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20 The administration of GnRH analogs that are
antagonistic to the normal function of GnRH has been used
to suppress secretion of gonadotropins generally in mammals
and to suppress or delay ovulation.

The search for improved GnRH antagonists has resulted

25 in the making of Antide, i.e. [Ac-D-2Nal', D-4ClPhe?, D-
3Pal3, Lys(Nic)®, D-Lys(Nic)®, ILys®, D-Ala'j-GnRH; and
Cetrorelix, i.e. [Ac-D-2Nal', D-4clPhe?, D-3Pal’, D-cit®, D-
Ala'®}-GnRH. U.S. Patent No. 5,516,887 describes GnRH
antagonists which are said to be more'effective than Antide

30 in suppressing plasma testosterone, e.g.[Ac-D—ZNal‘, D-
4ClPhe?, D-3Pal®, D-Nf-carbamoyl Lys®, Ilys®, D-Ala'’]-GnRH,
which is referred to as Antarelix.

U.S. Patent No. 5,296,468, issued March 22, 1994,
discloses the design and synthesis of a number of GnRH

'35 antagonists wherein the side chains of selected residues
are reacted to create cyanoguanidino moieties, some of
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frequently be important that a peptide analog should
exhibit a long duration of activity with respect to LH

25 secretion, a property which may be enhanced by the peptide's
resistance to proteolytic enzyme degradation in the body
for both short-term and long-term treatment indicationms.
In addition, to facilitate administration of these
compounds to mammals, particularly humans, without

30 significant gelling, it is considered extremely
advantageous for such GnRH antagonistic decapeptides to
have high solubility in water at normal physiologic pH,
i.e. about pH 5 to about pH 7.4.

SUMMARY OF THE INVENTION

35 It has now been found that certain other modifica-
tions to the 5-position residue, or to the 5- and 6-
position residues, in this subclass of GnRH antagonists,
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following formula, and closely related analogs and the

pﬁarmaceutically acceptable salts, are found to have

improved pharmacological properties, particularly long
20 duration of bicactivity:

X-D-Nal~(A)D-Phe-D-Pal- Ser-Xaas-Xaaé-—Leu—Xaa.a-Pro—-Xaa10

wherein:

X is an acyl group having up to 7 carbon atoms or Q,

0

with Q being J—NHR,
25 and with R being H or lower alkyl;
A is 4Cl, 4F, 4Br, 4NO,, 4CH;, 40CH;, 3,4Cl, or C°Me4Cl;
Xaas; is Aph(Q,) or Amf(Q,) with Q, being

O or

30 H (D- or L- Hor) 0 (D- or L- Imz)
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. 25

,15C\6/1\;2n¥:3§72166 EOmpEi e CAIMETPY¥tering a GnRH antagonlsrﬁcgfgiéégf(ﬁﬁ%
ype descrlbed above and monitoring for hormonal
secretion or for tumor cell proliferation.

In still another aspect, the invention provides an
intermediate for making a GnRH antagonlst peptide having
the formula:
X‘-D—Nal-(A)D-Phe-D-Pal—Ser(Xz)-XaaS-Xaaé-Leu-Lys(ipr)(X‘)-
Pro-X’ wherein:

20

X' is an a-amino~-protecting group;

A is 4Cl or 4F;

X% is H or an hydroxyl-protecting group;

Xaay; is Aph(Q,) or Amf (Q,) with Q, being a D-isomer, an
L-isomer or a D/L-isomer mixture of either

or

| I
30 ‘O
J

H
(D- or L-Hor)
A \/

c- I
(9}

({D- or L-Imz)

Xaa, is D-2Aph(Q,), D-Amf(Q,) or D-Pal, with Q, being Ac,
Q,, carbamoyl or methylcarbamoyl;

