. (54) Title: NOVEL LHRH-ANTAGCNISTS, PRODUCTI ON AND USE THEREOF AS
MEDI CAMENT ~ (57) Abstract: The invention relates to RgRebffsher 206®r 1 Si Ng

an N-nethyl ated ami no acid conponent and an inproved water solubil- ity.

According to the invention, medicanents containing the said peptides can be
used for treatggnhypEghpgnone-dependant tumours r-4 and hornone-influenced
14 Septlerber 2004 WO 01/ 6§F7/EPOLY 02719

non- mal i gnant di sease st at es.
PCT/ EPOL/ 02719 Novel LHRH Antagoni sts, Production And Use Thereof As

Medi cament The ¥avednLHRH Artlagbessto, lodBHuapi GOARGSHSe NAMIAQ s Bsi MProved
processes for the .preparation of these conpounds,

solubility properties,
medi canents in which these conpoul82 %% ont ai ned, and the use of the
t umours and

medi canments for the treatnment of hornone-dependent

hor mone- i nf | uefieed Abvenbiognaneldiesr dens IHREUChaREa RS K PrRSLELE
hyperpl asi 8 ( BRir&hsh solubility properties, processes for the
breparation of these compounds, medicaments in which

these compounds are contained, and the use of the

medicaments for the treatment of ﬂormone—dependent

| . tumours and hormone-influenced non-malignant disorders

10 such as benign prostate hyperplasia {BPH) and

endometriosis.

?he nomenclature used for the definition of the
peptides agrees with that nomenclature explained by the
15  IUPAC-IUB Commission on Biochemical Nomenclature
(Buropean J. Biochem. 1984, 138, 9-37), in which, in
agreement with the conventional fepresentation, the
amino groups at the N terminus appear to the left and
the carboxyl group at the C terminus appears to the
20 right. The LH-RH antagonists suchv as - the peptides
according to the invention include naturally occurring
and synthetic amino acids, the former including Ala;
Val, Leu, Ile, Ser, Thr, Lys, Arg, Asp, Asn, Glu, Gln,
Cys, Met, Phe, Tyr, Pro, Trp and His. The abbreviations
25 for the individual amino acid residues are based on the
trivial names of  the amino acids and are Aia=alanine,-
Argzarginine,_ Gly=glycine, Leu=leucine, Lys=iysine,
Pal(3)=3-(3-pyridyl)alanine, Nal({2)=3-(2-naphthyl) -
alanine, Phe=phenylalanine, Cpa=4-chlorophenylalanine,
30 Pro=proline, Ser:sefine, Thr=threonine, Trp=tryptophan,
- Try=tyrosine and Sar=sarcosine. All amino acids
~described here .originate from the L series, if not
mentioned othgrwise: For -examplé, D-Nal(2) is the
_ - abbreviation for 3-(2-naphthyl) ~-D-alanine éhd Ser is
.35 the abbreviation for L-serine. Substitutions on the &
amino group in the side chain of lysine are represénted
by a terp-placed in brackets behind Lys, if appropriate
in the form of an abbreviation.



endonetriosis. The nonenclature used for the definition of the peptides
agrees with that nomenclature explained by the 15 | UPACshhibRbEPSBA4Si On on
Bi ochem cal Nonencl ature (European J. Biochem 1984, 138, 9-37), i1n which,
in agreenent with the conventional representation, the am no groups at
the N term nus appear to the left and the carboxyl group at the C term nus
appears to the 20 right. The LH RH antagchists such as- the peptides )
according to the invention include naturally occurring and synthetic am no
aci ds, the forQfgrey mbhrevipialons ugdd areu, Ile, Ser, Thr, Lys, Arg, Asp,
Asn, G u, An,acCs, MtetPhe, Tyr, Pro, Trp-and H's. The abbreviations 25
for the individual am no acid residues are based on the trivial nanes
of .the am no acids and are Al a=al ani ne, Arg=arginine, dy=glycine,
kgrzlz)eugl ?e, lfys=lhy|SI) e, (%Mcﬁ)nagnﬁie%yﬁyamgﬁpﬂaﬂaﬂsxobutyl

=3-(&_n yl) - i.ne, e=phenyl al ani ne,
Cpa:4-chF0$op%g%§Ialeuﬁ?é}jgkfﬁigfgﬁp6gpﬁ L Ser=serine, Thr=threonine,
Tr p=t.r ypt ophafep Tr y=tBermsitnel aed -Sabxgatedsi(deme Bhi1 @i A) aci ds  descri bed
here -originate from 1 eSy ntioned ot herw se. For

9 %éplﬁﬁ{llﬁs hescgri; Eﬁé}:‘oéﬁ?ﬁgﬁﬁgﬂ

exanpl e, D-Nalszg is the ."abbreviation T t hyl)--D-al ani ne and
Ser is 35 th br eviPHYEA ohexyilcgsbpdéimBaest i t uti ons on the E amino

group in the scdge chaipicdfl drsaidtfaabke represented by. a termplaced in

bracket s hi§%_Lys,Cbh appropriate. in the formof an abbreviation. 14
Sept ember~ 2004°% 2 get FRY i oA inekladlne iy lenomcatatbdiyl .

4- (4- Am di nophenyl ) am{pdmethéxgh-aimaethyl-z) 5 Boc tert-Butyl oxycarbonyl Bop
BenzotniazoI-bmgxy-trbiggbggongggr'gﬁgimfggsphoniun1hexafluorophosphate

- DIPEA  N,N-Diisopropylethylamine

_ DMF Dimethyl formamide
1%  Fmoc Fluorenylmethyloxycarbonyl
" HF 'Hydrofluoric acid
HOBEt 1-Hydroxybenzotriazole
HPLC High-pressure liquid chromatography
Me Methyl
20 TFA Tfifluoroacetic acid

Z Benzyloxycarbonyl

The peptides according to the embodiménts of the invention
may be analogues of the luteinizing-hormone-releasing

05 hormone (LH-RH), which has the following structure:

p.-Glu—His—Trp—.Ser-Tyr«Gly—Leu—-Arg-—PronGiymNHz: {LH-RH,
gonadorelin]. -

For more than 20 years, researchers have sought
- 30 selective potent antagonists of the I.H-RH decapept';ide
[M. Karten and J.E. Rivier, Endocrine Reviews 7, 44-66
(1986}1. The high interest in such éritagonists is based
‘01‘1 their usefulness in the field of endocrinoloéy,
.gynaecology, contraception and dancer. A large number
35 ‘_of c.ompqunds have been prepared as potential LH-RH
' antagonists. The most interesting compounds which have
been found to date are those compounds whose structures

are a modification of the LH-RH structure.



. DCC Di cycl ohexyl carbodii m de DDCM Di chl oronmet hane 10 Ddz
Di met hoxyphenyl - di met hyl net hyl enoxy- carbonyl (D et hgxgep@iiiRl byds 2) DI C
DIVF

Di i sapropyl carbodiim de DI PEA N, N-Di i sopropyl et hyl am , ne :

Di met hyl f ormam de 15 Fnoc Fl uor enyl met hyl oxycar bonyl HF Hydrofluoric acid
HOBt 1- Hydroxybenzotri azole HPLC High-pressure |iquid chromatography M
Met hyl .20 -TFA Trifluoroacetic acid Z Benzyl oxycarbonyl 25 The peptides

according to ihe i S, Of o E he | nt.i e al gques of the
luteini z ing-hor %D&E‘eéfir e@ltlel,';%%n%f ﬁg?%ﬁeﬁ%%agoﬁﬁ%tgm@%] AR tRBY | owi ng
structure: p- FePuAFEOIRGETO% 0y prompfice rRP PROLIE wesiBiudd HiRth
gonadorel in].ther posetitan 20, yenrs3 rgggarghess &ave3sogﬁat 6- 30mhe

sel ective pot gnt. ant a oni_sts ],iolf t he, LH- RH decapeptide [M Karten an}(]i J.E

R vi er, Endoctine rety eWsY7 0h4wEstipgg CoOROURYh it émestolrwsich

ant agoni st5s i héasednoonach@sr arsef fl ness indichest ekidief eadecrinalogy,
gynaecol ogy, ggat t i.@N d er, A.large nu r 35 of conpounds have
been prepar edeaésl %%tggﬁt EOgI %ﬁﬁgﬁ}gont%%%%? s?g?‘gﬂ’ﬂg?ﬁﬁsprﬁﬁte&teslﬂ e
conpounds whik¢Phede Bwim f efndLHoRHat et e pidwite coenpanndsh ERS &che

structures ageciRani®di 68k 0p19ket el HyRH t ug 14 Sept enber 2004 --
3 The first sgries of potent gnt agoni set g_gwag%(%(;ég’l.ng? bysuxfef%gsql?ﬁpr ction
of aromatic amFFSRi d EMEEHEIEeseht obyYt Heosotasien], "DH-RHANDIAE 2, 3

and 6. Theé afterwards it is expressed that these are LH-RH
analogues in which the exchange has taken place.

Known antagonists are:
[Ac-D-Cpa'?, D-Txp*®] LH-RH (D.H. Coy et al., In:
15 Gross, E. and Meienhofer, J. (Eds) Peptides;
Proceedings of the 6th American Peptide Symposium,
pp. 775-779, Pierce Chem. Co., Rockville TIII. (1979):
[Aac-Prol, D—Cpaz, D—Na1(2)3'6]. LH-RH {Us Patent
No. 4,419,347) and [Ac-Pro', D-Cpa?, . D-Trp*%] LH-RH
20 (J.L. Pineda, et al., J. Clin. Endocrinol. Metab. 56,
420, 1983).

In order to improve the action of antagonists, basic
amino acids, for example D-Arg, were later introduced
25 into the 6 position. For example {Ac-D-Cpa''?, D-Trp?,
D-Arg®, D—Alal?] LH-RH (ORG-30276) (D.H. Coy, et al.,
Endocrinology 100, 1445, 1982);: and
[Ac-D-Nal(2}1, D-Phe(4-F)?, D-Trp®, D-Arg®] LH-RH (ORF
18260) (J.E. Rivier et al., in: Vickery B.H. Nestor,
30 Jr. J.J.,VHafez, E.S.E (Eds). LHRH and its Analogs,
pp. 11-22 MTP Press, Lancaster, UK 1984).

Further potent LH-RH antagonists are described in
WO 92/19651, WO 94/19370, WO 92/17025, WO 94/14841,

35 WO 94/13313, US-A 5,300,492, US-A 5,140,009, -
EP 0 413 209 Al and DE 195 44 212 al.



customary way of witing the conmpounds is as follows: 5 the am no acids are
first indicated which have taken the place of the amy e&ﬁnﬂ% ?Rbgl nal | y
present in the peptide chain of LHRH the positi ons in

exchange took place being marked by superscripted figures. Furthernore, by
the notation "LH RH' placed 10 afterwards it is expressed that these are-
LH RH anal ogues in which the exchange has taken place. Known antagonists
are: [Ac-D-Cpa' "2, D-Trp3'6] LHRH (D.H- Loy et al., 4n: 15 Goss, E and
Mei enhof er, J. (Eds) Peptides; Proceedings of the 6th Aneri can Peptide
Synposi um 75 ce Chem Rockviille Il11. (1979):

[Ac-Pro', DCngZ %é%e(‘ S§]1°EﬁSRHC(°EF§q9§€£“‘h hayping, a19m0§147f)1e93nd

[ Ac-Pro', D Cpegniphing3' @1]' Dy-Hne20 l(nltL ib nedaiteondl 6 dndd Which
Endocrinol . MetaPre28ona?dd: tlégafallclvﬁ ac{['rio chi i nprove the action of

antagoni sts, basic am no A'g, were later introduced
25 into the 6 %%sprw@ﬁ(2)—4cr@—éfpanpmel°{mb Sy r DT e - I Arg6g®D- Al @' |
. LH RH ( ORG5302#69° (2212 Cayy, et al . Endocrl noI ogy 100, 1445, 1982); and

‘[Ac-D-Nal (2) 1 DPhglgf 2, D-Trp3, D-Argo] LH RH (ORF 18260) (J.E.
Rivier et al., Byl ﬁb% HS N&3t gRinoz@cyd group RAf ede Eg&nErgEds) .

