) is a heptapeptide of the formula H Ser (tBu)
-NMeTyr-D-Lys (Nic) -Leu-Lys (iPr, Boc) -Pro-D-AlaNH2 (VI). 25 6. The
process of claim4, wherein the heptapeptide of the fornmula (VI) is a
hept apepti de of the fornula H Ser (tBu) 5NI\/IeTyr D- Asn- Leu-Lys (i Pr, Boc)
-Pro-D-AlaNH2 (Vla) 30 7. A process fo} prepari ng an LHRH ant agoni st or a
phar maceutical ly acceptable salt thereof, conprising coupling the
tripeptide Boc-D-2Nal - D-4C Phe-D-3Pal -OH (I X) prepared by the process of

claim1l 1%itM thhapheplkarepid derk) Yt ahd kerganer adodmrrall a
P1- Ser ( P2) - AAl- AA2- Leu Lys(iPr, Pa)-Pro-D-AlaNH2 (1V), 5 wherein Pl is

selected fromH or am no protecting group P2 is Hor OH4protecting group,

P4 is H orp1a r ct ro o8 ﬁVﬁii a ural or
synt hetic an?%g?a 3u§hd&§g29 B%?ﬁufurﬁﬁ Eﬁtsynt é?ﬁ? é#ﬁﬁd acid or zero.
10 8. Fhe process of claim7, wherein the heptapeptide of the general

formula (1V) is a E tapeptlde (V) of the general formula 15
P1- Ser(PZWmﬁW@TVr€ 3§SEBE9§GNﬁ§)fEém Hysti PRipg) PREGEDLANGNIEZ qUD), Rthései n

P3 is %H'BQQ%%%E ec Q{O%ﬂbup, P is H or amino protecting group

such as Boc, AAl is a natural or synthetic amino acid and AA2
is a natural or synthetic amino acid or zero.

10
8. The process of claim 7, wherein the heptapeptide of the
general formula (IV) is a heptapeptide (V) of the general

formula
15  p'-ser(p®)-NMeTyr (P°) -D-Lys (Nic)-Leu-Lys (iPr, P*) ~Pro-D-AlaNH, (V)

Whereiq P is H or OH-protecting group.

9. The process of claim 8, wherein the heptapeptide of the
20 general formula (V) is the heptapeptide

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

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

general formula (IV) is a heptapeptide of the general formula
Pl—Ser(Pz)-NMeTyr(Pa)-D—Asn-Leu—Lys(iPr,P4)—Pro—D—AlaNH2 (Va),,

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

particular an acetyl group.

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



9. The process of claim8, wherein the heptapeptide of the 20 general
formula (V) is the heptapeptide H Ser (tBu) -NMeTyr-D-Lys (Nic) -Leu-Lys
(iPr, Boc) -Pro-D-AlaNH2 (VI). 25 10. The process of claim7, wherein the
hept apepti de of the general formula (I\/)l is a heptapeptide of the general
formula Pl-Ser (P2) -NMeTyr (P3) -D Asn eu-Lys (i Pr, P4) -Pro-D Al aNH2
(va)., 30 followed by substituting the Boc group by an acyl group, in
particul ar an acetyl group. 11 The process of claim 10, wherein the

hept apept e ept 6 er
(tgu) p_ al\/:a%rscéf[} Asn- Leu- ﬁ %{srﬂlé?ec% L\QF’C'r olSPIZEE %‘O %Hgé%l Mj?NII}Zi o&/\\}/e;l‘_d—i§
substituting the N-term nal Boc group by an acyl 5 group, in particul ar an
acetyl gro 12. The tri e _Ac | - D- 4Cl Phe: D3Pa1 a salt
et vof “pr dSEas) Khe dede Y e T T e FETpERY b Acfl
Boc- D- 2Kl -d>-d, PQ@T B3Rl A 120 Hetdyl sdug.hereof prepared by the

process of cI aiml
12. The tripeptide Ac-D-2Nal-D-4ClPhe-D-3Pal-OH (I) or a salt

thereof prepared by the process of claim 1.

10 13. The tripeptide Boc-D-2Nal-D-4ClPhe-D-3Pal-OH (IX) or a

salt thereof prepared by the process of claim 1.