-4~

Sheet Has Been Replacec

i

THIS SHEET HAS BEEN
REFLALZED




Xerr] i Swérbs%ésd | abi | e am no- protecting group; and PCT/USh®01488 1 S
D Al a-, Ala-, Agl-, D Agl-, Agl(Me)-, or D Agl (Me)-resin
support N(Et)-rx%irssannxnid-kﬁbﬁmed@mbmoEprotecﬁiag Gryupr Aha

ethylam de, Aeady MgHle- 0¥ nLpxldcds: S, ougve BOiwefe, or po

[err]-am no group i briary 'be
antagonlstsAﬁléﬂphrrﬁémnaﬁuypggefuN(E@)suppn@s§uppor¢heaSEGn@wﬂanﬁﬁD’

gonadot r opi g3 and1gSofehtbl;i uhgﬁamlateor §,zaslwimhun8980taec Beeltiaey
exhibit | ong duratton of activi ) conti ndi ng stantla

suppr ess® LHQ¥EVEFi bhakothe “‘éFlPQaQFOEBpQE XaéayﬁaYTﬂE§1H§9 Vnﬁ@oved
sol ubility méthylaggdeous buffers at phyS|oIog|c pHs and acceptable si de
effects with resggct to tlnula%ﬁon of hi antne rel ease, e. better

than the GnRH su Fﬁﬁoﬁp PIORAFER BFE RB% €mﬂ§rﬁ¥¢35%ﬂq%ﬂQ%lﬁﬂﬁ§F
al so exhibithetaéanbtgehloﬁggopaﬂotropanhcam@namui@&dphmqyaneguianors

cifective CoRCRIbEAL BBBagee cRRGSS MBI AILANNALR AP SO ULaIIp! ! 1

an anap yI acC assay causl "at i"v
result,1@ heseepeppnuesuﬁhgdtpasubsmaantmslelm suRpredgs ditk tgenrefion fmrnml s,

especi al | y Jenpggstagpbkt il atag,ﬁ asz-teggtewa J&if dad i eat

pat hol ogi cal conditions 0oCl ouUsS berty, hornone- dependent
neopl asi a, aqueﬁ?§nPHSfPﬁéaateﬁbﬁﬁéPﬂpﬁépsPﬁﬁ(ﬁﬂﬁ(PQRﬁﬂﬁﬁh%ﬂ fif®rs, and

the other séptéctsr mandrlaepacftet:@ Isrt%@qtaltq% BNt 1% idte fi@éﬁéé@@f ore.
They are also usg%g%ﬁ ggs%bcall Because t hese GhRH
u

ant agoni st stafe & FRRE supgragondishsdihd o axsdeewrPebvit 5
to abouts7. dllnhealagnused benkgr alsat eekhamitadﬁmﬂnetlergmllnmq:mmmtrat ed

form meen n e 30 of
their pol ar Chgﬁgé?%h¥s?%g? gﬁagg tlculaﬁ ﬁfieﬁﬂ (ﬁgen§r$¥i§$?
slomfreleas@h9$6p§naﬁi6n§abaseét§p@d5bn@wwforﬁl@Gﬁdlwne&st Because these

GnRH ant ago f | u fs n
durati on, ° Qhéﬁﬁy?é@t@hh assagr%ﬁgﬁlagl% e %@?ﬁ%@dﬁofkhhe contraceptlveg35

t r eat ment oreﬁﬁt‘é nﬁhﬁﬁlespemttlﬁeﬁhél@}@t |P@r¥é'-ll°aﬂmrn|‘£ﬁ9r ath on of

test ot eg@neadanfikerathent EeanARita1ef, SspedidIdsPHIHRIHs, as (tEPES1ity
WO 98/ 46634 PCT/U§98/07438

DETAI LED DE%%%%?F&Q%E“?H%%R&PER@B% RENRS thologicaly gonditians 45¢
10 to 12 yesueh abepparbicdouar puberyqpéidrinemedfdemnidenit tnwodlases) dues in

the Sequenc&ygﬁenorrhea, endometriosis, steroid-dependent tumors, and
the other short-term and long-term indications mentioned
25 hereinbefore. They are also useful diagnostically.

