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¢ (54) Title: NOVEL LHRH-ANTAGONISTS, PRODUCTION AND USE THEREOF AS MEDICAMENT

l\g (54) Bezeichaung: NEUE LHRH-ANTAGONISTEN, DEREN HERSTELLUNG UND VERWENDUNG ALS ARZNEIMITTEL

\O

OO (57 Abstract: The invention relates to peptides, comprising an N-methylated amino acid component and an improved water sojubil-

..._\.f_ ity. According to the invention, medicaments containing the said peptides can be used for treatment of hormone-dependant mmours

= and hormone-influenced non-malignant disease states.
o

O (57} Zusammenfassung: Die Erfindung betrifft Peptide, die einen N-methylierten Aminosiurebaustein enthalten und eine verbes-
a serte Wasserldslichkeit aufweiser. Arzneimittel, in denen die erfindungsgemissen Peptide enthalten sind, kénnen zur Behandlung
hormonabhiingiger Tamore nnd hormonbeeinflngster nicht-maligner Erkranknungen verwendet werden.




10 such as benign prostate .hyperpl asia (BPH) and endonetriosis.
nonmencl ature used for the definition of the

The
pepti des 1agepRnplr bhpd hat

nonencl at ure expl ained.by the 15 | UPAC-1[ TB Conmi ssi on on Bi ochem cal
Nonencl at ure (European J. Biochem 1984, 138, 9-37), in which, i

agreenment wit hghhgs¢gp¥
term nus appear to the

appears to the 20 right.

eft and the-carboxyl group at FRE/

n

PO/ BRAA9

?gtlonal repr esent ation, the anino %roups at the N
The LH RH ant agoni sts such as- the peptides |

accordi ng to tH&vedy8ARE dmtagehbshes Natrgtakt YorD aeMl H509rnhad sSX ot hetic am no

aci ds,
Asn,

d u,

the former including Ala, VaI Leu, Ile, Ser, Thr, Lys, Arg, Asp,

dn, Cys, Met, Phe, Tyr; ﬂ%ameﬁt and His. The abbreviations 25

for the individual am no acid resi dues are based on the trivial
of . the ami no aEiels andentriom a:ellaneae tOAr GBI Mg NS Y ChBGing
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Ser is 35 thé:uattgbrra/lmd ohof:mbné~$ﬁflﬂénce°ﬂbﬁbhtwallggﬁaﬂﬂ tdes Hagam no
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Sept ember 2004™ dometgyigeisabbr evi ati ons used are: Ac ‘Acetyl B
4- (4- Ami di nophenyl ) am no-1 ., 4-di oxobutyl .5 Boc tert-Butyl oxycarbonyl

?he nomenclature used for the definition of

group in jhe sidg chain ne_are presented by, atermp ace in
br acket s ‘behi nd Lys, Ff g%péy ti afe OSH PEt“;’h Wﬁmiaﬁﬁaabbf%ﬁ{btuﬁnd 14

the

15

20

25

30

peptides agrees with that nomenclature explained by the
IUPAC—IQB Commission on Biochemical Nomenclature
(European J. Biochem. 1984, 138, 9-37), in which, in
agreement with the conventional representation, the
amino groups at the N terminus appear to the left and
the carboxyl group at the C terminus appears to the
right. The LH-RH antagonists suchv as - the peptides
accordlng to the invention include naturally occurrlng
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
for the individual amino acid residues are based on the
trivial names of  the amlno acids and are Ala= alanlne -
Arg=arginine, Gly= glyc1ne Leu=]leucine, Liyg= 1y31ne,
Pal(3)=3—(3—pyr1dyl)alan1ne, Nal{2)=3-(2-naphthyl)-
alanine, Phe=phenylalanine, Cpa=4-chlorophenylalanine,
Pro=proline, Ser=serine, Thr=threonine, Trp=tryptophan,

- Try=tyrosine and Sar=sarcosine. All amino acids

_described. here _originate from the I. series, if not

mentioned otherwise For -example, —Nal(2) is the

- abbreviation for 3-(2-naphthyl) ~D-alanine and Ser ig

.35

the abbreviation for L- -serine. Substitutions on the ¢
amino group in the side chain of lysine are represénted
by a term placed in brackets behind Lys, if appropriate

in the form of an abbreviation.



Bop Benzotriazol -1 -oxy-tris(dinme thylam no)- phosphoni um

hexaf | uorophosphate . DCC Di cycl ohexyl carbodi i m de  DDEMsbhehiber oif hane 10
Ddz Di met hoxyphenyl - di net hyl met hyl enoxy- car bonyl (D net hoxy- - di net hyl - Z)
DI C Di i sopropyl carbodiimde DI PEA N, N-Di i sopropyl et hyl am ,ne DV

D net hyl f ormam de 15 Fnoc Fl uor enyl net hylésaxycar bonyl HF Hydrofluoric acid
HOBt 1- Hydroxybenzotri azole HPLC Hi gh-pressure liquid chromatography M .
Met hyl .20 -TFA Trifluoroacetic acid Z Benzyl oxycarbonyl 25 The peptides
according to tHehhirkhreviatbins msdadwert:i on nmay be anal ogues of the :
luteini z ing-Awrnone-z&deasi ng hornone (LH-RH), which has the follow ng
structure: p--Au-H s-Tarp-Ser-Tyr--Ady-Leu-Arg-Pro-dy-NH2, [LH RH,
gonadorelin]. For nmore than 20 years, researchers have sought .30

sel ective potent ant ag@na@Iz&mmlﬁdiﬂlény—lﬁtb&ngﬁga@eﬁaggxg% ?ilrten and J. E.
Rivier, Engocrj c{;te ewt_'evvsﬁ_BuL 15[? ﬁ?& 986) ] . The high intefest in such

ant agoni st’ s I'S based Hat Y in the field of endocrinol ogy,
gynaecol ogy, (ﬁ'}mracerﬁarmotalwmaebxyAtkasgdlmaﬂhﬁlaﬁnﬁi—COWpOUﬂdS have

been prepared as pof el e _nost interesting
'ﬂ Pﬂdﬁﬂ%§ %Q%%ggorggﬁ?ﬁgg

conmpounds whi ch _have ~“heen _foun e ar t‘Eorrpounds whose
structures am&G mdlmcéfﬁtﬁwcﬁﬁbOQHﬂﬂstructure 14 Sept enber 2004 - -

3 - DCM Dichloromethane

10 Ddz ‘Dimethoxyphenyl—dimethylmethylenoxy-carbonyl
(Dimethoxy-dimethyl-%)
DIC Diisopropylcarbodiimide
- 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—Pro~G1y~NH2,[LH RH,

gonadorelin].

For more than 20 years, researchers have sought
- 30 selective potent antagonists of the LH- -RH decapeptlde
[M. Karten and J.E. Rivier, Endocrlne Reviews 7, 44-66
(1986}1. The high interest in such antagonists is based

‘on their usefulness in the field of endocrlnology
gynaecology, contraception and dancer. A large number
35 of compounds have been prepared as potential LH-RH
antagonlsts The most interesting compounds which have

been found to date are those compounds whose structures

are a modification of the LH-RH structure



The first series of potent antagonists was obtained by the introduction of

aromatic amno acid residues into the positions 1, 2;48eptethter 9604, 3 and
6. The customary way of witing the conpounds is as follows: 5 the am no
acids are first indicated which have taken the place of the am no acids
originally present in the peptide chaim 3f~-LH RH the positions in which
the exchange took place being marked by superscripted figures.

Furthernore, byet e A0t atd ) i c Ler s it is expressed
that these are ﬁH—,RH anaéllg,'(gjbuseélhiE %ﬁ?}éﬁ_gﬁég’%?c&%%&%%s ?%%W?#g]%.
Known ant agonFEEs it&Foquetipropaf © aropatigs @yingt aeidDxdsiCmesetinmto, |n:
15 Goss, E. ehd Mpoehbdées, 1, (Eds)3 Pepki dgs;or Proceqdi ngg of thg 6th

Aneri can Peptjde, Svhposi u p. 775-779, Pierce Chem Co., RockvilTe Il1I.
(1979): [AC-JIE’IrlgtO 3’?3) ﬁ’ﬁla‘f“rﬁ}n%' he 1 e PqQUIsiPat &n@s Nepllows g,

347) and [Ac-¥Fhe' andnCpageids Tep@ 6fitst Rilnddcated wWhielanage daked-
din. Endocri é. b5 . 1983 In_order.to i nprove the action of
ant agoni st s, glgsi E&@g% r?g g:glleds, %%orl %%%%I 8rbgﬁ?a}&¥epg%ls§flér IhtYRRiuced
25 into the PeREideorrhaHgr efanpEeRHAc-thepadsd tibrkr p3n whAc6,cH Al a' ]
LH RH ( ORG 3024@ande H t&6%, Bladb: : beERGOCT0RL00Y 100, 1445, 19 2.%1' and
[Ac-D-Nal (2)_d, D%]e (4-F) g,aDTr h %A@S%%e@gpﬁi’o(dﬁ?eﬁ%’z%@% 5 E
Rivier et al. *9HFe%i cR&XFHSmONEst By, tisd Potagion FbHeRH" ErSdeddEds) .
LHRH and10t s sMedmgsrds ppitll4i22 MEpRRss Law@st fhesK 1984) &gi;_gﬁ.f her
potent LH RH nists_are. described .in 92/ 19651, WO 94/1 , WD
92/ 17025, m%%g %%%ﬁ/%ﬁfc}&@%@%&w RERPES5, 140,009, EP
0 413 209 Al and DE 195 44 212 Al. 14 Septenber 2004

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, 1883}).

