The present .invention relates to novel peptides which inhibit the release
of gonadot:ropins by the pituitary gland in mamuals w t hout inducing
oedenmat ous reactions. In particular, the present invention relates to

anal ogues of the |uteinizing hornone rel easi ng hornmone (LHRH), which has
the follow ng structure 1 2 3 4 8% 6 7 8 9

p-d u-H s-Trp-Ser-Tyr-d % Leu-Arg-Pro-dy-[err], and salts thereof, and to
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potential LHRH antagonists. The nost eresting ntagohrsts ound to date
are conpoungg WABLB sFFEBFHPEers a nodification of the LHRH structure. The
first series of potent antagonrsts was obtarned by introducing aronmatic
am no acid residueg in_the_1- 2 pgéifrons or 2-, 3- and
6‘$dsrt|ons The ¢ npoands are4desérrbg a%tagonrsts obt ai ned by
t he repIacenentpoGluhH1sPTgpﬁ8bramynecayrneneArguEsomsly-mmpers in the
position indicated by the superscript nunbers. The known antagonists

i nclude: [ Ac- D-PhegerrLeD-[err]]LHRH (D.H Coy et al., in: Goss, E and
Mei enhof er , 2Dd &84 sePesanfr socplARBacentinal seompounds aandept i de
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For hore than 15 years, researchers have been looking for
selectively potent antagonists of the LHRH decapeptide
[M. Karten and J.E. Rivier, Endocrine Reviews, 7, 44-66
(1986)]. The great interest in such antagonists is based on
their usefulness in the fields of endocrinology,'gynaecology,
- contraception and'cancer. A large number of 6ompounds have

been prepared as potential LHRH antagonists. The most
interesting antagonists found to date are compounds whose

L_/ - structure is a modificatidn of the LHRH structure.

The first series of potent antagonists was obtained by

\,) - introducing aromatic amino acid residues in the 1-, 2-, 3-
and 6-positions or 2-, 3- and 6-positions. The compounds are
described as LHRH antagonists obtained by the replacement of
the original amino acid residues with others in the position
indicated by the superscrlpt numbers. The known antagonists
include:

[Ac-D—Phe(4-Cl)12 D-Trp>®]LHRH (D.H. Coy et al., in:
Gross, E. and Meienhofer, J. (eds), Peptides, Proceedings of
the 6th American Peptide Symposium, pp. 775-779, Pierce Chem.
Co., Rockville, Il., 1979); '

L]



2 [Ac-[err],D-Phe(4-C)[err],D-Nal [err]]LHRH (US patent no. 4,419, 347);
and [Ac- [err], D-Phe [err] ] LHRH (J.L. Pineda et al., J. din.

Endocrinol. Metab. 56, 420, 1983). The water solubility of the antagonists
was | ater increased by introducing basic am no acids, such as D-Arg, in the
6- posi ti on, exanples being [Ac-D Phe[err] 2] LHRH (ORG 30276) (D.H Coy
et al., Endocrlnolog%; 100 1445, 1982L and 36

[Ac-D-[err], D-[err], B¢E%S  B-FBrl f-FLifaP N 205 9FHRE (FS Rasent &o-a

in: Vickerydadig,jtﬁmxﬂandr J.J., Hafez, E.S.E. (eds), LHRH and Its

Anal ogs, pp. 11-22, MIP Press, Lancaster, UK, 1984). Such water-soluble
LHRH ant agoni sts mnth a basic_am no aC|d reS|due in the 6-position are al so
t he subj ect of Euroaﬁan-ﬁafﬁnf Rppihe C4tC ,81T8?3']LHBHbaS|C am no acids

bei ng D-Lys Ar g 0 Ar C ft r
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antagonlstslﬂq}ia.ba5|c amno acid residue in the 6-position and
preferably a basic am no aC|d resi due derived fromD-3-Pal in the
3-position. hese anal o .ot o% have .t he ex ect ed 'l\%{ ove.d wat el a

sokubi lity Bt HEESHY VAP aitagan

these extr ersy ylrpmmuquig/dmamta | anci reon s coiglsr,s sud.‘rh as M—g\ra)d iot H:ﬂre baS| C

si de chai ns d IPOSéﬁ 4 ansi ent oedema of the face and
extremties en adm ni st'er subcu% g]eously to rats in doses of 1.25 or

1.5 ng/ kg (F. Schmdt et al., Contraception, 29, 283, 1984; J.E. Myrgan et
al o Int. Archs. Al |ﬁ{cgygm(4J¢ﬁ’§ljm'l)3&-rp3p[)_Ar95'D_Ala10]LHRH (ORG-
N 30276) (D.H. Coy et al., Endocrinology, 100, 1445, 1982); and
[Ac-D-Nal(2)',D-Phe(4~F)2,D-Trp3,D-Arg®)LHRH (ORF
18260) (J.E. Rivier et al., in: Vickery B.H., Nestor, Jr.
J.J., Hafez, E.S.E. (eds), LHRH and Its Analogs, pp. 11-22,
MTP Press, Lancaster, UK, 1984).

Such water-soluble LHRH antagonists with a basic amino acid

residue in the 6-position are also the subject of European
‘ patent application 81 877, the basic amino acids being D-Lys,
Q_/ D-Arg, D-Orn, D-homo-Arg or D-His. Also, Zeitschrift fiir
Naturforschung, volume 426, 1987, pages 101 - 106, describes
LHRH antagonists with a basic amino acid residue in the
6-position and preferably a basic amino acid residue derived
from D-~3-Pal in the 3-position.

These analogues not only have the expected improved water
solubility but also showed an improved antagonistic activity.
However, these extremely potent, hydrophilic analogues with
D-Arg and other basic side chains in the 6-position cause
transient oedema of the face and extremities when
administered subcutaneously to rats in doses of 1.25 or

1.5 mg/kg (F. Schmidt et al., Contraception, 29, 283, 1984;
J.E. Morgan et al., Int. Archs. Allergy Appl. Immun. 80, 70
(1986)). Since the occurrence of oedematogenic effects after



(1986)). Since the occurrence of oedematogenic effects after . 3

adm rii strgtion of these antagonists to rats cast doubts on their safety for
use in humans and t hus del ayed the introduction of these drugs into
clinical use, it is desirable to provide antagonistic peptides which are
free of these side effects. The present invention relates to LHRH

ant 290 oL s il %S o | PTGuet ekl SO LY 200 o g atoggn ot 1
potency o Soe&fe g ese
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| wherein xd%m%ltgmmymgmaml@ftm peptidespwhiche@arenfmes oif

al i phati c OknaldeL WGldes SFR@| i c acids having 1 to 7 carbon atons, or a
carbanmoyl group, Rl is D or L-Pro, D or L-[err]-Pro, D-Phe, Dme4HU

DSer, D-Thr, D-Ala, D-Nal (1) or D-Nal (2), [err] is D-Phe or D-Phe(4-H),
[err] is Dﬁmn@ ﬂ@d@uhtlaﬂ¥ﬁdﬁﬁonI@d&ﬂﬂé@ ﬁm‘ﬂﬁﬂﬂahhﬁhgoh&stb wmﬂaﬂaﬁave
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synthesi zed fpedeN@dtif0hds are highly potent in inhibiting the release
of gonadotropins by the pituitary gland in mammals, including
humans.

The compounds of the present invention have formula I:
X-R'-R*-R*-Ser-Tyr-RS-Leu-Arg-Pro-R'’-NH, . I

wherein
X is an acyl group consisting of linear or branched chains of
aliphatic or alicyclic carboxylic acids having 1 to 7 carbon
atoms, or a carbamoyl group, '
U R' is D- or L-Pro, D- or L-A’-Pro, D-Phe, D-Phe(4-H1l), DSer,
D-Thr, D-Ala, D-Nal(l) or D-Nal(2),
R’ is D-Phe or D-Phe(4-Hl),
R is D-Trp, D-Phe, D-Pal(3), D-Nal(l) or D-Nal(2),
R® is D-cit, D-Hci, D-Cit(Q) or D-Hci(Q) and
R is Gly or D-Ala,
Hl being fluorine, chlorine or bromine and Q being C,-C;-
alkyl,
and pharmaceutically acceptable acid addition salts thereof.

The compounds of formula I are synthesized by the known
methods, for example purely by the solid-phase technique,
partially by the solid-phase technique or by the classical
coupling reactions in solution. The compounds of formula I
are preferably prepared by a known solid-phase technique.



met hods, for exanple purely by the solid-phase teehnique, partially by the
sol i d- phase technique or by the classical coupling reactions in solution.
The conpounds of forrmula | are preferably prepared by a known solid-phase

t echni que. 4 Such a nmethod provides internediate peptides or

I nternmedi ate peptide resins of formula Il:4[err]-Ser [err] -Tyr [err]
-Leu-Arg [e -Pro- [err er]

Il wherein R qhsaar"f‘ aatexmediate RRRtiASRCREJinksrRedinte
al i phatic opeyumaﬁckeslm&rhQbemmuand&.haV|ng 1 to 7 carbon atons
(especially acetyl), t-Boc, hydrogen or carbanmoyl, [err] is a protecting

group for the Ser _hydroxyl group (for exanple benzyl 2, 6-di chl or obenzyl),
[err] is a KsoRbR* R@-@m@ﬁb)Fﬁwrﬂﬂg)?&P-phunbr9¢xﬁwﬂhnxyl group (for
exanpl e bengyd_y.y80di chl or obenzyl, 2-chloro(2-bromo)- benzyl oxycarbory ,
benzyl oxycarbonyl), X8 is a protecting group for the Arg guani di no group
[err] Tos), X10 is a carrier resin containing benzhydryl or nethyl-

t[))_egﬁhzfgrﬁl) s bj}rié af &: or toi?p%a&ad%n'—liﬁééﬂ' &, bﬁl?di!@e%_ Ph
e er , or r S
D\ehe(4-H ) & Pﬁ%lﬁ B¥e albcﬂ 1(1§) c bﬂ&V%F&’ BF[@ Nla’f“(’%)’g fLe

iIs DG t, D7H©a,rblbrOatt(o@B despeddadQy acetyadnr,] tl-BoGI,yhydngAhaerl bei ng
quorine, cgggg&%ayyf br om ne. :
X4 is a protecting group for the Ser hydroxyl group (for

_ _ example benzyl, 2,6-dichlorobenzyl),

— X° is a proﬁecting group for the Tyr phenolic hydroxyl group
(for example benzyl, 2,6-dichlorobenzyl, 2-chloro(2-bromo)-
benzyloxycarbonyl, benzyloxycarbonyl),
x® is a protecting group for the Arg guanidino group (NO,,

Tos),
X" is a carrier resin containing benzhydryl or methyl-
benzhydryl groups,
R' is D- or L-Pro, D- or L-A’-Pro, D-Phe, D-Phe(4-Hl), D-Ser,
D-Thr, D-Ala, D-Nal{(l) or D-Nal(2),

U R? is D-Phe or D-Phe(4-H1),
R® is D-Trp, D-Phe, D-Pal(3), D-Nal(l) or D-Nal(2),

R* is D-cit, D-Hci, D-Cit(Q) or D-Hci(Q) and

R is Gly or D-Ala,

H1l being fluorine, chlorine or bromine.

One procedure consists for example in reacting a peptide of
formula II wherein R™ is D-Lys or D-Orn and X¢ is hydrogen
with a cyanate or a cyanate-providing compound (cyanate
source) to give a peptide of formula III:

X,-R'-R*-R3-Ser (X*) -Tyr (¥*) -R™-Leu-Arg (X®) -Pro-
R10_NH_x1 0 - III



One procedure consists for exanple in reacting a peptide of formula Il
wherein [err] is D-Lys or DOrn and [err] is hydrogen with a cyanate or a
cyanat e- provi di ng conmpound (cyanate source) to give a peptide of formula
I11: X -[err]-Ser[err]-Tyr [err]-Leu-Arg[err]-Pro- [err]-NH[err] _

1] 5 wherein [err] and [err] are as defined and [err] is Ct,
Hci, CGt(Q or Hei(Q. This reagtion is preferably carried out mhpn X1l is
acyl and al Whexeis: Ker Rl;diR?a_l g,X }ﬁ'r,ex_ﬁycpﬁaog&". apgi tblareamaletined and
ot assi um cvanat el and HoLauer ARl OE R e n CLe Thate) . The
pot assi um cyanat e ne qQwer a k$|socya _ :

pepti des of SFS?ﬁ"E%RiVI CEFé'l\éﬁePé‘Faﬁ Ns¥ntiR AR B e RAVPIRAT d- phase
t echni que. ¥hdiredst Xoare hiydrpgent.es or cyanate- providing conpounds is
carried out in solvents, preferably aprotic solvents such as aqueous DVF,

at tenperatures of between O and [err], preferably of between 0 and [e(r].
The progr esSudtapiles cyanatiesn ori cyanake-poavidingncoipénndsyareepailkiedit o

the corresppaghndcyahaldels ReRl dSampianpsaklYulCclRhiLpdahy KFELGwLR
.6 0.3

MeCN aqueous_ TFA systens by virtue of a characteristic 1hcrease o

nﬁnuteg in FHEY?ePéRFW@HaFFﬁe(HFGQPVAH&F°§MGHFB?)exaﬁbPePePFldeS of

Gt (et hyl)/ Forpalhy T ]?ebt biéefe@ahmgr S?nglhébihbe B?lrtﬁépﬁﬁéwﬁgsé)ltﬂé!-ysd
eptides. Pegptide .ormul a erein I $,aNn_ac roup are optaine
gipectly bysg%%gvgﬁgkgﬁauﬁépr3%@CFF8H¥6PntWétﬁn?¥?ﬁﬁﬁgﬁt8 pEpEPAESTesi ns of
formula || RAeVéAANDecompounds deylcayried entl inrsdlvents(i prefetiably
D-Gt(Q oraprbelitQso17eRtsd8hch’ as agqueous DMF, at temperatures of

~ between 0 and 50°C, preferably of between 0 and 25°C.

The progress of this reaction, i.e. the conversion of Orn/Lys
peptides to the corresponding Cit/Hci peptides, can easily be
followed by HPLC in MeCN/aqueous TFA systems by virtue of a
characteristic increase of 2.6 + 0.3 minutes in the retention
time of Cit/Hci and for example Cit(ethyl) /Hci(ethyl)
peptides compared with the corresponding Orn/Lys peptides.

\_/ Peptides of formula I wherein X is an acyl group are obtained
directly by cleavage and deprotection of the intermediate
peptide resins of formula II wherein X, is an acyl group and

w R" is D-cit, D-Hci, D-Cit(Q) or D-Hci(Q). Peptides of

formula I wherein X is a carbamoyl group are obtained from

peptide resins of formula II wherein X, is hydrogen or Boc by
cleavage and deprotection followed by carbamoylation.

A gonadotropin-antagonizing pharmaceutical composition is
provided by mixing the compound of formula I with a
pharmaceutically acceptable excipient, including microspheres
for delayed release.

There is also provided a method of alleviating complications
arising from the physiological availability, from the .



formula | wherein X is a carbanoyl group are obtained from peptide resins
of fermula Il wherein [err] is hydrogen or Boc by cl eavage and deprotection
fol |l owed by carbanoyl ati on. A gonadotropi n-ant agoni zi ng phar maceuti cal
conposition is provided by mxing the compound of formula | with a
pharmaceutical |y acceptabl e excipient, i n€l udi ng nicrospheres for del ayed

rel ease. There |s al so $ vided a thod of aIIeV|§% Q%]c i cations
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in manmal s, ex¢essoofit thef dgeinedt anpunt, | vhisk etavolves cadesn isteningnto
whi ch i nvol yeg, nj Sﬁé&&{-%i‘n%oﬁlﬂm&d&%é&%f‘ amﬁa&a% g gese

of the conpoun for e nonencl ature”used to define the peptides
conf orns tof@ﬁﬁﬁl%pEC|f|ed by the | UPAC-1UB Conmi ssi on on Bi ochem cal
Nonencl ature (European J. Biochem, 1984, 138, 9-37), mhereln in

accordance with the c onmar t th t.th
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3- (naphth 2eypresaponerndButd), amino acids" is generally used to mean
[ naturally occurring amino acids found in proteins, which
comprise Gly, 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 name of the amino acid and are Ala,
alanine; Arg, arginine; Cit, citrulline; Gly, glycine; Hci,
homocitrulline; Leu, leucine; Lys, lysine; Pal(3), 3-(pyrid-
3-yl)alanine; Nal(2), 3-(naphth-2-yl)alanine; Nal(1l),
3-(naphth-1-yl)alanine; Orn, ornithine; Phe, phenylalanine;
LJ, Phe(4-Cl), 4-chlorophenylalanine; Phe(4-F), 4-fluorophenyl-
alanine; Pro, proline; Ser, serine; Trp, tryptophan; and Tyr,
tyrosine. All the amino acids described here are derived
from the L series, unless stated otherwise; for example,
D-Trp is D-tryptophan and D-Nal(2) is 3-(naphth-2-yl)-D-
alanine. D=-Cit(Q) or D-Hci(Q) indicates that one H atom of
the amino group of the ureido moiety of the citrulline
(homocitrulline) is substituted by the alkyl group Q.

Other abbreviations used are:

AcOH acetic acid
AcOEt ethyl acetate
Ac,0 acetic anhydride

Boc- tert-butoxycarbonyl-



3- (napht h-1-yl)al anine; Orn, ornithine; Phe, phenylal anine Phe(4-Q),

4- chl*or ophenyl al ani ne; Phe(4-F), 4-fluorophenyl- al anine; Pro, proline;
Ser, serine; Trp, tryptophan; and Tyr, tyrosine. Al the am no acids
described here are derived fromthe L series, unless stated otherw se; for
exanple, D-Trp is D-tryptophan and D-NaI(2) 1s 3-(naphth-2-yl)-D al anine.
DCt(Q- or D-|-|CI§:FQI) I ndi cates that one atomof the am no group of the
ur ei do noi ety of PEfe C|truFPFﬁ@PfﬂBXBE?FPﬂ@+¥Hé§e|s substituted by the

al kyl group Q OCphen abbr eNj, Ht-d9isopsepy hethy Pakihe acetic acid AcCEt

S Dlc " G BliFopy ! car BRHPERPRESEIEATE S\ \\ i i Sopr opyl et hyl ani he DVF

di met hyl f or mami dBOBEBt -hydydxwkgbmueﬁetatakel kyfivatat e HPLC hi gh
Priothyl ant ne Dare ™ ﬁﬁ@?‘o%"é%%‘éa?b%,g"f*'?n%‘éﬁ*%%gﬁﬁ%%et onitrile
| pOH i sopr o}§&RB Z(2 @PFhlea fPBPLbenzyl oxycar bonyl DCB
2,6-dich|orobenzmhATos trigthphamireul phonyl TFA trifluoroacetic
aCId DCC dicyclohexylcarbodiimide
MeCN acetonitrile
IpOH isopropanol
Z(2-Cl) 2-chlorobenzyloxycarbonyl
: DCB 2,6-dichlorobenzyl
— Tos p-toluenesulphonyl
TFA trifluoroacetic acid
Z benzyloxycarbonyl

Particularly preferred LHRH analogues of formula I are those
wherein:

X is acetyl or carbamoyl,

R!' is D-Phe(4-Cl), D-Nal(2), Pro or D-Phe,
\_ R? is D-Phe(4-Cl) or D-Phe(4-F),

R} is D-Trp or D-Pal(3),

R® is D-Cit, D-Hci, D-Cit(ethyl) or D-Hci(ethyl) and
U R is D-Ala.