Because these GnRH antagonists are readily soluble in
the physiologic pH range of about 5 to about 7.4, they can
be formulated and administered in concentrated form,
particularly at a pH between about 5 and about 7. Because

30 of their polar character, they are particularly suitable
for use in slow-release preparations based upon known
copolymers. Because these GnRH antagonists exhibit
effective suppression of LH and FSH for long duration, they
are also particularly effective for the contraceptive

35 treatment of male mammals (with the optional administration
of testoterone) and for the treatment of steroid-dependent
tumors. '
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to be eguivalent to Leu’. The N-terminus is preferably N-
acylated, preferably by acetyl (Ac), but also by other acyl

25 groups having up to 7 carbon'atbms, e.g. formyl (For),
acrylyl (Acr), n-propionyl (Pn), butyryl (By), valeryl
(V1), vinylacetyl (Vac) and benzoyl (Bz); alternatively, it
may be modified by a substituted or unsubstituted
carbamoyl. Other longer acyl groups are considered to be

30 equivalents but are less preferred. The a-amino group on
the S5-position residue may be optionally methylated, as
disclosed in U.S. Patent No. 5,110,904, to increase
solubility in water, but such modification may result in a
shortening of duration of LH suppression and in greater

35 potential for histamine release. The C-terminus is
preferably D-Ala~NH,, D-Ala-ol or Ala-ol; however, Gly-NH,,
NHCH,CH;, AzaGly-NH,, Ala-NH,, Agl-NH,, D-Agl-NH,, Agl(Me)-NH,
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Ar g(Et [ érr]rFR?resl%’rt(qﬁ [’%’f rihe Lokiowing formydaferr] is D Ala NHerr],
D- Al a-ol, M-@—@dal NAGH-FHd -Gt 1dse S yalhard ]-Leu-XaA{,aﬁkb—NHh?Jr]

e b ! e ﬁ%%c‘—?né%ian%a?’% b8P Senain:

may optionally be isetRox atiax|. Acr, Pn, Byp Wlel VaelyBeebat @) family of GiRH

ant agoni sts, Xaa5 25 mmy have either Ac, For or 3-amno-1,2,4-triazole as

err], in vvhich case >%\a[err] includes err] inthe formof D or

L- Hor or D L-1ne. I n another closely-related fam |y of

GhRH ant ag%ﬁiﬁabel ere|u1 aferr] includes Q Xaal[err] also includes Q
| 1S rreant 1 ‘D-1 somer _of _al anine which is

30
subst i &8 e&"ﬁly Widghithyre e ttheoq ekoyerarbbhlatom i.e., also

-7- WOROFA, 4F, 4Br, 4NO 4CH3 40CH;, 3,4Cl, or C®Me4Cl;
PCT/ US98/ 07438 referr Nal . 2Pref er abl y

D-2Nal is ey &8 ﬁﬁg}%h Phe R %%Zn:’nrféh{:ht% ot %alene is at the

0 .
: : c—
H\ ,’u i
Y Lo or ’ O

N
15 i J O (D= or L-Hor) HH\\/// (D~ or L-Imz)
07y - \” i |
H
Xaa, is D-Aph(Q,), D-Amf(Q,), D-Lys(Nic), D-Cit, D-Hci
or D-Pal, with Q, being For, Ac, 3-amino-1,2,4 triazole, Q
or Q,;
Xaag; is Lys(ipr), Arg, Har, Arg(Et,) or Har(Et,); and
20 Xaa,, is D-Ala-NH,, D-Ala-ol, Ala-ol, NHCH,CH;, Gly-NH,,
AzaGly-NH,, Ala-NH,, Agl-NH,, D-Agl-NH,, Agl(Me)-NH, or D-
Agl (Me) -NH,, provided however that the c-amino group of Xaag
may optionally be methylated.
In a closely related family of GnRH antagonists, Xaag
25 may have either Ac, For or 3-amino-1,2,4-triazole as Q,, in
which case Xaa, includes Q, in the form of D- or L-Hor or D-
or L-Imz.
In another closely-related family of GnRH antagonists
wherein Xaa, includes Q, Xaa; also includes Q.
30 By D~Nal is meant the D-isomer of alanine which is
substituted by naphthyl on the B-carbon atom, i.e., also

-] -



2-position on the ring structure; however, D-1Nal may al so be used.