LHRH and its Afmhmg]sa (yp. 11-22 MIP Press, Lancaster UK 1984). Further
pot ent ‘LH- RH ant agoni sts are described in W) 92/ 19651 WO 94/ 19370, WO
92/ 17025, WD 94/14841, 35 WO 94/ 133}&\! gg!A 300, 492, US-A 5,140,009, EP
0 413 209 Al and DE 195 44 212 Al S T 2004 The latter discloses
conpounds- having a nodified ornithine r | ysine unit in position 6 and
whi ch .c'orrespondtothefollovmngforlir&_ﬁ,' Ac-D-Nal - (2) 1-D Cpa2--D Pal
(3) 3-Ser4-Tyr5-D Xxx6-Leu7- Ar g8-

NH
|
CO-R
10
Further known LH-RH antagonists are  antarelix,

ganirelix and cetrorelix.

Antarelix® (INN: teverelix):
15 Ac-D-Nal(2)!-p- Cpa’-D- Pal(3)3 Ser'-Tyr®-D~Hci®-Leu’-
Lys (iPr) ®-Pro’-D-a1a''-NH,

Ganirelix:
Ac-D-Nal (2) 1-—D_—Cpa2—D—Pa1 (3)*-Ser*-Tyr®-D-harg (Et),*-Leu’-
20 hArg(Et),®-Pro’-D-Alal’-NH,

Cetrorelix:
Ac-D-Nal{2}'-D- Cpa -D-Pal (3)*-Ser*-Tyr®-p-citS-Leu’-Arg
Pro®-p- Alalo—NH

- 25
The aim of the invention is to create novel LH-RH
antagonists which have an increased enzymatic stability
and significantly improved water solubility

30 According to a first aspect of the invention, there is

provided compounds of the general formula (1)



5 Pro9-D- Al al0--NH2 , in which D-Xxx is an am no acid group of the general

fornula (VI) -HN-CHCO (CH2)0 i NH | COR 10 Furthey ?@P bIlE ?‘ﬂ—%
antagoni sts are, antarelix, ganirelix and cetrorelix arelmX(r) (1NN

teverelix): .15 Ac-D-Nal - (2) 1-D-Cpa2-D-Pal (3 ).3-Ser4-Tyr5-D.Hci 6-Leu7-
Lys (iPr) 8-Pro9-D-AlalO-NH2 Ganirelix: Ac-D-Nal (2) 1-D-Cpa 2 -D-Pal (3)
3-Ser4-Tyr5--D-hArg (Et) 26-Leu7- 20 hArg (Et) 28-Pro9-D AlalO- NH2 _

Cetrorelix:- Ac-D-Nal (2)- 1 -D-Cpa 2 -D ¥Pal(3)
3-Ser4-Tyr5-D-Cit5--Lei n- ArgB Pro9-D- Al &' ONH2 25 The aim of the invention

is to create ngugllhy.RHE wan Ve gl £3asedpsenzymatic
?/6% S0 B&le g""a%gﬁe" A ng -to a

~stability and S|gn|f|cantly |npro
first aspect ofXihe invention, there is prOV|ded ‘conmpounds of the general

formula (1) 14 September 2004 A- XxX' - XXX2-- XXX3- XXX4- XXXS- XXXS- XXX 7~ XX
8- Xxx9- Xxxi - NH2 %%% in which 5 Ais an acetyl group, xxxi is D Nal(2),

XXxX2 is DCpa s D Pal (3),
is an acetyl group,

Xxxl is D-Nal(2),
Xxx* is D-Cpa,
Xxx’ is D-Pal(3},
Xxx? is Ser,
10 Xxx®* is N-Me-Tyr,
xxx® is D-Cit + or D-[e-N’-4-(4-amidinophenyl) -
amino-1,4- dloxobutyleys (abbrev1at10n D- Lys (B)),
Xxx' is Leu or Nle,
Xxx® is Arg or Lys(iPr),
15 Xxx® is Pro and
' xxx'® is D-Ala or Sar,
with the proviso . .
that if Xxx® is D-Lys(B), then Xxx' is Nle, or
. if Xxx® is D-Cit, then Xxx' is Nle and xxx® is
20 : -D-Ala,

and their salts with pharmaceutically acceptable acids.

25 .
' Further embodiments may relate to the following compounds and

their salts with pharmaceutically acceptable acids which are

particularly preferred:

30 Ac-D-Nal(2) 1—D—Cpaz—D—Pal (3) 3—Ser"i-—N—Me--‘I‘yr5-—D~Lys (B) 6_
Nle’-Arg®-Pro’-sar'®-nu, | ’

| jA'd—D—Nal {2) l--D—Cpaz—D—Pal {3) 3~_Ser4—N4Me—Tyr5—D—Lys (B)®-

. Nle’-arg®-Pro’-p-aAla®-Nu,,

35 _ ‘ |
Ac-D-Nal(2}*-D-Cpa’-D-Pal (3)>-Ser!-N-Me-Tyr’ D-Lys (B) -
Nle’-Lys (iPr)®-Pro’-sar®-nNu,



XXX 4 is Ser, 10 'Xxx5 is NNMe-Tyr, Xxx6 is D-Ct or

D-[-N -4-(4-ani di nophenyl)- ami no-1, 4--di oxobutyl | Lysp{‘»%%%%\{’;‘if?g&fs Pro.

D-Lys(B)), Xxx7 is Leu or NNe, Xxx8 is Arg or Lys(iP _

and Xxx1fl is D-Ala or Sax-, wth the proviso that if Xxx6 is D-Lys (B)
then Xxx7 is Ne, or if Xxx6 is DDCit, then Xxx7 is Nle and Xxx10 is 20
D-Ala, and their salts with pharmaceutei ecal | y acceptabl e acids. 25 Further

enbodi nents may relate to the follow ng conpounds and their salts with

phar maceut iagalp-Waaq2§PLabbRe

Ac- D- Nai az- E}Pal
N e7- ArgS(Qwsgggp ) eprot-Ipaged® QNHD- Pal (3)3
-Ser' - N- Me- Tyr5 D Lys (B) 6 Nl e7- Arg--Pro9-D Al-alL"-NH2 ,

Ac- - D-- Nal ¢

2 - - |
(iPr) 8- Pro éa qu%ﬁzlﬁi‘%l?e( eﬁﬁé?giéﬁl\é’émhkgqgigﬁf?@)&éit&ﬁléﬁﬁ 87) s

2- DPaI5(3§°1r9--Be¢4-ﬂ\iAIWe szs- D-Lys (B)6 -Nle7.-LYs (iPr}.
8- Prog-D- Al ab-NH2 Ac-D-Nal (2) i--D Cpa2-D-Pal (3)

3-Serd-N-Me-Tyrs-D-Cit6-Ne7- 5 Arg"-Prog-D-Al a"O NH2 10 Ac-D-Nal (2)

| -D-Cpa2-D-Pal (3) 3-Serd N-Me-Tyr5-D-Cit6-N 1e7 -Lkys (iPr)
-Prog-D--Ala’ O NH2 15 20 25

10

15

20

Ac-D-Nal(2)'-Dp- Cpa -D-Pal(3}3-sert ~N-Me-Tyr® -D-Cit®-Nle’-
Lys (iPr)%-Pro’-p-aial® ~NH,

Another embodiment may relate to the compounds as defined

above, which may be present as an acetate, trifluoroacetate

or embonate.salt.

A further embodiment may relate to the compounds as defined

above, which may be used as medicaments or pharmaceutical

preparations.

- According to a second aspect o©f the invention, there is

25

30

35 .

provided a pharmaceutical preparation comprising at least one
of the compounds as defined in the first aspect and its

embodiments and customary vehicles and excipients.

According to a ,third aspect of the invention, there is
provided a process for the preparation of the compounds of
the general formula I as defined in the first aspect and one
of the aboﬁe‘embodiments in which fragments from units Xxx™
provided. with suitable protective groups, in which m is an
integer from 1 to 10 and Xxx' is acetylated, are synthesized
on a solid phase or in solution aécording to customary

processes, then the fragments are linked to a solid phase by

segment coupling and after conclusion of the coupling the

compounds of the general formula I

5% B ghaReg B ariypr rerr s 30



30 35 Anot her enbodiment may relate to the conpounds as defined above,

whi ch may be present as an acetate, trifluoroacetate 8 a alt. A
further enbodi ment may relate to the conpounds as defﬁgé%$&%§%§g§O§Mich may
be used as nedi canents or pharmaceutical preparations. According to a

. second aspect of the invention, there ¥s- provided a pharnmaceuti cal
preparation conprising at |east one of the conpounds as defi-ned in the
first aspect and its nbodi nents and cu tonﬁr vehi ¢l es and exci pi ents.
Accordi ng t3F4 tﬁ??ﬂvﬁépeg¥°%f Fﬁ% iﬁ9£ﬁ i ,agﬁergsigg pFBEEEBAYH process
for the preproaesseas ofritihemiodpoicntomofthd heigenaed?. fornmul a | as defined
in the first aspect and one of the above enbodi ments in which fragnents
fromunits Xxxm "provided. with suitable protective groups, in which mis
an integer from1l to 10 and Xxxl is acetylated, are synthesized on a
solid pkase. or in solution according to customary processes, then the
fragnments are linked to a solid phase by segnent coupling and after

concl usion of the coupling the conpounds of the general fornmula I 14

Sept enber 2004 - 7 S - 10 are renoved fromthe solid phase using custonmary
processes with amdation on the unit Xxx10 _ According to a fourth aspect
of the invention, there is provided a use of the conpounds as defined in
the first aspect and its enbodi ments for the manufacture of nedi canent
for thggtreatnent of hornone-dependent tumours or for non malignant

i ndi cat i on$GRRESEN] r &8t enfonEkRsspatles ofH- 4  inyehthengpnichengppiessi on,

such as engRidRtife8SaS, uReNsEN tREOHRAPBunds as defined in the first
aspect and its embodiments for the manufacture of medicament
for the treatment of hormone-dependent tumours or for non-

malignant indications whose treatment necessitates LH-RH

- 15 hormone suppression, such as endometriosis, benign prostate
hyperplasia (BPH) or for the treatment of female or male
fertility disorders, in mammals.

éO According to a fifth aspect of the invention, there is
provided a process for the production of a pharmaceutical

. preparation as defined in the second aspect, where are least
one compound as defined in ‘the first aspect and its
embodiments 1is mixed with the customary vehicles and

25 excipients and formulated as a medicament.

Another embodiment may relate to the treatment of

hormone-dependent tumours, in

. particular prostate carcinoma, breaét cancer or uterine
30 ﬁtyoma, and also for non-malignant indications whose
~ treatment necessitates LH-RH hormone suppression, such
. as endometriosis or benign prostate hyperplasia (B.PH) .
Furthermore, they may be employéd fdf the ﬁreatmenf bf o
fertility disorders in men or in women, for example _fo‘r“
35 | controlled ovarian superstimulation in the course of
in-vitro fertilization. To this end, tﬁey may be

customarily mixed with conventional vehicles and



hyperplasia (BPH) or for the treatnent of female or male fertility

di sorders, in manmmals. 20 25 According to a fifth asp of the_jnvention,
therg is provided a process for the production of a gﬁg'FH*&Eéﬁ?Q@‘}
preparation as defined in the second aspect, where are |east one conpound
as defined in the first aspect and its- @vbodiments is mixed with the
customary vehicles and excipients and fornul ated as a nedi canent. Anot her

enbodi mrent ma : 2l t e nt of _hornone-dependent tunours, in
particul-ar pr%gggﬁggglg?c%r{%ér]ra,fé%'ﬁ‘giolgﬁe%aﬁ@erm ﬁil‘fﬁ‘%‘?ﬁ% AEEHAIRY. BRd al so
for non- mal | gREAESEAERchnPYnspP@ahose. treat nent necessitates LH RH hornone

' i on, h I bASi beni state h rpl asi a_(BPH) -
Fur Chernore, fheyoyRsnEace Br, coTbpunte, BRcRRdRbas 8 SRR, P “ettor hor s
in men or -inP nPef oF28%aRAI eOufor e3Shesnt by | sdagmidain  fragment

supersti md at éondénsabeos 0Wrs Pl sollRdLphhgel eyl hsdid Oacc_rlﬁ;%dtilgigge%?ghber

2004 8 oxo! pi SRS AROLF MR BT R CAMATAREo 1 RBOEBe pristiass oo
known per se.DIhesiyat béxbadgf_mwitﬂ%ﬁfqg%@g%gbgsda}ﬁ%wnlgﬁ;uﬁ) igan  both
ggl ?gfg)lh:geoé%/%ﬁ%s %iggg?r:@?r?éfﬁghﬁbr%l?‘??r]d RO ?nt%légogq 0?¥0\)6i1fhg one
anot her usi ngre@tien nefal featiycasp tidsl itmitthewftge miirfm;raﬁp;tdpg]tﬂag;e
decapopt e o b DEPERE ByPpRYR, Frold Ui cthe! §E45, Yhathe 4% nkage
in the side chat¥sHte -D-AGRIFRNIINCcBRE| Agityodued liow refuthicorRisicahe
R1- CO- group gesupecaer ber ped tofmellr 98 diff&d el £ POSELL OBSsiRions in
the process: before the condensation of the individual
units to give the peptide, after the incorporation of
15 1lysine or ornithine in the peptide chain, but before
 the condensation of the next unit or after condensation
of all units.
The compounds of the formula (I) are synithegized
according to the known methods, such as, for example,
20 by pure solid-phase techhique, partly solid-phase

technique (so-called fragment condensation) or by the

classical solution couplings {see M. Bodanszky,
"Principles of Peptide Synthesis", Springer Verlag
1984})..