The peptides according to the invention are prepared by
fragment condensation of corresponding peptide fragments, as
conventionally used in peptide chemistry, or by stepwise
synthesis as conventionally used in peptide chemistry, or by
converting the free amino group of D-Orn or D-Lys, in a
peptide of formula I wherein R® is D-Orn or D-Lys, to the
ureido group by reaction with an alkali metal cyanate or a
cyanate-providing compound or a C,~C;-alkyl isocyanate, and
optionally the peptides obtained are acylated and/or



Z benzyl oxycar bonyl Particularly preferred LHRH anal ogues of
formula | ;are those wherein: X is acetyl or carbamoyl, [err] is
D-Phe(4-C), D-Nal(2), Pro or DPhe, [err] is D-Phe(4-C) or D Phe(4-F),
[err] is DTrp or D-Pal (3), [err] is DCt, DHci, DGCt(ethyl) or

D-Hci (ethyl) and [err] is D-Ala. The pept®des according to the invention
are prepared by fragnment condensation_of correspondi ng peptide fragnents,
as convent|Qﬁ%ﬁ?§tﬂgeﬁ°lﬁhﬁeﬁwiﬁﬁscﬁﬁﬂ1€PF§°n%4 pyeERFed &9nt hesis as
convent i onaphysicEegitapept adeepbabBlet a¥idosabysconverting the free am no
group of D-On or D-Lys, in a peptide of formula |I wherein [err] is D-QOn
or D-Lys, to the ureido group by reaction with an alkali netal cyanate or a
cyanate-prdﬁhdisgepuﬁpeuaﬁnbheaigeis]earkyédiewtyﬁmaiexamp&bcmwi@nalIy t he

pepti des Ob% Eééu %h%ﬁd §PQ£9¥ the c&Pﬂaﬁ-Téi?%%r?%ﬁfeaﬂﬂ escqd

optionally onvert SIO ogli cally accept salts he stepw se
synthesis i$ X%%F?eﬂroﬂra¥BP1§§aﬁﬁlEhﬁyaﬂlﬁ?%cﬁkﬁﬁ%9$f1W%ﬁ%ﬁl?W%%?I?r?ﬁﬁ
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a-am no protecting groug
obtained in this way, the a-amino protectlng group of this

second amino acid is then cleaved in turn, the next amino

— acid is bonded thereto and the remaining amino acids of the
peptide to be synthesized are linked stepwise in this way in
the correct sequence and, after all the amino acids have'been
linked, the finished peptide according to Claim .l is cleaved
from the carrier and optionally other side-group protecting
groups present are cleaved.

For the fragment coupling reaction, it is preferable to use
the azide coupling reaction, which proceeds without
U racemization, or the dicyclohexylcarbodiimide/l-hydroxy-
benzotriazole or DCC/3-hydroxy-4-oxo-3,4-dihydro-1,2,3-
benzotriazine method. It is also possible to use activated
o esters of fragments. (DCC = dicyclohexylcarbodiimide)

Activated esters of benzYloxycarbonylamino acids, for example
N-hydroxysuccinimide esters or 2,4,5-trichlorophenyl esters
and 4-nitrophenyl esters, are particularly suitable for the
stepwise condensation of amino acids. The aminolysis of the
last two active esters can be catalyzed very well by
N-hydroxyl compounds possessing approximately the acidity of
acetic acid, for example 1l-hydroxybenzotriazole.

Possible intermediate amino protecting groups are groups
which can be cleaved by hydrogenation, for example the



second amno acid is then cleaved in turn, the next am no acid is bonded
thereto and the remai ning am no acids of the peptide to be synthesized are
linked stepwise in this way in the correct sequence and, after all the
amno aci ds have been |inked, the finished peptide according to Caim1lis
cleaved fromthe carrier and optionally oPher side-group protecting groups
present are cleaved. For the fragnment coupling reaction, it is preferable

to use the REAHELVBNFATRRNY LIAHFAL WT ch ekl 1 greuRIcdrciat¢am, or
DY 3- hy 1 oy e e Bt i o3 o ke 2y (Beishenyl)y
DCC/ 3- hydr oxy- 4- 0x0- 3, 4-di r o- - nzotriazine nethod. |
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di cycl ohexyisepinpbiycaionyl inedisch st ers of benzyl oxycar bonyl ami no aci ds
for exanpl e N hydroxysuccinimde esters or 2,4,5-trichlorophenyl esters and

4-nitrophenyl esters, are particularly suitable for the stepw se
condensat i OPSSEERAS A FMAengAL ion FRactioniis rayrind tWE dni ve esters

can be cat alystashaef ymaredr by Nyihaxdd SR il eSS dih Riihd mat el y
the acidity of. acetic acid, for, ex é:hgfh dr oxypenzotri azol €. Possi bl e
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i sopr opoxy ddr drAteckrd Aminnacidsdommensidehisataved Yaddlet ilon is carried
out in custsyfentEoriel tdmset hesis fromthe correspondi ng am no
N\,
This synthesis is carried out for example in the manner
conventionally used for this purpose, from the corresponding
protected amino acids, by a procedure in which firstly the
carboxy-terminal amino acid of the peptide to be synthesized,
whose amino group in the a-position is protected, is
covalently bonded to a synthetic carrier conventionally used
for this purpose, the a-amino protecting group is cleaved,
the next protected amino acid is bonded via its carboxyl
\_ group to the free amino group obtained in this way, the
a-amino protecting group of this second amino acid is then
. cleaved in turn, the next amino acid is bonded thereto and
the remaining amino acids of the peptide to be synthesized
are linked stepwise in this way in the correct sequence and,
after all the amino acids have been linked, the finished
peptide is cleaved from the carrier and optionally other
side-group protecting groups present are cleaved.

The reaction for linking the amino acids take place in the
temperature range of 10 - 40°C, preferably 20 - 30°C,
optionally in an inert solvent or suspending agent
-conveptionally used for this purpose (for example
dichloromethane), it optionally being possible to add up to
20% of dimethylformamide in order to improve the solubility.



acids, which are optionally protected in conventional manner. It is also
posstbl e to use automatic peptide synthesizers, for exanple the Becknan
nodel 990 peptide synthesizer, with the protected am no acids commercially
avail abl e in conventional manner. This synthesis is carried out for exanple
in the manner conventionally used for thil® purpose, fromthe corresponding
protected amno acids, by a procedure in which firstly the carboxy-term nal
am no aci d i taRLp PRt IC pRariRn ot taniah gure Evnihejtioupa lynds,
onvent | onal T e T e B o o pin =
conventi ona se r | S. purpose, - -
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the free aminvinylenzéne) nedExamples d!;axsujtﬁ”ab]ﬁet qmdﬁiédtﬂiﬁige@ﬁdigqsgrﬂ_liﬂﬂ of
this secon 1.00: aci d 1 VE furn next .amno acid is
bonded the%ﬁ%ﬁh%é%?ﬁ?n@%ﬁna 0 éalJ{(:}'ilc?g1 §Fs hq:z"epg-‘peﬁtdear[yo be

synt hesi zedUHrAxYankenyt qpopwr, | prrbokengoxy gndup cor estbakeqneice and,

after all iy (SpREoSeL AP BED didtkeib- 118 JMitaiRhIBRN 48 d kol eaved
fromthe carritﬁelfng%i 0 tiorn%‘jl ot heé si_de- grour§if protecting groupsl present

ake cl eaved™ BRFR £ATTLN Tt IvongarpHe AUy Althalydkaasiinad i n t he
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synt heti Cc GAgH&y VB dtfafdfl .Sy'ﬁé?éxiéh&éoli%ﬁ%’o made in this

~/ connection to the book by Jesse P. Greenstein and Milton

Winitz, Chemistry of Amino Acids, New York 1961, John Wiley
and Sons, Inc., volume 2, for example page 883 et seq., and
The Peptides, volume 2, ed. E. Gross and J. Meienhofer,
Academic Press, New York, Tables III and IV. In principle,
these protecting groups are also suitable for protecting
other functional side groups (OH groups, NH, groups) of the
relevant amino acids.

; Hydroxyl groups present (serine, threonine) are preferably
protected by benzyl groups and similar groups. Other aminc
groups not in the a-position (for example amino groups in the

w w-position; guanidino group of arginine) are preferably
protected by nitro groups.

The individual amino acids are linked together by the methods
conventionally used for this purpose, the following being
particularly suitable:
symmetrical anhydride method (in the presence of
dicyclohexylcarbodiimide),
carbodiimide method and
carbodiimide/hydroxybenzotriazole method (see The
Peptides, volume 2, ed. E. Gross and J. Meienhofer).



for exanple swellable polystyrene resin in bead form (such as a

chl oronet hyl at ed copol ynmer of polystyrene and 1% of divi nyl benzene).
Exanpl es of suitable protecting groups for the am no groups in the
a-position are the tertiary butoxycarbonyl group, carbobenzoxy group or
car bobenzthio group (optionally with a p-darono- or p-nitro-benzyl radical
in each case), trifluoroacetyl group, phthalyl radical,

o-nit ropheﬁ@)@mmdlgkmﬁﬁ nethad mqurammmmmrodwm@mp, benzyl
group, benzaﬁ irhe adrfa Sehs ted gl imi ddn ;ﬁﬁ%@&ﬁdd&ﬁ&d&@@ﬂwﬁd is

p- ni tro-benz radi.cal er henyl et IadIC erence I s al so
b o e e e Fhoking adarbgd AT Vighe
Wlni tz, Ch@apttic;e@,f vollunee Ax) osd. Newcdmés el J.Jeidhofergnd Stes, Inc.,
vol une 2, p e e , . E
G oss and é@r?é?el ‘?Igi‘ég’ﬁ i én %éisd@@ % odr k?#aeg]%%aﬁ\ﬂ HHag%éizlf\ﬁdl n
prlnC|pIe,thﬂﬁntnﬂxnamznqmp§ﬁ¢Mps are also suitable for protecting other
functional side groups (OH groups, NH2 groups) of the relevant am no aci ds.
Hydr oxyl group resent (serine, threonine) are preferably protected by
benzy! grOLR%P’éﬂ*f-ge%l#ﬁq’%dm%M Claimrl shereip RipdsnBrorn PReDalyssi ti on
(for ex?mol ﬁmm@rngmgeriﬂé Peowmlﬁeﬁﬁllmagﬂﬁh g:yagfaam Qs‘arar% ni ne)
are prefera rotecte ro e_indivi no .aci ds are
ket og R TRASA T RIS JBh e | ST P et S R se, the
follomnnglﬁmdmquad|mxnbyI@ragmentn@pndgnsﬁnxomaJ anhydrlde met hod (in the

presence of dicycl ohexyl carbodiim de), carbodiimde nmethod and

rbod||n1de/hydrox benzotriazol e nethod (see The Peptides, volune 2, ed.
oss arithen pap eagcordlng to the invention are prepared wherein

R® is cit(Q) or Hci(Q), the peptide synthesis is generally
carried out using the corresponding Cit or Hci substituted on
the terminal ureido group by the alkyl group Q.

The conversion of the peptides I to their acid addition salts
can be effected by reacting said peptides with acids in a
manner known per se. Conversely, the free peptides can be
liberated by reacting their acid addition salts with bases.

N
Thus the preparative methods are for example exclusively
solid-phase techniques, partially solid-phase techniques,
w fragment condensation or classical solution-phase synthesis.

(See M. Bodanszky, "Principles of Peptide Synthesis",
Springer-Verlag, 1984.)

For example, the methods of exclusively solid-phase synthesis
are described in the textbook "Solid Phase Peptide
Synthesis", J.M. Stewart and J.D. Young, Pierce Chem.
Company, Rockford, Ill., 1984 (2nd edition), and by G. Barany
and R.B. Merrifield, "The Peptides", ch. 1, pp. 1-285, 1979,
Academic Press, Inc.



The carbodiimde nethod is preferably used for |inking arginine and the
car bodi i m de/ hydr oxybenzotri azole nmethod is preferably used for I|inking
asparagi ne and gl utam ne (see The Peptides, volune 2, ed. E. Goss and J.
Mei enhofer). The symmetrical or m xed anhydride nmethod is generally used
for the other am no acids. Peptides accml%l ng to Clai m 1 wherein [err] is
D-On or (.St nat eri al for t.he reac at.e an be
pr epar ed férl\éﬁﬁ? %Estf&q{tﬂeorbtérm éslﬁed'ts ﬁﬁ%&ie‘a‘?
fragment cdnertsiste dme‘deiexpehm mmm@mumwebhms @rf manlc

prepared wigy,
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| to their sAGittqgadd ! icdrniadly.s can be effected by reacting said peptides
with acids in a manner known per se. Conversely, the free peptides can be

| i berated by reacting their acid addition salts with bases. Thus the
preparat | v@rmetdmdmrarﬂeaftmreeﬂﬂwke@nﬂ:esdsy isoltihatp ehee reactiveues,
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Synt hesi s", J. M Stewart and J.D.. Youn Pi erce Che Conpany, Rockford,
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Pepti des", ctimmoh figatur?&GE st syiessc JBQ‘.S& pridtection of an

- alpha-amino group on an amino acid or a fragment while that

entity reacts at the carboxyl group, after which the alpha-
amino protecting groups are selectively removed in order to
allow the subsequent reaction to take place at this site.
Accordingly, yet another common feature of such syntheses is
to prepare, as a synthesis step, an intermediate which
comprises each of the amino acid residues and is located in
its desired sequence in the peptide chain, the side-chain
protecting groups being attached to the appropriate residues.

The methods of the present invention can be carried out using
a large number of support phases. These support phases can
U be for example resins such as benzhydrylamine resins

(appropriately 2% crosslinked), p-methylbenzhydrylamine
resins (appropriately 2% crosslinked) or the like.

In formula II:

R', R? and R® are described in greater detail above.

X, is hydrogen or an acyl group derived from linear or
branched chains of aliphatic or alicyclic carboxylic acids

having 1 to 7 carbon atoms, or an alpha-amino protecting
group. The alpha-amino protecting groups provided by X, are



12 C assical solution synthesis is described in detail in the treatise

"Met hoden.der Organi schen Chem e (Methods of Organic Chem stry)
(Houben-Weyl ), Synthese von Peptiden (Peptide Synthesis)", E. Winsch
(editor) (1974), Georg Thieme Verlag, Stuttgart, Germany. One conmon
feature of such syntheses is that the redctive side-chain functional groups
of the variqus am. np acid resjdues are protected by suitable protectin
groups whi ct _%‘FIW%%Qe‘?’EeaW‘EL%ﬁ]I‘E%Vnr i e 1% %&ﬁjrtrl}%g‘“gﬁ % st}é‘?te
until the gstepwise ubyntinéeiy oL£NPYEgpeptideder & ludaiyiale thopdarieanyl €
of such syn ' h ' f I - am r QuUp. on_ an ] ho
acid or a f&éggréﬁtégm# P%u?%%géé%l&?}gfrg%g?)g lg%?tkﬁee ngeg"r oo%y d garn(')cﬂn , aéz;pf? er
whi ch the atl#ssesndfhicalpbacaning protgsting awduns iwkich aamveal usedraer
to allow the subsequent reaction to take place at this site. Accordingly,
yet anot her ‘Common feature of such syntheses is to prepare, as a synthesis
step, an internediate which conprises each of the am no acid residues and

i s | ocat ed X*n ciains bde sin' ed:;&exp#&m iprﬁﬂwtﬂe@t igtteuph &b, thbehyiiﬁe:xqflaihn
protecting gr s bel C t.he rapriat i dues.. -The .nme S
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phases. ThetRCBuppdFhe phrefercead bprotertxangpteup ess Bzlsuch as
benzhydryl am ne resins (appropriately 2% crosslinked),

p- met hyl benzhydryl am ne resins (appropriately 2% crosslinked) or the Iike.
In formul a ¥1 carehg an aApprohniatgy Prefecbipsd Ireugr égrethgePhenodisve.

[e.rr] I s hysl @eeEy DI gPSupCot ByPUPFERr dxRRbid 0821 ) Neargz and 2, 6-
-/ dichlorobenzyl (DCB). The preferred protecting group is DCB.

X® is an appropriate protecting group for the side-chain amino
group of Lys or Orn. Examples of appropriate side-chain
amino protecting groups are benzyloxycarbonyl (2) and
2-chlorobenzyloxycarbonyl [Z(2-Cl)].

x® is an appropriate protecting group for the guanidino group
of Arg, for example nitro, Tos, methyl(t-butylbenz)sulphonyl

U or 4-methoxy-2,3,6-trimethylbenzsulphonyl; the preferred
group is Tos.

X' is a benzhydryl or methylbenzhydryl group protecting the
amide group, which is incorporated in a carrier resin
conventionally used for this purpose (for example 98%
styrene/2% divinylbenzene copolymer containing benz-
hydrylamine or methylbenzhydrylamine groups).

The choice of side-chain amiﬁé'protecting group is not
critical, although it is general practice to select one which
is not removed in the course of removal of the alpha-amino
protecting groups during the synthesis.



branched chains of aliphatic or alicyclic carboxylic acids having 1 to 7
carbon atons, or an al pha-am no protecting group. The al pha-am no
protecting groups provided by [err] are 13 those which are well known
fromthe state of the art for the stepw se synthesis of pol ypeptides.
Fluorenylnethoxycarbonyl (Froc) or t- but ok§car bonyl (Boc) may be nentioned
anong t he cgﬁsses alp ?n1no rotectlng Srou s whi ch can be qged as
[err]. X4 cah®bBeR lgﬁﬁr8g FEulaof RF e R gPBERAr EFOR nEnheERrediatyr oup of
Ser, for expeptédbeneglingBaf) fariulabili bl methoas ykné®eBiromhener etgeteed
protectlng gEOHRel B2l - X5 can be an appropriate protecting group for the
phenol i c hydroxyﬁ group of Tyr, for exanple Bzl, 2- Br-Z and 2, 6-

di chl orobenzyl (DCB). The preferred protecting group is DCB. X6 is an
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am no prot eméang gfosf amid@€tbond. Such carrier resins are generally
(N available commercially and are generally used when the _
desired polypeptide to be synthesized has an a-carboxamide at
the C terminus.

In one embodiment of the synthesis, the primary amino group
of Gly or D-Ala is protected by a t-butoxycarbonylating
reagent and the coupling reaction is carried out using any
one of the known dialkylcarbodiimide coupling methods.

U The choice of an appropriate coupling reagent is known to
those skilled in the art. A particularly appropriate
coupling reagent is N,N’-diisopropylcarbodiimide (DIC).

Activating reagents and their use in peptide coupling are
described in M. BodanszKky, "Principles of Peptide Synthesis",
Springer-Verlag, 1984.

Each protected amino acid or amino acid sequence is
introduced into the solid-phase reactor in approximately two-
fold excess and the coupling reaction can be carried out in a
medium of DMF:CH,Cl, (1:1) or in CH,Cl, alone. In cases where
incomplete coupling occurs, the coupling process is repeated
before the alpﬁa-amino protecting group is removed prior to
coupling with the next amino acid. The success of the



critical, although it is general practice to select one which is not
renmoved in the course of renoval of the al pha-am no protecting groups
during the synthesis. 14 The peptides of fornula | are prepared from
internedi ate peptide resins of fornmula Il by nmethods known fromthe state
of the art. The solid-phase synthesis of 1he internediate peptide resins of
formula Il is carried out .essentially as described by Merrifield, J. Am
Chem Soc.,c®8¥Plingoregctionsnt sarhgstaggsef sthensgnthesdsnisat t he
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am no acid %%nBﬁFﬁo aThg ipseEmedinte PePtlde can be removed from the
carrier resin by treatment with a reagent, for example liquid

- hydrogen fluoride, which not only cleaves the peptide from
the resin but also cleaves all other side-chain protecting
groups X%, X°, x8, X" and, if present, X5.