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.



The | atter discloses conpounds having a nodified ornithine or Iysine uni t

I n position 6 and which correspond to the follow ng -(2)
1-D Cpa2--D-Pal (3) 3-Ser4-Tyr5-D Xxx6-Leu7-Arg8- 5 Pfﬂggé%ﬁfbé% , in
which D-Xxx is an am no acid group of the general formula (V) -HN-CH-CO
(CH2)0 i NH | COR 10 Further known LH RH antagonists are, antarelix,
ganirelix and cetrorelix_ Antarelix(r) (INN: teverelix): .15 Ac-D- Nal (2)
1- D- Cpa2-D-Pal (3 ).3-Ser4-Tyr5-D . Hci 6= LeuZ- Lys (iPr) 8-Pro9-D-Al alO NH2
Ganirelix: Ac-D-Nal (2) 1-D-Cpa 2 -D-Pal (3) 3-Ser4-Tyr5--D-hArg (Et)

26-Leu7- 20 h Et 8- PraQ- D- Alal0- NH2 Oetrorellx Ac-D-Nal (2)- 1
-D-Cpa 2 -D PQ?%% )aééFZf-T CAOEEFs. GOMRPURASE- I ERD AR’ @oFLizgl The

ai mof the inventibhins teorcrigatimenovelit HikH pa»@tl@g@mll Stes whiachJrayg an
i ncreased enzyagiige ?ﬁgﬁg L the aﬂ?nts &nlilfcoant Iy, improved water solubility.
ve

30 According -to a first aspect HIOR there is prow ded
compounds of tHe- Eeﬂ@lé?’lf‘@-maa P52l (3 BepsteertbByr 2a04xxx5 - Leu - Arg®-
A XXX - XXX B - XS D0 XXX S - XXX 7= XX 8- XXX 9- XxXi - NH2  (T) :

in which D-Xxx is an amino acid group of the general
formula (VI)

~HN-CH-CO-

(CH,),
1

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- Ala”LNH

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)



in which 5 Ais an acetyl group, xxxi is D-Nal(2), Xxx2 is D-Cpa, Xxx3 is

D-Pal (3), xxx 4 is Ser, 10-'Xxx5 is N Me-Tyr, Xxx6 i ]

D-[-N -4-(4-am di nophenyl)- am no-1, 4--di oxobut yl | Lysﬁ?%}ﬁe‘envb%g ?%4n:
D-Lys(B)), Xxx7 is Leu or Nle, Xxx8 is Arg or Lys(iPr), 15 Xxx9 is Pro
and Xxx1fl is D-Ala or Sax-, wth the proviso that if Xxx6is D-Lys (B) ,
then Xxx7 is Ne, or if Xxx6 is DDCt, then Xxx7 is Nle and Xxx10 is 20
D-Ala, and their salts with pharmaceuti€ably acceptable acids. 25 Further
enbodi ments nmay relate to the foll owi ng compounds and their salts with

phar maceut i cal hyxﬁﬁt%gbk%{a_g%gg_ ishe.are . particul arly prggerred: 30
Ac-D-Nai (2) 1-D-Cpa2-D- Pal ( | er4t1’|§ri€%/e--- V5 &x( - ~NH;
N e7- Arg8- Pro9f8hri -NH2 Ac-D-Nal (2) "-D-Cpa 2 -D-Pal (3)3
-Ser' -N-Me-Tyr5-D-Lys (B) 6. N e7-Arg--Pro9-D-Al-alL"-NH2 , 35
Ac- - D- - Nal (2)1=D%1)a -D-Pal (3) 3-Ser4-N. Me-Tyr 5--D-Lys (B) 6 N e7-Lys
(i Pr) 8-Pro9-saP 10'NF2 14 September 2004 6 Ac-D-Nal(2) 1-D Phe (4-0)
2-D-Pal (3 3-ASer4isavk-acBtyd- gRolys (B)6 -N e7.-LYs (iPr)
8- Prog- D- Al ab-NH2 Ac [k Nal ) i--D-Cpa2-D-Pal (3) ,
3- Ser 4--N- Me- Tyr s-p% %?ﬁle(% ’ :
_ 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—l,4-—dioxobutyl}Lys (abbreviation: D—t.ys (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_
' N1e7—Argg—Pr09-Sar1°—NH2 ‘ ’

| 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, l



5 Arg"-Prog-D-Ala"O-NH2 10 Ac-D-Nal (2) i-D Cpa2-D-Pal (3)
3-Ser4 N-Me-Tyr5-D-Cit6-N 1e7- Lys (iPr) -Prog-D--Ala

5 5 30 35
Anot her enbodi ment nay relate to the conpounds as defﬂ%é%ggﬁﬁﬁﬁgab§Mich may

be present as an acetate; trifluoroacetate or enbonate salt. A further
enbodi mrent may relate to the conpounds as defined above, which may be used
as nedi canments or pharmaceutical pregarati ons. According to a second
aspect of the invention, there is provided a pharnmaceutical preparation

conpri si ng aat-p-ea3t(29hen -, iﬁti¥”ﬂﬁl s_defir qﬁén the first- aspect
and its eg?gpiqenks ﬂnﬂ cd%{onahy vqﬁ?@ﬁgg g%ﬁre 1] ??X%f‘According to a
third aspeft 18F {Fle Ve eftisddPrdheProi-P-2kalViEg a process for the = =
preparation of the conpounds of the general formula | as defined in the

first aspegt._an he abov odingnts in ich fragments from
units Xxxn?kpﬁogﬁggg?lééféP%nﬁafgﬁﬁégS?fﬁ%éﬁ%Nﬂ¥%mﬂbg%sP—Cﬁtﬁhﬂlﬂfﬂni s an

i nt'eger5 f r 3%l-Prot®-Ada %M, i s acetyl ated, are synthesized on a solid
phase. or in solution according to custonary processes, then the fragnents
are linked to a solid phase.by segnent coupling and after conclusion of the
coupling the conpounds of the general .fornmula | 14 Septenber 2004 - 7 S -
10 are renpved fromthe solid.phase using customary processes wth

am dation on the unit Xxx10 _

10 Ac-D-Nal(2)'-D-Cpa®-D-Pal(3) *—Ser!-N-Me-TyrS-D-CitS-nie’-
: Lys(iPr)a—Prog—DnAla”LI&b l ‘

Another embodiment may relate to the compounds as defined

above, which may be present as an acetate, trifluoroacetate
or embonate. salt.