25 For example, the methods of solid-phase synthesis are
described in the textbook "Solid Phase Peptide
Synthesis", J.M. Stewart and J.D. Young, Pierce Chem.
Company, Rockford, III, 1984, and in G. Barany and
R.B. Merrifield "The Peptides’, Ch. 1, pp. 1-285, 1979,

30 Academic Press Inc. Classical solution syntheses are
described in detail in the treatment *Methoden der
Organischen Chemie [Methods @ of Organic Cherfnistry]
(Houben-Weyl), Synthese von ‘Peptiden* [Synthesis of
Peptides] E. Winsch (Editor) 1974, Georg Thieme Verlag,

35 Stuttgart, FRG.

The stepwise synthesis is carried out, for example, by
first covalently bonding the carboxy-terminal amino

acid whosé o-amino group is protected to an insoluble



t he process: before the condensation of the individual wunits to give the
peptide, after the incorporation of 15 lysine or ornithine in the peptide
chain, but before the condensation of the next unit 6FS§PF%Wx%39@£nsation
of all units. The compounds of the fornmula (1) are synthesized according
to the known net hods, such as, for exanple,. 20 by pure solid-phase

techni que, partly solid-phase technique (so-called fragnent condensati on)
or by the classica so#ut'on,cou i ngs (see_M Bodanszky, "Principles of
Pepti de Synt hEEPE®Ttgp¥ h‘g‘%r Rr | GgStameyy .  for Hdhigxampemeovikg nehdiods of
sol i d- phase sgnthiésbs mraredteises | bedubn dhethest kagins Sakid, PhaseaRept i de
Synt hesi s J. t ewart and.J. D. Young, Pierce em _Conpany, Rockford,
111, 1984, a%?n g?eéar %%S#lgnd SR I\}élf“ﬂ?fi@iggal%ﬁg PERt i dd®, WKt 1, pp.
1- 285, 1979, Booheatedi arirmssabnad. Wassiteal cadbakybn geynigiesaadarin
descri bedsin | bk . er..Qrganischen 2 e

[ Met hods of Ogﬁiaﬁi (&:nac&%gtnﬁhgiré$ﬁ%rel—&&}§en Vi), y%ﬁnﬁgée Yors pept i dish

[ Synt hesi s of PePebi® dES] PE. Simiharizad tior ) the74orcect g sEiguemeeVertieay, 35

Stuttgart, FREprTHEep| eaufisareupl Neakaqks o€arihedmIth a]‘cgh XA APy
first coval entI%/ gondlggdt he car boxiy-term nal am no aci \ﬁnos:e a-am no
group is prot &t ef PHSaHY REBLaLe AT PP aNpsand9remepang whixch i s
customary forfutilser r eddel nutdiei om- Pot@cRAYeeCFMEogr QMR B HlN,S N no
acid, bogdin re ] LQup th obtained to the next protected
am no ac:jg v%r%{%%prﬁ%g%%?%&%,g é:r?&%?eﬁlsg‘ttﬁﬁins TarffErt 1$¢ nRithg iehé
cust omary -am HETERREORAL t he mggupy de thy be symtthesiized i fridae corbect

sequence. st eRohssiPing b {Ghati Tk Qcald M9 A0l gs, removi ng

The linkage of the individual amino acids to one
15 another is carried out according to the methods
customary for this; those particularly suitable are:
e Symmetrical anhydride method in the presence of
dicyclohexylcarbodiimide or diisopropylcarbodiimide
(DCC, DIC) |
20 e Carbodiimide method generally
® Carbodiimide/hydroxybenzotriazole method
(see The Peptides, Volume 2, Ed. E. Gross and
J. Meienhofer).

25 In the fragment coupling, the azide coupling, which
proceeds without racemization, or the pec-1-
‘hydroxybenzotriazole or DCC-3-hydroxy-4-oxo-3,4-dihyro-
1,2,3-benzotriazine method is preferably used.
Activated esters of fragments can also be employed.

30
Esters of N-protected amino acids, such as, for
example, N-hydroxysuccinimide esters or 2,4,5-
trichlorophenyl esters, are ‘particularly rhighly
suitable for the stepwise condensation of amino acids.

35 The aminolysis can be very well catalysed by N-hydroxy .
compounds which have approximately the acidity of
acetic acid, such as, for example,
1-hydroxybenzotriazole.



the finished peptide fromthe support and renoving anK further side
function protective groups which may be 10 present. The stepw se
condensation i.s carried out in a conventional manner ThypepianiteedP  rom t he
correspondi ng, customarily protected anmno acids. The |inkage of the

I ndi vidual am no acids to one 15 anotherpis carried out according to the
met hods customary for this; those particularly suitable are: Symretri cal
anhydride nethod in the presence of dicyclohexylcarbodiimnde or

di i sopropyl carbodiimde (DCC, DIC) 20 Carbodiimde nethod generally

Car bodi i m de/ IgtHeomg@eatket r aminbe pebhedtivee ]jh‘@u@%pt iwleisch x%ﬁ@ecft Ed.

E. G oss and of e 25 e fr nt cou n t he azide

coupl i ng, vvh|1(:: em%g%gggds \E/lvll-tehoutgI ge%m zaallglrorﬁh or FE D%Ce, &

hydr oxybenzot RY@regenatioec. 3- hﬁuﬂbxy 4agxo- 3, £odi hyr @xaind,3- benatie i azi ne
met hod |55pr%@Iﬁﬁ:ﬂd}q;’é&@ﬂbonﬁtk&&i@gle?’:eﬁs gﬁilEEi‘Q”‘B’P ﬁrgaﬁiﬁﬁlmﬁ%cﬁq

enpl oyed. 30 Ester N- pr ot ect ed. am no aci such exarple
N- hydr oxysucctHt ﬁ?‘aer%@?‘é d By yeaksacid; cﬁl‘-lélt@bllénﬂroéﬁcé?rlsfe AROUPS

particul arly foghtlye @udrhabd eg:f@uipé @rél epyd s&xampriensat i on of amino acids.
N— hydr.oxy conpounds

35 The am nol L n b ver catal ysed b

whi ch have ap%éko%“ it lﬁyef/gg?%ﬁﬁlgp o c?é’tq‘é’sam d Flaegenyd metdy ey anpl e,
1- hydroxybenz@t}'CF@zbrbrafl 14 Sgpbepber ZOQ!hrboﬂbnddjﬁernE\(;l\%abﬁpgm NO or 4 b
protectiyg orQURSI L rcgzs m#é]e el s which are renoved by
hydr ogenat i on suc]#}{ g\}}a n‘flh % ER @xycarlﬁjonﬁ di%CE® (= z

radical) or. Wm|§hbromo— [sic] or p-nitrobenzyl radlcal), the

trifluorocacetyl group, the phthalyl radical, the o-
nitrophenoxyvacetyl group, the trityl group, the p-
toluenesulphonyl group, the benzyl group, benzyl
15 radicals substituted in the benzene nucleus {p-bromo-
or p-nitrobenzyl radical) and the oa-phenylethyl
radical. Reference is also made here to P. Greenstein
and Milton Winitz, Chemistry of Amino Acids, New York
1961, John'Wiley and Sons, Inc., Volume 2, for example
20 page 883 et seq., "Principles of Peptide Synthesis*,
Springer Verlag 1984, "Solid Phase Péptide Synthesig®,
J.M. Stewart and J.D. Young, Pierce Chem. Company,
Rockford, III, 1984, G. Barany and R.B. Merrifield "The
Peptides", Ch. 1, pp. 1-285, 1979, Academic Press Inc.,
25 and also The Peptides, Volume 2, Ed. E. Gross and
' J. Maienhofer, Academic Press, New York. These
pProtective grdups are fundamentally also suitable for
the protection of further functional side groups (OH
groups, NH; groups) of the corresponding amino acids.
30
Hydroxyl groups present (serine, threonine) _are
preferably protected by benzyl groups and jsimilar
groups. Further amino groups not in the o-position (for
example amino groups in the ®W-position, guanidino group
35 of arginine) are preferably orthogonally protected.



can be renoved by weak acid. Suitable protective groups for the a-am no
groups are, for exanple: tertiary butyl oxycarbonyl BHE%P fl uorenyl net hyl -
oxycarbonyl groups, carbobenzoxy groups or 10 carbob 8%%5 (if
appropriate in each case having a p-brono- [sic] or p- nrtrobenzyl radi cal ),
the trifluoroacetyl group, the phthalylixadical, the o- nitrophenoxyacetyl
group, the trityl group, the p- toluenesul phonyl group, the benzyl group,
benzyl 15 ra cals sybsti.tuted_in_the_benzene .nucl eus r ono-

p- nrtrobenzyﬁ&r%drﬁﬁ Véﬂﬂaﬁheaglﬂﬁen?FéEhyPnHEﬁm(ﬂﬂXé%ﬁﬁ) %wm%y$§n%lso
made here to Pla@mmhstrednflednd)w thenRWeO +gro@hemaster ye@fimeéie 1@l Pgi ds,
New Yor k 196 | ey and Sons,. Inc., Volume 2, for exanple 20 page
883 et seq., rrncrp es of Peptide Synthesrs Springer Verl ag 1984,
"Solid Phase Peptrde Synthesis", J.M Stewart and J.D. Young, Pierce Chem

Conpany, sRockfgedsithié, cé§§§e & Eﬁéaﬁ¥o@@gst§r|@ﬁéwﬂf%? '”E L of
Pepti des”, Chﬁﬁ%?%é)mﬁa.é; 1979, Academ c Press he
Pepti des, Vol G L R af®- groudhiien it drol ivisreni ¢ Pr ess, New
York. These DroTiest ioveagbomyd ias eadimdgienpalily 8hseabit %ﬁlcﬁté&fed the
protection of fugther fun tional grde grog ps (OH groups, NH2 groups) of

t he correspondrn% AT ?d%y 19) F K Youps present (serine,

threoni ne) ar2. Preferabino mmmtw p:yobeoizgdi gfoupexanglel i athe & oups.
Further agino or QP Not: in the a-position (for exanple am no groups in

the wposition, anrdrno group 35 of arginine) are preferably
ort hogonal |y Y dﬂé%t@dam}HOSéﬁFéWbéwsZDGQteCEQd Tise gi-ndBet dgabugli nior aci d

units, excludingsdyei Be wdy agHag] amsifdad Pyt hgi Bh- CRUBQUP. ¢8F &he
connercrally ng lna Iremoval of the amino protective
groups
results.
15 4. The Z group on the €-amino group is removed.
5. The desired group R'-CO- is introduced on the g-amino
group.
6. The protective_ group on the oO-amino group is
-, removed.
20 7. The O-amino group is optionally reversibly
derivatized, e.g. with the % group.