D Cpa represents chloro-D Phe, and D-4Cl'Phe, i.e. 5 D-4Cpa, is preferred.,
D- Pal repiesspges t he D-i soner of al ani ne whi ch has beeaTaisos074381t ed by
pyridyl on the %err ]-carbon atom preferably, the linkage is to the
3-positiorreferppdi ke a5rpoPnl¥aii ag, 3rDeNap. 3pRrefpaably3 Dyetiady i Al a),

al t hough QuPabyé&ryhere PN tHY! aPrakbiheRtokb hﬁ%h%?sQl'%%eui%d atl@ndy 4Aph s

nmeant 4NH2Phe erein the am no substituent ring i s at
Tha - oo e ToRE L EhPP aoP ] Ene( SABH) SEEuCtUERs BRyever’ | D-Bua may, dARS ent i n
t hese anal hgsused \D+epaerepréseatbethdved-DhEhel Naheér OFRICA Phe alisce.

cquival enty_gcpl! oL 23LaRdRO! N 801 DLABALENGLs B! BTT dodPRE 10

4ANH2CH rs a nefh I|n othesde chai n am no
group; 3NLrRPhe(BRRER hescbﬁsndsubatltutqubvapamrtldylay oforth®r L-Hor is

meant L- hy@‘@&’fﬂ&ﬁ'a‘t@ﬂd Bi‘eferabﬂ',o'i:hle 'J.%kh%emi%mto t e 3-position:

L- 2-i m dazol | done- 4- car so Bbe used as the
D-i soner o?ntmewxrzemm R'H}Ee i.gy Ht‘?PPQ- r(ﬁaﬁrpafr&ﬁlwﬁcbr@ad-:m azol e.

Aph(at z) althsughsn-kpewsbz—bP‘z‘lwﬂﬁgPﬁgﬁ"lsg‘ﬁgﬂ?nmg@‘%'te% befulsid: c) is

ﬁénaﬂf) i{;rlﬂv %Blat%‘%l)ﬁég £]' ng 1e WheTRin the aming suggb?ﬁﬂﬁ“%f g[‘ys i's

acyl ated wché Bheaylboxypgrudl at. tBy B-gok i23onijs 3MkgRhe { BRpD) i 4sner  of

citrulline R.Eg?gileg)-tigl b{;_s @apyulvallég% lrji}el SRR %fsn(a (yr%éu trulline, which

Is al so Dﬂferr carb S or I S meant
N err]-i so%@bﬁqveryslhels belihevedt Ma[teﬁﬂﬁzalne nbsgadep efluiyslent

al kyl at ed. 20 t
£ AR Ose bfiapointr 8] E’al"%?tt@?’?yNHzgy 25 fn‘elasntIreNaIPINHCO\lH[ err].

CH[ er rlCH(ﬁNgé;}rrkéCH err
By Har hers: ﬁbersy iggla methylepe hinkads -toithyy sidee. By
Cbcg\l :4 sCH [Teaﬁlﬁaﬁﬁrbﬁﬁlﬂwgraﬁﬁ ; DENH csgwﬁqmtunsf)rrei@tcdmméze@d bamo]yI orI

er nmean rr rr refer
Clerr] to ?%‘éﬂ’%leﬁﬁe ng?’e}éBFePEr 2{‘5!“3?1' s %’51’\:] Lo?‘ g"&ql] 3’& wl (Me)
or ethyl (Eiz 86 L-Imz Aktheagh Lhe-}iméﬁalzmddlanmnmaarh‘mryl m}orporat I on
' th t t | f I
ol oon e BEREE! bEOUngEn! BESE AU LALAUNN Y L D0RHHdy A R gt o,
PCT/ U®/ ORigBUre. eRYeAERyaST eséaxftcﬁ-nan\mq’elf,ﬂemdtc;\mqhee paxh (ake)

decades, jg &hgéekﬁbﬁn”BQYtK@:O%rﬁqkb‘r\é%ll%@t RemI¥A hamel @ @gydor art
D-i somer subst i tutions npat.ibl e and nqt detra romt he

t
bi opot ency? AaniRgr dEaloy 2{ hé ’p’rE&iaFP(YIS%oé’llt)l GRIrePhAW LA AT IR diB¥| osed
her ei n, anﬂymmpt ienakhyitb¥*~nicotihogkdlysine, i.eA phef erFamdnaubgenus

g PS;RB I%a‘%gg §<§a ng]ltsxggf"&raf’f]e%{_g’:]}%g -ﬁaﬁfkré;o%ygr%gif(aiifee'rr]lay b-cit

25 1is meant the D-isomer of citrulline, and by D-Hci is meant
the D-isomer of homocitrulline, which is also D-Nf~carbamoyl
lysine. By ILys or Lys(ipr) is meant Nf-isopropyl lysine
where the €-amino group of Lys is alkylated. By Ala-ol is
meant alaninol, i.e. CH;CH(NH,)CH,0H, and by AzaGly-NH, is

30 meant NHNHCONH,. By Har is meant homoarginine. By Agl is
meant a-aminoglycine. By Cbm is meant carbamoyl, and by
MeCbm is meant methylcarbamoyl or -CONHCH,. By lower alkyl
is meant C, to C;, preferably C, to C;, and more preferably
C, or C,, i.e. methyl(Me) or ethyl(Et).