15
A further embodiment may relate to the compounds as defined

above, which may be used as medicaments or pharmaceutical

preparations.
20
- According to a second aspect o©f the invention, there is
provided a pharmaceutical preparation comprising at least one
of the compounds as defined in the first aspect and its

25 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

' 30 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 phasé by

35 segment coupling and after conclusion of the coupling the

compounds of the general formula I



According to a fourth aspect of the invention, there is provided a use of
t he conpounds as defined in the first aspect and its g@%@ bﬂygkﬁoéor t he
manuf acture of nedicament for the treatnent of hornnﬂ - %’ i unours .
or for non malignant indications whose treatnent necessitates LHRH . |5
- hornone suppression, such as endonetripsis, benign prostate hyperplasia

(BPH) or for the treatnment of female or nale fertility disorders, in
mammal s. 20_25 Accordigg to a f%%th asgg&t of the inyention, there is
provi ded a BFGcef§™PBF“t hE*PPodutti ofi®tt9a BAAFfracktt€al CuUsFemaryti on as
defi ned i n phecessesndwikipeanhidathimnie ar acHeeastit aped®onpound as defined in
the first aspect and its enbodinents is nixed with the customary vehicles
and excipients and fornul ated as a nedi canment. Anot her enbodi nent nay.
relate to the treatnent of hornone-dependent tumours, in particular
prostate carcinone, breast cancer or uterine 30 nyoma, and also for
non- mal 1 gnant i ndicati ons whose treatnent necessitates LH RH hornone
suppressi on, such as endonetriosis or benign prostate hyperpl asia (BPH)-
Furthernore, they may be enpl oyed for the treatnment of fertility disorders
in men or -in wonen, for exanple for 35 controlled ovarian
superstinulation in the course of. in-vitro fertilization. To this end,
they may be customarily m xed with conventional vehicles and 14 Sept enber
2004 8qgxcipients and fornul ated as nedi canents according to processes
known per $ECOFRENGyY #Phesi §OBFLR 0FpBERAE S Odc cldradi hgveantfoor muttere )isan both
be carriedgrevigedhar de cbaseheal cdupBARBI 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



5 condensation or by solid-phase synthesis according to Merrifield with

synthesis foll ow ng one another using D-lysine alrea e t he
siyde_-chai n with the carboxylic acid of the general gg é”&f or by
reaction of a decapeptide unit with the appropriate 10_ car boxyl i c acids by
am de linkage in the side chain of D-lysineb.” Accordingly, the

i ntroduction of the R1-CO- group can be perforned in three different

ositions in S e ondens ion of the individual wunits
'P o give the pe%?gagéﬁgg t }rn%)hég#lﬁ%%%g%& l“lﬁo‘mﬁ’;%‘? n&GPTSERE hfe i n
t he peptide chaPResges b@bﬁﬂeperheecondensatlon of the next unit or after

condensati on pRp& §&htH@bE§ th@oﬁBBHHHQdﬁg%ErHH% 'ﬂﬂz%ﬂuf r&#ﬁ cang py

synthesi zed according t known net ho exa

pure sol i d- phEQER¢ e@ﬁnl SGErlﬁért P}ltsolell@hsﬁas@n eﬂﬁﬂaﬁ;@a@so Treddrasht
fragment Gondessaénsatien by the s‘éh@&sﬁﬁalses%}H&ﬂﬁbf@“%b@»%ﬁ%‘;&é\ﬂ

Bodanszky, "Principl of, Peptide Synt Springer Verlag
For exam%l e, I?%’érhtfﬁ@gsw&f:ﬁso?wﬁb‘?%% g?h@ﬁ@épg A geoEhRBedsing he
t extbook "SolbdlPhise Bipeady Syritdwesdsid. Mhst gnaset c%{kdm] F?:Lti&{OLH%Qa
Pi erce Chem fior [, 1984 A0 ar any. an )
Merrifield "Tha g %Eli/ja%s%%liég gf_L thS e 1g?§m § Ratdii Fed¥ Inc.
d assical solXgaerl@yntifesas deeapatesicie badll:ctn dithi | tha talj:@rtdpf&tdwt
" Met hoden gderqa /% sehgp; @ ea‘ﬁ% haqds,: a0 ganie. Che
( Houben- iyl )ca ﬂeﬁse von gg%tl enE’a ? Ssi's g* e(P:Q 516 g‘]yi B Yunsch
(Editor) 1974- JGé%lrlgeThl%ﬁﬁ%o ®ky. 8B eStl@tttr@a}qctmmoﬁhalm icoe-
synthesis i s gedup efanube b@&f@&@&ﬁIQm.erééré&ff@%@ﬁ%?%%%;Engggﬁn.he
r
carboxy-t ermifl Bb88:s 2 dfEnd AT RN WP A oG T aan
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 methpds, such as, for example,
20 by pure solid-phase technique, 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 Chemistry]
(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



14 Septenber 2004 - 9 support which is customary for this, renoving the
a-am no protective group of this amno acid, bonding the free am no group
thus .obtained to the next protected amno acid via i 14 08¢ oup, and
in 5 this manner, linking the customary am no acids of the peptide to be
synt hesi zed in the correct sequence stepg for step, and after |inkage of
all amno acids renmoving the finished peptide fromthe support and
removing any _further sjde fupction protective groups which may be 10
present. The §PBBW:Ee ‘E%ﬁﬁ@ns?a?i oPUFSORAFY| ebPhutthihs a EORYERY ontthe nanner
by synt hesi s €ramithe pragrecsipandgpgupCust ORRE Bl Yampirs egbga,arﬁ‘g@d% ds.
The |inkage o he Lndi vi | am.nQ acids to o .15 _another .is carried out
according to {:]ﬁ% m'eftc%%ds ag'gglgtor%ﬁ%/uq or® Iﬁ?s;ogﬁﬁéﬁeﬂar tPcultdis y Rt abl e
are: SynmmetriReaPtanhedr iaguineet hoddi vide ipsesescieoofl group, and in

di cycl ohexyl cek bdidz09n38 - Of ;g1 SQPL I | .m . (DCC,. DI C) .20,
Car bodi i m de net hpgdagenergﬂxski%%r Eggiﬁg%%#no%%g%zﬁ%c%oﬁg nethod
(see The PeptPERSIgoLanPe symthasizgdsin aflde gorkertniseltmence?Steap t he

fragment coupféongstépe aﬁﬁdﬁfﬁéﬁphﬁﬂﬁag@hBQhal@rQﬁ&ﬁgsd@fdgngemoving
racem zation, benzotri azol e or

191 %he.[ﬁic- 1-- hg%rfox .
DCC- 3- hydr oxy=2< ok b0 35480 REPH1AE £Tom, diat FWenoHe #afhsemoyipgefaavabl y
used. Activafedtiest esidel fumgnbog S peoteaits @ebeyerpbOY athi 30 Es el of

N- pr ot ectgd ' i S s..far xanmpl.e, N hydroxysucci nim de esters
or 2,4, 5?etriaé(3§:g?rg%hgﬁl§? gg? r%%?earc nbi%f’lslg@&logr Y rﬁag"rﬁij/egsﬁﬁl?aﬁpeafor t he

st epwi se condRsENByERAl ani mamegnls. by synthesis from the
corresponding, customarily protected amino acids.

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.



35 The am nolysis can be very well catal ysed by N—hédroxyh. co][rpounds I
whi ch have approximately the acidity of acetic acid, such as, for exanple,
1- hydroxybenggtri azol e. 14 Septenber 2004 - 10 Interﬂécﬁe_aieé“bﬁ’rgﬂ%
protective groups which present thenselves are groups which are renoved by
hydrogenation, such as, for exanple, thei® benzyl oxycarbonyl radical (= Z
radi cal) or.groups which can be renpved by weak acid. Suitable protective
groups for the a-am no groups are, for exanple: tertiary butyl oxycarbonyl
groups, fluorenylmethyl- oxycarbonyl groups, carbobenzoxy groups or 10
car bobenzot hi ingeomedigté appinpri p?:etieﬂt&aveh leﬁmpla;avm?ﬁ_@ EiM%t[SI'C]
or p-nitroben .cal), e tri or oaget group, e yl
rad!ocal, t he %%{éﬂ%ggggﬁgnoQ%gcet ﬁrloéi t)éup, ki leéﬁ'tlri t?FBgrplﬁ’,’rpv p-_by _
t ol uenesul phofyfregenptiemne bengybhgr oups.benzforls r adiamallss substtitieit ed in

the benzeme nycheyBokPodEOdmy] OFaB1 k1T henzyl 4t adygal lédge -
a- phenyl et hyl rﬂéi Cﬁf? Ref-erenc% :iLs algo ?ra)ée %gregt cc)))rP'iﬂ% en.s\,"\fhellcr%'l .and
MIton Wni tz‘?ala?f‘%?ﬁ SERYVeR Wi Weakcradd-NEWivabke PIBLecrdve \Wiapsand
Sons,. Inc., wmm—mn@wiﬁ; %@gg@ﬁ%ﬁﬁdp%ﬁq : 'I'DPrlt _ngl pISest ﬁfes' o
Pepti de Synt LS:' Spr,i r \Ver , "Soli ase Pepti de. Syn i s",
J.R/l St ewar't E%%éfﬁ Yolf}’rr%,elcﬁ%‘% EHPETR,, orsFY lmgaiylroga, G
Bar any and R ®xyddrborykl d " FhmeupBept i desib:bcﬁenﬁxypp. Zlgj'égﬁps'lgg,or |
Academ cqifBre ! The PRepti al yne 2, ._ E. 0SS an
L0 & Caztbbongot iy ?%%YO&%J f’ﬁ%’s FPE ot ect Ve ghpfaac’ree

J. Mai enhofer, Academc Pres _ se _ _ _
f undament al | Y3V IRE s@i Pabrempor [siche qr avertfovbaizylr rhdichlnct ithiral si de

groups (OH grmifSioMNE PP YrRip ,t Neneor FRERINGT NG- 25 &0y acidy. -
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.