For the introduction of the R'-CO-group by reaction of

the amino group of the 1lysine with the appropriate
25 carboxylic acid or carboxylic acid derivative, suitable

procésses are fundamentally the same processes as

described above for the linkage of the aminoc acids.

However, condensation using carbodiimide, for example

l-ethyl-3-(3-dimethylaminopropyl)carbodiimide, and 1-
30 hydroxybenzotriazole is particularly preferred.

The reaction for the linkage of the amino acids takes
place in an inert solvent or suspending agent wﬁich is
customary for this (for example dichloromethane), it
35 Dbeing possible to add dimethylformamide, if necessary,

to improve the solubility.



S A possible course of the process for the preparation of |ysine nodified
by R-COgroup is as follows: 1. The a--carboxylic amd&roup IS swtably
protected, for exanple by esterification. 2. The E-

protected, for exanple by the Z 10 group. 3. The a-am no group |s
protected (e.g. Boc group) in such a-wd2 that a selectivity wth respect
to the later removal of the amino protective groups results. 15 4. The Z

group on the &; e e gro '

i ntroduced on tae amlﬁ é?%% g@%sgifﬁg %rIgt :égteg i]/@% Lié’ﬁ“'if’ﬁge' aﬁ-%m no

group is rerﬁ?@ﬂpl@op?lyfl"hﬁrﬁnamlmﬂgr olp iksasht Eonml, I yﬂhne::/lers:ahl yoe

derivatized, Syl tiht 2 T O t n n _of 4 gr.oup

by reaction of _ the am ncf)]‘@gro’lafE #&1\;&% lg??fjg E&gﬂ@i%e%afg) B&“ﬁ@l %

carboxyl i c adY¥Gic Yd%ﬁr{fo@‘%ic gcﬁﬂvéélﬁ’l@&ﬁz\ﬁf@e)sw’lfl’&)l éynbhgéess@i &e

f undanent &l | yrdtecmte Pecapssesdas afeser idieda ahRe I Wed M8 diyiageof the
condensat: on usi carbodiimde, for exarrpl e

am no aci ds. ?3?
1- et hyl - 3- (3-die @%Bam Hoptopy |y tar BBaHY A ¥Eengnyesinggrovided with
hydr oxybenz o tdptienzhysantliaguire | y guroefoesred. whiel eacififordor tﬁ}@

l'i nkage of thgam A( { S % c n.in t sol ven endi ng
agent which is cuégt)o(%gl? or?ahteh?nslp ? %ugggﬁp e i %rgﬁg%ﬁgﬁe eF 35
bei ng possi bF& t@léé&a@%ffﬁﬁw oith&mi @elppprtnece@@ar e tcanmmd)v&mthe

sol ubi li1y. %c%&lalﬁgb% 284 Fo11w3d FlR WYL C supports are
or

I nsol ubl e pol yners, exanpl e polystyrene resin in bead form which can
be swol.len in organic solvents (for. exanple a copol ymer of
Flow diagram

Peptide synthesis protocol using Boc-protected amino

acids

15

_ Stage | Function Solvent/Reagent (v/v) Time
1 Washing Methanol 2 X 2 min
2 Washing DCM 3 X 3 min
3 Removal DCM/TFA (1:1) 1l X 30 min
4 Washing Isopropanol 2 X 2 min
5 Washing Methanol 2 X 2 min
6 Washing DCM 2 X 3 min
7 Neutralization | DCM/DIPEA (9:1) 3 X 5 min
8 Washing Methanol ' 2 X 2 min
9 Washing DCM 3 X 3 min
10 sTop Addition of the Boc-As

_ in DCM + DIC + HOBt
11 Coupling DCM, optionally DCM/DCF | approx.
90 min

12 Washing Methanol 3 X 2 min
13 Washing DCM 2 X 3 min

The No-Boc-protected amino acids are customarily
coupled in a three fold molar excess in the presence of
diisopropylcarbodiimide (DIC) and 1-hydroxybenzo-
20 triazole (HOBt) in CHyCl,/DMF in the course of 90 min,
and the ch-protécted group is removed by action of 50%
trifluoroacetic acid (TFA) in CH,;Cl, for half an hour.



pol ystyrene and 1% di vi nyl benzene). The synthesis of a 5 protected

decapepti de am de on a nethyl benzhydrylam ne resin ( gr% esin e.
pol ygtSrene resin provided with nethyl benzhydryl am ngﬁ Bﬁ%%fm‘.‘ch
affords the desired Cterminal amde function of the peptide after HF
cl eavage fromthe support,. can be carrigeg out 10 according to the
follow ng fl ow diagram Fl ow di agram Pepti de synthesis protocol using

Boc-protected._am no .acids 15 StageFunctionSol vent/ Reagent (v/v)Tinme
1V\asﬁi ngMet hahdl 5@?% nf?ﬁasqﬂ%[%\%x§°ﬁf’ﬁr§%ﬁmva¢mmr(anlﬂ) 1%88tni n

4\Washingl sopr apaopli2rg nta @Mﬁi}ﬁmmrh\é}\a@@dd&&hlg Exéy\.légbi-zg%!:}%}@ﬁﬁdﬂﬂ
7Neutralizati E)E:N{ P 9:1)3 I N shi anol 2x .
9Washi ngDClVBxggm n %S%&‘dqfﬁ'i éﬁa@c?fﬁr %Ec?%@e PRIBeV I td ongiasre
11Coupl i ngDC\Plogkednabyy BEREPTEappnoxin90ani ifivAWASH g Mashaned 3x3f M n
13Vashi ngIBCVRa(3o bl 14 16 Rt BOgs Dbt @51 eCpalti Do gl 08 ae GuUstomari |y
coupled in a three fold nolar exlceés n e pr . _ .
di i sopropyl cat bR i Aifdeth®l Gerividia - Bydtbrypbenzen 2@ Her | nasia (F&BlJws n |
CH2C12/ DMVF i netdie eder seLs §9a8t8m. 3 thge nggg%}ecc;gfdtggoulpe#srhf enove
by action of 50%dtrifltuo oacetilc acid (TFA) |rjf_ 7 2 tor "hal f~3ar hour. 14
Sept ember Zodapun peptides, the respective final product of the
solid phase synthesis is dried in vacuo over P,0s and
10 treated at 0°C for 60 min in a 500-fold excess of

HF/anisole 10:1/v:v.

After distilling of HF and anisole in' vacuo, the
peptide amides are obtained as white solids by washing

15 with anhydrous ethyl ether with stirring, and the
removal of polymeric support additionally obtained is
carried out by washing with 50% strength agueous acetic
acid. By careful concentration of the acetic acid
solutions in vacuo, the respective peptides can be

20 obtained as highly viscous oils, which are converted
into white solids after addition of abs. ether in the
cold.

Further purification is carried out by routine methods
25 ©of preparative high-pressure liquid chromatography
(HPLC) .

The conversion of the peptides into their acid addition
salts can be effected in a manner krnown per se by
30 reaction thereof with acids. Conversély, free peptides
can be obtained by reaction of their acid addition
salts with bases. Peptide embonates can be prepared by'
reaction of trifluoroacetic acid salts (TFA salts) of
the peptide with free embonic acid (pamoic acid) or the
35 corresponding disodium salt of embonic acid. For this,
the peptide TFA salt is treated in aqueéus solution
with the solution of disodium embonate in polar aprotic



- 13 To check for conplete conversion, the chloranil test according to
Christensen and the Kaiser's ninhydrin test can be u§§gi F%g;cgég of free
am n@ functions are blocked by acetylation in a five PRCPeL &%t 5
acetylimdazole in CH2Cl2. The sequence of the reaction steps of the

pepti de synthesis on the resin follows- fgomthe fl ow diagram For the
renoval of the resin- bound peptides, the respective final product of the
solid phase s 1esi s s dried.in vacuo over P205 and 10 treated at OC for
60 ninin a 5%%??5&%‘(3 e?&’?%?r 1YHF/C§1W€‘§61Ye1af@tEﬂ%l:dﬁ: Afard dthei | bakg of HF
and ani sol e i ¥evdowoprekeépipapti derasiddes dselalla ned as white solids by
washing 15 with anhydrous ethyl ether with stirring, and the renoval of
pol ymeric support additionally obtained is carried out by washing with 50%
strength aque§H§ acdertdlowing d. eBpmpdesf ul seoneentrat | e laktthecacethe acid
sol utions 8 n yAcYRtibNewi LABEE! L¥ELPERLEAES ¢an be 20 obtained as highly
viscous oils, which are converted into ite solids after addition of abs.
ether in the cold. Further purification is carried out by routine nethods
25 of preparaExamephegh- ppesgae) tiquid chromat ography (HPLC). The
conversion of the peptides into their acid addition salts can be effected
in a manner known per se by 30 reaction thereof with acids. Conversely,
free peptidesﬂcﬂ%ﬁm®b(Zﬁﬁﬁﬂﬂﬂyisz—Paa¢Bb698@&4iﬁuﬂé-@yﬁﬁipa@§@q@9m_ salts

W th basgg.lﬁggig@%fup?gag :mgﬁHbe prepared by reaction of
trifluoroacetic acid salts % A Safts) of the peptide with free enbonic
acid (panoic acid) or the 35 correspondi ng di sodium salt of enbonic acid.
For this, thmoesiheRedFA 58l tes 4662560k | A 2GUEOYS I 1 O], With the

sol ution of di%pdiumlenbonate in' polar aprotic
polymeric  support having a loading density of

0.55 mmol/g {(aminomethyl-substituted resin, Fmoc
15 protection, type D-1675, Bachem) . Lysine was coupled as
'Fmoc—D—Lys(Boc)—OH and the Fmoc protective groups were
removed using 20% piperidine/DMF. After simultaneous
removal of all side-chain protective groups and
_ - detachment from the polymeric support, the isolated
20 crude peptide was purified by means of preparative
HPLC. After freeze-drying, 98.5% strength decapeptide

was obtained.

The substitution on the s-nitrogen of D-lysine with

25 4—(4—aminopheny1)amino—l,4~dioxobutyric acid was
carried out using PyBop in DMF with the addition of
DIPEA. The purification of the isolated crude peptide
was carried out by means of preparative HPLC. The
subsequent freeze drying afforded about 99% strength

30 product (trifluoroacetate) of the empirical formula
Cg2H106C1N19015 with correct FAB-MS 1633 {M+H) (calc.
1631.78096)

Example 2 (D-68969):

35
Ac-D-Nal (2)'-D-Cpa®-D-Pal (3) *~-Ser!-N-Me-Tyr®-D-Lys (B) -
Nie’-arg®-Pro’-p-ala’®-NH,



14 Septenber 2004 - 14 nedium preferably dinethylacetam de, and the pale

yel low precipitate fornmed is isolated. The foll ow ng Ies ve to
illustrate the 5 invention without restricting it. EQQ%P@D @@%968):

Ac-D*Nal (2 )1-D Cpa2-D-Pal (3) 3-Ser4-N Me-Tyr5-D-Lys (B) 6- 10
Nl e7- Arg8- Pros- Sar 10- NH2 The synt hesi s E t he decapeptide was carried out
on a polyneric support having a Ioadrng dénsity of 0.55 mmol/g
(am nonet hyl -substituted resin, Fnoc 15 protection, type D 1675, Bachen).
Lysi ne was c8hgl edrddhesimoeD the( BechpeDi iated wie EEEQJ.EE{OQ:Q{H 4@ groups

were renovegdyyl 0% in M Af ter t aneo rermval of all
si de-chain p?gtgt:n'??\l/é £ égﬁd q4et Shnert frg%%tlﬁlg po ﬂﬁ‘ﬁé’ su%Eort
the isol ated®2b cru’a’@ogégtldé%orpﬁthifleﬂubytn'%hsdof pespar at i FeocHPLC.
After freezepdbybbgiofld. et bengh, ld%%%@:%i-ht)' d%yéé{gﬁe Qi D&y JRe, o

substi tutli on_on t sine Wt

4- (4-am oph%ﬂ??jﬁn{'ﬁﬁ(éoﬁ?a?%xé‘ﬂgt )El}eb Beee rastestived apunssiwer®yBop in

DVF wi t h therenidveaomsnifng DI2REA. prérﬂdﬂhEl/QﬁFl omsfelhesimel @%@%ﬁ% lrllfle

peptide was, b ans arative HPLC. The

freeze dryin &ﬁ(ﬁ’érdeg’ aboa/ujf 9995 gfer 82‘ Ef 3@ %%‘Ei‘&’tv?trEFPHQﬁoac@lfét e) of

the enpiri cafletarhment mo&w\llﬁelﬁmwuh couppett FABING LGsH M)