If hydrogen fluoride is used as the cleaving reagent, anisole
or m-cresol or, if desired, methyl ethyl sulphide is present
as a scavenger in the reaction tube.

The conversion of peptides II wherein R'® is D-Lys or D-Orn
U and X® is hydrogen to peptides I by means of cyanate is
described on the preceding pages. '

w When acylation is omitted, treatment of peptide resins of
formula II with hydrogen fluoride yields decapeptides which
have free omega-amino and/or alpha-amino groups and have
formula II wherein X,, X%, ¥°, X8, X" and, if present, X% are
hydrogen. These free peptides are converted to peptides of
formula I wherein X is a carbamoyl group by treatment with
cyanate, appropriately an alkali metal cyanate and preferably
potassium cyanate. The last-mentioned reactidn, i.e. the
conversion of H,N to H,N-CO-NH at the amino terminus of the
peptides and the conversion of Orn/Lys residues to Cit/Hci
residues, can easily be observed by HPLC using MeCN/aqueous
TFA systems by virtue of a characteristic increase of 2-3



introduced into the solid-phase reactor in approximately two- fold excess
and the coupling reaction can be carried out in a nediumof DVMF:.[err] (1:1)
or in [err] alone. In cases where inconplete coupling occurs, the coupling
process is repeated before the al pha-am no protecting group is renoved
prior to coupling with the next amino actfl. The success of the 15

coupling reaction at ch stage .of the synthesis is ref bl.Ly ch ed by
CheP i nhy uPaRuESS. 2ho ERS) r2k3RE 10, ¥ iReR) Ot EReo pazpRney Thaq! pEBESAREM
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desired, &f i nar cacyl s carri usi ngZa opriate acyl
anhydride or acid chlorlde in 50- fold excess in a halogenated hydr ocar bon
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The |nterned|ate peptide can be renoveéd. fromthe carriei resin t reat ment
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et hyl sul pregeviad pfepenteaslagsgawemger in the reaction tube. The
conversion of peptides Il wherein [err] is D-Lys or D-On and [err] i
hydrogen to _peptides | by nmeans of anate is described on the precedlng
pages. WheAlkbpughi an excdisivedy ﬁPé&@ﬁPH?SGfSﬁéﬁbﬁéésré§ﬂn§ partdahlya |

W th hydr ogen iti-pakisde synthds ideeapeplel dompdindl of formula I have been
N\ described here, the compounds can also be prepared by means
of classical solution-phase methods.

The synthetic peptides prepared as described in the Examples

are compared with two of the most potent LHRH antagonists

recently described, namely [Ac-D-Phe(4-Cl)':2,D-Trp*, D-Arg®,

D-Ala'®JLHRH (ORG-30276) (Coy et al., Endocrinology, 100,

1445, 1982) and [Ac-D-Nal(2)',D-Phe(4-F)2%,D-Trp>, D-Arg®]LHRH

(ORF 18260) (Rivier et al., in: Vickery, B.H., Nestor, Jr.,
\,/ J.J., Hafez, E.S.E. (eds), "LHRH and Its Analogs", pp. 11-22,
MTP Press, Lancaster, UK, 1984), and it was found that they
exhibited similarly high inhibitory effects both in vitro and
in vivo, but that, in contrast to the control peptides, they
showed no oedematous effects in vivo.

The hormonal activities in vitro were compared with
superfused cell systems of the rat pituitary gland (S. Vigh
and A.V. Schally, Peptides, 5th suppl. 1: 241~ 247, 1984), in
which the activity of LHRH (and other releasing hormones) can
be accurately established since the amount of LH (or other
pituitary hormones) secreted into the effluent medium is not
only proportional to the hormone-releasing potency of the
peptides used, but also easily measurable with the aid of
well-described radioimmunoassays.



have free onega-am no and/ or al pha-am no groups and have forrmula Il wherein
[err]: and, if present, [err] are hydrogen. These free peptides are
converted to peptides of formula | wherein X is a carbanoyl group by
treatment with cyanate, appropriately an alkali metal cyanate and
preferably potassiumcyanate. The |ast- nEht i oned reacti on, |.e. t he
conversi on of HZP to,H2ZN-CO- NH at the _am no term nus of the epti des and
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by cl eavagebetd pbptiaaa\d/af eﬁeppiaiélséﬁt nlﬂnﬁé@ﬁpén &hatha&@h Fh:élfl?ﬁﬁéém vely
sol i d- phase esi s, an partia SO ase synthesis o e
cokpbunds d?é¥§§§ﬁ?awpeﬂa bgﬁii ?%eﬁg gb% rahPEorbbargsItandaiso be
pr epar ed bypneaneubatedawsthahntagumisnspﬂasegnmiﬂmHSS The synthetic
pepti des prepared as described in the Exanples are conpared with two of the
- nost potent LHRH antagoni sts recently described, nanely
[ Ac-D-Phe(4-C)1,2,DTrp3, DArg6, DA aferr]LHRH (ORG 30276) (Coy et al.
Thp ot [ o, al Mo (s, aﬁ@ﬁ&uﬁa%l?n 1T (© ORF iszeoz ((‘Rl videathiey
err err err]

[ Q"'J}cke£y£: éP?F Ré§to¥°m§L 1=23, 975' -H. Coy e

Endocrlnology, 100, 1445, 1982), it was again found that the

peptides according to the invention have approximately the

same activity as the control antagonist, i.e. 87.5 - 100%
inhibition of ovulation can be observed for each peptide with
a subcutaneously administered dose of 1-3 ug/rat.

In the oedema test of Schmidt et al. (Contraception, 29, 283-
289, 1984), however, a marked difference could be found

\,/ between the control peptides and the peptides according to
the invention. When administered subcutaneously to rats in
doses of 1.25 or 1.5 mg/kg, the control peptides induce

\;? oedema of the face and extremities. No such reaction could
be observed when the peptides according to the invention were
administered subcutaneously in a dose of 1.5 mg/kg.

In the tests performed, the rats were divided up into three
groups of five rats per group and per compound tested. A
comparison was made with a known compound from the state of
the art having the designation ORG 30276 (N-Ac-D-p-Cl-
Phe'-2, D-Trp3, D-arg®, D-Ala'?) .

The groups were injected subcutaneously once a day on two
consecutive days with LHRH antagonists in a dose of



J.J., Hafez, E.S.E. (eds), "LHRH and Its Anal ogs", pp. 11-22, MIP Press,
Lancaster, UK, 1984), and it was found that they exhibited simlarly high
dinhibitory effects both in vitro and in vivo, but that, in contrast to the
control peptides, they showed no oedematous effects in vivo. The hornonal
activities in vitro were conpared with sdferfused cell systems of the rat

ituit | and .. Vigh A.V. Schally, .Peptid .ot h |, 1. .241-
a7, 1054 1-BamRelr « Ao SRR WEORH Y daceRok LD B3ARRgt S Sies)
can be acchhat elatsecsieadd icksEi v doxt e homrsnipert dakl. ( oThet resppnseist afy
h i t fds ' IS Rat ' th
Por Mone- 1 ol fs Fast, Sizs, IR MR ad R 100} R, pOOpLpRERRY, Holings), | o°
with the aid of well-described radi oi nmunoassays. 17 To determ ne the

potency of pRh palftiaanta@puride: Beden 9. AHeinaisad b8 bERENARad @RSt
concentratggpgﬁé_uall 1 nM and the.%ftagggéiﬁllg varyl ng %%ncen r.ations
are used f & &n faFy &edeay CRESPALONS EEGFER 4GSy of
antagonist to LHRH at which the action of the LHRH is conpl etely bl ocked.
These rati a jmt rs ent i of the present invention
and/the re eree%%es%%%%)i)gﬁ (%%lr? d;légﬁa%s?%slt&ekggg the rat pituitary gl and
is preincubated with antagonists for 9 mnutes. In an in vivo antiovul ation
test (A. Corbin and C. W Beattie, Endocr. Res. Commun. 2, 1-23, 1975; D.H
Coy et al., Endocrinology, 100, 1445, 1982), it was again found that the
pepti des according to the inventioﬁ?ﬁﬁﬁb]approxinately the sane activity as

the control antagonist, i.e. 87.5 - 100%
W/ LHRH antagonist ist day 2nd day
NR PR FR . NR - PR FR
ORG 30276 3 7 0 0 0 10
Control 9 0 0 9 0 0
Example I 8 0 0 8 0* 0
Example III 8 0 0 8 () 0
Example IV 9 0 0 9 0 0
Example V o9 0 0 8 1% 0
Y Example XX ) 0 0 8 1% 0
Example XXI 9 0 0 9 0 0
Exampie XXVI 8 0 0 8 0 0
Example XXVII 9 0 0 - ) 4] 0

* very slight facial oedema

All the peptides shown are fully active in inhibiting LHRH
secretion at fairly reasonable concentrations in vitro,
although most are somewhat less potent than the present in
vitro standards; however, these peptides are much more potent
in vivo. ’

This was shown in a test on the release of histamine in vitro
from peritoneal mast cells, which was carried out in



I nhibition of ovulation can be observed for each peptide with a

subcut aneously adm ni stered dose of 1-3 [err]/rat. In the oedema test of
Schm dt et al. (Contraception, 29, 283- 289, 1984), however, a marked

di fference could be found between the control peptides and the peptides
according to the invention When adni ni si®red subcutaneously to rats in
doses of 1.25 or 1.5 ng/ the control peptides induce_oedena of the face
and extrenPFF8§daRBesH&ﬁh EQEtWSﬁhEQUPH ﬁerﬁﬁgeﬁyeﬁlmhéﬁtheAﬁébFrdes
accordi ng adlehkgyi appati anmwar egaqdn7oi,stesey.subcut aneously in a dose of
1.5 ng/kg. In the tests perforned, the rats were divided up into three
groups of five rats per group and per conpound tested. A conparison was
made with a known conpound fromthe state of the art having the designation
ORG 30276 (N-Ac-D- Rebaskebtl niPehfihk, iR Lgkeb D-[err]). The groups vere
i nj ected subcut aneousTy once a day on two consecutive days with LHRH
antagoni sts in a dose of 18 1.5 ng/kg. A control group was injected with

dihl uent onky. thhe t@fb&,\é\@aes]?béeévaﬂaﬁﬁthitﬂﬁéaswﬂﬁh gayerThadr esponses of
the rats were ass | e a WS n res nse,; P Tl
Hasponse: BEGAFERERL REUAALS CahdS HPARABAFVRRERG. PERARBAI F YPbHose Phci al
oedema w t bfomdstntedd mndiamlumen) Thsor eMuNaeclara mM| Kalled in Table 1

E)g' ow. Tabke 1@“5@ %9%”?&% EHP > P o8 Sim €1 ; 5.6 mM de’&'}%s%a-y NR

0 0 0.1%1bowdper serum albumin; 0.1& gelatdn and 19 U/ml heparin)
0 [9]. Cells from 4 or 5 rats were pooled, centrifuged at
-~ 120 g and resuspended with MCM to a concentration of 0.5 x

® ml and 1 ml aliquots were placed in 12 x 75 mm polyethyl-

ene tubes. The tubes were equilibrated for 15 min at 37°C
and incubated alone (background release of histamine), with
48/80 (positive control) (Sigma Chemicals, st. Louis, Mo.) or
with appropriate concentrations (1 ng to 10 ug/ml) of LHRH
antagonists for 60 min. The reaction was terminated by
cocling the tubes to 4°C. The tubes were centrifuged; the
supernatants were removed and stored at

W _ ~20°C until they were tested for histamine. The tests were
performed in duplicate. The total cell histamine was
determined by boiling for 10 min. The histamine secreted in

U response to the antagonist was expressed as a percentage of
the total amount secreted. This concentration, which was
secreted in approximately 50% of the total mast cell
histamine (HRD,; ug/ml), was determined for each ahtagonist.
The results have been collated in Figure 1.

All the peptides were found to be active in inhibiting
ovulation in female mammals at very low doses. The peptides
of the present invention wére often administered in the form
of pharmaceutically acceptable, non-toxic salts, for example
acid addition salts. Examples of such acid addition salts
are hydrochlorides, hydrobromides, sulphate, phosphate,



Exampl e | 8 0 0 8 o* 0 Exanple |11

8 ¢ 0. 0 8 0 0 Exanple IV 9 0

0 9 0 0 Exanple V : 9 0 0 8

1* 0 Exanple XX 9 0 0 8 1* 0
Exanpl e XXI 9 0 o 20 9 0 0 Exarrpl e XXV
8 0

0 9 fumaxﬁate, g%dcqn?ﬁé?y E?ﬁ’%’f’ef d&ﬁ?a%dé’?ﬁfawtre't H%ltp"é?b’f‘i’des shown

are fully ceenzeate, i shcbinahg, LaRyisate ctpamoasite f atala/té,eaésrﬁmhbaﬁte )
trat t h t e at S potent than the
concentra '@éﬁfé‘tél'éxégr%ﬁ‘é gﬂe@ PR L aé@ﬂfwgae e 0L AN

present in Vitro sta wever g d peEp Frore potent in
vivo. This adminkgstered inttableh fthEmr etlé%ls@hﬁeﬁllqaramomtam\at ro from

peritoneal prRgtm&ethei m ha¥BspEahié edi AMnt N incfa BfF m%e he
met hod of IVbr jedlle e Sroy oplnC 80 6‘%

an_et al n r Irmun
Rel ease of q‘ﬁg'f]é?ﬁ%‘éa?hhm’??bz?n ??‘F%ht%%tgg*aa&g‘m\é AisinieRat eré‘iﬁ Wi th
ether and peyentnmatheasidalginit|sciv; eandira enilal dyntvasiih a s\indyrds Dim of
mast cel | J @/@/p(lSOrﬂ\/lNad 3 MM KCL; 3.0 mM Na2HPO4; 3.5 niv
[&r]; 0.9 % 5.6 mM dextrose; 0.1% bovine serum al bum n; 0.1%
gelatin and 10 U mM heparin) [9]. Cells from4 or 5 rats were pooled,

centri ngedIﬂtlﬁ-Zﬂsgdé@ﬂré@%p&‘&ﬁ'ﬁﬁjls%éf‘ W&&ﬁzéﬁ%@%‘&i?&ﬁ PF 0.5 x
106 m andvé]r%‘”e‘su# uots were placed in 12 x 75 nmm pol yet hy ene tubes.

The tubes PYBr R cFetener ARART 3f7]€ft§’°urlng dan Ve used as

part of the pharmaceutically acceptable diluent, and

N intravenous administration is effected in isotonic saline,
phosphate buffer solutions or the like.

The pharmaceutical compositions'will usually contain the
peptide in conjunction with a conventional, pharmaceutically
acceptable excipient. Conventionally, the dose will be from
approximately 1 to 100 micrograms of peptide per kilogram of
body weight of the host when administered intravenously; the
oral doses will be higher. In general, the treatment of
U subjects with these peptides is carried out in the same
manner as clinical treatment with other LHRH antagonists.

These peptides can be administered to mammals intravenously,
subcutaneously, intramuscularly, orally, intranasally or
intravaginally to achieve fertility inhibition and/or control
and also in applications requiring a reversible suppression
of gonadal activity, for example in the treatment of
precocious puberty or during radiation therapy or
chemotherapy. Effective doses vary according to the form of
administration and the particular species of mammal to be
treated. An example of a typical dosage form is an isotonic
saline solution containing peptide, which is administered in
a dose of approximately 0.1 to 2.5 mg/kg of body weight.



and i ncubated al one (background rel ease of histamne), wth 48/ 80 (positive
control) (Sigma Chemicals, St. Louis, Mb.) or with appropriate
concentrations (1 ng to 10 [err]/m ) of LHRH antagonists for 60 mn. The
reaction was termnated by cooling the tubes to [err]. The tubes were
centrifuged; the supernatants were renovexlh and stored at [err] until they
were tested for histam ne. The tests were perfornmed in duplicate. The total
cel | hi st affFR! Reniristrakien 9t pbhe i peptide Icamibe efifedtiest dim reitdeer et ed
in responseséDid her aniqeidi érHas expressed as a percentage of the total
amount secreted. This concentration, which was secreted in approxinmtely
50% of the total mast cell histanmine ([err] /m), was determ ned for each

ant agoni st .ATftlougis the inventiben oo Ilsé@m‘l desdrt PeE Vﬂitllo\lﬂeém Repteiies

'ow doses. T P‘%“a%%’é#i‘{*%“ AL TSR B (o e e, PR i chahasea ¢

the form ofaﬂﬂ]aﬂ‘ a*z-:mmy %i@‘cm%ltit@ those tsim]clemlms tkfeoraxﬁ:(am:i deci d
addi ti on sakdde ﬂ(@{‘ﬁﬂ@&i aEkShn il té&bé%f Scer WAYH Yd des,
hydr obr om te, uconat e, tannat e,

i t;{ 0S 20 funmara
" maleate, ‘?ta’[’é %2 %#E)fgﬂ%é £lains né’t‘@s"a?}@%ﬂ;s oo dthe shate e,
ascor bat e, Qiarttheatariarvdlidm do keot |digrif xeinvey Idwl%(ﬁeeffirdms tH& ni st ered

in tablet f Ei[\?eﬁ%g g:t,arfaa['.l rggll?seg%pha 1]_q_l:lce.ut | C%sltoé' accept abl e

di l uent, inc anga er such as t ‘ch or gelatin; a
di sintegrating agent such as alginic acid; and a |ubricant such as

nmagnesi um YRR} ,©-SB-075 and SB-088 are decapeptides, as described in
-~/ greater detail below, which have particularly advantageous _
' activities:

Ac-D-Nal(2)-D-Phe(4-Cl)-R’-Ser-Tyr-Ré-Leu-Arg-Pro-D- Ala-NH,

SB-030, R® = D-Trp, R® = D-Cit;
SB-075, R® = D-Pal, R® = D-Cit;
SB-088, R® = D-Pal, R® = D-Hci.

Y, Of the amino acids contained in the constituents, D-Pal,
D-Cit and D-Hci are not commercially available. D-Pal
requires a complete syntheéis,_which begins with diethyl
acetamido-malonate and 3-picolyl chloride and is carried out
in known manner. D-Cit and D-Hci can easily be prepared from
commercially available diamino acids, for example D-Orn or
D-Lys.

Each peptide has a high LHRH-inhibiting activity, as shown
below, and is completely free of oedematogenic side effects.



If it is desired to adm nister the active ingredient inliquid form a
sweet ener, and/ or flavouring can be used as part of the pharnmaceutically
acceptabl e diluent, and intravenous admnistration is effected in isotonic
saline, phosphate buffer solutions or the |ike. The phar maceuti cal
conmpositions will usually contain the pept4%le in conjunction with a
conventional, pharmaceutically acceptabl e excipient. Conventionally, the
dose will be fromapproxinmately 1 to 100 m crograns of peptide per kil ogram
of body weipablef1t hBHRESinnbbit bngi actsieieles néf asBrO3G) YSB+O®ES or al doses
will be higher. In general &h§3t6§ tment of subjects with these peptides
is carried out in the sane manner - as cllnlcal treatnent mnth other LHRH

ant agoni st s—Fhese ' ' =—gro—s - L L y
subcutaneoupéy 1&Qtra§U§ﬁHhBi£Yon06§|LHRH'F&rﬁﬂﬁsa||Rh€&o¢ﬁ&é€&@ﬂ'€@%£y to
achieve fertility inhibition d nt 1 and al so in applications
requiring a reverS|bI81§HpﬁQE§§? ﬂro?eﬂb Bal activity, for exanple in the
treatment of precoci oas pulgnty oaftleri 2dhoarsati olosde(@py 0% inhibition
chenot herapy. Effective doses vary according to the formof adm nistration
and/t he particular species of mammal to be treated. An exanple of a typical
dosage forn$Bs03® i sotonB8 saline sol ub8on contai ni nglpepti de, whichOis
adm nistered in a dose of approximately 0.1 to 2.5 ngidkg of body wehght.