30 Hydroxyl groups present (serine, threonine) are preferably protected by
benzyl groups and simlar groups. Further am no grouga not in the
a-position (for exanple amno groups in the w positi eﬁﬁﬁﬂ*ﬂ?ﬂgﬂgroup

35 of arginine) are preferably orthogonal |y protected. 14 Septenber 2004 -
11 The individual amno acid units, 'exciluding lysine [lacuna] nodified by
the R -CO group, are connercially obtainable 5 A possi bl e course of the

process for the pre ¢ at i.on, of Si dlfle R oup js as

fol | ows: & a- -gg}gﬁ%}?}c gﬁ‘f%‘ gr 8&6 abl f’ﬁﬁgcg’&%d iy?hﬁ‘e
exanpl e by esfba¢hnght modif2edThy Bchei Rb—@@e@pomp paateat@thetofaEx@anpl e
by the Z 10 gLoup, eThe a-amno group is protected (e.g. Boc group) in
such a way that a selectivity with respect to the I|ater renoval of the

am no protective groups results. 15 4. The Z group on the c-amno group is
renoved. 5. szep<§’§§ilbﬁg géeerRbeEhel $rbibbadyesd (9 tﬂl%p%zxaﬂ?ﬂs};r&foup-
6. The protective Qﬁ%f he a-ramino group is renove
a-ani no grou Y%“b t1 184 1o o iAo T ey W3 d@LIOWE: with the Z group.
g
For the intr QUUC'I‘Bl@nOcha&MxElﬂ.@OﬁfmlpgbﬁubealCé | 8 8hb1h e i gy oup of
the lysine with %he ap g tee25 cagﬁox%%lc acid or carboxylic acid
derivative, suitadfe® %@% Arethad®al |y the same processes as
descri bed abdve The ¢+&miHQH@mgaumf1$hpraneobeéclﬂer eklaweler bycangerysat i on
usi ng cai@odﬂlﬁégbugprrexanple
3. The o-amino group is protected (e.g. Boc group) in
such a way that a selectivity with respect to the
later removal 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 o-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.



1- et hyl - 3- (3-di et hyl am nopr opyl ) car bodi i m de, anﬂ 1- 30 f
hydroxybenzotriazole is particularly preferred. The reaction for th
| i nkage of the am no acids takes place in an inert sdftweRte “&ergg%enm ng

agent which is customary for this (for exanple dichloronethane), it 35
bei ng possible to add di methyl formam de, 13 f- necessary, to inprove the
solubility. 14 Septenber 2004 - 12 Suitable synthetic supports are

i nsol ubl e poly e, d o e r bea i ch can
be swollen in or%gl c oi ven E é%{:(%/lrr% %%83'8:b§ﬁetpog"f edg]‘i'yg] ene
and 1% di vi ny$5Ew eP°1Yﬁ‘éY§§!ﬂ§'he‘t§Ss1mf in Bvqﬁcbt éormd deéciydeptiade lsari de on

thyl b (ABHAS | styr ovi.ded
i T ot hyl DO INAT L arh re Or U A chear  Srambeho= (ERRIARY B o o
ani de functlcﬁf’n]é‘f W%%pﬁ‘?@lelﬁf févingtbenzepsde Pl syetbepper of. xan be

carri ed oft p]ﬁbtmnnﬂdil dgcaped bbdé obmeWen Grf | & Wi R38N At | AR

Pepti de synt 1rol usi ng. Boc tected ami no, acids

St ageFunct i o%s% ventT teadeHt 1t % ngog E%?%%Fﬁﬁﬁﬁl ?%?Vﬁﬂdﬁ’d with _
2\Washi ngDCI\/BX@hhMihHR@i‘mfaMl@Mﬁ@ (grbpbsao mi m:lﬁ?tﬁ:shl lmgjmm%pgl}mgxz mn
SWashi ngMet hapali2x eIy utrali,zation _

(9:1)3X5 m n _8Washi nghet anol x2 m n 96&11%’:%8 l?ﬁ’n 8BSt Ad’tflEAron of

t he Boc- As HF cleavage £from the support,. can be carried out

10 according to the following flow diagram:

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.



in DCM + DI C + HOBt 11CouplingDCM optionally DCM DCFapprox. 90 mn

12Washi ngMet hanol 3x2 m n 13Washi ngDCM2X3 mi n The Na- Bgg-pr ot ect m no

aci ds arg customarily coupled in a three fold nol ar ggcs‘%ggemftf?r?ﬂg presence
of diisopropyl carbodiinide (DIC and 1-hydroxybenzo 20 triazol e (HOBt) in
CH2C12/DMF in the course of 90 mn, apdijthe Boc-protected group is renoved
by action of 50% trifluoroacetic acid (TFA) in CH2C12 for half an hour. 14

Sept enber 200 To _check for conmpl ete conversion, the chloranil test
acgor ding to rl“]s}leéﬂ%eiqoé’ncfxt’q‘%l% sgpné’eﬁﬁﬁﬁf}drlﬁfhet@btloc;’@umﬂe tised.

Radi cal s of faeeoading fuoctdinnis titserd! eglitedthy aﬁgigggtgo%iﬂq}?%{,mgt feglsd

of 5 a I d oI 2.. The_sequence ,of the react
g?cfﬁz peptldg(g%%n %hsi%s% RIt (i: %_{aeélcr"fﬂr%l?gmggeﬁréﬁﬁl%lﬁ’e fynsb sy rawe  For
the renoval oblepkedesby- boehstlpepbndedn the I‘fﬁ&]&gg'&dﬂ_&ifli}g&etﬁ O?élﬁt a?f oc
h I h LS1LSsdri n v o Qver a reafe
1Eo(ra 680m|§ Pné‘i@tgi’ﬂhf&%k%(%eég 0 C%L—ﬁ:/ alf#%o eI TPy OF q-‘%ﬁ e EPR i ng
of HF and ani$&PRS| Pivathe, Rertidrpeiashesidesomr ehebt aéaed aftolibbwe

solids b wastlr Ehevi #TowngYdaous ., elERY  ghber-it Stifripg, and the
rerrloval )c/)f p s |cesu por t adgltlonal 'y obt a?n\gﬂg car lFl ed Tout* rb
washi ng wit h e&”queBH@ a?&%?IP%CtJa‘édefl&alcapﬁbduccon@énttrm i on of

the acetic acmdL:.&obh&sen%ytﬂthe'ﬁi@,1§hhar&é§lquﬂl?‘&ﬁﬁsp%ﬁiﬁ : gag-ﬁ?gs

obt ai ned as ou il ar e .conver i n

after é?tlck)lérl e/a%s%ﬁ: ﬁe? gmf §'mit © 108" 560- excess of
HF/anlsole 10: 1/v 7.

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



cold. Further purification is carried out by routine nethods 25 of
preparative high-pressure liquid chromatography (HPLC) .. The.co si on of
the peptides into their acid addition salts can be e%ggf)gemqeﬁag&;mnner
known per se by 30 reaction thereof with acids. Conversely, free peptides
can be obtained by reaction of their aciggaddition salts with bases.

Pepti de enbonates can be prepared by reaction of trifluoroacetic acid
salts (TFA sa f the peptide wth free enmbonic acid (panpoic acid) or
the 35 correslﬁ%ﬁ }’%‘g dP%Tée&leﬁ%&)&XI tv‘\gd'lmeéw&ﬁ%eté’é‘?ldi.efForafﬂ i sthet hpapepti de
TFA salt is tyeidilew bmeadpétasesdbutiedniswikbilkiegsol ution of di sodi um
enbonate in' polar aprotic 14 Septenber 2004 - 14 nedium preferably

di met hyl acetanj de, and the pale vyellow precipitate formed is isolated. The
following ' eX8fipl oklawing 0 ekarptilest e $beve5 itwentilonstrbheut the
restri ot i | tnvEKambhoylchD68988)ys AesRuNal (2 )1-D-Cpaz-D-Pal (3)
3-Ser4-N-Me-Tyr5-D-Lys (B) 6- 10 Nl e7-Ar gg- ros- Sar 10- NH2 The synt hesi s of
t he decapeptide was carried out on a polyneric support having a | oading
density of (Eb&mpiwl1g(Ha689e8Et hyl -substituted resin, Fnoc 15 protection,
type D 1675, Bachem . Lysine was coupled as Fnoc-D Lys(Boc) -CH and the
Fnmoc protective groups were renoved using 20% pi peridi ne/ DMF. After

si mul t aneous A¢-gpreivaal (2))‘1—3:14Cgaizde—ielaai(a)b#@éﬂtiﬂ%-gﬂ‘ﬁ@pﬁ—m (gdétachment