(caic. 163 I 8 az2-D Pal (3)
3- Ser 4- vaelgr%?%g 2 i‘&@ a%%@;%&%g)? Fo L liogrzh%z]‘i&@pt%er 2004

L
.. 15 10 reéacted %/urther without purlflcatlon

The side-~chain substitution of D-lysine with

4~ (4-aminophenyl)amino-1, 4-dioxobutyric acid - was

carried out using PyBop in DMF with the addition of
15 DIPEA. The isolated crude peptide was purified by means
of prepafative HPLC. After subsequent freeze drying, a
98.8% strength product {(trifluoroacetate) of the
empirical formula  CgyHj106C1lN19015 was _ oObtained with
o correct FAB-MS 1633 (M+H) (calc. 1631.78096)
20

Example 3 (D-68971):
Ac-D-Nal(2)*-D-Cpa®-D-Pal (3)>-Ser!-N-Me-Tyr®-D-Lys (B) -
Nle’-Lys (iPr)®-Pro’-sarl®-nH,

25

The synthesis of the decapeptide was carried out on a
polymeric support  having a loading density of
0.55 mmol /g (aminomethyl-substituted resin, Fmoc
protection, type D-1675, Bachem). Lysine was coupled as
30 Fmoc-D-Lys(Boc)-0OH and the Fmoc protective groups were
removed using 20% piperidine/DMF. After simultaneous
removal of all side-chain protective groups .and
detachment from the polymeric support, the isolated
crude peptide (content about 59%, HPLC) was purified by
35 means of preparative HPLC. After freeze drying, 95%
| strength decapeptide was obtained. :
The side-'-chain substitution of D-1lysine with
4- (4-aminophenyl)amino-1, 4~-dioxobutyric acid was



The synthesis of the decapeptide was carried out on a polyneric support
having a | oading density of 0.55 mmol/g (am nonet hyl ; i esin,
Fnoc protection, type D-1675, Bachem. Lysine was co&%%gétte‘é@égﬁgoi

Frnoc- D- Lys(Boc)-OH and the Fnoc protective groups were renoved using 20%
pi peridine/ DMF. After simultaneous renoval of all side-chain protective
groups and detachnent fromthe polyneric support, the isolated crude
peptide having a content of about 71% (HRECL was 10 reacted further

wi t hout purification. The side-chain substitution of.D-lysine with

4- (4-am nophenﬁ}llr) ani(fo- 1, 4--dioxobutyric acid was carried out using PyBop
in DVF with tIf& i BRE of2S1B9D) PHBOD THE | S amddher bt paldtiitdennast
purified by MRMREA.ofTHe dpaiaitied JdiRIGe RIS WRSEPIEN £{dSO2E ﬂ{eghgg, a
98. 8% st rengt tg)gpr Aetstid Iéﬂg(ﬁac)gégt e) o& the enpirical fagrnula
C82H106CLN19OL \éisgﬂo%ﬁ ained W i PecTURPABINR 63T cEme)dtine. a
1631. 780. 96) 26 -BRanpslerengtih 689Fo}uct  (trifluorcacetate). of the
Ac-D- Nal (29 1- F31P 55t 4r NAMB: Tyr 5- B)6-, Nle7-Lys (iPr)

8- Pr 09- Sar | o- NH% 25 Theggéﬁ%l%gs?gﬁ{olfzc%\fﬁqé?%léicgg&%%&é%\?& “Eatrt}i%‘ﬂr%?ﬁton a
pol yneric suppbrt ¥RatPA§ AM+Bhdisglaensfit§-8218D. 55 ol / g

(am nonet hyl -substituted resin, Fnoc protection, type D-1675, Bachen).
Lysi ne was cogga%dlgs 3(? Fope-D-Lys(Boc)-OH and the Frnoc protective groups
were renoved—t Eg—zﬂ%%m ne/ DMF. After 'sinmultaneous renoval of all
si de-chain protective groups and detachnment fromthe pol yneric support,
the isol ateed acrHd i4de t ent, zahout % HPLC) was purified by 35
means of qpfep%?a?iggfﬁﬁc?ﬁ%gg ?rigezg g?&?ﬁgﬁ%{%ﬁﬁ)‘%‘% rﬁ‘decapepti de
was obt ai ned. DTh¥s éBetBiear hysdbBr) tRighDo1B ypeine with

)

The syrithesis of the D-Lys-6-unsubstituted decapeptide
was carried out on 9.09 g of polymeric s'upport having a

15 loading density of 0.55 mmol/g, lysine® was coupled as
Fmoc-D-Lys (Boc) -0OH.

After removal from the resin, 8.15 g of crude peptide
were isolated. The purification of the crude peptide
2-0 was carried out by means of preparative HPLC.

" The side-chain  substitution  of D-lysine  with
4-(4-aminophenyl)amino-1, 4-dioxobutyric acid was
carried out using PyBop in DMF, with addition of DIPEA.
The isolated crude peptide was purified by means of

25 preparative HPLC. .After subsequent fréeze drying, a
.94.6% strength product (trifluorocacetate) of the
.‘empiri.clal formula CgsHi12C1N17015 . was. obtained with
corresponding FAB-MS 1646.8 (M+H; calculated 1645.82)

30  Example 5:

Ac-D-Nal (2)-p-Cpa’-D-Pal (3)3-Seri-N ~-Me-Tyr®-D-CitS-Nle’-
‘ Arga—Prog-D—A].am—NHz '

35



4- (4- am nophenyl ) am no- 1, 4- di oxobutyric acid was 14 Septenber 2004 - 16
carried out using PyBop in DMV with the addition of | at ed
crude peptide was purified by neans of preparative thg%ﬁm-%hbé sequent
freeze drying, a 96.6%strength product (trifluoroacetate). of the
enpirical fornmula CO95H112CIN17015 ws obtained with correct FAB-M5 1648
(MtH) (caic. 1645.8218) Exanple 4 (D-68947%) -10 Ac'-D-Nal (2 )1-D-Phe (4-d)
2-D-Pal (3) 3-Ser4-N--Me-Tyrs- D Lys (B) 6-Ne7-Lys (iPr) .
8- Pro9-D- Al al4-NH2 The synthesis of the D--Lys-6-unsubstituted decapeptide
was carried out on 9.09 g of polynmeric support having a 15 | oading density
of 0.55 mmol /g, |ysine6 was coupled as Fnoc-D-Lys(Boc)-OH After renpval
fromthe resin, 8.15 g of crude peptide were isolated. The purification of
t he crude pepti de 20 was carried out by neans of preparative HPLC, The

si de- chai'n sulgampdei 6n of D-1ysine with
4- - (4-am npphenyl ) am no-1, 4-di oxobutyric acid was carried out using PyBop

in DM, with dd 1D) » .The jsol;ated,crude peptide Vas purified by
nmeans of 25 pf epg é\%qv@) P*?CEAﬂfT%rP%Ju@s’eqﬁéﬁt‘Nﬂ@% 6, t*aN1e4- 6%
strength pr od&m((nﬂn)f”l—ﬂuo%anmm%—)mmj the enpirical . fornmula -

C85H112CI N170/ 5 was. obtai ned with correspondi ng FAB- M5 1646.8 (MtH;

cal cul ated 1645.82) 30 Exanple 5: Ac-D-Nal (2) 1-D Cpa2-D Pal (3)

3- Ser4- N- Me- Tyr 5-D-Cit6-Ne7-- Arg8-Pro9--D- Al al0 -NH2 35 14 Sept enber 2004
- 17 Exanpée 6: Ac-D-Nal (2) '-D-Cpa2-D-Pal (3 ) 3-Ser4-N Me-Tyrs-D-C

tb-N e7- :

. General working procedures for tﬁe preparation of the

- 15 peptides according to Examples 5 to &:

The decapeptides can be prepared both by the Merrifield
solid-phase synthesis (SPPS) [sic]. and by classical
fragment condensation in solution. The synthesis of the
20 peptide sequence on the polymerlc support is to be
preferred for economic reasons and can in principle be
carried out alternatively accordlng to (l)Boc or (2)
Fmoc strategy; correspondingly, in each case either a
methylbenzhydrylamine resin (for 1) or an Fmoc-2,4-di-
.25 methoxy-4‘-(carboxymethyloxy)benzhydrylamine resin {for
2} can be e‘mployed for the C-terminal bonding of

D-alanine.

Solid-phase synthesis, Merrifield PrOCess:

30
The decapeptides are .synthesized according to Fmoc
strategy under standardized reaction COIldlthI’lS (flow
scheme, Table I} for a solid-phase synthesis, .using
5 grams of the polymeric support Fmoc-2, 4-dimethoxy-—

.35  4'-(carboxymethyloxy)benzhydrylamine  resin, Bachem
D1675, loading density about 0.55 mmol /gram, grain. size
200-400 mesh.



Lys (iPr) 8-Pros-D Alal--NH2 10 CGeneral working procedures for the
preparation of the 15 peptides according to Exanpl es to 6:;
decapepti des can be prepared both by the Merrifield ggﬁfatﬂﬁﬁgégipnthesis
(SPPS) [sic]. and by classical fragnent condensation in solution. The
synthesis of the 20 peptide sequence on {fe_polyneric support iS to be
preferred for econom c reasons and can in principle be carried out
alternatively according to (1)Boc oor (2) Fmoc strategy; correspondingly,
in each case BPEhBFeRWiFEt ByYPBOCEHFAGS dMfeSeeRePCcefon theoremin is
Froc- 2, 4-di 25anei 8@XYoult - wiiear bexy metihy| @&y)ﬁeﬂﬁhaélﬁfé%@@?&g' ddor 2)
1d-p

can be enployed. for the C.term nal, bopdi pf D-alanine. So ase
synt hesis, MTFT ?él%c%?ﬁgégg?%goLﬁﬁeEﬂtigﬁéﬁgigi W o FEheBOht hesi zed
according to Fnoc strategy under standardi zed reaction conditions (flow
schene, TgM(ﬁéﬁlégf:a sol i d-phase synthesis, using 5 grans of the

no

pol ynmeri c support c- 2, 4-di net hoxy 35
. 4" - (car boxynethyl oxy) benzhydryl am ne resin, Sachem D1675, |oading density

: ! ! i i - -
e e b e e e el T
the aid of NyFnpT-protected—amno—acids;—accordirg—to—the—foeH-ow-ng{f | ow
schenme: 5 Tahlell:| S¥f@$irim@t | onSol venPY¥FneRepet i tli drsid\\ashi iyDVF2 nijn2 x
2Renoval 20% pi peri diggndPad M B3sXpPMEridine in | 5 min 2 x

' DMF

3 Washing DMF 2 min 2 x
4 Washing Isopropanol 2 min 1x
5 Washing DMF 2 min 2 x
6 Washing Isopropanol 2 min 1l x
7 Washing _ DMF 2 min 2 x
8 Coupling Boc-AS-OH, HOBT, 90 I x
DIC in DMF min
9 Washing DMF 2 min 1 x
10 Washing Isopropanol 2 min 1 x
11 Washing DMF 2 min 1 x
12 Washing Isopropanol 2 min 1l x
13 Washing DMF 2 min 1 x
14 Washing Isopropanocl 2 min 1 x
15 | Checking Chloranil colour
test”

(*according to T. Christensen, Acta Chem. Scand. B 33,
763-766, 1979)

10
Process-typical (repetitive) reaction parameters of the
solid-phase synthesigs of the decapeptides according to
the above scheme:

15 -Removal of the Fmoc protective group using 20%

piperidine in DMF, 2 x 5 min at RT (Step 2).