21 Oral adninistration of the peptide can be effected in either solid or
liquid form Although the invention has been described wth regard to the

preferred egbodggent, itgghoul d be sel §eevident that ghsnges 66
- 2.0 83
3.0 100

SB-075 8¢9 o 54 1.5 . 75

2.0 100

Abbreviations: The amino acids and protecting groups are
abbreviated as recommended by IUPAC IUB JCBN [Eur. J. Biochen.
\_ 138, 9-37 (1984)]. Other abbreviations are: Boc,0, di-t-butyl
dicarbonate; DCM, dichlorcmethane; TLC/TLE, thin layer
chromatography/thin layer electrophoresis.

Compared with SB-075 and SB-088, SB-030 has the advantage of
comprising only one unusual amino acid, namely D-Cit. On the
other hand, both SB-075 and SB-088 have a higher potency and a
better water solubility than SB-030.

The observations made and the tests performed during the
synthesis of SB-030, SB-075 and SB-088 can be summarized as

follows:

The solid-phase synthesis of SB-030, SB-075 and SB-088 on a
benzhydrylamine resin using the Boc protocol is described.



and nodi fications obvious to those skilled in the art can be nade without
departing fromthe scope of the invention as defined by the attached
Clainms. Substitutions fromthe state of the art which do not significantly
deviate fromthe effectiveness can also be used in the invention. SB-030,
SB-075 and SB-088 are decapeptides, as des&¥ibed in greater detail bel ow,
whi ch have garticularl adyant ageous activities:
Ac- D- Nal (2)Tht ?’h@(ﬁc%ﬂig(rfe?‘?] teEaliy adeanate cfon pRding yp fthese)
gg-ggg %erpépﬁlﬂbgTbecéﬁﬁé]lﬁ EbﬁbilSéE*ﬁEEpwiéér&haiiifﬁﬂgtﬂéﬁiéﬁ-vih(]t
- er no _acids contained i
const i tuentt[él]le If%ggx%} E?réﬁﬂuﬁ BRi ag% n YO%@ et ?V%\@?%}%agl‘fﬂ Pal
requires a @@nph@tbhsyﬁohmetspnmhfchhbegmn@ewb@ﬁdxhandndlsmxnasyctsmmabnane
and 3-pi col o] ar o Hei
picolyt eh ihésrﬁaélaéeg Whe esm Vﬁ'rﬁl%% St o i;(;: . dis @:Pguﬁ

can ea5|ly be &r{e pared from cormerma

exanpl e D- gEﬁE?ssYEEEﬁsbﬁprdﬁrﬁﬁﬁeﬁtﬁl?ﬁlQX@?@Hh#ﬁkﬁtthF%ﬁﬁ$ﬁlty
as shown betpme aﬁﬂagﬁeﬁagpbelelyofsegopf oedemat ogeni ¢ side effects. 22
bI e 1. LHRH-inhibiting activities of SB-030, SB-075 and SB-088 Pepti de
I bition of LHRH (3 nM Antiovul ation test with equinol ar peptide at

0 mn afThe @shalirstepwilseesypghesisi ivhi i souwk 5Hh (3D of cousSe also an

58 approﬂr?ate method 8¢ ﬁrgparing theéé“%eptides, but is
certainly more labour-intensive and more time-consuming.
o/
STARTING MATERIALS
Solid carriers
A benzhydrylamine resin containing 1.1 meq NH,/g (Advanced
ChemTech, Louisville, KY) was used. Resins with a lower NH,
content, e.g. 0.4-0.6 meq/g, can also be used but are naturally
less economical.
_
Amino acid derivatives
w The Boc—amino acids listed below were purchased from Bachem and

used without further purification:
Boc-D-Ala, Boc-Arg(Tos), Boc-Leu-H,0,
Boc-D-Nal, Boc-D-Phe(4-Cl), Boc-Pro,
Boc-Ser (Bzl), Boc-D-Trp and Boc-Tyr (DCB).

Boc-D-Cit, Boc-D-Hci and Boc-D-Pal, which are not commercially
available, were prepared according to the literature (1-4) with
very slight modifications.



SB- 088 86 60 1.5 66 2.0

83 3.:0 . 100 SB-075 89 54 1.5 L

75 2.0 100 Abbreviations: The am no acids and protecting groups
are abbreviated as recommended by | UPAC 1UB JCBN [ Eur. J. Biochem 138,
9-37 (1984)]. O her abbreviations are: B&420, di-t-butyl dicarbonate; DCM
di chl oronet hane; TLC/ TLE, thin | ayer chromatography/thin |ayer

el ectrophoresis. Conpared with SB-075 and SB-088, SB-030 has the advant age
of conprising only one unusual aniBue-dxigit nanely D-Cit. On the ot her hand,
bot h SB—O?%@#ﬂ B-]p_&_Bi@ave a hi gher potency and a better water solubility

t han SB-03 e ‘observati ons made and the tests performed during the
synt hesi s @-®G@ oHLIMsE- PBRJapSEQBEAd B Q]TFFF% |afecﬂle§§1’fl&qgv@) The

sol i d- phaS%ﬁélweai@t q{hé&;é&’&tj&l%ﬂlﬁ:%@ o3B- @ﬂ&)ﬂn eubaﬁghxdcul aarsnel |
resin usin e rot ocol_i.s descysibe rocedur,e tota
adequat e f t’dﬁﬁ‘ﬁ frfsr W T hes PPEHR |’db§%tﬁ% qrtev A SE8sh é’ﬂi\n se cha?/n

| engt heni ng(mcmt;he)-mfoxmylfmm rMepos Sniras dio theoivessginiwaildant
| aabation oind bt W UBICL, Uad VRSP Miand HE BulP (W3 Jayer
during the q;l,eﬂmlmn#sis)agmm @fbfoﬁ]yﬁj-rﬁ)pm 1a (Pmlalﬁ/é\ce(qlce agidgraas
9-10 to 5- Jﬂiffé}]e% 160/ : SEAPVARE Y M d88icm I #br2 £PIdtrd.on is of course al so
an appropriate nmethod of preparing these peptides, but is
Step 2, Boc-D-Cit
- 6.6 g (30 mmol) of Boc,0 in 15 ml of acetonitrile were added to
a solution of 4.4 g (25 mmol) of D-Cit in 25 ml of water and
12.6 ml (90 mmol) of triethylamine. The mixture was stirred
for 2 to 3 hours and then subjected to TLC (thin.layer
chromatography) using ethyl acetate/pyridine/acetic acid/water
(60:10: 3:6) as the solvent system: Boc-D-Cit, D-Cit and Boc-D-
orn(Boc), which was formed from the D-Orn impurity, have RFs of
0.4, 0.0 and 0.9 respectively. The mixture was diluted with
25 ml of water and extracted with diethyl ether (2 x 20 ml) and
\,/ _ éthyl acetate (2 x 20 ml) to remove the excess dicarbonate and
Boc-D-Orn(Boc) impurity. The aqueous phase was acidified with
1 M KHSO, and, after the addition of approximately 10 g of
Na,S0,, extracted with ethyl acetate (3 x 30 ml). The combined
ethyl acetate solutions (carefully separated from the aqueous
layer) were evaporated under vacuum. The residue was diluted
in dry dioxane and evaporated three times under vacuum. The
light o0il formed was diluted in 25 ml of DMF and used for
coupling as mmol/ ml of this stock solution of Boc-D-Cit.

The synthesis of Boc-Cit using Boc-azide as the acylating
reagent, and the preparation of the crystalline
dicyclohexylamine salt, have been described (2).



certainly nore | abour-intensive and nore tinme-consum ng. STARTI NG MATERI ALS
Solid carriers A benzhydrylamne resin containing 1.1 neq [err]/g (Advanced
ChenTech, Louisville, KY) was used. Resins with a lower [err] content, e.qg.
0.4-0.6 neq/g, can also be used but are naturally |ess econom cal. Am no
acid derivatives The Boc-anmino acids |isteP bel ow were purchased from
Bachem and used wi thout further purification: Boc-D Al a, Boc-Arg(Tos),
Boc-Leu [err] Boc-D Nal, Boc-D Phe(4-C), Boc-Pro, Boc-Ser(Bzl), Boc-DTrp
and Boc-Tyr(DCB). Boc-D-Cit, Boc-DsbE+pamsi Boc-D-Pal, which are not
connerciallg avail Lﬁ .were prepared according to the literature (1-4)
wth very s 1f’%ﬁ"ut frodi ?%ations. 24 Boc-D-Cit Step 1, DCt DOn (Sigmm,
98% was cddniiei edasopbeparedsfivencP+hs HQ) ESdmw) tandledgmuskacto o-Cit

m-xture of fLxLr 'g g£§%¥ s{yrred for 2 to 3 hours in order to

prevent a céust %%gﬁ%;%ﬁt, D %?%ﬁ ?*on1depositing on the vessel wall. The

purity of the DDCit was tested by neans of TLE (thin |ayer el ectrophoresis)

at a pH of && i, apeyLbdse/ acetic acid/ water buffer (100:4:900) and at 30
n

e o e Thry Sk R er BRI bGP TPl STl I S
of wat er armcetonitrile were added to a solution of 25 mmol (4.73 g) of
D-Hci in 25 ml of water and 12.6 ml (90 mmol) of triethylamine
and the reaction mixture was stirred for 2 to 3 hours. The
. completeness of the reaction was tested by means of TLC as in
—/ the case of Boc-D-Cit; the RFs of Boc-D-Hci, D-Lys and Boc-D-
Lys(Boc) were 0.3, 0.0 and 0.8 respectively. The reaction
mixture was extracted with ether. The aqueous phase was
acidified with 1 M KHSO, and, after the addition.of 10 g of
Na,SO,, extracted with a 1:1 mixture of ethyl acetate and
n-butanol (4 x 30 ml). The combined organic solutions were
dried over Na,S0, and evaporated under vacuum. The residue was
triturated with diethyl ether, filtered off, washed with ether,
then suspended in ethvl acetate and stirred for 2 hours at 20°C
U and for a further 2 hours at 0°C. The resulting crystalline
material was filtered off, washed with cold ethyl acetate and
dried to give approximately 3.9 g of Boc-D-Hci melting at 141-
142°C (dec.).

Boc~D-Pal(3)
Step 1, Diethyl acetamido(pyrid-3-ylmethyl)malonate (3)
113.0 g (60.3%) of diethyl acetamido(pyrid-3-ylmethyl)malonate
were obtained from 132.0 g of diethyl acetamidomalonate by the
method of J.E. Rivier et al. (3). The crude material melted at
95°C. A small sample, recrystallized from water, melted at
104-106°C (literature 95°C).



12.6 M (90 nmmol ) of triethylamne. The m xture was stirred for 2 to 3
hour s* and it hen subjected to TLC (thin | ayer chronmatography) using ethyl
acet at e/ pyridine/acetic acid/ water (60:10: 3:6) as the solvent system
Boc-D-Cit, DDCt and Boc-D- On(Boc), which was formed fromthe D-On

i mpurity, have RFs of 0.4, 0.0 and 0.9 resifectively. The m xture was
diluted with 25 m of water and extracted with diethyl ether (2 x 20 m)
and ethyl &Rt (P-3cehy bt (Ry¥F iy I hdlsalaning @hfbthastemnd(4)

Boc- D- O n( Boc)e igPidd Ymmd e Gl UeDeiSh P ade vkl (st i e Wit thyM fer 1]

and, after tagleadltlon ocfl. r xlmately]%ﬂo of er](rg,}, extracted with :
et hyl acet 3t& U85 L) .1$E€e‘§0%i%]e(b FR/‘Ig s s At oy Fcareful Iy
separ at ed fstoppdreddilbaals dmyecleftete svapbratearchigmteratvamonn The resi due
was dil uted ] Loxa at t | nBS The

li ght oi | %%H&E%%’A%%%l | U e%r?%f%?%ow’gﬁ#%é%qs %ﬂ&h\ﬁﬁ%g%% ol /
m of this 2P RPNt andikepe-aF Ghis Termpsiratueg fQf PWoamiag+ &Y rwps

Boc- azi de ashdrecs¥dddltd I & tedhperdntd Cant PRidddd) 1 Adifovd wdeal | i ne
di cycl ohexy] am salt,.  have been descri bed §2g - 25 Boc-D-Hci St ef

n : 1,
DA D Fol iNRRIIRES A4S o m The , NS RYb ey REEMRED GRS yashad (T1ER see
above and nefricnrsengll Sept Pondost Retikandl Gl dtheh tdiidcdndad. dimes bonat e
diluted in 0 ltrile were added a solution. o 5 | (4.73
o) of b Hoicamindl AERLEIN GG ' Erd U lalBiRed A8 AL b e TRY. 15
t he reacti oresiduervaseerystalbizédrfron ovgtdwsingie-5 ml of H,0 per gram
9 of solid. 38.0 g (160 mmol, 80%) of the material were

recovered. Melting point 124-126°C (literature 118-121°C).

Step 3, N-Acetyl-3-(pyrid-3-yl)-D-alanine ethyl ester (3)
45.0 g (190 mmol) of the above-described DL mixture were
diluted in 225 ml of hot 4.5% HCl. This solution was then
cooled rapidly to 25°C to form a suspension of fine crystals.
The pH was brought to 7.2 using 2 N KOH, 150 mg of alpha-
chymotrypsin were then added and the PH was then kept at 6.8-
7.2 by the dropwise addition of 2 N KOH. After the pH had

L ceased to change for 15 min, a further 50 mg of alpha-
chymotrypsin were added to ensure completion of the hydrolysis.
No further change in the pH was found after this fresh addition

U of the enzyme, and the final pH was 7.2. _This solution is
extracted with 4 x 200 ml of ethyl acetate. The ethyl acetate
extracts are combined and dried over Na,SO,, the desiccant is.
filtered off and the solvent is removed under vacuum. The
residue is recrystallized from toluene (13?15 ml/g) to recover
13.0 g (55 mmol, 57%).melting at 79-81°C (literature 122°C).

Step 4, 3-(Pyrid-3-yl)-~D-alanine, D-Pal(3) (4)

13.0 g (55 mmol) of N-acetyl-3-(pyrid-3-yl)-D-alanine ethyl
ester are refluxed overnight with 100 ml of 6 N HCl. The
solvent is removed under vacuum. 15 mg of ethanol were added
and removed under vacuum. This ethanol treatment is repeated



conpl eteness of the reaction was tested by neans of TLC as in the case of
Boc-D-Cit;y the RFs of Boc-D-Hci, D Lys and Boc-D- Lys(Boc) were 0.3, 0.0
and 0.8 respectively. The reaction mxture was extracted with ether. The
aqueous phase was acidified with 1 MJ[err] and, after the addition of 10 g
of [err], extracted with a 1:1 m xture of 28t hyl acetate and n-butanol (4 x
30 m). The conbi ned organic sol utions were dried over [err] and evaporated
under vaculificlre B8 drsigdue tis macnvaFadilized duep %93 ethandl degiofe

washed wit hetdey, (smﬂncsy,smx;e%f rtrﬁs fa&duéc%@iy@x@&ﬁffdeed fMHlt%AEQOUfS
at 200C and_f.or azé,{?ucé% 2 ou The resulting crystalline _
mat eri al mé%'*q? fc q?ﬁﬁﬁqfﬁa =228 te and dried to gi ve
approximately 3.9 g of Boc- D-HCI neltlng at 141- [err] (dec.). Boc-D Pal (3)

Step 1, Diethyl acetam do(pyrid-3-ylnethyl)nmalonate’ (3) 113.0 g (60.3%

of di et hyl acetamd yrid-3-yl met hyl ) mal onate were obtained from132.0 g
of diethyl Si&R I @GR e lenines. BRiorDePadi(3al . (33). The

crude rratemaa.l naﬁol9)5QQ thé@dvé%c%lﬁe%w%@(bl)z%ﬁé AR
e i e”i HicrL Stk bypeaniar o CEed omi ot bty mart
di et hyl aceiﬁarbnim(mwlamﬂ}qlmdud@dedml (4na:t 3 \gelp@rdzlllouxtgedm IB ogl® nl of
Cenmor at ur 007, dufby BRI Saddd s 3 < Hibeshd et Bty s ya&iﬁ‘n’{" and
kept at thiwitheidmnine f A3y stirring fer shéotadolodd 6t homnsm the

t enper at ur @ st Hydrid¥thd G d YEMPPL of £ under vacuum. Excess
(Y,

dicarbonate is removed with hexane. The aqueous layer is
brought to a pH of 4 with 6 N HCl and then extracted with 4 x
100 ml portions of ethyl acetate. The ethyl acetate extracts
are combined and back-extracted with 2 x 5 ml portions of
saturated sodium chloride solution. The organic phase is dried
over Na,SO, and filtered and the solvent is stripped off under
vacuum. The residue is recrystallized from toluene to give

8.4 g (31 mmol, 57%) of Boc-D-Pal(3) melting at 141-142°C
(dec.) (literature 135-136°C).

PREPARATION OF THE PEPTIDE RESIN

A reaction vessel for manual synthesis, of approximately 60 ml
capacity, was filled with 1 g (1.1 mmol) of benzhydrylamine-HCl
resin. This was left to swell for 2 hours in 20 ml of DCM and
then filtered. 15 ml of 10% DIEA/DCM were subsequently added
to the resin and the mixture was shaken for 2 minutes and
filtered. The latter treatment was repeated twice. The Boc-
amino acids, as preformed HOBt esters, were successively
coupled on this resin as illustrated in Table 2. Steps 1 - 12
form a coupling cycle for one amino acid residue. Ten
consecutive cycles would give a decapeptide amide resin
terminating with a free D-Nal(2) residue. This peptide resin



i nsol ubl e solids. The insoluble substances were:washed with various small
porttons of ethanol and then discarded. The conbined filtrates were
evaporated to dryness and the dry residue was crystallized fromwater using
3-5mM of [err] per gramof solid. 38.0 g (160 nmol, 80% of the material
wer e recovered Mel ting point 124- [err] @8 terature 118-[err]). Step 3,

N- Acet yl - r|d3 %é% D-al ani ne et hyl, ester 45. 0 (190 mol) of the
above- descr"‘i X# e st iRt dn r?t?ﬁ e G‘F‘dh# Ansh then I‘Pﬁ‘}%’ed

sol ution waa-dxmaihesaféaactiapm&sfséb [weisHed aviftdr MHGM awsperdiexamd dridie

g[rgrsr:)?lripsrrn wer e en a d ?’ﬁ‘é ;%—Ir%lva% dt\lrigﬁt&%oa 6&%&7’% t he

dropwi se adificapsptokde ENIKEH r%llbzr hajdngHthadfediowingosthuaturess 15 nin,
a further 50 ng of al pha- chynotrypsin were added to ensure conpletion of
t he hydrol ysrs No further chan e in the was found after this fresh
hdi £} on 0Tt AETAAEL 2 TR TeCA T4 BT PARRSSE (B2 1) g (SRt | <

extracted wi t lc#eXLeaDArY (Ths pthwo-Dral4NH-RESINGt Bdr &BeioBos extracts are
conbi ned and dried over [err], the desiccant is filtered off and the
selvent is renoved under vacuum The residue is recrystallized fromtol uene
(13-15 m/ @. tAerdNavk(2 - Phe (£ himD-P&l/03) 18sn (Bzd ) atTyE(OaR )
(literature [ g5td ¢~ e, ={(4) 13.0 g
(55 mol ) of El-jaiie%yﬁ%B pyrr‘rﬁziémf&_ Aﬁ@a?ﬁﬁ@% feds%); e%?i‘(é)rsles 'ref | uxed
overnight with 100 mM of 6 N HCO . The solvent is renoved under vacuum 15

ng of ethanp) y@rm-w&ﬂpﬁ)andpme(mveﬂ)wlmamwzﬁ @y&tduuml—treat ment

0
bf},éepeat e b A WS Ay frl Pl BS-DSaT %ﬁY N 2 oay? ethanol to
2 sB-088 was synthesized in a smaller amount (0.1866 mmol);
peptide resin no. 3 and the crude HF salt of the free
decapeptide obtained amounted to 410 mg and 200 mg
respectively.
N\



13.0 g (54 mol, 98% of the am ne di hydrochloride. Melting point
237-[*err] s(dec.) (literature 253-[err]). Step 5,

N- Boc- 3- (pyrid-3-yl)-D-al anine, Boc-D-Pal (3) (3) 13.0 g (54 nmmol) of the
above-described D-Pal (3) were diluted in 50 m of [err] 50 m of
tetrahydrofuran and 30 ml (214 mol) of trd%thylam ne were added. 4 x 5 g
portions of Boc20 (90.7 mmol) were added to this m xture at hourly
intervals, with stirring. After stirring for a total of 6 hours, the

t et rahydr ofpasie i 3. Synthest ©f progcetimeracuum Excess di carbonate is renoved
wi th hexane. The aqueous |ayer is brought to a pHof 4 with 6 N HO and
then extracted wth 4 x 100 m portions of ethyl acetate. The ethyl acetate
extracts arSTERNDI REAGENE ANRKPROCEREREI With 2 x 5 m  porMIXING SFIMES
saturated sodium chloride solution. The organic phase is driegyqya§ [err]
and filtered and the solvent is stripped of f under vacuum The residue is
recrystal |l izedfromtotuene to give 8.4 g (31 nmot, 579 o0f BoOc- - Pal (3)
melting at 14l- 14%&@é gﬁga)ﬂéﬁttégﬁétﬁ(adsﬂiakerr]) PREPARATI O8oOF THE

PEPTI DE RESI N, A react yessel 418 synt h of approxinmately 60
n\_capaci ty, “as frlur'll R R e ?ﬁ) r#’gl ey ?r? RF&ryl ani ne. HO resi n.