from t hejpol wiEL1-6,,$/80ROLY . _i;sol ated 20 crude peptide was purified by
means of prepar ati\fg‘_’l§| HPLC.SéA%]?eir\Tﬁfreeze-dryi ng, 98.5% strength decapeptide

was obt ai ned.
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

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,



The substitution on the --nitrogen of D-lysine with 25

4- (4- am nophenyl ) am no- 1, 4-di oxobutyric acid was carri Qut .USi PyBop in
DMF with the addition of DI PEA. The purification of tﬁ%ef)gegfba?{ggg%rude
peptide was carried out by neans of preparative HPLC. The subsequent
freeze drying afforded about 99% strengévlg 30 product (trifluoroacetate) of
the enpirical forrmula C82HL06CIN19015 wrth correct FAB-MS 1633 (M+H)
(caic. 1631.78096) Exanple 2 (D-68969): 35 Ac-D-Nal (2) 1-D Cpa2-D-Pal (3)
3- Ser 4- N- Me- The5-shrithegiB) 5of Mehd- Aeg@rert i%eD-wihs ad@rNHadl4Reptienper 2004
-- 15 The sypibgsi-$c0f Lhs.gdecapqpt.l was, canfri out qn a, polyneric
support haviirég gﬁl oadi n9 e sﬁgy ggx}%f%S %"ml /1§a &Fﬁgnonéf"ﬁg?lll: ubs®ft ut ed
resin, Frnoc OpPot ectiPeh/ gt ypbaminensthphcheh§titysede waestoupl eFmas 5

Froc- D- Lys( Bpgdt &bl 286, t B9pEMDC 18178t e &hictnd ! OYRS: 4GS gvaé eé@t‘%’ﬁe&m ng 20%
f "&I7"si de-chai it prot&eti ve

pi peri di ne/ . ter sinultaneous renoval o )

groups arnd %?Séﬁﬁ&ﬁﬂp?ﬁ TvHe 3pdl Vs | EMQeppEPtectiwe encatmsd werade
pepti de havi ngmavedntwesningf 2a@0ubipd¥ GHREChMwas A;@Qefe@fﬁﬁl{éﬁéﬂgé

wi thout purification. O'Eheﬁifle-chai n ?lubstitution of Dlysine wt

4- ( 4- ani nophenyT Jam no-1, £2=di oROBGTVPF¢ aciRF WeRCEEER r i 84°¥BE usiiy PyBop
in DVF with déeacluent orfxgm 15hel PBAlyfkeicsokappdre| udehdeptdsie vas
purified by aeahs p L.ve HP er - supsequ fr drying, a
98. 8% strength pr o%%%yétér?%l@&g%ogce#g{t.e L{)fé’? hégogﬁpﬁa%cafﬁ%ﬁéﬁnﬂ‘f
C82HL06EPN1 FeR3- bl B Ehere dvikhont coryeicapBoms 1633 (M-H) (cal c.

1631. 780. 96) 20

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



Exanple 3 (D 68971):

Ac-D-Nal (2) 1- D- Cpa2- D Pal (3) 3-Ser4-N-Me- Tyr5-D- Lys(B) 6; JN.£75 i Pr)
8-Pro9-Sarl o-NH2 25 The synthesis of the decapeptide q §eé§%wkﬁgm%tt on a
pol yneric support having a | oading density of 0.55 mmol/g

(am nonet hyl -substituted resin, Fnoc protection, type D 1675, Bachem.
Lysi ne was coupl ed as 30 Fnoc-D-Lys(Boc)-OH and the Fnoc protective groups
were renoved using 20% pi peri di ne/ DMF_ At er sinul taneous renoval of al
side-chain protective groups and detachment fromthe polyneric support,

the isolated crude peptjde (content abqut 59% HPLC) was purified by 35
neans of prepzﬁa&ﬁ]\?éijl—fgiﬁ%. QE&P@[ FYRRD o igy MYy, Wity ~ Ehe eagidi tderapeft i de

was obtained.Imhﬂﬂsiﬂ@mchﬁdiandmﬂdﬂudé<§b§ﬁid&|wﬁ§fﬁhﬂ!f{&e by, means

4- (4-am nophenyd ).am ng-1..4- di utyric acigd was 14 Septenber 20 - 16
carried out u§¥%&§g§%%€¥ﬁ¥%uﬁ¥%§ﬁr#%% r aG8PEFINCBF fBesER Sheingol at ed
crude peptide Ma®Ppurstrenttdy npaaducef pfepbfhidmmddilie)Aft oF suggequent

freeze drysngemdir36ad¥% t 0 triflueroacetate). of the
enpirical forpula nggl%g%%%?gcggﬁ&%ggﬁ%‘éﬁbhéwgﬁwa@5%¥ggpkjkﬁﬁeRE?Q%48
(MH) - (cai c. T6FsME21818E{Mmlll e (221 D- 68045)8288c' -D-Nal (2 )1-D-Phe (4-0)
2-D-Pal (3).3-Ser4-N--Me-Tyrs- D-Lys (B) 6-Ne7-Lys (iPr)

8- Pro9-D-Al al -QngTh ? nroe is of the D--Lys-6-unsubstituted decapeptide
was carr.ied aﬁhﬁfgg—%—ég—ngyneric support having a 15 | oadi ng density
of 0.55 mmol /g, lysine6 was coupled as Fnpc-D-Lys(Boc)-OH After renoval
fron1theJkp5|ﬂcaﬁ;ﬁglngﬁ_ﬂyﬂﬂg%dq%HBQQB_ngQg)k;égfygﬁiné[q§qggr|f|catlon of

t he crude pepti de 6 ;
D-Lys (B) °~Nle'-Lys (iPr) ®-Pro’-D-Alal®-NH,

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



20 was carried out by means of preparative HPLC, The side-chain

substitution of D-lysine with 4--(4-am nophenyl)amn yric
acid was carried out using PyBop.in DMF, with additi g%%gfite%‘b% &%The

i sol ated crude peptide was purified by nmeans of 25 preparative HPLC. After
subsequent freeze drying, a 94.6%strength product (trifluoroacetate) of
the enpirical fornula C85H112CI N17O 5 wag.7 abtai ned with cor-respondi ng
FAB- M5 1646.8 (M+H, cal cul ated 1645.82) 30 Exanple 5: Ac-D-Nal (2)

1-D- Cpa2-D-Pal (3) 3-Ser4-N-Me-Tyr5-D-Cit6-Ne7- Arg8-Pro9--D Al al0 - NH2 35
14 September 2004 - 17 Exanple 6: Ac-D-Nal (2) "-D'Cpa2-D-Pal® (3°) - _
3-Ser4-N-Me-Tyrs-D-C tb-Ne7- Lys (iPr) 8-Pros-D Al al--NH2 10 Ceneral
wor ki ng procedures for the preparation of the 15 peptides according to
Exanples 5 to 6: The decapeptides can be prepared both by the Merrifield
sol i d- phase syinamedps6( SPPS) [sic]. and by classical fragment condensation
in solutiof. The synthesis of the 20 peptide sequence on the polyneric

support is to be ne or, ecaonom c ,reaspns and c in prl nci pl e be
carried out alt P‘g\{a}%\/@) g %B?d'[ﬁgf'ac]o(z'(}l)'ﬁﬁi‘fgd\’“l(?) i€ it rﬁtlegy
correspondi ngllws(m‘rééeﬁro%rs@-miatlﬁmﬁg met hyl benzhydryl am ne resin (for 1)
or an Fnoc-2, 4-di 25 net hoxy-4'--(carboxynet hyl oxy) benzhydryl'am ne resin
(for ~2) can be enployed for the Cterm nal bonding of D-al anine.
Sol i d- phase 'synthesis, Merrifield process: 30

10

. 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.