3Washi ngDMF2 m n2 x 4Washi ngl sopropanol 2 m nl x 5Washi ngDMF2 mi n2 x

6Washi ngl sopropanol 2 m nl x 7Washi ngDMF2 m n2 x 8C0up| | %g ?T'%% HOBT,
90 1 x DIC in DMFm n 9Vashi ngDMF2 m nl x -10Washi ngl sopro no ni
11Washi ngDMF2 mi n1 x 12Washi ngl sopropanol 2 mi nl x 13Washi ngDMF2 m nl x
14Washi ngl sopropanol 2 m nl1 x 15Checki ngcgboram | colour test (*according
to T. Christensen, Acta Chem Scand. B 3 763-766, 1979) 10
Process-typi cal (repetltlve) reaction paranmeters of the solid-phase
synthesi s of trRev@ddagsptealds avccr drhyeefoldhenclzoyeeschese:ofl 5FmRerpval

of the Fnoc phatiest i yeids ow@tﬂmmﬁb{ﬂoﬁyz&%ﬁaﬁ%ﬁﬁWm@ fp”hfleat RT
(Step 2). 14 Septenber %0 Coupli'ngs eac hr eef ol
excess of Frp®¥SEFIHE & H'é’dWP?‘Hb&PF§§6F66?I1@ar(H@@Itl)m(§§e(EJDI8¢) in the

presence of hydr—@&:rb&naQtrl@éﬁbeaG.H@Ei-oﬁlSt egh8) . p&riRepipal gg &@L from

t he pol ic.su inclu r of the amnq acid, side-chain
pr ot gct?/ve gr%ﬂﬁggﬁéflﬁg tTFFRD oa 5‘[3 ﬁ%l AFLEr reh@9afh®iBm t he

pol ynmeri ¢ suppoptectiwkegrospegusing trlfluoroacetlc acid (TFa}.

After removal from the polymeric support, when using
5 grams of resin about 5-6 grams of crude ‘peptide
10 mixture having a content of about 70-80% of desired
component are formed; this is recovered by subsequent

preparative HPLC chromatography.

Preparative HPLC purification of the decapeptides;

15 chromatography conditions:

Prep. HPLC, Shimadzu, Dynamax column RP18, 12 um,
300 A, . = 250 mm, ID = 41.4 mm
Gradient system with time programme, 40% B « 90% B,

20 50 min
Eluent A: 970 ml of H,O + 30 ml of CH:CN + 1 ml of
CF;COOH
Eluent B: 300 ml of Hy;O + 700 ml of CH;CN + 1 ml of
CF3CO0OH

25 UV detection, « = 220 nm, flow rate 60 ml/min

The fractions obtained are concentrated in vacuo and
lyophilized. The decapeptides are formed as a iight
colourless material.

30 A double decomposition into .the acetate salt form
desired for pharmacological development is then carried
out by chromatographic ion-exchange. ,

Investigations of the biological action:

35 |
The compounds aécording to formula I according to the
invention‘are investigated for their receptor binding.

The process closely follows the process described in



5 granms of resin about 5-6 grams of crude -peptide 10 m xture having a
content of about 70-80% of desired conponent are forgRg, {%Eéoiecovered
by subsequent - preparative HPLC chromat ography. Preparatl{/)e_

purification of the decapeptides; 15 chromatography conditions: Prep.

HPLC, Shi madzu, Dynamax columm RP18, 12 gm _ 300 A, L = 250 mm D =414
mm G adi ent systemw th tinme programme, 40% B 90% B, 20 50 mn Eluent A
970 m of H20 + 30 ml of CH3CN + 1 m of CF3COCH Eluent B: 300 ml of H20 +
700 m of CH3BRFESASmetoral graBepH 95 Wigahanmi od3l, =532654@ (1996rate 60

m/mn. The fceetbpesigbt aaémegiﬁéla_ Cg&@@é‘fdﬁﬂ&@? iisb\rfrggag% :lnds Mﬁ@%io% Iblzgd
The decapeptides are for as a li ., colourles .
degonposgot !Dong}%?go?ﬁ a%&g?‘é‘?e 53 t‘g‘?%}?ﬁt‘:ﬁ‘gsi"ﬁeﬂ‘f o~ phiar neARe Y aral

devel opnent ispehihicar aicédviayt t&o.@rmjmﬁgl[])aphhﬁﬁ@naehghanjggioGe%
| nvesti gati o e (bi: ycal tign.. 33 The conmpounds accardin o]
f or mul agl rSaC(r:]%?Q %%Et é?’?%g%%i)_ﬁve?\ i olﬁgg?%l?ﬂvgl_ i élg:toeedlf oPuFf‘lglledr Yept or

bi ndi ng. Ther§recessehtss el jightvenbortmngr oddss: idk s aitirumth ioyrpisept enber

2004 - 20 Badgsfodindted EUbetdorBhPehemye?id: 5%@%%&%5%;99%&tq§ut
Cetrorelix obtajined according to the synthesis™ di scl 05éd above 75 "~

i odi nated wi (4123 e ARORNAR - dPpecPrtle aAdei t pbOL5 BG%f nof ) tlsi ng the
over s6- pls el g pe e (B A e foRUBLAICA s ding

rever se- phase_hi gh-performance |iqui d chromat ogr aphy, TOn

cetrorel ?)@ bgt?ong‘gb%tla?%%ratwl?h%ﬁ? suftable For the Lpecific receptor

association.

The compounds according to the invention can be tested
for their in-vitro action using the following Methods 1
15 and 2, the binding affinities in the binding assay
['*°I]-cetrorelix (Method 1) and

the functional activities being determined with

'being determined with
triptorelin as an agonist stimulus. (Method 2).

20 Method 1 (determination of X, using the example of
cetrorelix):

Receptor binding assay according to Beckers, T.,
Marheineke, K., Reilénder, H., Hilgard P. (1995)

25 "Selection and characterization of mammalian cell lines
with stable overexpression of human pituitary receptors
for gonadoliberin (GnRH)" Eur. J. Biochem. 231,
535-543.

30 For investigation of the recéptor binding, cetrorelix

' is iodinated using the IodoGen reagent (Pierce) with
[**°I1 (Amersham; 80.5 Bg/fmol specific activity). The
reaction mixture is purified by high-performancé liquid
chromatography with exchanged phases, monoiodinated

35 cetrorelix being obtained without unlabelled peptide. -
About 80% of the ['I] cetrorelix was capable of

specific receptor association.



unl abel I ed peptide. In each case, about 80%of the [1252]--cetrorelix and

t he unl abel | ed conpound according 10 to the invention I8 te?%& for the
speci.fic. receptor association. The conmpounds accordﬂ% P%Hihn nvention

can be tested for their in-vitro action using the foIIovm ng Methods 1 15
and 2, the binding affinities in the bingding assay being determned wth
[1251] cetrorelix (Method 1) and the funtiional activities being deter m ned
with triptorelin as an agonist stinulus. (Method 2). 20 Method 1

(det er mi nat i oRREf RBAESIted t Helraddgrep| eaw$ay cetsor e:lalrmled?eocem oruhdadi ng

assay accordi pavkeoBeekers. ok Marhei Nekges b & gard P.
(199%) 25 " Selasgé gn gnd chz(i:r élﬁlgn zatl%ﬁ Gos 1b‘%§| a(n%cﬁeltlrel'rsl |%%|s_githh

stabl e over exp i OHSORIhuMBREBEt LFeLES- re%%@%?%lu$@? gewhtereser of
(GRH) " Eur étaBIlQCftQ'mns:f%b,ted53:5ﬂ54%el&% F%hié'ﬂeékk[)g@b'sorﬂfg fd¥8an
recept or Lﬁ cetcr:or |se|od| nat ed 5| g% % opIoGen reagent
(Pierce) vmth ?Ii[ZSF e ?Sha?r’f 80°BPE F cilfY c IRFIRFEIHR THR
reaction m xt¥e€ly8; pufi37emMbyNacyh- p@r ﬁommvanczlecl,l gqul erOMEHQDQ{JEy t
wi t h exchangeg S dj t roreli ein ou
unl abel | ed pegtl’o z 1(ﬁﬁAbout g) ? fg:?f] cefar)érel |‘5:< gﬁgabl Y of
specific rece‘ﬁ?%Frhg‘é%Fhﬂlon The Seﬁﬂ- mbpel2esd is21 reﬁ\mp@‘ﬁmﬂ orimi ndi ng
assay is carrbeddong Udefer phbﬁﬁ@i OG&EﬁbuEO th 30“5wi‘éhdoz?c§'§?gl (Reckers

et al 995)_usin tact cells. Subconfl ue cul tures
transfect:L 4 LHECRR IsqovﬂMchH%R?ﬁ'egé‘l the>hufarr® (PRES/Eedpms) | %‘i—”e
separat ed of f1by/1ncoheitpacin, NaCh/gyi(18BTwV N@Cll% 2. (oM Kfehunel MM

Naz2H PO4, 111(!641%3)nMM}?ngpiécweggrés%g%seo'd ez°§ gd 1(}6 cells/100 pl
are incubated with approximately 225 PM of the [_1252[]—-
cetrorelix (specific activity 5-10 x 10° dpm/pmol) and

15 wvarious concentrations of unlabelled compound according
to the invention as competitor. The cell suspension in
100 pl of binding medium is layered in 400 pl assay
tubes over 200 ul of 84% by volume silicone oil (Merck
Type 550)/16% by volume paraffin oil. 'After incubation

20 for 1 h at 37°C with slow, continuocus shaking, the
cells are separated from the incubation medium by
centrifugation for 2 min ' at 9000 rpm (rotor type
HTA13.8; Heraeus Sepatec, Osterode/Germany). The tips
of the tubes which contained the cell pellet are cut

25 off. Cell pellet and supernaténts are then analysed by
counting the Y radiation. The amount of non-
specifically bound material is determined at a final
concentration of 1 UM with inclusion of unlabelled
cetrorelix and is 'typically < 10% of the total bound

30 material. The analysis of the binding data is carried
- out using the EBDA/ligand analysis programme (Biosoft
v3.0).

Cetrorelix has a Kp value of 170 picomol per litre (pM)
35 (number of experiments carried out independently: 21).

Method 2 (functional assay for the determination of the

antagonistic activity (ICsg value)):



centrifugation. The cell pellet is resuspended in binding buffer. (DVEM
w t hout H2CC38, with 4.5 g/1 of 10 gl ucose, 10 nmM Hepe

(rmass/volume) BSA, 1 g/l bacitracin, 0.1 g/l SBTI, ﬁigeﬁi?fggﬁﬁm)
NaN3). For displacenment assays, 0.25 X 106 cell s/ 100 | are incubated with
approxi mately 225 pM of the [1251] _ cgtégrgl I X (specific activity 5-10 x
105 dpnif pnol) and 15 various concentrations of unl abell ed conpound

according to the invention as conpetitor. The cell suspension in 100 | of
binding nediumis |layered in 400 gl assay tubes over 200 | of 84% by

vol une silicopgeoi Iaéy&;(zck 1dYP&A30)ddl 6%y, vol Eﬁ%ﬁff'\t}%gh' éﬁter

I ncubation 20 f(F){ at 37C with sl ow, continuo I'ng, Ts are
separ at ed frofff HélFﬁE&BQﬁ BRNEAPER BPloveners fdﬁfam@ed o1rr1 Beglent, 9000

rpm (r ot or tyme, HEM&n&erHeﬂaeumS@@&tdac,P Osteyoie/ (e Amdny z@TJ}&E’S of
OeII pellet and

t he tubes igh ¢ ed the ¢ el | are cut 25 off

super nat anét,\/fs1 are fﬂ%aﬁé%acf%f% WH& e LePst RaFedrhehamunt of
non- specificaghgibdvad celtulat |kudeferme§|edr@_¢o:atézr na_i;en@or&@éﬁ ation of
l|\/|WIthInC|H§‘139 ¢ of %E&I'Ie icetyorelix |st O%Of t he
total bound 30 ma eri a%lﬂi ang él sigff% c?r?g a.]k out
usi ng the EBDA?IPBBnFsldd yBPS m@glr:armblétbl o@mxeséﬁ t(Bl)e ManreiHM{ has a