This was left to smediumoerdamkwblma, méabfst£m$and then filtered. 15 ni
of 10% DI EA/ DCM wej e, syl bs fﬁ%?g%{ght it and the mxture was
shaken for 2 m nut es and Itered atter tr tment was repeated tw ce.
The Boc- anino acﬂ@llsueasplﬁﬁ‘éqf%ﬁn‘éhltmeﬁ%t%ﬁ‘s %\%re successi vel y coupl ed

on this resimags imétest (poefl) ) Wabhe 2. Steps 1 - 12 forma coupling cycle

e 2”%2%”?@??& b e imed " FERES ngSrtdELfS e i & peptifie rosin ¢
MeOH (10 ml), wash i
2d DCM (10-ml), wash (three times) | 2
2e acetylimidazoleﬁ, acetylate . 30
2f ninhydrin test; if positive, repeat
steps 24 - 2f
3  MeOH (10 ml), wash (twice) - 1
4 ~DCM (10 ml), wash (three times) ) 2
5 50% TFA/DM (10 ml), deblock
L 6 50% TFA/DM (10 ml), deblock 30
7 IpOH (10 ml), wash 1
8 10% DIEA/DCM (10 ml), neutralize 3
W 9 MeOH (10 ml), wash 1l
10 10% DIEA/DCM (10 ml), neutralize 3
11 MeOH (10 ml), wash 1
12 DCM (10 ml), wash 2

3 with the exception of Boc-D-Cit, Boc-amino acid HOBt esters

were prepared as follows:

3 mmol of Boc-amino acid [i.e. (in mg) D-Ala: 568, D-Pro: 646,
Arg(Tos): 1286, Leu: 748, Tyr(DCB): 1321, Ser(Bzl): 886,
D-Hci: 865, D-Trp: 913 or D-Pal(3): 799, D-Phe(4-Cl): 899,



28 was acetyl ated as described in steps 2e and 2f and then renoved fromthe
reactfon vessel, washed with DCM and n- hexane and dried under vacuumto
give 2.9-3.0 g of the desired acetyl- decapeptide am de resin2 having the
following structures: 1. Ac-D-Nal (2)-D Phe(4-C)-D Trp-Ser(Bzl)-Tyr(DCB)-D
Cit-Leu-Arg(Tos)-Pro-D Al a-NH RESIN, for SB0030; 2.
Ac-D-Nal (2)-D-Phe(4-C)-D-Pal (3)-Ser(Bzl)-T r(DCBL— . .
D-Cit- Leu-APQ‘FP&s&JPr 416 Ja1aqd\i4 SRETEN, ( 3 B'FméB- 9f5HOBt -H,0 were dissolved in
'I?\)(-:;-k[:)- N6L1| (Z%iDm?hW;ﬂﬁ,b_aiﬁdﬂé;ﬂz ‘WS.Q{h(NBZ]En)]: Bfgbaﬁg)"égbled ?3:(8) 0°C and Cosi ped
| - Leu- Ar S)y Pr.q- - r - . - s_synthesi ze
in a snmall efgéﬁ&gﬁlt W(’&hlééléarﬂljol(%gp@xﬂﬁlgeo eE'rOfﬁ RS, °§§a%8rt Bride

salt of themintardeomsefthaie adlitesi ted thepwresdd, t viasdnggwahtd 20& dgml of

respectivel IS 3400 s SRSE

PROCEDURE bou. I B %%e %I\f}lng&%b'li’lo%és F%%EH%E"{'&S pr epar%?j-eﬁgfl felp%] ,
coupl e of stock solutgpm of Baomly§itn reactpdr Withi PIChaspakgyeaped
medi um or dghlenbinited edaM tHeeReslint Zinsfingh@ital auikahi an o bmghtandl ue,
pr oceed mﬁtg %gﬁps 2a-—#ﬁ%2a MeOH (10 ml), wash

1% 10% B EALDBY CRoBfY: neutralize 2 2c MeOH (10 nl),
wash 1 2d DCM (10 m ), wash (three tines)

2 4 In the case of Cit-containing peptide resins, the test is

negative if the beads are white (or pale yellow) and the
solution is lilac-coloured. Complete coupling of the Boc-

W, Arg(Tos) with the Pro residue on the resin can be verified
using an isatin reagent (2.5 g of isatin, 20 g of phenol,
30 g of benzyl alcohol and 2.5 g of Boc-Phe); the test is
negative if the beads are white (or light yellow but not blue)
after washing 3 to 4 times with acetone. “

-4 0.34 g of imidazole dissolved in 2 ml of DCM was reacted with
0.5 ml of acetic anhydride at 0°C for 2 min and then added to
the resin, rinsing with 3 x 2 ml of DCM. '

PREPARATION OF THE FREE DECAPEPTIDE AMIDES

Cleavage and deprotection

Each peptide resin was treated with 3 ml of m-cresol and
approximately 30 ml of hydrogen fluoride (HF) at 0°C for 45
min. After removal of the HF under high vacuum, the remaining
peptide resin was triturated with dry diethyl ether, filtered
off and washed with diethyl ether and the peptide was then
extracted as follows:

1. 50% acetic acid and DMF (2-2 x 20 ml) for SB-030



2e [err], acetylate 30 2f ni nhydrin test; if
posi t'i ve, .repeat steps 2d - 2f 3 MeCOH (10 m), wash (tw ce)

14 DCM (10 m ), wash (three tines) 25 50% TFA/ DM
(10 m), deblock 1 6 50% TFA/DM (10 m ), debl ock
30 7 | pOH (10 n1) wash 18 10% DI EA/ DCM

10 m neutrall
(1 10 ) 10% DI [9&??"(’1?) 3fpid fFédEr]a?u‘EJe) %ver Sé‘°75 dria 4 §Brf’88 MeCOH (10
M), wash and separated from the re51nlbﬂjflltﬁﬂﬁddﬁU)Iﬂﬁe psstide

2 [err] Wt es wer e
prEapar 13d asglf 1{}{910%%?% lfgg%cqggn%én% ‘E‘%&l aﬂ?d Q_i(-i-{ r‘@ R'g§568 -
D-Pro: 646, ty¥tyrraked wiids di_%thylM%thqur (uE;erchmf Sereded wigds, D-Hci -

865, D Trp:gfdhyi dliad (a?ﬂd d¥Pea k&Nl G )3- §9.=91g of | Qﬁr l}aHaJ_ (2): 946]
and 460 ny 3rm:o| of err dj ssolved in, 1 di | uted

with 2 m d#° %u% %?#ea%d%%a@e&a Ri PHTALY mf (19 §5%m>|) of DIC

at [err] for 10 mn; the m xture was then added to the resin, rinsing with
4 x1n of§ﬁ\éiégigg case of Boc-D-Cit, HOBt.[err] was di ssolved in 3 m
of\stock s c-D-Cit, reacted with DIC as above and then m xed -
with the resin, rinsing with 1 x 1 ml of DV and 3 x 1 ml of DCM [err] In
the case ofmfd e qpdd %éb@ﬂd&%édﬁuffﬂéﬁ ud{¥y (£ HBedkhdiPPHdpngd the

beads are white (or, p alezellow and t
preparative HPLC systen. The separations were performed on a

41.5 x 250 mm Dynamax column packed with spherical C,; silica
— gel (300 Apore size, 12 um particle size) (RAININ Inc. Co.
Woburn, MA).

Crude SB-030 was applied to the column in 30% formic acid

solution while crude SB-075 and SB-088 were dissolved in 30%

acetic acid. Differential pressure elution was used.

Solvent A contained 0.1% aqueous TFA and solvent B was 0.1%

TFA in 70% aqueous acetonitrile. The pressure flow rate was

35 ml/min. The column elution was monitored by means of a
W variable wavelength UV detector (Beckman type 163) at 220 nm.

The amounts of the pure decapeptide amides and the yields
generally obtained were as follows:

- 1. 600 mg (34%) of SB-030,

2. 960 mg (52%) of SB-075 and
3. 140 mg (45%) of SB-088 (see footnote 2),
with a purity of >95%.



solution is lilac-coloured. Conplete coupling of the Boc- Arg(Tos) with the
Pro residue on the resin can be verified using an isatin reagent (2.5 g of
isatin, 20 g of phenol, 30 g of benzyl alcohol and 2.5 g of Boc-Phe); the
test is negative if the beads are white (or light yellow but not blue)
after washing 3 to 4 times with acetone. 3%rr] 0.34 g of inidazole :
dissolved in 2 nl, of . DCM was reacted with 0.5 nl of acetic anhydride at
[err] for ARRLELEALHPIC ded to the resin, rinsing with 3 x 2 ml of DCM
PREPARATI ON OF THE FREE DECAPEPTI DE AM DES Cl eavage and deprotection Each

d d Om of
peEt e S5 ALt i, Bl SEESPL Y ARPLARLIF g0 1
hi gh vacuurodee 1@ himl%e@litwtmaph\as The tpeptide vﬁampkﬂfy WExe hy|

ether, filt@geshdid :?é%é@&hﬂ&x%ébv&h@é hA('aﬁ‘& h@ro@rﬁi 4 he Ppepid dgnvwas then
extract ed as foll ows: %%Cetli aci d and é‘B B%X 20 Méﬁfor SB- 030

31 2. 50% EERPLEHCT d’“{‘3cm ¢siypy {Bhenpmexy Rapc 308 1 ¥iexd@Sr afRY from
the resin h.ylﬁhlarmmrn:aﬁ'@eopemz mlmimtmﬁng\mlﬁ/mﬁaeﬁ prfgssum@cuum

and the resj S t h. di.et h h d of washed
wihth di et hy‘?fi‘k!f]t‘f\al\$1 Sé ((S# g‘é&?%ﬁl\é v% Eh %né&% %?m?ie orh? I hi ng crude
[err] with a purity of 70-85% Purlflcatlon The crude peptlde was purified
usi ng a BeCkhPib PisPa 32 PyEparative HPLC system The separations were
per f or med oﬁ'l‘T‘Z‘S%%‘Dynarmx col um packed with spherical [err]
silica

The peptide samples were hydrolyzed at 110°C for 20 hours in
-/ evacuated sealed tubes using 4 M methanesulphonic acid
containing 0.2% of 3-(2-aminoethyl)indole, and the amino acid
composition of the hydrolyzate was determined in a Beckman

6300 amino acid analyzer.

The attached Table shows the affinity of the LHRH analogues
for the pituitary gland or receptors of the human breast
cancer membrane, as determined using radiolabelled LHRH or .
radiolabelled D-Trp®-LHRH.

The measurements with radiolabelled LHRH (A) show that SB-075
has the highest affinity for the pituitary receptors, i.e.
the greatest capacity to displace LHRH, which is one of the
main features of LHRH antagonists. On the other hand, SB-088
seenis to exhibit a particularly high affinity for receptors
of the human breast cancer membrane in both tests (A + B).



gel (300 Apore size, 12 [err] particle size) (RAININ Inc. Co. Wburn, M).
Crude SB-030 was applied to the colum in 30%formc acid solution while
crude SB-075 and SB-088 were dissolved in 30% acetic acid. Differential
pressure elution was used. Solvent A contained 0.1% aqueous TFA and sol vent
B was 0.1% TFA in 70% aqueous acetonitril33 The pressure flow rate was 35
m/mn. The colum elution was nonitored by neans of a variabl e wavel ength
UV detector (Beckman type 16§§TWWNFI¥?W%UMS of the pure

decapepti de am des and the yields generally obtained were as fol |l ows: 1.

600 mg (34% of =03 2. 960 %,..0f. . SB-0/5 and 3. 14 459 of
SB- 088 (seﬁfoot‘ﬁ% 2 ‘g‘}?e'@o?‘f?%l%n%‘{‘é %y "&“E‘g%v/o%e‘“ rﬁnﬁjﬁ/&‘gﬂ’g‘w& The
HPLC anal ysi s wachds ;s i FohnWiley ht aSeis lew Phooiar Nhodel611000it s RAM
chronat ograph. The, pgpyfi de sanpl es were chromat ographed with solvents A and
B ona4.6 x 250 mm W®Porex 5 [err] col um (Phenonex, Rancho Pal os
Verdes, CA) with a flowrate of 1.2 mM/mn using differential pressure
elution (chy omatpgreiSepé: tﬂi@p?é Bapd ep, anysihed) cridi e 5g] e ysi S
The peptide sanp|es re hydrolyzed at [err] for 20 hours in evacuated
séa¥ed tubes usi *‘l’gg'ﬁg\f/l met hanesul phoni ¢ acid containing 0.2% of _
3-(2-am noet hyl )i ndol e, and the am no acid conposition of the hydrol yzate

was deternified ip @ BREkIBP, 6300p8pi 00 a6iK. AAINZE" M. perrin,

A. Corriogan, W.A. Hook, R.P. Siraganian and W.W. Vale:
J. Med. Chem. 29, 1846-1851 (1986)

Y,
4 C. Hoes, J. Raap, W. Bloemhoff and K.E.T. Kerling: Recl.
Trav. Chim. Pays-Bas 99, 99-104 (1980)
5 J.M. Stewart and J.D. Young: Solid Phase Peptide
Synthesis, Second Edition, Pierce Chemical Company,
Rockford Illinois, 198456
N\



The attached Tabl e shows the affinity of the LHRH anal ogues for the
pituitary gland or receptors of the human breast cancer nenbrane, as
determ ned using radiol abell ed LHRH or radi ol abell ed D Trp6- LHRH. The
measurenents with radi ol abell ed LHRH (A) show that SB-075 has the highest
affinity for the pituitary receptors, i.e34the greatest capacity to
di spl ace LHRH, which is one of the main features of LHRH antagonists. On
the other hand, SB-088 seens to exhi bi¥X&8MBJaitX cul arly high affinity for
receptors of the human breast cancer nenbrane in both tests (A + B). 33
LI TERATURE REFE 1 . P.. G eenstei M Wnitz: Chemstry of the
Ani no Aci ds %Je o%%%ééay of §i’ﬁs ,fmﬁ‘?o#lﬁ—%lﬂ%quéfn( Ene4744) -D-FxprSeyr-
K. Eisele: Ryppd-Sejl-deusAZg-PrysiDelAlachiti i856yntdés Bbdd (1:95h)te J.E
Rivier, J. Bo#cSmediate BeWtik Rerti Ap, COL | A._Hook . R P.
Si ragani an and W\t/a\l \7alee§e. ’edchh%glri‘r{alBg,) fgggblgg%??isg\éf\%%gp E?rHoes,
J. Raap, W TBFoOTRYE-LeNeAKIEProRewlamyH,Recl . Trav. Chim Pays-Bas 99,
199-104 (198@hi%s intériMedSatediveptidel whs ¥AUNE: upOkkdpRiasecRept i de
Synt hesi s, §g&&ﬂ§d§ htiQn, Pierce Ch%phcal Conpany, Rockford II1linois,
19‘8’4'6 34 amlne resin con alning approx. 0.6 neq NHz/g, using
a Beckman 990 synthesizer, starting with Boc-D-Ala according
to the method described below.