The decapeptides are -synthesized according to Fnoc
st andardi zed reaction conditions (flow schene, Tab

using 5 grans of the polyneric support F
Sachem D1675,

synt hesi s,

. 4" -{car boxynet hyl oxy) benzhydryl am ne resin,

about 0. 55 /gram grain size

mol

2007 400 nesh

The stepw se synthesis of the sequence on the resin is

the aid of N-Fm)c-grot ected am no
scheme: 5 Tabfge|s

aci ds,

strategy under

it Sovlfd 2,

| oadi ng density
14 Sept enber 2004 -
carried out with

according to the follow ng flow

SPUP BN SYIGHSHLFe T HitRepednenenson \Wablei nugBNER 18 n2 X

2Renoval 20% pé@eriedneout) &ifthn2cXe DM BVWoshi RoDMES- M Adt &cted  ami

AVashi ngl s 1 2_m.nl.x 5Washj
shi ngl sopropa 05( %%%B‘Fi‘(ﬂ%\é%%-ggg%%

7Washi ngDVF2 Timh
9OWAshi ngDMF2 mi nl x 10Washi ngl sopropanol 2 m nl x 11Washi ngDMF2 minl x

12Washi ngkso

m nl x -15Che col our
- | Step | Function Solvent Time | Repetitions
Washing DMF 2 min 2 x
Removal 20% piperidine 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 1x
10 Washing Isopropanol 2 min 1 x
11 Washing DMF 2 min 1 x
12 Washing Isopropanol 2 min 1 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,

p&g&ﬂg 2 mnl x 13Washi ngDMF2 minl x 14Washi ngl sopropanol 2
cki ngChl or ani |

m n2 x._6Wash

Hewina ghlaw

L0 B
|nglsopropandf§ m nl X
XSEReMEH DMVFNI n

763-766, 1979)

d- phase
xy 35

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).



test (*according to T. Christensen, Acta Chem Scand. B 33, 763- 76ﬁ, 1979)
10 Process-typical (repetitive) reaction paraneters of ase
synt hesis of the decapeptides according to the above Sc%g)tenﬁ?é{g% enoval
of the Fnoc protective group using 20% piperidine in DM, 2 x 5 mn at RT
(Step 2). 14 September 2004 - 19 -Coupliggs each in a threefold nolar
excess of Fnobc- amno acids with diisopropyl carbodiimde (DIC) in the
presence of hydroxybenzotriazole (HOBt) (Step 8). -C-term nal renoval from
t he pol yneri c ~Seppdingss eaeh uding r hoeefodfl mhmlaani prucasid of demobhai n
protective grauﬁaousa@gdérw&l:ﬂordaai%%;sx%@q&aﬁb?dﬁ)n%ﬂé CiDEeT fﬂ E?gmthe

pol ymeric support, . when usin 5 grans "of resin crude

-peptide 10 %Ft?reélcﬁa\‘hfn&YQIEngﬁFO&FléB@&ﬁ 1H0BGd, I tessigle conponent

are forned; thCStE&mﬁﬁﬁQverQdmeaQUbsgﬁaﬂnt tHéepaﬁéinSrt@LC support
t

chr omat ograph reparative HPLC pur fication of e decapeptides
chr omat ogr%phénggﬁggpgonsrerﬁ?‘é %ﬁ?mmnq}ynéﬁéﬁl coPLAR- F@EBH 12

gm 300 A Lbrops@tiwe gBoupélué:erg’l Eradledroaystem wcil (THR )N Ogr anme,
40% B 90% B, 20 50 min Eluent A 970 ml of HRO+ 30 m of CH3CN + 1 m of
CF3COCH Eluent B: 300 Ml of H20 + 700 m of CH3CN + 1 ml of CF3COOH 25 W
detection, =AfPernmenavnd r firemed-he / pohymeric 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,C00H
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



The fractions obtained are concentrated in vacuo and |yophilized. The

decapeptides are forned as a light colourless materi 6”48?5 e?%&ie
deconpositioninto the acetate salt form desired for pharmacol ogrcal
developrment is then carried out by chromatographic ion-exchange.

| nvestigations of the biological action:,g5 The conpounds according to
formula | according to the invention are investigated for their receptor
bi ndi ng. The_process cl osel y follows the process described in 14 Septenber
2004 - 20 BeJéE% kergt el 2l gurEuy. Bi-odHashesl, 2385- 5@5—(51&99591995)

Cetrorelix Ob(t!@tﬁ@;gem:ﬁordeBGaiﬁeﬁhe édc;sléf@ﬁhig? %&C'{)&%@Qé/ﬁ%}ﬁﬁ% u3| 29 the
di nat ed t r sham jfic activity
Ilgdl)ggnGS \rMea(ge% 3 #‘3 %Eov?hel?eaﬁ?‘g tl"ﬁ‘it dFeth s b 53Hf i eChrgr
reverse- phasesmegi\fperfalcmmﬁyi I RO b (Hq/tﬂlmgggr alf)@%ng mpRei odlc(;:@i% About
t I b a tho u e i de.. I n_eacgh, :
B0% of the [1ORSEIE o (BESrteh  aihe | ReRRRt ol e R i nE A Ot Y 10 ¢ o
the inventi onr%t‘f%r%%rr@a@‘ﬁ% flokgh teexfeoidice rldepritdr crassetiaiaphy, The
conpounds acqi Ngalale | NYEBLLPOIERN D %ﬁ&t Copt@inlle! f Jilinadd O

action using the faollow ng Methods the® |n|ng af 1%
t he bi ndi ng Flabekied dﬁf&%ﬁ%dlw t‘ha<E11253F]S€bet Bbpulti x80¥etddd the and

the T unct | onal**#} i odsese DBk ngndetiaiem erbivii fla | EbRBOGR! B30 00N St

sti mul us, Met. h (dete nati on of usi ng the exanpl e of
cetroreli )é) g:ekb‘% ot %?Ih‘ﬁlr% %E%a?ué*&%qﬁl AgTt BhBe&?@Féfl‘F reqgRtes neke,
K., Reil andera,sad)ql&tzlcgard P. (1995)

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
ﬂzﬁj -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.



25 "Sel ection and characterization of mamrmualian cell |ines mﬁth stabl e

over expression of human pituitary receptors for gonaqg%bg éﬁg&ﬂ" Eur .
J. Bi.ochem 231, 535-543. 30 For investigation of the're I ndi ng,

cetrorelix is iodinated using the |IodoGen reagent (Pi erce)_vmth [ 1251]
(Amrersham 80.5 Bg/fnol specific activity). _The reaction mxture is
purified by high-performance Iiquid chromatography wth exchanged phases,
nonoi odi nated 35 cetrorelix being obtained w thout unlabelled peptide.

About 80% of The [ XEEEPtest r drigidinaasassambl &s otanmmadflmutecapﬁer
associ at on %ﬁygggtfl.@ﬁ@@élz%ﬁcﬁt%%ns-r% r&&sg}.gﬁ e%?ce%sss glgpcarried

out under I ol ogi cal conditions as_descri Z ers et a 1995)
usi ng |ntact é i YEbRENT LBEREE cuFelles ofubge l?e@?angﬁbéﬂéﬁsLT@f

celI's, which expbegs tirh@siteradd ltiRH deaGRPt Ofhidh € egBRaLAt 6 Of frubyn
m Na2H PO4.  11.47 mv

b mVi Na
kaggCS;I?%SHNPE%ﬁA Eﬁaeé%?¥ect%5ebyse%%ﬂ?gméug%fﬁOHQVThﬁn%%W?tb%FIe%nls
resuspended iRaCbhiBdi n¢1Bufdugr . NeOVEM Wi .thedt HAOOB, 8i thnad. 5ngdhipof, 10

| ucose, 10 pH 0 ss/yplume) BSA, |tr cin, 0.1
gll SBTI, O. 1A)F@ volé&§ 04%@K§E For |splace§Ent ﬁggéﬁgge 25 ¥ 106
cells/100 | ﬁ?@tFHEESQPEQHWAtﬁhappﬂgiinapeﬂ962251ﬁM(ﬁésuHPQﬁﬂéﬂJ in

cetrorelix (spegifhg aniftddy (Pndh Xw;QﬁoqwﬁJE&) a@ﬁtﬂ5 e of
concentrg#fons of unl ahel |l ed conmpound accor to the invent on as

conpet it THEUCRFE sdSp8Wsi BRPem PHoO7t5 ofob i fgaRedvaims) | B ed in
400 gl assay 1tgbks byeit288ih, 0f0849@by veBene Sb'&%omﬂmadsl¢6¥&mé Type

550)/ 16% by v, fan i ncubat | 20 fqr at 37C mnth
sl ow, contan%%g shfl?i%‘r’f1 @acemen assays,” 0.45 % 10 cefRS/lOO pl
are 1ncubated with approximately 22 5 PM of the | _125 I]-

cetrorelix (specific activity 5-10 x 10° dpm/prol) 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)):



cells are separated fromthe incubation nmedi um by centrifugation for 2 mn

at 9000 rpm (rotor type HTALl3.8; Heraeus Sepatec, The
ar A Sp e BP0 o

tips. of the tubes which contained the cell peIIet ar Cel |

pel | ét and supernatants are then anal ysed by counting the. y radiation.
The ampbunt of non- specifically bound matgrial is determned at a final
concentration of 1 Mwith inclusion of unlabelled cetrorelix and is
typically 5 10% of the total bound 30 material. The analysis of the binding
data is carried out using the EBDA/ligand anal ysis progranme (Bi osoft