35 Although the preferred D-isomers for incorporation in
the 6-position of these GnRH antagonists are specifically
disclosed, it should be understood that as a result of the



10 and t Ryo po)ggsamceuti cal |y acceptabl e salts ther eof \AhereiPn:'r/US9S/07438 Xis
For, Ac, Acr, Pn, By, VI, Vac, Bz or Q err

Wi th Q bmnﬁ}tenskwﬂ n#%ﬁaFFbehngtHeofldeepwﬂﬂqﬁhe past two xde@ades, or
4F; 15 tne}@[aefé]maﬁyﬁﬁhé%eéahhvaﬁe%@ bql%raxdargﬂntfsﬂﬁr h&?lagt

MH] iaﬂ s D-Aph(err]), (Qerr]
D-Lys. (Nic)P drS‘B'-‘EIQOS‘F*a?t tRthons Béwneepaom%‘-ll@%rarq a9y ; ?ﬂaﬁct
Xaalerr] i $&nﬁ|ﬁ1é\l%ﬂé1§ﬂ>teﬂc§\| argbradliabyl thdHEdetid G Bvpds DEidh Y-

Eg[se{ F\]e & Oﬁﬂ}?satlfz\gflodd ékggiosg&e{uggéel%,sgg enus ngtqqo%afft a9en! sts
X- D- Nal - D- AGpie}l i¥e%l - Ser - Xaa5- Xaa6- Leu- Lys(i pr)-Pro-Xaa[err] and the

phar maceut  cal |  35CEPLARLE. SALLSALICLIOABE TSI Mlgonists nad tle”C O Q

[err]
-9- ﬂM?mE¢d6634

Z[CZ ﬁ E]S9§/e ?rl;flf@-r:al () D—p%éaberah-biré&*&agf&ssf-lﬁe@lnﬁff‘f ipH) EpEbIx¥hL N
é%d the pharmaceutically acceptable salts thereof wherein:

X is For, Ac, Acr, Pn, By, V1, Vac, Bz or Q,

o
and with R being H or lower alkyl,

A is 4Cl or 4F;

15 . Xaay; is Aph(Q,) or Amf(Q,) with Q, being
O -
H_ A _ ﬁ
Ny or . 0
: !
. HN NH
; i O (D- or L-Hor) (D- or L-Imz)
2 A _ \/
°° N e i
H 0

Xaa, is D-Aph(Q,), D-Amf(Q,), D-Cit, D-Lys.(Nic) or D-
20 Pal, with Q, being For, Ac, Q or Q,; and
Xaa,, is D-Ala-NH,, D-Ala-ol, Ala-ol, NHCH,CH; or Gly-
NH,. |
An additional preferred subgenus of GnRH antagonists
has the formula: . '
25 -X-D—Nal-D-4Cpa-D-Pal—Ser—Xaas—Xaaé—Leu-Lys(ipr)—Pro—Xaaw
and the pharmaceutically acceptable salts thereof wherein:
X is Ac or Q,

o

with Q being 4£—NHR,
and with R being H or methyl;

-9



Xaa[err] is D Aph err]), D Anf ‘err . or DbPal, with ~hej -
or E]er]r]lfw '?ﬁ{f‘ﬁ“(q ];(aa[err] i(gDA}ZA-NH[err], DWN-a-%CE&JSg?%ﬁ%q@ ©

Anot her- preferre u H i as. f:he, 10 - fornul a:

MeCbm D- 2Nal - D- 4 agi %Bﬁ%‘ @é?%ipﬁﬂ‘?tﬁo%g?%g%g[ g?ér -1eu-1Lys- )
Pro-Xaa[err] and the pharmaceutically acceptable salts thereof . wherein
D Xaa6 is D4Anf (Q err]), D-4Aph(Qerr]) or D 3Pal, '

[err] with Qerr] being D Hor or 15 and with R being H or | ower

al kyl, and preferably H or met hyl ; and wherein %gg[err] IS

D-Ala-NH errH D:Aﬂg-ol or Al a-ol. | The ¢ ounds of the present

i nvention can - "synthesizedrby cl assi ¢al pep ?ﬁ& sol ution synthesis,
and such synthesis is preferred for |gpge qugptities of 20 product.