Coupling is carried out in accordance with schedule A as
follows:

SCHEDULE A

Reagent ' Mixing time (minutes)

1. Boc-amino acid (2-3
mmol/g resin) + eq.
) amount of DIC 60 - 90
W, 2. MeOH (twice) | 1
' 3. CH,.Cl, (twice) ' 1

Deblocking is carried out in accordance with schedule B as
follows:



EXAMPLE | The peptide of the formula Ac-D-Nal (2)-D Phe(4-d)-D- Trp-Ser-
Tyr-D-Hci - Leu-Arg-Pro-D-Ala-[err] is synthesized fromthe internediate
pepti de AC-D-Nal (2)-Pro-D Phe(4-C)-D Trp- Ser- o _
Tyr-D-Lys-Leu-Arg-Pro-D-Ala-[err]. This internedi ate peptide was built up
stepwi se on a benzhydryl am ne resin contagpi ng approx. 0.6 nmeq [err]/g,
using a Beckman 990 synt hesizer, starting with Boc-D-Ala according to the
nmet hod descri bed bel ow. Coupling is cS8CHEBULBUB in accordance wi th schedul e

A as follows: SCHEDULE A Reagent M xing tine
(mnutes) 1. Boc-amino acid (2-3 mmol /g resin) + eq. anount of DIC
60 - 90 2. Reemeptwice) - Mixipg tame] (pindce)
1 Deblocking—is carried out in accordance with schedule B as foll ows: 35
SCHEDULE B Reag i . Mxing tine (mn) 4. 50%
TFA 196 ot hafled PR® o TP e SHanadfitod Pl | 15 + 15 5. | pOH 1%
ethanedithiol in CH,Cl, (twice)l 6. 10% TEA in [eBr§ 15 .
3 7. MeOH 5, 1poH/1% ethanedithiol 18 1Q%TEAin [err]
- 6. 10% TEA in CH,CL, 2
/
. 7. MeOH 1
8. 10% TEA in CH,Cl, 2
9. MeOH (twice) ' 1+ 1
_ 10. CH,Cl, (twice) 1+ 1
N\
Briefly, Boc is used to protect the aipha-amino groups. Tos
is used to protect the guanidino group of Arg. DCB is used
as the protecting group for the phenolic hydroxyl'group of
Tyr, and the OH group of Ser is protected by Bzl. A two- to
three-fold excess of the protected amino acid is used for two
hours, based on the NH, content of the benzhydrylamine resin
plus one equivalent of DIC in CH,C1l, or 10-50% DMF/CH,C1,,
U depending on the solubility of the Boc-amino acid.
N-terminal acetylation is carried out with a 50-fold excess
_ of acetic anhydride in CH,Cl, for 0.5 hour. The protected
./

intermediate peptide obtained in this way has the following
composition:

Ac-D-Nal (2)-D~Phe (4~Cl) -D-Trp-Ser (X*) ~Tyr (X°) -D~Lys (X%) ~Leu-
Arg(X3) -Pro-D-Ala-NH-X"

wherein X* is Bzl, X® is DCB, X® is 2z(2-Cl), X® is Tos and X°
is a benzhydryl group incorporated in the resin. |

To cleave and deprotect the protected peptide resin, it is
treated with 1.4 ml of m-cresol and 15 ml of hydrogen
fluoride per gram of peptide resin for 0.5 hour at 0°C and



9. MeOH (twi ce) L 1+ 1 10. [err] (tw ce)

1+ 1 Briefly, Boc is used to protect the al pha-am no groups. Tos is used to
protect the guanidino group of Arg. DCB is used as the protecting group for
t he phenolic hydroxyl group of Tyr, and the OH group of Ser is protected by
Bzl. Atwo- to three-fold excess of the pBébtected amino acid is used for
two hours, based on the NH2 content of the benzhydryl am ne resin plus one
equi val ent 5PTDPEdi RovFpaY raPmI fenper BhRrer r REtgEpeAdmABabiORheE the
solubility D?dtbgeBOﬁiaﬁrmdeaﬁhderkhﬁgh”baéhuQQeEMEabéﬁﬂlﬁé fééiheﬂSOUt

h
brot cct od | ARSPRRGPAEY BRERUS SHAYneRt: FrEnPERkagents FREn! BitBapHed

conposi ti onwikb- DMEBBHQZ?ePEEEhed(ﬁrGh)th@-fepiﬁeby[Eiltraﬁybn[erThe DMEYy s

[err]-Leu- ébguEQBE]1sPEHeQ'éBﬁcEkEL§E%h %geéegﬂakirgklgﬁeB&LdeéeﬁiéhlS
DCB, [err] is Z(2-A), [err] 1s_Tos

i ncor por at eY2FH FhéngeEFhtu?BtEﬂeH@EhaﬁaeHEMﬂo?&bﬁrtheTbPo¥%%Fb§199pt|de

resin, it ierhdeapedawcthis. &h&h 9ﬁrﬂf§é§39& §B€p$§aﬁtv8fHﬁﬁerQG&eELuor'de
per gran1of ? Btade resin &ﬁ} %h L % and for 0.5 hour at

r dam t enper SEUPEY APPEF- e ﬁa??gﬁs BhBUR§d 5§§anFﬁBW?ﬁéaEﬁdE?PF?5ﬁ
vacuum the0§ephedﬁormuna indieated abbhedivhtbylinexherano®s e pet ik is
then extrack and separated fromthe resin by filtration. The DV
solution is t en con enfrated to a small vol une under hi gh vacuum and
triturated with dlethyl ether. The resulting crude product is then purified

by preparatiuye HPbe aftdefediate peptide containing D-Lys(X®) is then
\, reacted at room temperature with potassium cyanate in 80%
aqueous DMF (81 mg KCNO/ml; time: 24 hours). After removal
of the solvent under high vacuum, the reaction product is
purified by preparative HPLC to give the desired peptide

containing D-Hci.

The resulting peptide containing D-Hci is essentially pure
(95%). HPLC analysis is carried out in a Hewlett-Packard
1090A gradient liquid chromatography system on a PHENOMENEX
(W-Porex 5C18) column and elution is carried out with the

following solvents: A: 0.1% TFA, B: 0.1% TFA in 70% CHLCN,
with a gradient of 30-60%, in 30 minutes. The desired
U peptide has an HPLC retention time of 28.2 minutes.

The peptides are purified on a Beckman Prep-350 gradient
liquid chromatograph using a 41.4 x 250 mm cartridge
contdining a preparative reversed DYNEMAX C18 phase (300 &,
12 um) with the following solvents: A: 0.1% TFA, B: 0.1% TFA
in 70% CH,CN, with a pressure gradient of 45-60%, in 30
minutes. The pure peptide, obtained in the form of the TFA
salt, can be converted to the acetate form, if desired, by
passage through an AG3X column (Bio-Rad) in the acetate form,
followed by lyophilization.



cri bed above. This gives the pure free internediate peptide of the formula
i ndi cat ed above wherein [err] and [err] are hydrogen. The free internedi ate
peptide containing D-Lys(X6) is then reacted at roomtenperature with

pot assi um cyanate i n 80% aqueous DVF (81 KCNO' m ; tine: 24 hours). After
removal of the solvent under high vacuum r3T?he reacti on product is purified
by preparative HPLC to give the desi rggéggﬂ#‘l g? containing D-Hci. The
resulting peptide containing D-Hci is iaffly pure (95% . HPLC anal ysis
is carried out in a Hew ett-Packard 1090A gradi ent |iquid chromatography

system on aaRHENGMENEY (pNHPRS L Ldn L arki,ed L
with the foIAI owi_n SN?Svents (%)chcfl@-TF% Bg? gggmgTiékhQEthgl/c?Cl&—i%gN AQB

gradi ent of Pxe: 13880 ninutes. The desired pepti de has an HPLC
retention tine of 28 2 mnutes. The peptides are purified on a Beckman

Prep- 350 gr ent d.c h using a_41.4.,x. 250 artri
conlto ai ni ng I u%lpédrr g/g;s%é‘ﬁ%ﬁﬁ%ieéﬁgnﬁﬁgge 1P§66mﬁgmf%e[ BF'F%?%& th
the foll ow m@@lmntgs thie ahilih BleAd B-L&sl%"s‘lﬁéadnofO%—BHa((‘,Nthwilt)hm

pr essure gr @fh 'E%sfﬁ.[oqp%ar{ o%%u@ gUtt%S E%ﬂ?r}gu&eepgpk' Q%u%t ﬁd Ln

e form of ‘can be converted e 3é orm e5| red
by assage ﬁﬁm}gﬁsmymtq;cﬂ%m noBiiy- RAAML perhd dgcefadateymedipdel owed

by | yophi | i pigtiade) JJSEWEKQNPbEﬂd°C for 10 hours. The retention time
Ac-DNaI(Z)-i[S>F:;tbe(84 r)u Trp Ser-Tyr-D-Hci (ethyl )-Leu- Arg- Pro-D Al a- NH2

b.
EXAMPLE III
The peptide Ac-D-Nal(2)-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Cit-Leu-
Arg-Pro-D—-Ala-NH, is synthesized as described in Example I.
The starting peptide contains Boc-D-Orn(Z) in the 6-position
instead of the Boc-D-Lys[2Z(2-Cl)]) used in Example I. This
starting peptide is prepared analogously tc Example I.

Retention time: 27.8 minutes. Retention time of the starting
peptide: 25.5 minutes.

EXAMPLE IV

Ac-D-Nal(2)-D-Phe(4-Cl)-D-Trp-Ser—-Tyr-D-Cit (ethyl)-Leu- Arg-
Pro-D-Ala-NH,

This peptide is obtained from Ac-D-Nal(2)- Phe(4-Cl)-D-Trp-
Ser-Tyr-D-Orn-Leu-Arg-Pro-D-Ala-NH, and N-ethyl isocyanate in
DMF (0.1 mg in 10 ml per gram of intermediate peptide) at 0-
10°C, analogously to Example III.

Reaction time: 10 hours.

HPLC retention time: 30.4 minutes.



This is prepared fromthe correspondi ng internedi ate peptide containing the
am no acid D-Lys instead of D-Hci(ethyl) in the 6-position, analogously to
Exanple I, by reaction-with N ethyl isocyanate (0.1 ng in 10 mM per 1 g of
internedi ate peptide) in DMF at O-[err] for 10 hours. The retention tine is
30.8 mnutes. EXAMPLE |11 The peptide 38

Ac-D-Nal (2)-D-Phe(4-C)-D Trp-Ser-Tyr-D-Ct-Leu- Arg-Pro-D-Ala-NH2 is

synt hesi zed as described in Exanpl e |EXMMRLE(Arting peptide contains
Boc-D-On(Z) in the 6-position instead of the Boc-D-Lys[Z(2-Cl)] used in

Exanple |. This starting peptide i I |y, to, Ex .
Ret ont | on’ o PP I6e M EEE N - o B G TS PR PEF R ThaRb FGA- 25. 5
Kinutgs. E@@uquiqdvnﬁ}ﬂBAWﬂ1NHb-DsPhgbﬂhébizEﬂTap-dbseﬁ@bed)ihtExahyl?-[eu-
rg- Pro- - il 5 Ot al - = -D—
Phe(4-C) - ﬁ%ﬁwég}g% - ﬁa%%%ﬁ‘%gg%ﬁ]gqé%ga&ﬁ&f%#gls&l—%t ;(/)If ch?c Danat e
in PNF (oiNaﬁdﬁ)nlnathe{%apﬁgxﬁﬁqn dfhttdverethiatd nge pepddfleat Ag—Drdhe (4-
anal ogous Q - A i d191hS-argPiPe o pi-antl time:
30. 4 minut ghee iBi,i8E HE%I\}BL_E V%J%Eﬂﬁl)% . : e, e
ACLD: Pho( 4-8ien el PREALAST 3% dhe eSS T IRIAPEREIGD. Al a- N2 i 5
synt hesi zeRexenidr itiatk i R eamimMtteseX agpterithiain BdmeDoRhdhé @tartsing

| noor por 2t i eIl RSP el 1 2od kil LRV RS, the starting

—

EXAMPLE VI
Ac-D-Phe(4—Cl)-D-Phe(4—C1)-D-Trp—Ser;Tyr-D-Hci(ethyl)-Leu—
Arg-Pro-D-Ala-NH,

The starting peptide is Ac-D-Phe(4-Cl)-Phe-(4-Cl)-D-Trp-Ser-
Tyr-D-Lys-Leu-Arg-Pro-D-Ala-NH, (see Example V), which is
reacted with N-ethyl isocyanate (0.1 mg in 10 ml per gram of
starting peptide) at 0-10°C in DMF.

Y Reaction time: 10 hours.
EPLC retention time: 29.2 minutes.

w | EXAMPLE VII

The peptide Ac-D-Phe(4-Cl)-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Cit-
Leu-Arg-Pro-D-Ala-NH, is synthesized as described in Example I
except that Boc-D-Phe(4-Cl) is incorporated instead of Boc-D-
Nal(2) in the l1l-position and Boc-D-0Orn(z) instead of Boc-D-
Lys[Z(2-Cl)] in the 6-position, giving Ac-D-Phe(4-Cl)-D-

Phe (4-Cl) -D-Trp-Ser-Tyr-D-Orn-Leu-Arg-Pro-D-Ala-NH, as the
direct starting peptide (retention time: 24.0 minutes), which
is then reacted with KCNO analogously to Example I.

HPLC retention time: 26.3 minutes.



Cl)-D-Phe(4-Ad)-D Trp-Ser-Tyr-D-Lys-Leu-Arg-Pro-D-Ala-[err] then being
obtained as the direct starting peptide. Retention tinme: 26.6 m nutes,;
retention time of the starting peptide vvlth Ac in the 1l-position: 24.0

m nut es. EXAVPLE VI

Ac- D- Phe(4-C ) - D Phe(4-C)-D Trp- Ser- Tyr-D9HC|(ethyI) Leu-
Arg-Pro-D-Ala-NH2 The starting peptide is

Ac- D- Phe(4-C)-Phe-(4-C)-D Trp- PFSFr 5ILIys Leu- Arg- Pro-D- Al a- NH2 (see
Exanple V), which is reacted with N-ethyl |socyanate (0.1 ng in 10 M per

gram of st art ge), ai_ t ours. HPLC
retention ti r‘rﬂerm'fg‘%nz)(I Qﬁ ti’tsl’q’é@wdlé @1 | nﬂwe Yrd- ~di¥erhfr) ek

Ac- D- Phe( 4- @W‘MTERM‘)NI'B-TI’p Ser - Tyr-DClt- Leu Arg-Pro-D-Ala-[err] is
synt hesi zed as described in Exanple | except that Boc-D-Phe(4-C) is

i ncor por at ed |nstead of Boc-D-_ Nal (2) in the 1- osition and Boc-D O n(2)

i nstead of HH& Btarfdrg repbids 45 Re-R5hs (4-61) Q- Bheg A9 PRelapd ) - D-

Pheg 4dc1 % D;sBrp—IS&f-tD'FyIerIerAlow%rt - DA, a(gba Bﬁahb@ted‘gtﬁyt hﬁfkﬁéy ng
eptiade (re n,tli es reactea .w
gri/ogousl ylt lt%Hl*ff li HIS)°6:|¥aﬂa%§ 36 D (Qucle 29 in 39 E‘iﬁSPLE
VITT Ac-D- Prp@(mqma)m Dﬂbwet(aqrt@ln)g Demdser aT'A/ 10-20GQ (feixhylo) hicenrs .

Ar g- Pr 0- D- Al i3k .PeRt id
Ac- D- Phe( 4- CI) DPhe (4%) lDTrp Se‘r?n IiOrn Leu- Arg-Pro-D Al a- NH2 (see

Example VI1), which

U : . EXAMPLE IX

The peptide Ac-D-Nal(2)-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Hci-Leu-
Arg-Pro-Gly-NH, is synthesized analogously to Example I. The
peptide obtained has an HPLC retention time of 27.4 minutes.

EXAMPLE X

Ac-D-Nal(2)-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Hci (ethyl)-Leu- Arg-
Pro-Gly-NH,

The starting peptide is Ac—D-Nal(Z)—Phe(4-C1)— D-Trp-Ser-Tyr-
D-Lys-Leu-Arg-Pro-Gly-NH, (see Example IX), which is reacted
with N-ethyl isocyanate in DMF (0.1 mg in 10 ml per gram of
starting peptide) at 0-10°C for 10 hours.

HPLC retention time: 30.0 minutes.



Is reacted with N-ethyl isocyanate in DMV (0.1 ng in 10 ml per gram of
starting peptide) at O-[err] for 10 hours. HPLC retention tine: 28.6

m nut es. EXAMPLE | X The pepti de

Ac-D-Nal (2)-D-Phe(4-Cl)-D Trp-Ser-Tyr-D-Hci-Leu- Arg-Pro-dy-[err] is

synt hesi zed anal ogously to Exanple |. Thet@epti de obtai ned has an HPLC
retention tinme of 27.4 mnutes. EXAVPLE X

Ac- D-Nal (2) - D-Phe(4-d)-D-Trp- Ser - TyrEmﬂéﬂhyl) Leu- Arg- Pro-dy- [err]
The starting peptide is Ac-D-Nal (2)- Phe(4 a)- D Trp-Ser-Tyr-

D Lys- Leu- Ar(g Pr o- GI NH2 1(v_iee Exanpl e %{an\,hlc Is reacted with N ethyl
i socyanate & )IB"?H’Ppﬁ?rgT 7 RTHS Y T BEpt o)At Ry err]
for 10 hours. HPLC retentlon time: 30.0 m nutes. 40 EXAMPLE Xl

pept 1 de | < Mt re eotr b BBRPTUR b RePhq Bubt fi O Db S SR 0T

(retention E-Yﬁ‘eLellﬁABgnPﬁQt‘Bs}\laerth (ir§tr9é?éPGt°éUtMﬂﬁh rl@t &sg\lmt@ﬁénat e

anal ogousl| ywﬁpclExs?apJ:saéteahﬁlﬁhabatagsp&ntw&na @@ousl y to
Exarrpl e | )g?eﬁt t hat Boc-Pro is.i1ncorporated mste,ad of Boc- ng%
t he .1- posi t PSP IPLE: r oTBRt SHATELRY: PRt 3% 13t Rta led /AR 3oyl v 5o D phe

(M ) - D TEgaple TYr eRebpt (:ﬁtahyBaJc-Pﬁu fégxﬁﬁ@rﬂibreﬂl:@d NHes Tdeed oA t i ng
peptide is £csBhrkQi (a7 4 khal-pbR1 8860 1Y - D

HPLC retention time: 19.3 minutes.
U : EXAMPLE XIT

Ac-Pro-D-Phe (4-Cl) -D-Trp-Ser-Tyr-D~Hci (ethyl) ~Leu-Arg-Pro-D-
Ala-NH,

The starting peptide is Ac-D-Pro-Phe(4-Cl)-D- Trp-Ser-Tyr-D-
Lys-Leu-Arg-Pro-D-Ala-NH, (see Example XI), which is reacted
with N-ethyl isocyanate in DMF (0.1 mg in 10 ml per gram of
starting peptide) at 0-10°C for 10 hours.

HPLC retention time: 22 minutes.

EXAMPLE XIII
Ac-Pro-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Cit-Leu-Arg-Proc-D-Ala-NH,

The starting peptide is Ac-Pro-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-
Orn-Leu-Arg—Prd—D-Ala—NH2 (retention time: 16.85 minutes),
which is reacted with potassium cyanate analogously to
Example I. The starting peptide is likewise obtained
analogously to Example I except that Boc-Pro is incorporated
instead of Boc-D-Nal(2) in the 1l-position and Boc-D-Orn(Z)
instead of Boc-D- Lys[Z(2-Cl)] in the 6-position.

HPLC retention time: 18.8 minutes.



Lys-Leu-Arg-Pro-D-Ala-[err] (see Exanmple XI), which is reacted with N-ethyl
i socyanat.e in DM (0.1 ng in 10 mM per gramof starting peptide) at O-[err]
for 10 hours. HPLC retention time: 22 m nutes. EXAMPLE Xl ||
Ac-Pro-D-Phe(4-C )-D-Trp-Ser-Tyr-D-Cit-Leu-Arg-Pro-D-Al a-[err] The starting
peptide is Ac-Pro-D Phe(4-C0)-D Trp-Ser-TH&%-D O n-Leu-Arg-Pro-D Al a- NH2
(retention tinme: 16.85 mnutes), which is reacted with potassi umcyanate
anal ogously to Exanple I. The starti FWE&Ei #2Vis 1ikew se obtained '
anal ogously to Exanple | except that Boc-Pro is incorporated instead of

Boc-D- Nal (2).i4.the J- i Lion.a Boc-T 2 af Bac-D- ...
Lys[Z(2-a)]° ok % %%gsi ¢ifm aﬁ&?‘%ﬁ&e& %ﬁé# ﬂ%@ FePifepro-n
EXAVPLE Xl \AYe=MHop-D-Phe (4-0) -D-Trp-Ser-Tyr-D-Cit (ethyl)

-Leu-Arg-Pro-D- Ala-NH2 The starting peptide is

Ac- Pr o- D- Phe 4-(:1%%D_Trp-8er;T r-D-_On-Leu-Arg-Pro-D- Al a- NH2 (see Exanple
X11), whi c® STEEEIRE RFPFIGE o1R AT RERTRRERE (4rat bgouiR-Ser B Wi
HPLC r et entcbm-mém@@ﬁo-ﬁlb-ﬁmlesunglm li}éé‘vhpg@ BeIRiTg -, Dwhtien( 4§C|r)3acted

-D Trp- Ser - - - Hei - Leus Arg- Pro- D- slerrl,T arti peptide is

Ae-bD- Phe- Ph"g’g}:l 3’ ;g@ﬁp}ié%a@g??}a %%é(g%'ﬁ%%?f gJE%f%}fﬂ%]%-‘mz (retention
time: 20.8 HPBCteshentwhomhtiser e24t 2dninahepot assi um cyanat e anal ogously to

Exanple |I. The starting peptide is obtained anal ogously to Exanple | except
that the am no acid residue Boc-D- Phe is

EXAMPLE XV
W

Ac—D-P;he—D—Phe(4-C1)-D-Trp-Ser-Ty-r—D-Hci--Leu--Arg—Pro—D-Ala-NH2

The starting peptide is Ac-D-Phe-Phe(4-Cl)-D-Trp-Ser-Tyr~-D-
Lys-Leu-Arg-Pro-D-Ala-NH, (retention time: 20.8 minutes),
which is reacted with potassium cyanate analogously to
Example I. The starting peptide is obtained analogously to
Example I except that the amino acid residue Boc-D-Phe is
incorporated instead of Boc-D-Nal(2) in the 1-position.