V3.0). Cetrorehiex hassayKD yv&l ug iyl ploca(%rml Ng(}[ﬁgléagiae (‘9%/{; nunber

of experinments garried, out independentl ).[L 21). (fun |onaT‘ %ssay

for the det erWPﬁéiffLSﬁtaPth@enaﬁ%&énPﬁ C¥W a@s WaseilesD iml Begersa

Sept enber 200%., R2ilFndeassay ,i s1iQaariagd pout 1OV ct.q?aﬂé{bﬁf“zatm
' ' Rei | ander, H.,

nmodi fi cations ' bel ow, described in Beckers -
Hi | gard, Tge%érgﬁ&rroﬁler? |Eegf‘?aoﬁ11r§ o?‘oég'f?&&ot‘?‘%%{?lg? elk?a?squgoﬁorﬁ‘mne
anal ogs basedS@nSatlyenscellrelasl | hai fétmsd erﬁ@ﬁoftﬁ@@rt@n@er@g "

Anal yt. Biochgpyi1¢pl, gils &%Q(Beglggrs £5_ 51{,' 7G¥résr a?g % Ortellrgsgg,}oer wel |,

whi ch express the human r eCept or  and a ne, are
cultured 10 f49-980h qellf cperi twal bl awhsctlsmvgnmﬂ/l witieh . hddahi vammnd 1%

(viv) FCS. lradbpbodr bed & 20c2eepadbngR I Cflds, aLg t hep §lldy! ated
W th 10 for 24 h in microtitre plates using DMEM with additives |
and 1% (v:v) FCS;. The cells are then stimulated with
1 nM [D-Trp®] LHRH for 6 h. Antagonistic compounds
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 (MgC03) sMg (QH} 5,
2.67 mM MgSO4, 0.1 mM ethylenediaminetetraacetic acid



LHRH for 6 h. Antagonistic conmpounds the stinulation and the
quantification of invention- are added before the ceI I é& at the
end for the the cellular Luc activity. The cal cul ati Oﬁ%e%ieﬁ'ﬂéf? 6 val ues
fronfdose-effect curves 'is carried out by non-linear regression analysis
using the H |l nodel (Programme EDX 2.0,4rom C. G unwal d,

Arzneimttelwerk Dresden). The quantlflcatlon of the Luc activity is
carried out in duplicate essentially as described (Promega Techni cal

Bul | etins #10{FREA) . usPAg3t BY r &3 Fbdotheeitedi f erZdde Wk saypoayaem (& onega
E4030) . Owi ng4?o G0l (PREPINAB AyEPA)s) a@u@&h‘:‘@%&hon ﬁo
|l uci feryl - %’?lﬁﬁ? pI acg w t h advant ageous ki neti cs, ter’the noval of
the culture r’rE From PAESH cr®S « r BipPhee, the ceFP@l&Fﬁécley@éd bhs
addi ti on of défetmiiedysos  hutbeal( 2EmbMotr bsre pRoSRIALA tH of - Higrdd 2 MV
di t hi ot hr nocycl ohexane- | -t etraacetl c aci d
(CDTA) , % ?I{I/ v% If%&eroﬁ afrj]l/e(\fmvt)l r\:I‘ﬁtolf‘FJ)fig_'Lo’(\)é)lﬂie AFIGC | HERQh a
room tenperaMWJéOE@natlSL%% BO | of cell lysate are transferred |nto a
white mcrotitre plate suitable for 35 [um nonetric detection (Dynatech).
The enzymatic_ reaction is initiated by addition of 50 | of assay buffer
(20 nM trici nerpiisoghenierl angdyGepyuNroH)data 2.7 ey SOfpdntisTV
ethyleneduama&ﬁ&idﬁ@@etbcamachﬂ#bﬁ%&&@ﬂbﬁé Rharized  {HEDFAN; 33 3 M
di t hi ot hﬁi«al 27 M _coe 1ZY e 470 .M gg_ow— wor m (Photinus pyralis
| uci feri 5 Z‘rﬁn A‘F]E‘%r TYREtAPR ea"ctﬁénitd’m #rd cPMcdenptes
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



determned fora total tinme of one second with a signal 5 half-life of five
m nutes using the EGG Berthold McroLumat LB 96 P. ..Physicgc Lcal and
in-vitro data of the. conpounds according to the invgﬁg%?#a E%%gggmarized
in Table 2. 10 1C50 stands for the functional activity and pM denotes

pi conol es per litre. The water solubility,was 'determ ned according to the
process described under Note 2): 15 Table 2: ConpoundWater solubility?2
|C50 [pM [ng/m ] Cetrorelix0.002198(5)1 Exanple 1 (D 68968)1.031300(1)1
Exanpl e 2 (D-6896D) thel sedooili thx depl o 3b¢ DA6BOTMi1ed647100(d) lofExehpl e 4
(D-68987) 1. 18209¢dhi Notes:crbh ! BeublEDeInty RiALkehs NdLoaLes { hp,Qumber
of experinents_independent of one another 2) the ter solubility was

det er m ned acEBtBFRgRt &% neeCyolagt byd BeaRs | BEd dePswi sSaLiEiq Py .

gccor ding to Th?sofdfét@ralig@[%_z_%hteiérebggéiéa o@tﬂ%ﬁ}?p&ﬁl I%éxﬁﬁérzf@ﬁréhﬁ g
et er m natgi on t he i accordi to,t of ficgial gazette nethod,
the test tgubsf%%%‘épi s?‘(d fé i ;%% i A° ’ﬂlbéj;g’é%s ah] tﬁeﬁﬁ'm’r@@fﬂ c¥PFRerthBt eri al
such as, for mxasptencenhdathdnpackedccrteigeg/fass tdondmyi {hiaauwre B4 ze
about 10 m).. A sigye of cotton wool and a glass fibre filter had been

i ncorporated into the colum bottom beforehand. The substance-sand nixture
is 30 all oned™@® swidterwymatigsur PR 1.thel oAssol vemcénttdtSept enber 2004

determined [sic] by means of the 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.),



- 24 which the solubility is to be determned. 10 ml of the solvent are.

then poured into the glass colum. The solutionis - ans of a
peristaltic punp. This determination is carried out éﬁ%ﬁtﬁeﬁﬁq{eﬁi} ature 5

(about 20C). The solubility is determ ned when the nmass concentration of
successive fractions withdrawn is constant . The determ nation of the mass
concentration is determned [sic] by neans of the HPLC met hod descri bed
10 bel ow. HPLC net hod: Equi prent HPLC system Hew ett Packard 1100;

det ector: Hewistra-mgspPutasr diDMD) sedinésavedouSol (imv.. )c.ollmmcafmteelgl

Nucl eosi | (r) g@;@lg‘?n&@lépabﬁc' Cl.r%c%hie aand RGN Gl Zearé‘25%c?l erred | .

manuf act ur er:_ Machet ey 0 Equi prent paranmeters: 1nj
15 Al flow Beven /- o@é’hiténﬁ\eraaémémaseatmve@ﬁgt rpappicwbar ky op

time: '15 mnpgéféﬁﬁ/@aapblle phase A: 970 ml of MIIli-Q-H20, 30 m of

acetonitri Ie ,ﬁz of trifluor acetlc d%d are m xed. The resultl ng pH
i s about 8o ﬁﬁ‘ﬁ’olugdﬁhﬁ%c%: MIPFVeREIOD 2760 FHitabl
acetonitri I e fod thel pofertariafdicer Ocaﬁed’iiﬁfaﬁeﬂtahamliﬁ(ismré&;d.onThﬁbﬁ%,U' ting

Pivent on cartBe carPidib o | ROk 11 AvSR o Sour ¢ aBPE FOPABept 14
active COWpOLﬁ?@%PeISEH-@@.%I e BB drliani gﬁnanlﬁmaan@m\efbmaovmdo ttHeei per son
skilled in preparation are known to the person skilled in the art.