KD val ue of 1J?Qc@p€@ﬂ0bn@era|lﬁ&§fé9%e FepoRIhery (%t exg% rq?ﬁt ried
or erm na

out |nde§ ndegtly2 2%) thod 2 (functional assa ion of
the ant @Oﬂl T c?4c Wt?%F@BGW%I népfres usdpgt wifdy ad@zivEee assay

is carried omndprmw(d;edr)vm}rdzstheI‘héTDdéfL[LQafedx@ﬁStlﬁ@E\tlsQE!ﬁthQ%lea width
'('j(e:lr'ig:;(?tegr: Qa i'on S&(D)f %%r]ad Fopi %rrrel &ady- ngg‘%’tr?%%ﬁé PEison a
according to the invention ' are added before the
stimulation and the cells are lysed at the end for the
15 gquantification of the cellular Luc activity. The
calculation of the ICsp values from dose-effect curves
is carried out by non-linear regression analysis using
the Hill model (Programme EDX 2.0 from C. Grunwald,
Arzneimittelwerk Dresden).
20
The quantification of the Luc activity is carried out
in duplicate essentially as described (Promega
Technical Bulletins #101/161) .using the respective
luciferase assay system (Promega E4030). Owing to
25 addition of <coenzyme A (CoA), an oxidation of
luciferyl-CoA takes place with advantageous kinetics.
After the removal of the culture medium from the
microtitre plate, the cells are lysed by addition of
100 pl of 1lysis buffer (25 mM tris-phosphate pH‘ 7.8,

30 2-‘mM dithiothreitol, 2 mM 1,2-diaminocyclohexane-
N,N,N',N'~tetraacetic acid (CDTA), 10% (v:v) glycerol,
i% (v:v) Triton X-100). After incubation at room

temperature ‘for 15 min, 10 pl of cell lysate are
transferred into a white microtitre plate suitable for
35 luminometric detection (Dynatech). The enzymatic -
reaction is initiated by addition of 50 ul of ‘assay
buffer (2Q mM tricine pH 7.8, 1.07 mM (MgCOs;) Mg (OH),,
2.67 mM MgSO4, 0.1 mM ethylenediaminetetraacetic acid



sensitive cellular luciferase reporter gene assay", Analyt. Biochem 251,

17-23 (Beckers et al., 1997). 10,000 cells per well, | I t he
human LHRH receptor and a |luciferase reporter gene, g\rﬁﬁege@lthn%e?ggﬁio for 24

h in*mcrotitre plates using DMEMwi th additives and 1% (v:v) FCS. 1 nM
[D-Trp6J 15 20 according to The cells argythen stinulated with LHRH for 6
h. Antagoni stic conpounds the stinulation and the quantification of ‘
i nvention- are_added before the cells are lysed at the end for the the
cel lular Luc 4EPFRity. 33né ol chisbierhsritnd /| CY O dMie sdermrymuns & of f ect
curves is casavoeaMowl ywidr | (PREEIRAEN e8RSO Anah sk $ouS! ng i 1|
nodel (Prograﬂ};r;é ED 2.0 %rom C. Gunwald Arzneim ttel_\t;:!vert1 Drse'{’s(g n). The
quantificati of*0FNeHe LuBELEFi vidiP | sTERPEPed dite | AUBNiBREEsnEcessit i al | y
as described ¢€remeined TEehnacabtBll temiens H#50% HebondsiAGH he S/anect i ve
| uci ferase a S m (Pro E4030) . Owing to 25 addition of caoenzyme A
(CoA) , an%ox?%g ?o%f% é]gcif%‘%ll -n&ﬂ”’)[eaiesusb]r e ?hd}%fﬁ%nt%t%ld
kinetics. AfferrehemaenBa®6éof.the culture nediumfromthe mcrotitre
plate, the cells are lysed by addition of 100 | of lysis buffer (25 WM
tris--phosphate pH 7.8, 30 2 nMdithiothreitol, 2 nM
1, 2- di ani nocyRFEHEAFRETIEAL N ang - ietidacet idatri O CPR) , ctawcunds
glycerol, 1%ddordirdgi 6N thel Oiverf¥idd LPEURRLNRR 1% ed COM Table 2.
10 ICso stands for the functiomal activity and pM denotes
picomoles per litre. The water solubility . was
determined according to the process described under

Note 2):

15 Table 2:

Compound Water solubility2 ICsp [pM]
, [mg/ml]

Cetrorelix 0.002 198(5)?
Example 1 (D-68968) [1.03 1300(1)?
Example 2 (D-68969) j1.11 1400 (1)*
Example 3 (D-68971) |1.36 4700 (1)*
Example 4 (D-68987) |[1.18 700(1)?
Notes:

1} the number in brackets indicates the number of

experiments independent of one another

2) the water solubility was determined according to the
20 method described below:

Solubility according to the official gazette method in

‘Ringer's solution: ‘

For the determination of the solubility aécording to

the official gazette method, the test substahce is
25 mixed in an excess with an inert carrier material such

as, for example, sand and packed into a glass column

(volume size about 10 ml). A sieve of cotton wool and a

glass fibre filter had been incorporated into the

column bottom beforehand. The substance-sand mixture is

30 allowed to swell for 1 hour in 1.0 ml of solvent in



tenperature for 15 min, 10 | of cell lysate are transferred into a white

mcrotitre plate suitable for 35 | um nonetric detecti te The
enzymatic reaction is initiated by addition of 50 | q?ée?{i@;er%@%)?er (20

mMtricine pH 7.8, 1.07 mM (MJCX3)4My(OH) 2, 2.67 mM MgSH4, 0.1 nM

et hyl enedi am netetraacetic acid 14 Sepyl\a}?@eg 2004 - 23 - (EDTA), 33.3 nM
dithiothreitol, 270 M coenzyne A, 470 gl ow-wor m (Photinus pyralis)
luciferin, 530 M rATPNa2). After one mnute, the |um nescence is

det ermi ned fowhieht shet isedubtl ity sisc dml lmatﬂeaesmgnaﬁ 51Ralnfl- |6f etloé five

m nut es usi ngsbecECGRer thyehd p%?é@LUf@ﬁoL%kﬁ% B1asBNYabepghem ¢pl and

in-vitro data of the. conpounds_ according to i'nvention are sumrari zed
in Table 2. 18045808t AfisTREYCIAE HOYnCRPIRAI Odctd vPEYiaka LMcd apomes

pi conol es perThisr detditnivaltdonsol sibehickY easutded er Fopad B&RGEM AgL0 the

rocess d scr ed n oundVﬂter SO|UbI|Ity2
050 [ pM %[ my %’?‘1 orel x%hﬁ%zi@g%%ﬁl‘%(aﬂﬁ e detEpTAEESR) whes 1382 1) 1
Exanmpl e 2 (D:@@@sga;anq;emuﬁa(:im BXasplecs siBebEFAL)E odfA WIHYAavkx Pl e 4
(D-68987) 1. 187004 Notes: 1) the nunber in brackets indicates the nunber
of experinents in ependent of one another 2) the water solubility was

det erm ned acEesdi sptegmimatizm mecfiod Wescr Mbsd betomceStrabibnty is

aCCOfdlng1W)&é@bfﬁiﬁé&aksgéieh&en@@ﬂgx%frkhe HPLC method described
10 below.
HPLC method:

Equipment
HPLC system: Hewlett Packard 1100; detector: Hewlett
15 Packard DAD series 1100

Column: column material: Nucleosil® 120-3 Cig
) particle size: 3 um
column size: 125 x 4 mm
manufacturer: Macherey & Nagel
20 Egquipment parameters: injection volume: 15 pl
flow: 1.0 mi/min
oven temperature: - 45°0C
wavelength: 226 nm
stop time: 15 min

25 55% mobile phase A: 970 ml of Milli-Q-H20, 30 ml of

acetonitrile and 1 ml of trifluorcacetic acid are

mixed. The resulting pH is about 1.9.
45% mobile phase B: 300 ml of Milli-Q-H20, 700 ml of

acetonitrile and 1 ml of trifluorcacetic acid are

30 mixed. The resulting pH is about 1.8.

The administration of the compounds according .to the
invention can be carried out in different forms
suitable for peptide active compounds. Suitable
35 administrations are well known to the person skilled in -
the art. Administration can be carried out, for
example, .by injection. Administration can be carried

out, for example, parenterally. Subcutaneous (s.c.),



Ri nger's solution: For. the determ nation of the solubility according to

the official gazette nethod, the test substance is 2 ) i excess
with an inert carrier material such as, for exanple, gﬁgﬁégeﬁ%beg&@@%d into a

gl ass colum (volune size about 10 m). A sieve.of cotton wool and a
glass fibre filter had been incorporated,into the colum bottom

bef orehand. The substance-sand m xture is"30 allowed to swell for 1 hour in
1.0 M of solvent in 14 Septenber 2004 - 24 which the solubility is to be
det er mi ned. 1bnkfrachugpelazollvent )ar dntrhsenpusr dd .imt)o thecaghsse cyl um.
The sol utiongp11hEGYE) edoby PRRRS10f a@nﬂ%ri's?ttr%étéﬂo?x PUnp, O%héf red
determnation is carried out_at roomtenperature about 2 >+ She
solubility ish@Etermned Wiikh thd. nAdRiBdREEAELER opref Brcteewlarly
fractions witpgdeswnrég. constant. The deternination of the mass

concentra ion,gils determ_ned [ si c&. by nmeans of, the HPLC net hod descri bed
10 bel ow. “HPLE SreCRBROUESS rdigg ctey 1ngeR bl en pacIear t il e

detector: Hewfett theb tRagiarat iDAD sfr 8£8faeAt Calduini seelatiTor et Srha) -
manuf act ur ef :*Xeche S B iagel 050 EqYOBENT Rt or SOLRREERE! on Tl ure:
15 Al flow Suspeh#ihems ovéhittalper andménisSCatiavel Eagnh: 226 rheist op
time: '15 M ny29, 559 (BRI L e PRASEN Ao e MhelboM 19439 3% ,-of

10 Suitable excipients and bulking agents are, for
example, hexitols, such as mannitol, in particular
D-mannitol, L-mannitol or D,L-mannitol, sorbitol, such
as D-sorbitol, D- or L-altritol, iditol, glucitol and
dulcitol. Preparation is carried out according to

15 procedures known per se, for example by mixing,
suspending or lyophilizing,

Example A: Lyophilizate for the preparation of an s.c.
injection solution
1 mg of compound according to Example 1 (corresponding

20 to 0.26-0.27 mg of acetate salt); 0-16.9 parts by
weight of D-mannitol, preferably (.1-7 parts by weight,
in each case based on Example 1, and water for
injection (for the preparation of the injection
solution from the lyophilizate).

25 Preparation: Dissolve 1.62 g of Example 1 in 30%
strength. acetic acid (about 1.5 1litres of water for
injection and 91.17 g of acetic acid). Dilute the
solution with 1.5 1litres of water. Add 82.2 g of
mannitol, sterile filter, dispense into sterile 2 ml

30 injection vials under aseptic conditions and freeze
dry. 1 mg of lyophilizate of the compound according to
Example 1 is obtained.