= HPLC retention time: 23.4 minutes.

EXAMPLE XVI

Ac-D-Phe~-D-Phe (4-Cl) ~-D-Trp-Ser-Tyr-D-Hci (ethyl)-Leu~-Arg-Pro-
D-Ala-NH,

The starting peptide is Ac-D-Phe-D-Phe(4-Cl)~-D- Trp-Ser-Tyr-
D-Lys-Leu-Arg~Pro-D-Ala-NH, (see Example XV), which is reacted
with N-ethyl isocyanate in DMF (0.1 mg in 10 ml per gram of
starting peptide) at 0-10°C for 10 hours.

HPLC retention time: 26.0 minutes.



i ncorporated instead of Boc-D-Nal (2) in the 1-position. HPLC retention
timer 23.4 mnutes. EXAMPLE XVI Ac-D- Phe-D Phe (4-C) -D-Trp-Ser-Tyr-D Hci
(ethyl) -Leu-Arg-Pro- D-Ala-NH2 The starting peptide is

Ac- D- Phe-D-Phe(4-C )-D Trp-Ser-Tyr- D-Lys-Leu-Arg-Pro-D Al a-NH2 (see
Exanpl e XV), which is reacted with N-ethy}2isocyanate in DVF (0.1 ng in 10
m per gramof starting peptide) at 0‘&Err for_ 10 hours. HPLC retention
tinme: 26.0 mnutes. 42 EXAMPLE XWF XViI

Ac- D- Phe-D- Phe(4-d ) - D Trp- Ser - Tyr-D-Clt Leu- Arg-Pro-D- Al a-NH2 The starting
peptide is U H2
(retention ggnéfﬁgg'g-an ﬂ §§) &L%% §§£r%%%t%zc§}t &5 Aﬁ%%?ﬁ%?%g%@%ﬁgy
anal ogously to Exanple |I. The starting peptide is prepared anal ogously to
Exanple | e%ﬁapgtw%tméog, OptEa@ s AeceLpﬂéabeﬂhéE&Lefﬂ-ﬁiwﬁf%&%f%-' n
the 1- p05|t|on and Boc-D- i nstead of Boc-D-Lys[Z

6- posi ti on. FPEéePe%'Ht'PEﬁ"Pl a-¥H, 1(xatapteon FB@WF’LI? A I“!lnutes) ’

Ac- D- Phe- E>ﬁhegﬁ Qb)XEaEtgﬁSe%nypthgfiﬁﬁt?ykhzfeu?ﬁég%gmﬁslﬁ>ﬁba NH2 The
starting peptide,is_Ac e e(4- 3 Lp-Ser-Tyr-

L A GERPIBREAT s, e SEEEEARR,PEPKIAT) LB T CRAY S BT RECUFLY RPet hy)
i socyanat e Exabpie(@. éxpgptnthétnBopeP-Bhanisf incarpongtedpingbeadtod-[err]
for 10 hour gocbBLraf§L§NinORNE FRposPtdofll BHECBoc-D-0rn(z) instead of

Boc-D-Lys[Z(2-Cl)] in the 6-position.
HPLC retention time: 23.1 minutes.

\
EXAMPLE XVIII
Ac-D-Phe-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Cit (ethyl)-Leu-Arg—-Pro-
D-Ala-NH,
The starting peptide is Ac-D-Fhe-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-
Orn-Leu-Arg-Pro-D-Ala-NH, (see Example XVII), which is reacted
\_ with N-ethyl isocyanate in DMF (0.1 mg in 16 ml per gram of

starting peptide) at 0-10°C for 10 hours.
HPLC retention time: 25.4 minutes.



43 EXAMPLE Xl X Exanpl e of the general preparation of a peptide according to
t he i'nvention of the formula Ac-D Nal (2)-D Phe(4-C)-DTrp-
Ser-Tyr-D-Hci-Leu-Arg-Pro-D-Ala-[err] This peptide is .... stepw se by
means of a benzhydryl am ne resin containing approximtely 1.0 nol

equi val ent of am no groups per gram usi P a Beckman 990 synt hesi zer,
starting with Boc-D-Ala. Coupling _is carried out in accordance with
schedul e A given in Exanple |. Dei*30LfgXI& carried out in accordance with
schedule B given in Exanple |I. The other conditions correspond to the

I t da TIh Lect d { d at e tide o alned I n
Chis vay naiiepBie PEoLRe oeldfal! BrEReAl Bh HEFTS) SSRI Ao i Ay ES,
[err] - Tyr Fb?r}DVEanane@ thﬁgféxmylaPAo-EkM¢bf¥kﬁmiPNmeqfﬁlo{BﬁTip— Bzl ,

[err] = Dzbgefefyl- D-ﬁ@&-ﬂaﬁl-ﬁ- -t>§oanb§ﬂ§hﬁa’ﬁry' group incorporated in the
resin. The protected peptide obfained in this?way is cleaved according to

Exanple | with 1.4 mM of mcresol and 15 m of hydrogen fluoride per gram
of peptide Tnssnpéﬁtidbomé at . Leétkpﬁméeobﬁ ﬁ@&ﬁsa&fYQQ@%ﬁ P?idhehe All

t-h r ndi cated i crugde produ obtalned S
DUkt i od byt BFbBarab Lo LR PR CAPREPRIARFDY, L 0 gb T et %fa:fco?%
Exanpl e | |greupbmbertgﬁamkandlmQQGABchManns90|swmthe$K1Emuogtamhyngystem

Ph L ent
/lis' ng a TFiwggpgéﬁfeBﬁg 1&?#& hﬂg%%/o %?%gﬁea%&gw%é&&/&ﬂée WPty

schedule A given in Example I.

— Deblocking is carried out in accordance with schedule B given
in Example I. The other conditions correspond to the
relevant data in Example I.

The protected intermediate peptide obtained in this way has
the following composition:

Ac-D-Nal(z)-D—Phe(4—C1)—D-Trp-Ser(X‘)—Tyr(xs)-D—Hci-Leu—
Arg (X8) -Pro-D-Ala-NHX'®

1~/ wherein X* = Bzl, X® = Dzb, X8 = Tos and X" is a benzhydryl
group incorporated in the resin.

The protected peptide obtained in this way is cleaved
according to Example I with 1.4 ml of m-cresol and 15 ml of
hydrogen fluoride per gram of peptide resin (0.5 hour at 0°C
and 0.5 hour at room temperature). All other measures are as
indicated in Example I. The crude product obtained is
purified by preparative HPLC. HPLC analysis is performed
according to Example I in a Hewlett-Packard 1090A gradient
liquid chromatography system using a Phenomenex column, elu-
ting with the following solvents:

solvent A: 0.1% TFA, solvent B: 0.1% TFA in 70% CH,CN, with a
gradient of 35 - 75%, in 30 minutes. The resulting

dipeptide, which contains D-Hci in the 6-position, has an



gradient of 35 - 75% in 30 mnutes. The resulting dipeptide, which
contains D-Hci in the 6-position, has an 44 HPLC retention tine of 22.9
m nufes. Further purification is effected on a Beckman Prep-350 gradi ent

| i qui d chromat ograph according to Exanple |I. EXAMPLE XX The pepti de
[err]-CO-D-Nal (2)-D-Phe(4-C)-D Trp-Ser-Tr-D-Hci- Leu-Arg-Pro-D-Ala-[err]
I s obtained according to Exanple Xl X except that [err]-CO-D-Nal (2) is

i ncor por at dPFRtRERNBIOBIITE a3 iMRHes)- pdHthey A Mcatdion|is
acetyl at i oref Sed¥éa Coti 4 EBe@tihan Ht&p+38 e gl drit Bl i AAD dfirtiatographVPLE
XXl The peptide (fc Dglalséfﬁ%@ﬁiPxM- C)-DTrp-Ser-Tyr-D-Cit-Leu-
Arg-Pro-E%A@%??% +Tgi o T zed as described in Exanpl e XI X except that
Boe-D-Cit is incorporated instead of Boc-D-Hci in the 6-position. The
desired peptide has an HPLC retentio i éﬂ?X?Z'S m nut es. EXAMPLE XXI |
Ac- D-Phe(4-d)-D Phe(4-A)-D Trp-Ser-T1yr- I'-Leu-Arg-Pro-D- Ala-[err]
This is prepared according to Exanple Xl X except that Boc-D- Phe(4-d) is

i ncor por at efhé Nsésesaef nReedDNNa07k ) -p-Phe (122§ Lb-e8p-EBECTy 8L BRHESR.

time: 24.0 m nutes. . . .
Leu-Arg-Pro-D-Ala-NH, is obtained according to Example XIX

except that H,N~CO-D-Nal(2) is incorporated instead of Boc-D-
Nal(2) in the 1-position and N-terminal acetylation is not
carried out.

HPLC retention time: 24.0 minutes.

EXAMPLE XXI1

The peptide Ac-D-Nal(2)-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D~Cit-Leu-
Arg-Pro-D-Ala-NH, is synthesized as described in Example XIX
except that Boc-D-Cit is incorporated instead of Boc-D-Hci in
the 6-position. The desired peptide has an HPLC retention
time of 22.5 minutes.

EXAMPLE XXTI

~/ Ac-D-Phe (4-C1) ~D-Phe (4-C1) ~D-Trp-Ser-Tyr-D-Hci-Leu-Arg—Pro-D-
Ala-—NHz

This is prepared according to Example XIX except that Boc-D-
Phe(4-Cl) is incorporated instead of Boc-~D-Nal(2) in the
l-position.

HPLC retention time: 24.0 minutes.



45 EXAMPLE XXII| Ac-D-Phe (4-C) -D-Phe (4-Q)
-D-Typ-Ser-Tyr-D-Git-Leu-Arg-Pro-D- Ala-NH2 This is prepared anal ogously to
Exanpl e XI X except that Boc- D-Phe(4-C) is incorporated instead of
Boc-D-Nal (2) in the 1-position and Boc-D-Cit instead of Boc-D-Hci in the
6-position. Retention time of the peptidasobtained: 20.8 m nutes. EXAMPLE
XXIV Ac--D-Nal (2) -D-Phe (4-C) -D-Trp-Ser-Tyr-D-Hci-Leu-Arg-Pro-Ady- [err]
This is prepared according to ExanpEXAMPREcXXEDBE that Boc-Ay is
incorporated instead of Boc-D-Ala in the 10-position. The peptide obtai ned
has an HPLC retention tinme of 22.4 mnutes. EXAMPLE XXV Ac-D-Nal (2)

- D- Phe( 4- CiAc=DxBhg (4351 ) Rrehg 4 1& HerR1Rap-Aer1Eya-D- Gty Ay Py oD
prepared agaei-dilg to Exanpl e Xl X except that Boc-D- Pal (3) is incorporated
i nstead of Boc-D-Trp in the 3-position. The peptide obtained has an HPLC
retention time of 13.6 m nutes. 46 EXAMPLE XXVI

Ac- D- Nal - DTRtis{ 4i<Cl prépaed 33nEbogdys D40 tExamplér oI exidepAl dtady rHocHhi s

i's prepareqy, a4GoF Al 1 P BRORL Sorlleb e Gitledd ¥Pr BRED-Na1(2) in the

. l1-position and Boc-D-Cit instead of Boc-D-Hci in the

A P
6-position.
Retention time of the peptide obtained: 20.8 minutes.

\_ EXAMPLE XXIV
Ac-D-Nal (2)-D-Phe(4~-Cl)~D-Trp-Ser~-Tyr~D-Hci~Leu-Arg-Pro-Gly-
NH,
This is prepared according to Example XIX exceﬁt that Boc-Gly
is incorporated instead of Boc-D-Ala in the 10-position.
The peptide obtained has an HPLC retention time of

G 22.4 minutes.

N

: EXAMPLE XXV

o/

Ac-D-Nal (2)-D-Phe(4-Cl)-D-Pal(3)-Ser-Tyr-D~Hci-Leu-Arg-Pro-D-
Ala-NH,

This is prepared according to Example XIX except that Boc-D-
Pal(3) is incorporated instead of Boc-D-Trp in the
3-position.

The peptide obtained has an HPLC retention time of 13.6
minutes.



Gt ig incorporated instead of D-Hci in the 6-position and Boc-D-Pal (3)

i nstead of" Boc-D-Trp in the 3-position. The peptide obtained has an HPLC
retention time of 13.3 mnutes. EXAMPLE XXVII The peptide [err]-CO D Nal
(2) -D-Phe (4-A) -D-Pal (3) -Ser-Tyr-D- Cit-Leu-Arg-Pro-D-Ala-NH2 is
synt hesi zed as described in Exanple Xl X #%cept that Boc-D-Cit is

i ncorporated instead of Boc-D-Hci in_the 6-position, Boc-D-Pal(3) is

i ncorporated i nstead of Boc-D-Trp i BXAMBLE. £8¥Tti on and N-terni nal
acetylation is omtted. This gives the internedi ate peptide

HD-Nal (2) pR-Bhg64-FL Pad (3= Ser- Tyr«R- Gt - Leu-Arg: ProsD-Ala-[err].
The free péggﬁdggébgz%ﬁg-4i%hsﬁ%§§%é§§¥ssgﬁg? Fegcfgg &FFhAﬁgfgggiﬁm
cyanat e i n2809¥Hgueous DMF (81 ng KOCN 300 ng peptide/m) at room
tenperature for 24 hours. After evaporation under high vacuum the reaction

m xture is Buritied bﬁ rﬁgarative HPLC. The resulting pegtide has an HPLC
retention tPhE of PESR2 pegording; tey Expmp x| except that Boc-D-
H2N- CO- D- Nelig2)isDiRketpothred RalstadpdSerf- DyHch hiai theusApgsiPionDaAla- NH2
i prepare nal Y. e Xl Xexcept. t oc-D-Pal (3) is
iﬁﬁ%rporatgaéi%s?ggg§gflb%§;é?¥§% Pﬁctﬁeﬁggpé?i??%n§a asﬁgiggﬁinal
acetylation is omtted. This gives the internedi ate peptide

o+ D Nal (2) rhePRebEiGe) obtaifll® has bnHbLE HekehRion! 9ifkosP A a- N2 The
free peptide obtained in this way is then reacted wth potassiumcyanate in
aqueous DMVE3(¢81MARUKESN 300 ny peptide/m.) at room

b.

EXAMPLE XXVII

The peptide H,N-CO-D-Nal(2)-D-Phe(4-Cl)-D-Pal(3)-Ser-Tyr-D-
Cit-Leu-Arg-Pro-D-Ala-NH, is synthesized as described in
Example XIX except that Boc-D-Cit is incorporated instead of
Boc-D-Heci in the 6-position, Boc-D-Pal(3) is incorporated
instead of Boc—D-Tfp in the 3-position and N-terminal

-~ acetylation is omitted.

‘\J:g This gives the intermediate peptide H-D-Nal(2)-D-Phe(4-Cl)-D-
Pal(3)-Ser—Tyr—D—Cit-Léu-Arg—Pro—D-Ala-NHr The free peptide
obtained in this way is then reacted with potassium cyanate

o/ in 80% aqueous DMF (81 mg KOCN/300 mg peptide/ml) at room
temperature for 24 hours. After evaporation under high
vacuum, the reaction mixture is purified by preparative HPLC.
The resulting peptide has an HPLC retention time of 14.4
minutes. .



tenperature for 24 hours. After evaporation under high vacuum the reaction
m xture ks purified by preparative HPLC. The resulting peptide has an HPLC
retention time of 14.7 mnutes. EXAMPLE XXI X The synthesis of the peptide
H2N- CO- D- Nal (2) - D- Phe(4-d ) -D Trp-Ser-TAé_g-DO't-Leu-Arg-Pro-DAIa-[err]
begins with preparation of the internediate peptide H D Na] (2)-D Phe(4-

A)-DTrp-Ser-Tyr-D-CGi t-Leu-Arg- Prﬁ}-{%&ﬂ ? The i nternedi ate peptide
i s synthesized as described in Exanple })g?(%ie{)t that Boc-D-Orn(2) is

i ncorporated instead of Boc- D-Hci in the 6-position and N-term nal :
acetyl atioq N-Sc@ﬂi’_olﬁsﬂ(zihsfﬁﬁéﬂ%ﬁiﬁi@@%ﬁﬁi%mﬁ'-@mdiﬂﬂé@-& sition
i's then re;ﬁte% w.t h_pot assi um%%/%é]ate i n 80% aqueoqus (162 r;%ﬁaOCNBOO
mg pepti deFRPT Paf Aol et LhperaR f%?a]ﬁﬁ?ﬂﬁﬁl)'%. NERARA R SHra X5 PR Ind er

hi gh vacuufthath®ocedePad 3 isuiacosppuatédednbyepdepsr Bocv¥b-FPRCin ThRe
resul ting peptl .has P| t h OB s . ' es. 48 EXAVPLE
o The oy B Reereiof o WerpIhgl a0 REiSh §F: BuILEHATY ) o

Tr p- Ser - Ty Fhi)sHgiivesy they-ipterpediatpepeptbdgi HsDwNah (B) eBaPhel 4nCd) -Phe

Hnter”EdiabﬁlR@%P@@%—HyQLHahEa)L@uEﬂ?&4PrSLb-A1a—NH . The free peptide
-D/Tr p- Ser-1};¥‘_r§-, Lys- Léu- Ar % Pro-D-Al a-[err The ihternediate peptide is

synt hesi ze®@ ANy &pLsh WBY a A1 §h%PXr§§€L69 vhth petagsiyw[oyaners] is
i ncorIoorat dth agRlcond gliurBﬁ@-lfDmkjckobN/Bbe figppeptiaa/any Akt ﬁbﬂiﬁnal
acetylation.i mtted.. T ee_pept i containing.D-Lys.in the 6-position
ot hen r odeRBE R ok o hot Raa: AE ERF SBVARREAE S pfRat? hign
vacuum, the reaction mixture is purified by preparative HPLC.
N\ The resulting peptide has an HPLC retention time of

14.7 minutes.

EXAMPLE XXIX

The synthesis of the peptide H,N-CO-D-Nal(2)-D-Phe(4-Cl)-D-
Trp-Ser-Tyr-D-Cit-Leu-Arg~Pro-D-Ala-NH, begins with
preparation of the intermediate peptide H-D-Nal (2)-D-Phe(4-
Cl) -D-Trp-Ser-Tyr-D-Cit-Leu-Arg-Pro-D-Ala-NH,. The

L intermediate peptide is synthesized as described in Example
XIX except that Boc-D-Orn(Z) is incorporated instead of Bcc-
U D-Hci in the 6-position and N-terminal acetylation is

omitted. The free peptide containing D-Orn in the 6-position
is then reacted with potassium cyanate in 80% agueous DMF
(162 mg KOCN/300 mg peptide/ml) at room temperature for

24 hours. After evaporation under high vacuum, the reaction
mixture is purified by preparative HPLC. The resulting
peptide has an HPLC retention time of 23.6 minutes.