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,



the art. Adm nistration can be carried out, for exanple, by injection.
Adm ni stration can be carried out, for exanple, pare ut aneous
(s.c.), 14 Septenber 2004 - 25 i nt ra-nuscul ar (1. qa%%@%%@%ﬁgggf(l V.),
buccal (e.g subl i ngual ) or rectal adnlnlstratlon are preferred here. Is.
and i.m Adnlnlstratlon are particularly,-preferred. 5 The conpounds
accordlng to the invention are suitable ?or the preparation of different
adm nistration forns, for exanple for |yophilizates, solutions or
suspensi ons. @ﬁ?%%ﬁlePEQﬁFﬁthhapﬁéﬁlﬁéﬂﬁs(Bﬁﬁ)t@ad‘1qnuhﬁueme&mmame known
to the per Sonoﬁkh‘fle}nadel nan:t %l@rferéﬂlﬁ%&tébééréé.@éf)' eBLS And, L{%

u

agents are, 8“% exa hexH%g such as mannitol, in partic
D-mannitol, L nRFF n&FOBIP RREMRFUre o oyl tion cin E@tBQﬁﬁﬂnWh@ D-
or L-altri tolare di tsalhjegtteri t olccandcofltteitall. Flﬁﬁ)ﬁi@ﬁl Oﬂsﬂ_fm&?étfi@xg out

accordingeto e n per for .e le b endi ng -
or |yophi |Z|€é}f§§g§dﬁg %95L§§% | F%gyélfspdtﬁg i%]%% %£

i nj ection soliepveduchipnf Gbrpdunesboaorsi mgntmoﬁaedrmiafn 1béC(It‘a’JﬁS:iImIIdl ng

20 to 0. 26-0. AfaRfEt at 9 wei ght of D-mannitol,
preferably Of%?%q%érts by %é?ﬁﬁq¢é}?%8§%%% case ased on Exanple 1, and
water for injection (for the preparation of the injection 'solutlon from
the lyophilizate). 25 Preparation: Dissolve 1.62 g of Exanple 1 in 30%
strength acetic acid (about 1.5 litres of water for injection .and 91.17 g
of acetic acid) Dilute the solution with 1.5 litres of water. Add 82.2 ¢

of mannitol, sterile filter, dispense into sterile 2 ml




30 injection vials under aseptic conditions and freeze dry. 1 ng of
-I'yophilizate of the conpound according to Exanple 1 i ' Jhe
conpounds according to the invention are suitable, Sg_ﬁfq'gp{egdxbgﬁg?% for the
treatment of nal J',gnant or non malignant hornone-dependent . di sorders, _such
as, for exan‘ﬂ?e {e¥eThe treat ment of‘_@ﬁea‘st car ci nonRCIFEP 0Ir/@7a%

carci noma, of endonmetriosis, of uterine myoma, 14 Septenber 2004 - 26
beni gn prost RateRpcfIaims a (BPH) and in the treatnent of female or nale
fertility disorders, for exanple for the prevention of premature ovul ation
in patients who are subjected to controlled ovarian stinulation" 5 :
fol | oned by ebg cefompamsimiofathhe asmempie fofimdssilst ed reproduction. The
treatments nmentioned can be carried out in mammals, in particular in
humans. 01/ 68676 Pat,ent aim 14 Septegber 2004 - 27 - PCI/EPO /02719
Conpoi t nds of - t he-%“mlawgmqa%&r%%w& X K A K REAS—
~X5_XXX6_XXk7_XX #fH YIxx 9_xxx~ a- NH2 (1) in which Ais an acetyl group,

16 Mx' i's D-Nal (2), Xxx2 is D-Cpa, X-00is D-Pal(3), x:~~is ser, Xxx5
is NNMe-Tyr, 15 XXXGis D-Citi or D[--N-4-(4- s
in which
A is an acetyl group,
10 xxx! is D-Nal(2),

Xxx? 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-TyrS-p- |
Lys (B)®-Nle’-Arg®-pro®-sarl®—nNH,. ‘
| or a salt with pharmaceutically 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)®-Nle’-arg®-Pro’-D-ala'®-Ni,, ‘



am di nophenyl ) -am no- 1, 4-di oxobutyl ] Lys (~abbreviation: D-Lys(B)), MXx7 is
Leu or Nle, YIXX8 is Arg or Lyp(iPr), 20 Xxx9 is Provggg%é r%dﬁs\] DAl a
or Sar, wth the proviso that if Xxx6 is D Lys(B), then >~7' TS Ne, if
Xxx~ is D-Ct, then Xx:~7 is Me and Xxx'-"Ois 25 D--.Ala, and -their
salts with pharmaceutically acceptable acids. 30 2. Conpound according to
Caim1 having the formula: AC/D-U ~l (2) 1-D-Cpa 2_DPal (3 )3

-Ser4_N _Me-Tyr'-D Lys (B) 6-Ne 7 -Argg-Rgo9-Sar' O-NH2 or a salt with
pharmaceutically acceptable acids 3 5 thereof. 3. Conpound according to
Caim1l1 having-the fornmula: Ac-D-Nal (2)L-D-Cpa_ 2 -D-Pal (3 )3 -Ser 4
“N-Me-. Tyr 5 -D LyS¥(B 82lf-mitly phapmprgutpealdy. @aqgeptadl sepradiser
2004 - 28 - or a sakhewkbli.pharmaceutically acceptabl e acids thereof. 4.
Conpound according to Claim1 having the fornula: 5 Ac-D-Nal (2)

1-D- Cpa2-D-Pal (3) 3-Ser4-N-Me-Tyr5_D Lys (B) 6-Ne7-Lys (iPr)

8- Pr 09- Sar 10- M2 ofompeuhé acthrghapgntoetiiadal [ly hacdepi altle fimsiat her eof .

-.10 5. Coppound aggcopdiiRe (9. Ghakmal havingtshe ferpula: . s
Ac- D- Nal ( 2) 1- D- Phe( 4- EPE”Z_ -(D-?,]P% ?‘%Qs g]%%}ﬁ‘llﬁ?l\}e %ﬁFS-HU[i“Ey%'Y(‘B)DG- N e7-Lys
(i Pr).8-Pro9- D Al alt¥s d¥le -daist{ifin) h-Brar ndeeut-MNdal | y accept abl e aci ds
- : 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



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-Cit g+ - -Pro
9-D-Ala'0-NH2 or a salt with pharmaceutically accept a%ﬁge%%g%% t her eof .
25. 1. Conpound according to Claim1 having the fornula; Ac-D Nal
(2)1--D-Cpa2-D-Pal (3) 3-Serd N-Me-Tyr5-D-Cit6- 30 Nle7-Lys (iPr)
8-Prds-D-Ala' 0O-NH2 or a salt with pharmaceutical |y acceptabl e acids _
thereof. 3.5 14 Septenber 2004 - 29 5_8z9Canpounds according to one of .
Caimlto 7, in, which the salt is an acetate, trifluoroacetate or
enbonate. 9. Conpounds according to one of Clains 1 to 8 for wuse in

t herapy.. 10- Pharnaceutical preparation, conprising at |least 10 one
conpound accor&h ng tecrmrrands @redurbing to o8 ofafdlatust awar y7vein cl es and

excipients. 11. Pr far t reparation,qf_ cor ds of. the 15 gener al
fornula | accordi ngrﬁtg%ﬁdtgﬁem%ela'ﬁdl%nggo %eﬁgﬁeﬁsr{g&tﬂuﬁrq%c?ﬁ% or
fragments from uni e8bonxkRi" provided wWith suitable protective groups, in
which mis an integer from1l to 10 and Xxx1 is acetylated, are

synt hesi zed on a SO'JE%u hase or in.. solution accqrding to customary

processes, thefr 20 t PaGITeRTSOHrEdl FRKEY 1 &19erP d pHase By for

use in therapy.

10. Pharmaceutical preparation, comprising at least
10 one compound according to one of Claims 1 to . g
’

and customary vehicles and excipients.

11, Process for the preparation of compounds of the
~general formula I according to Claim 1 and one of
15 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
2_0 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 soZ_Lid phase using customary

processes with amidation on the unit Xxx°.

25

12. 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

30 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.

35



segnent coupling and after conclusion of the coupling the conpounds of the
general fornmula | are renoved fromthe solid phase ugh@gpgﬁﬁkﬁ

processes with am dation on the unit Xxx10. 25 30 12 0 e conpounds
according to Clainms 1 to 8 for the manufacture of medi canent for the
treatment of hornone-dependent tunours or for non-nalignant indications
whose treat ment necessitates LH-RH hornone suppression, such as
endonetriosis, benign prostate hyperplasia (BPH or for the treatnent of.
femal e or nale fertility disorders, in-nafmals. 35 14 Septenber 2004 30 13.
Use according to claim 12, wherein the hornone-dependent tunour is
prostate carci noma, breast cancer or uterine myoma. 14. Use according to
claim12 or 1313_\Ahetn§é Bkl hind @Qb@héfe‘?ﬁ"ttﬁé hohﬁoﬁemégknde&é Process
for the production of a phar ceutical preparation cco |ng to C aim10,
wher e are | eadtimmng ig prostated-ancioomdi, brpasd canecradr utb@nesyoma 8 is i xed
with the customary vehicles and excipients and fornulated as a nedi canent.

14. Use according to claim 12 or 13, wherein the mammal to be freated

is a human.

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.