The compounds according to the invention are suitable,
35 for example, for the treatment of malignant or non- -

malignant hormone-dependent disorders, such as, for

example, _for the treatment of breast carcinoma, of

prostate carcinoma, of endometriosis, of uterine myoma,



acetonitrile and 1 m of trifluoroacetic acid are m xed. The resulting pH
is about 1.9. 45% nobile phase B: 300 mM of MIIi-Q H2Q,

acetonitrile and 1 m of trifluoroacetic acid are 30%%18%%%6%38@%”' ting
pH i% about 1.8. The adm nistration of the conpounds according to the
invention can be carried out in differenjsforms suitable for peptide
active conpounds. Suitable 35 admi nistrations are well known to the person
skilled in the art. Adm nistration can be carried out, for exanple, by

i nj ection. AdRERiSR aPFBRtaks bepeaplasda dBPH)f @mdeﬂemrpifa poeahentl | y.
Subcut aneous $s. ﬁehalé‘lo%eﬁﬁaﬁ@efe;z@ﬂﬂlty Zélsbﬁéléf‘s”“%%&}' %18 ) £o

i ntravenous (‘3% )P bucca % subl i ngual ) _or: rectal adm ni st ratl on are
preferred h §eV§ﬁ‘(‘}an O R AR ETEE &‘F%taélﬁ’é’rtjr%upéﬁlllﬁntﬁr efepred. 5
The conpoundsazecorgingedted he tlonveﬁbhﬁﬂoalédswcﬁ@é)i'ﬂanf orsgmH@_{@ﬁ ation

of different f for a I zate,s,

sol ut i ons%or ﬁgillls%"é%él%% QQ%U %TEI &R hi ggﬁa %mfl Frergted
preparation aF ePkedumt ton ¢ hé‘hﬁeristoeﬁtsmnﬁ$dmiantubaedardan 1BeSu:tat:ﬁb:l@:’l

exci pients a | R RIENT S; QT I itols, such as

manni tol , i n%‘?ﬁ%u ar D m%ﬁl%fépig%ﬁow . L-manni'tol, sorbitol,
such as D-sorbitol, D or L-altritol, iditol, glucitol and dulcitol.
Preparation is carried out accor di ng to 15 procedures known per se, for
exanpl e by m xing, suspending or |yophilizing. Exanple A Lyophilizate for
the preparation of an s.c. injection solution 1 ng of conpound according
to Exanple 1 (corresponding 20 to 0.26-0.27 ng of acetate salt); 0-16.9
parts by weight of Dnmannitol, preferably 0.1-7 parts by wei ght,




in each case based on Exanple 1, and water for injection (for the
-preparation of the injection soI ution fromthe Iyoph|1j4| ﬁ) be 3@04
Preparation: Dissolve 1.62 g of Exanple 1 in 30% strengt acetic acid
(about 1.5 litre gf water for injection and 91.17 g of acetic acid)

Dilute the <09 SHRSSTSh 1.5 1itres of Marer. Add 85. PCE /SR 01020
sterile filter, dispense into sterile 2 m 30 injection vials under aseptic

condi tions an®atemtQlaims. 1 ng of |yophilizate of the conpound according
to Exanple 1 is obtained. The conpounds according to the invention are
suitable, 35 for exanple, for the treatnment of malignant or non malignant

hor none- depen’dent Crupaunds ofs ddte areneuadt fexamydlze I f or the treatnent of
breast carcinoma, of prostate carcinoma, of endonetriosis, of uterine

myoma, 14 _Septenber 20Q4 - 26 benign tate hyperplasia (BPH) and in the
treatment > of - f emdteBr ~HEKe *’?Ft?‘l"i"tygﬁ%(bs rébcgomg(@?ﬁ?pﬂcemuf -the ‘

prevent.i on of premai;uf&)ovul ation in patients who are subjected to
controlled ovarian stimulation' 5 followed by egg cell renoval and

t echni ques of assisted reproduction. The treatnents nentioned can be
carried out in nemmisich n part| cular in humans. WD 01/ 68676 Patent C aim

14 Septenber 2004 x 27 % ggT 0 Conpoi t nds of the general fornula I
X3C) _X_200_XXX3_ C4 XX A- % %&@pXXk?_XX ~XS_YI xx 9_xxx~ a- NH2 (1)
i-n whi cht® s D-Nal(2) .- :

Xx:x2 is D-Cpa,
xxx> is D-Pal(3),
Xxx! is Ser,
_ X;ucs is N-Me-Tyr,
15 Xxx® is ~ D-Cit. ' or D-[+-N‘-4-(4-
amidinophenyl)-amino-1, 4-dioxobutyl]Lys
(abbreviation: D-Lys{B)}},
Xxx’ is Leu or Nle,
Xxx® is Arg or Lys({(iPr),
20 Xxx’ is Pro and
Xxx'® is D-ala or Sar,
' with the proviso
that if Xxx® is D-Lys(B), then Xxx' is Nle,
if xxx® is D-Cit, then Xxx’ is Nle and Xxx'® is
25 "D-Ala, ’ |

and -their salts with pharmaceutically acceptable

acids.
30
2. Compound according to Claim 1 having the formula-:
Ac-D-Nal(2)'-D-Cpa’-D-Pal (3)’-Ser'-N-Me-Tyr® -D- |
Lys (B)®-Nle’-Arg®-pro®-sarl®—nNH,.
| Oor a salt with pharmaceutlcally acceptable ‘acids
35 thereof.

3. Compound according te Claim 1 having the formuia:
Ac-D-Nal (2)'-D-Cpa®-D-Pal (3) *~Ser*-N-Me-TyrS-D-
- Lys (B)®~-Nie’-Arg®-Pro’-D-ala®—Nu,,



A is an acetyl group, 16 Mx' is D-Nal(2), Xxx2 is D-Cpa, X-00is

D-Pal (3), x:~~1is ser, Xxx5 is NM-Tyr, 15 XXXG is %?Q{S or 2004

D [--N-4-(4- am di nophenyl)-am no- 1, 4-di oxobutyl]Lys BrevFatt on:
D-Lys(B)), Mcx7 is Leu or Nle, YIXX8 is Arg or Lyp(iPr), 20 Xxx9 is Pro
and xxx'-Ois D-Ala or Sar, wth the proviso that if Xxx6 is D Lys(B),
then Xx>~7 is Ne, if Xxx~is D-Ct, then Xx:~7 is Me and Xxx'-'Ois 25
D--.Ala, and -their salts with pharmaceugipcal |y acceptable acids. 30 2.
Conpound according to Claim1 having the fornula: AC/D-U~l (2) 1-D Cpa
2 DPal (3)3 -Ser4_N_IVE-T¥r -DLys (B) 6-Nle 7 -Arg6-Pro9-Sar' O NH2 or a
salt with pharnaceGEi &l F$ Ec@@ﬁ%bﬂ”éa’é’éﬁﬁ@l‘%cglﬂﬁerfiﬁﬁepgablbrrp@ud&
according to C ai mthelravifng-the formula: Ac-D-Nal (2)L-D-Cpa 2 -D-Pal (3
)3 -Ser 4 -N-Me-.Tyr 5 -D Lys (B) 6'-1~l-,~7-Ar48-Pro'-D-Ala' -(-NH2, 14
Sept enber 2004 - 28 or a salt with pharmaceutically acceptabl e aci ds

t hereof . 4. Clnpoufidrpovouddiangordifbatm Clhdwi g hiakve ol Formm1Ac- D- Nal

(2) 1-D Cpp2-D-Pal 5(3) 3aPes N Ty 3(RL.8-N £7-Lyss (4 Pr)

8- Pr 09- Sar10- NH2 aPf fl '\@pa EJS—PQLIL(%S) @er ﬁl HM&Z Jr'yr be
Lys (B) 6-N1e&’ -Lys{iPr)%-pPro —SarlO—NHz
or a salt with pharmaceutically acceptable acids
thereof.

.10 5, Compound according to Claim 1 having the formula:
Ac-D-Nal(2)'-D-Phe(4-Cl)2-D-Pal(3)’-Sexr!-N-Me-TyrS-
D-Lys (B) ®-Nle’-Lys (iPr)®-Pro’-D-ala'®-NH,

or a salt with pharmaceutically acceptable acids

; thereof.
.15
" 6. Compound according to Claim 1 having the formula:
.Ac-D-Nal (2) '-D-Cpa?®-D-Pal (3) *-Ser’-N-Me-Tyr5-D-Cits-
N1e7—Arg8-Pr09—D—Ala1°~NH2
or a salt with pharmaceutically acceptabie acids
20 thereof.
25.
7. Compound according to Claim 1 having the formula:
Ac-D-Nal(2)'-D-Cpa®-D-Pal (3)3~Ser’-N-Me—Tyr’-D-Citf-
30 ' Nle'-Lys{iPr)®-Pro’-p-alal®-Nu,
o0or a salt with phamaégutically acceptable acids
thereof.
35



or a salt with pharmaceutically acceptable acids thereof. -.10 5. Conpound

according to daim1 having the formul a:
Ac-D-Nal (2) 1- D Phe(4-d ) 2--D Pal (3) 3-Ser4- N Me- Tyr 5-

E){J' E.?Etemger %0%( e7-Lys

(iPr).8-Pro9-D-Alal--NH2 or a salt with pharmaceutically acceptable acids
thereof. . 15 6. Conpound according to Caim1 having the formula:

Ac-D'Nal (2) 1-D-Cpa2-D-Pal (3) 3_Ser4-N-Me-Tyr5-D-Cits- N e7-Arg8-Pro
9-D-Ala'0-NH2 or a salt with pharnmaceuti gal Ly acceptable acids 20 thereaof.
25. 1. Conpound according to Claim1 having the fornula; Ac-D Nal
(2)1--D-Cpa2-D-Pal (3) 3-Ser4d_ N Me-Tyr5-D-Cit6- 30 N e7-Lys (iPr)
8-Pros-D-Ala'"0-NH2 or a'salt with pharmaceutically acceptabl e acids -
thereof. 3.5 1# Septerrmun@gdccoBng5t8. or@mfodhasn dccor di ig i one of

Claimlto 7, in, i.C he t.LS_an _acetate, tri
Wh%gh Qﬂé(fé%ﬂ 1é ag e%ﬁngE HF%

enbonate. 9. Conpounds according to one O

| uor oacetate or

WA i AT

t herapy. 10- Phar ne@®arpEgl preparation, conprising at least 10 one

conpound agcording to one of Clainms 1 to -8, and customary vehicles and

exci pi ents. 1§ Process for, the preparation of_ cagnpounds of the 15 general
d

formula I acc
fragments from unit suse Xxxi" in therapy.

i ng YERAURTH FCEHE0Fe P8F O & i asm ol 750 n vhifer

10. Pharmaceutical preparation, comprising at least

10 one compound according to one of

Claims 1 to - 8,

and customary vehicles and excipients.

15

20

25

30

35

11, Process for the preparation of compounds of the

12.

~general formula I according to Claim 1 and one of

Claims 2 to 7, in which fragments from units - Xxx™
provided with suitable protective groups, in whi.ch
m is an iﬁteger from 1 to 10 and Xxx' is
acetylated, are synthesized on a solid phase or in
solution according to customary processes, then
the fragments are 1linked to a solid phase by
segment coupling and after conclusion of the
coupling the compounds of the general formula I
are removed from the solid phase using customary

processes with amidation on the unit Xxx°.

Use of the compounds according to Claims 1 to 8 for
the manufacturé of medicament for the treatment of
hormqne—dependent tumours or for non-malignant
indications whose treatment necessitates LH-RH
hormone suppression, such as endometriosis, benign
prostate hyperplasia (BPH) or for the treatment of

female or male fertility disorders, in mammals.



provided with suitable protective groups, in which mis an integer froml
to 10 and Xxx1 is acetylated, are synthesized on a s@hisd,ghase2664 i N

sol ution according to customary processes, then 20 the frggnents are |linked
to a solid phase by segnment coupling and after conclusion of the coupling
t he conpounds of the general fornmula | are renoved fromthe solid phase
using customary processes with amdation on the unit Xxx10. 25 30 12. Use
of the compounds according to Cains 1 to 8 for the manufacture of

medi cament for the treatnent of hornore3@dependent tunours or for
non- mal i gnant i ndi cati ons whose treatnment necessitates LH RH hornone
suppression, such as endonetriosis, benign prostate hyperplasia (BPH) or
for the treat ment Qfise heBSIdhPIo a&hﬁﬁe\wﬁ&é‘ﬁ Xhé“h%%gﬁéﬁjepbﬂdéﬁfmm s. 35 14
Sept enber 2004 30 13. Use according to claim 12, wherein the

hor none- dependumour tisiprstatecasciosmay brezfmtcancﬁrwr Uteane myoarer or uterine
myoma. 14. Use according to claim12 or 13, wherein the mammal to be
treated is a human. 15. Process for the production of a pharnmaceuti cal
preparation. apgor OlJél@ab@OIGﬁrfg 1 d8im W er 4 3anhelBAtite ARPIRANMRBE Geaeeor di ng
to one of Clains | to 8 is mxed with the customary vehicl es and

exci pients ad@lafh#'ﬁﬁﬂat ed as a nedi canent.

15. Process for the production of a pharmaceutical
preparation according to Claim 10, where are least
one compound according to one of Claims 1 to 8 is

mixed with the customary vehicles and excipients

and formulated as a medicament.