(164 ng KOCN 300 ng peptide/m) at roomtenperature for 24 hours. After
evapor ati on under high vacuum the reaction mxture is purified by
preparatirve HPLC. The resulting peptide has an HPLC retention tinme of 14.0
m nutes. EXAMPLE XXXI Tablet formulation for buccal (e.g. sublingual)

admini - stration 1. LHRH antagoni st 48 10.0 ng Conpressi bl e sugar
86.0 ng Cal cium stearate éiﬁ é%# HRH ant agoni st

10. 0 ng Conpressi bl e sugar : esi um stearate 1.5
myg 3. LHRH ant agoni st 5.0 ng Mannitol 83.5 ng
Magnesi um r . 5 TP B Il ix I\ _ _n. 10.0
nmg Pregel at%{h%i %ggt&egrl& of éiel(é%tn:'ﬁiﬁ_gléﬁogg ANt FfBBe (4 .C1)74I.)5 ny

Pr egel at i nif¥ed Sewaflyw -D-Heird.an iy aviipieeddhasNdarheginsmwith 1.5 ng

Met hod A Thepalidid i 0N intdimmsdlatd geptd aeuhtb-bohgn i 23 mpupheql —vat er
to formwet _granules when it is mxed with the sugar part of the excipient.
After conplCd?eDRTERTG e R Y GRS e @G FE@ PrdlasNiei p They of a
fluidized HetetmeariatEheeaptidy ainlsmiares iled aisl descrdbed tin Ekaitiple any
| arge 00" g4y SR A CRIE WL B AYB AL AT HIPTTNEE ULl (AR dlPlor
N/ Boc~D-Hci in the 6-position and N-terminal acetylation is

: omitted. The free peptide containing D-Lys in the 6-position
is then reacted with potassium cyanate in 80% aqueous DMF
(164 mg KOCN/ 300 mg peptide/ml) at room temperature for 24

k;/ hours. After evaporation under high vacuum, the reaction
nixture is purified by preparative HPLC. The resulting

peptide has an HPLC retention time of 14.0 minutes.

EXAMPLE XXXI

Tablet formulation for buccal (e.g. sublingual) admini-

stration
\Wi/; 1. LHRH antagonist 10.0 mg
) Cdmpressible sugar 86.0 ng
Calcium stearate. 4.0 mg
U _
2. LHRH antagonist 10.0 mg
Compressible sugar 88.5 mg
Magnesium stearate 1.5 mg
3. LHRH antagonist 5.0 mg
Mannitol 83.5 mg -

Magnesium starch 1.5 mg



The granul es are then conpressed to a specific tablet weight in a standard
tabl €ting.machine. Method B. In this nmethod of preparation, all the

formul ations contain 0.01%gelatin. The gelatin is first dissolved in the
aqueous granul ation solvent, after which the LHRH antagoni st is added. The
ot her steps are as. described for nmethod A9 EXAMPLE XXXl | Long-acting

formul ation for intramuscul ar injection Long-acting sesane oil gel for

i ntranmuscul 4v BHREcanorgemi¥t ant agoni st 10.® mg Al umi ni um nonost earate 20.0
g Sesane oi | godO il id{feq! YA RLNM NONPSteagate is heated together with
the sesane oil_at [err], wth stirring, until a clear .yellow solution is

50 obtained. THSt¥FKture is then steril7%ed P a sterilizing apparatus and
cool ed. The LHRrtgolagDnisédistdren addegs Ugdgg aseptic conditions by neans
of trituration, Particulailg grefﬁ%éed LHRH. ant agoni sts are salts of | ow
solubility, e PRIOFHLURFERATaLS nnat e' 53174, panmpate salts and the

| i ke. These have an exceptionally long duration of activity. EXAMPLE XXXI |
Long-actin | of ad _ ] psul | it S i pj.ection
LFR) ant agairRef g Po0me R ke IUGRECENEY Sleplintd LAROHAIhe
gl'ycol i ¢ ackEownE Phcvaeercte)fermtvehsgranpkessvhenole)iggnsxed with

the sugar part of the excipient. After complete mixing, the
granules are dried in the drip tray of a fluidized bed dryer.
The dry granules are then illuminated to show up any large
aggregates and comminute them, and are then mixed with the

other components.
The granules are then compressed to a specific tablet weight
in a standard tableting machine.
Method B. In this method of preparation, all the
formulations contain 0.01% gelatin.
The gelatin is first dissolved in the aqueous granulation
_ solvent, after which the LHRH antagonist is added. The other
'\@ y steps are as described for method A. |
o EXAMPLE XXXII

Long-acting formulation for intramuscular injection

Long-acting sesame oil gel for intramuscular injection

LHRH antagonist 10.0 mg
Aluminium monostearate 20.0 mg
Sesame o0il ad 10 ml

The aluminium monostearate is heated together with the sesame

oil at 125°C, with stirring, until a clear yellow solution is



M crocapsul es (0-150 Angstron) of the fornulation given above, suspended
in: Dextrose 5.0% Carboxynet hyl cel | ul ose sodi um 0. 5% Benzyl al cohol 0.9%
Tween 80°'0. 1% Water, purified, ad (anpbunt necessary for) 100.0% 25 ng of

m crocapsul es are suspended in 1.0 m of the vehicle. EXAMPLE XXXIV Aqueous
sol ution of an intramuscul ar injection LPRH ant agoni st 500 ng Cel atin

(non-antigeni.c). 5 ter for. injection ad 10Q.mi .51 Th el.ati.n and

the i ot e alfout 37 ratsr dred idea oretiHd At on

is then filappeehtusiemdtarolad corihia iI3IRH abXagenE sXXX¢ FEdemulagkdegh f or

rectal admpjsdt afd ; ' ' for . l.ni stration LHRH

ant agoni st E 0 .m‘a;&%%‘:e%ol E%%%’%G:EP %gsLﬁ&%%%gé%%{pso?hi s mixed with

t he nol t en Pataiviandss prefeioied CHRI @ngagogrigismedied saltsspf low
solubility, e.g. zinc salts, zinc tannate salts, pamoate

salts and the like. These have an exceptionally long
duration of activity.

EXAMPLE XXXIII

Lopg-acting biodegradable polymer microcapsules for
\;) intramuscular injection

LHRH antagonists 1%
25/75 glycolide/lactide copolymer (copolymer of glycolic acid
and lactic acid) (intrinsic viscosity 0.5) 929%
Microcapsules (0-150 Angstrom) of the formulation given
above, suspended in:
Dextrose 5.0%
Carboxymethylcellulose sodium 0.5%
Benzyl alcohol 0.5%
\/_,/ Tween 80 0.1%
Water, purified, ad (amount necessary for) 100.0%
25 mg of microcapsules are suspended in 1.0 ml of the
k/ vehicle.

EXAMPLE XXXIV
Aqueous solution of an intramuscular injection
LHRH antagonist 500 mg

Gelatin (non-antigenic) 5 mg
Water for injection ad 100 ml



Clainms 1. A peptide of the formula
X-Terr]-Ser-Tyr-[err]-Leu-Arg-Pro-[err] | wherein X is an acyl group
consisting of linear or branched chains of aliphatic or alicyclic
carboxylic acids having 1 to 7 carbon atons, or a carbanoyl group, [err] is
D or L-Pro, D or L-[err]-Pro, D Phe, E>$%e(4-HI), D-Ser, D-Thr, DAl a,
D-Nal (1) or_D- Nal 2%, [err].is D-Phe or D-Phe(4-H ), ,[err] is, DTrp, D Phe,
D Pal (3), CFRE ?#a inangd] ¥be LIRH, prkageptst areidisseived (B) Y€ D Hei (Q
gn_d [eEr] ;‘safty por DiAfjactibnbei me}‘ llsumﬁtmen ﬁ:ﬁ:bﬁéﬂ_e%m%?‘ér_mm@rnd Q
eing [err rnpceutically acceptable acid addition salts
t her eof . 2.se£r¥i$@%€$%gg§3§%6rding to daim1l, characterized in that X is
an acetyl or carbanoyl group, [err] is D-Nal(2), D or L-Pro, D Phe or
D-Phe(4-C), [err] is DPhe(4-C) or D-Phe(4-F) and [err] is D Trp or
D Pal (3). 3. Peptides of the formula [err] -Ser [err] -Tyr [err]
-Leu-Arg [err] -Pro-[err] NH[err] WRERMPRE[XXXY is an acyl group
consisting of linear or branched chains of aliphatic or alicyclic
carboxylic Qcids h?ving 1 to .ato or_t-Boc, hydrogen or

b
ch;bannyl, °or 3}? ipg ﬁ?ﬁﬁﬁﬁéﬁgg;agﬂbpﬁfg%?Fﬁﬁngroup for the Ser hydroxyl

Suppository vehicle for rectal administration

_ LHRH antagonist 5.0 mg
\— Witepsol H15 20.0 mg

The LHRH antagonist is mixed with the molten Witepsol H15 and
poured into a 2 gram mould.



group, [err] is hydrogen’or a protecting group for the Tyr phenolic
hydroxyl group, [err] is hydrogen or a protecting group—for—the Arg

guani dino group, [err] is hydrogen or a carrier resin ha Wumr
met hyl benzhydryl groups, [err] is D or Igro D or L- ﬁ“m,

D-Phe(4-H), D-Ser, D-Thr, DAl a, I}Nal(l)5 or DNaI(2) err¢ 1s @ Ple Or
D-Phe(4-H ), [err] is D Trp, D-Phe, D-Pal(3), DNal(1) or DNal(2), [err]
is DDCt or DDHci and [err] is Ay or DDAla, H being fluorine, chlorine or
brom ne. 4. Pepti des according to one of Clains 1 to 3, characteri zed
in that X i £i1acgedsy!, Boc or hydrogen, X4 is benzyl, [err] is

2, 6-di chl orobenzyl, [err] is benzyl oxycarbonyl or

2- chl orobenzyl oxycarbonyl, [err] is p-toluenesul phonyl or nitro, [err] is a
carrier resiln cont aixipepthehw oftirtHe dormetllay| - benzhydryl groups, [err] is
D-Nal (2) or D-Phe(4-C), [err] is D-Phe(4-C), [err] is DTrp or D-Pal (3)
and [err] is DDAla. 5. A peptide accordlng to one or nore of the
pr.ecedi ng cl ai ns, @hé%anéRrf@ﬁ‘ﬂarrﬁhrLaut#rqtﬁr?-R S—Hdetyl T

"

wherein

X is an acyl group consisting of linear or branched chains of
aliphatic or alicyclic carboxylic acids having 1 to 7 carbon
_ atoms, or a carbamoyl group,

-~/ R' is D- or L-Pro, D- or L-A3-Pro, D-Phe, D-Phe(4-H1),

D-Ser, D-Thr, D-Ala, D-Nal(l) or D-Nal(2),

R?> is D-Phe or D-Phe(4-H1),

R’ is D-Trp, D-Phe, D-Pal(3), D-Nal(l) or D-Nal(2),

R® is D-cit, D-Hci, D-Cit(Q) or D-Hci(Q) and

R is Gly or D-Ala,

Hl being fluorine, chlorine or bromine and Q being C,-C;~
alkyl, and pharmaceutically acceptable acid addition salts

thereof.

) .
2. Peptides according to Claim 1, characterized in that
X is an acetyl or carbamoyl group,

i R' is D-Nal(2), D- or L-Pro, D-Phe or D-Phe(4-Cl),

R?> is D-Phe(4-Cl) or D-~Phe(4-F) and
R®> is D-Trp or D-Pal(3).

3. Peptides of the formula

X,-R'-R%-R>-ser (X*) -Tyr (X°) -R"*~Leu-Arg (X®) ~Pro-R"-
NH-X'°

wherein

X, is an acyl group consisting of linear or branched chains of
aliphatic or alicyclic carboxylic acids having 1 to 7 carbon
atoms, or t-Boc, hydrogen or carbamoyl,



54 6. A peptide according to one or nore of the preceding—elai-ns,

characterjzed in that X or [err] is carbanmoyl. 7. di ng
to one or nore of the preceding clains, characterized’ |f”nﬂﬁ§” Ei@ﬂ(ﬂﬂ"’
[err] is DDCt or D Hci. 8. A et ho f preparing peptedes

formul a X—[err]-Ser-Tyr-[err]-Leu-Arg-Pro-:Ferr] | wherein X is an acyl
group consisting of linear or branched chains of aliphatic or alicyclic
carboxylic acids having 1 to 7 carbon atons, or a carbanoyl group, [err] is

D or L-Pro, D or L-[err]-Pro, D-Phe, D-Phe(4-H), D Ser, D Thr, D Ala,

D-Nal (1) orxD-iMiHylroddt Idr i$ grahectoind Rl tidv) thkesek i onTJyFL D- Phe,
D Pal (3), D-Nal 1)y7&or gxDNaI(Z) EI;iferr] is DDGt, DHci, DDCt(Q or D Hci(Q
and R10 is &§¥Br D-Ala, H being fluorine, chiorine or bronine and Q bei ng

[err] al kyl X° airsd Iprdharogege ubr cal pryotaectepic v ifdbraditet Tgmw phleneltilver eof ,

characteri zgdq fgx%maérkggy are prepared by fragment condensation of
correspondln pepti dments, as conventionally used in peptide

chem stry, i5y hadpnger eym hexosecising oravs Gea ftheudey omandetiinge
chém stry, fohﬂ that, in a peptide of forrrula | wherein [err] is DDOn or
DLys, the free am no %rou of D-On or gs is.converted to the ureido

group by reﬁct LEn DWAERYSR kA iCaratar E?ﬁﬁ t Baging RenaRyAr¥i o9¥ di ng
conpound ormetbglb]anahkﬂty&sg&ys&pat,e and optionally, the peptides

obt ai ned ar g acylat &aﬂdﬁéﬁo crgnvert g,rghe a%gesDaggé(gpﬁi?nally,
al1y’

converted to p y5|olog|c accep a Ie acrd sa
D-Ser, D-Thr, D-Ala, D-Nal(l) or D-Nal(2),

\_/ R? is D-Phe or D-Phe(4-H1),
R® is D-Trp, D-Phe, D-Pal(3), D-Nal(l) or D-Nal(2),
R" is D-Cit or D-Hci and
R is Gly or D-Ala,
H1l being fluorine, chlorine or bromine.

4. Peptides according to one of Claims 1 to 3,
characterized in that

X is acetyl, Boc or hydrogen,

| X* is benzyl, ’

\/ X° is 2,6-dichlorobenzyl,

xt is benzyloxycarbonyl or 2-chlorobenzyloxycarbonyl,
X% is p-toluenesulphonyl or nitro,

X' is a carrier resin containing benzhydryl or methyl-
benzhydryl groups,

R' is D-Nal(2) or D-Phe(4-Cl),

R?> is D-Phe(4-Cl),

R’ is D-Trp or D-Pal(3) and

R is D-Ala.

5. A peptide according to one or more of the preceding
claims, characterized in that X or X, is acetyl.



9.  Anethod according to Claim8, characterized in that the stepwse
synt hesi s«is carried out by a procedure in which firstly the '
carboxy-term nal am no acid glycine or D-al ani ne or thji[ﬂ Hmjl ﬁugﬁﬂu
whose ami no group in the a-position is protected, is v o]
synthetic carrier conventionally used for3this purpose, the a-am no
protecting group is cleaved, the next protected amno acid is bonded via
its carboxyl group to the free amno group obtained in this way, the

a-an no proteecti ng @ peptddet hiccoxddnd tanone ati thore bdbliebhel pageddingt urn,
t he next am et d J et dt , ni ' acids of the
peptide to gg%sl?/ﬁ%t'hg?%%%%%%%gzﬁlaﬁ%gd%&ggpv}\% gg ﬁ%%%@ggl%?t he correct
sequence and, after all the am no acids have been |inked, the finished
pepti de accgrding t%.gﬁﬁﬁﬂdh'é&dﬂf@%ﬁ%dtkf%ﬁbtg% adrel 8F 8Ad. pPBELARAY! Y.
ot her si de-g}ro%s[p;]ro ectin %rou s _présent ;are cleaved. 10. Coppounds
accor di ng t &@ Fharagtgrhzed gn [t & perRpedi®i B-GLEi 98 PrdFidi ents.
11. A drug containing a conmpound of general fornula | according to
Caim1l or aim?2, .t ] fi |5 cipi S di l uents
oﬁgadjunctsg'lz. ﬁgﬁ%gﬁ%éﬂ%%ﬂﬁﬁﬁgﬁﬁghéggé P%g,°%h§$%CF§?ﬁ§§ in that a
conpound | according to Claiml1l or Caim?2 is processed to pharnmaceuti cal
formulations with Woﬁmy_ggquggeﬁbiﬂéﬁ_@%iﬁ@tﬁw_m@d/ or gdi l uents or
other adjuncts, or is converted to a formusable in therapy. 13. A

met hod according to Caim1l1 or aim112, characterized in that the anount
of active | Rgieadient according to one or nore of the preceding Clains 1 to

8 \s bet Weerk Oisl aéll'lnq'«,lczy'l5 gr%uiizg c%cnstg.os 'nvéelo%htli%%rard%)z/" branched chains of

Q

aliphatic or alicyclic carboxylic acids having 1 to 7 carbon
atoms, or a carbamoyl group,

R' is D- or L-Pro, D- or L-A’-Pro, D-Phe, D-Phe(4-Hl),

D-Ser, D-Thr, D-Ala, D-Nal(l) or D-Nal(2),

R? is D-Phe or D-Phe(4-H1),

R’ is D-Trp, D-Phe, D-Pal(3), D-Nal(l) or D-Nal(2),

R is D-Cit, D-Hci, D-Cit(Q) or D-Hci(Q) and

| R is Gly or D-Ala,
:\hg _ H1 being fluorine, chlorine or bromine and Q being C,~ C,-

alkyl,

and pharmaceutically acceptable acid addition salts thereof,

(_/ characterized in that they are prepared by fragment

condensation of corresponding peptide fragments, as
conventionally used in peptide chemistry, or by stepwise
synthesis as conventionally used in peptide chemistry, or in
that, in a peptide of formula I wherein R® is D-Orn or D-Lys,
the free amino group of D-Orn or D-~Lys is converted to the
. ureido group by reaction with an alkali metal cyanate or a
cyanate-providing compound or a C,-C;-alkyl isocyanate, and,
optionally, the peptides obtained are acylated and/or
converted to the amides and, optionally, converted to
physiologically acceptable acid salts.



56 14. Use of conpounds according to Claiml or Claim2 for the
pr epar ati,on of drugs. - —
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9. A method according to Claim 8, characterized in that
the stepwise synthesis is carried out by a procedure in which
firstly the carboxy-terminal amino acid glycine or D-alanine
or the amides thereof, whose amino group in the a-position is
protected, is covalently bonded to a synthetic carrier
conventionally used for this purpose, the c-amino protecting

group is cleaved, the next protected amino acid is bonded via
its carboxyl group to the free amino group obtained in this
way, the a—-amino protecting group of this second amino acid
is then cleaved in turn, the next amino acid is bonded

W : thereto and the remaining amino acids of the peptide to be
synthesized are linked stepwise in this way in the correct
sequence and, after all the amino acids have been linked, the
finished peptide according to Claim 1 is cleaved from the
carrier and, optionally, other side~group protecting groups
present are cleaved.

10. Compounds according to Claim 1 or Claim 2 for use as
therapeutic active ingredients.

11. A drug containing a compound of generali formula I
according to Claim 1 or Claim 2, together with conventional
K./ excipients and/or diluents or adjuncts.

12. A method of preparing a drug, characterized in that a
compound I according to Claim 1 or Claim 2 is processed to
pharmaceutical formulations with customary pharmaceutical
excipients and/or diluents or other adjuncts, or is converted
to a form usable in therapy.

13. A method according to Claim 11 or Claim 12,
characterized in that the amount of active'ingredient
according to one or more of the preceding Claims 1 to 8 is
between 0.1 and 2.5 mg/kg of body weight per day.
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14. Use of compounds according to Claim 1 or Claim 2 for

the preparation of drugs.