To obtain_liniﬁed quadtKIiQBr ergL-Heg$ th 1 kgD~ brmiiy-Iimez)pr ef er abl e
to synthesizerhen1gs¥ la solid phaseaﬁé&hﬁ{ﬁue. Si de-chai n protecting
groups, as are-mefg nown in the art, are fpreferably included as a,part
of any am no acid which has a particularlyreactive or |abile side 25
chain when it is being coupled into the chain being built upon-t he
resin. Such syntKaa; siHrRvarieéRa f P-Apfe) eereB-Pal, | nithn@gikeing Ac,
pepti dor esi g, osUgh. agnd1- D- Nal - (A) D- Phe- D- Pal - Ser (X[err])
3Xaa[err]-Xaa[err]-Leu-L S S%ﬁr (§$err]) -Pro-Xerr]. One exanpl e
of a cheni cal inF@Pne&§a$€? T, nPghtapel3eTudéd—Pd - synt hesi ze a GnRH

ant agoni st havi ngnatHesi pedferrefiegudyenus bmecﬁkaaa@htagm&stdsorf%s the

contain'@g_ gdrogrgtyl or _

- WD 98/ 48634+ CFMuLas - PCT/ US98/ 07438 the
| i ke is represkbnt-bd2NultbesprrDl-aPralXSerjaphNalorP-beXaa-Leu-ILys—

Pal - Ser ( X2) 5 Aph{X3) - D-. 3).7 - | :Xl.err] ).; S ryl '

synt hesi zi nsé\gegp(élgéfegl}‘n g&%’eéhé[%&s‘-i%\% ?1%%1]1# sa%)e%n%%[bg‘e;rﬁ‘lég %Q%%?Of
anal ogs, grehpseXpePrKang 3¢ PriAmE(@0t, Tor4APINE¢i naf PeBPady 5 be

enpl oyed. X[err] is an a-am no protecting group of the type known
to ' _ _
0
with Q, being D-Hor or —g—NHR,

15 and with R being H or lower alkyl, and preferably H or
methyl; and wherein Xaa,, is D-Ala-NH,, D-Ala-ol or Ala-ol.
The compounds of the present invention can be
synthesized by classical peptide solution synthesis, and
such synthesis is ?referred for large guantities of
20 product. To obtain limited quantities, e.g. less than 1
kg, it may be preferable to synthesize them using a solid
phase technique. Side-chain protecting groups, as are well
known in the art, are preferably included as a part of any
amino acid which has a particularly reactive or labile side
25 chain when it is being coupled into the chain being built
upon the resin. Such synthesis provides a fully protected
intermediate peptidoresin, such as X'-D-Nal-(A)D-Phe-D-Pal-
Ser (X?) -Xaa;~Xaa,-Leu-Lys (ipr) (X*) -Pro-X°.
One example of a chemical intermédiate, which might be
30 used to synthesize a GnRH antagonist having a desired
residue in the 5- and 6-positions-containiﬁg hydroorotyl or

-10~-



be usef ulwpnsubes4art in the stepw se synthesis of pol ypEPUSHRAT43d when

X in the desir epti de co 05|t is a particular ro t hat
group may ?é‘dp glﬁﬂ"é" %&Ynﬂ‘%r%?ﬂ“glinonﬁ{'f%éq#a%g %TD°

a-am no pr GadeiSary(X?) -Aghqxﬁp-n?xpneﬁﬁbwé({-am}sf fﬂ% -Pho-aLy| - type |
rotectin r tr

D tol uene- S eHERizing B e %%vé%%%t% D iBE Eagh: rorRlaaTaRY
dithi asucmcrbbgdz( L‘cmglqgsu tgopiEsyX’s dof elyasNeer, £o5tht herplisalftery may
0- ni t r oghepQx ag eaacrylyl (Acr), - chloroacetyl, acetyl (Ac) and

y- chlorobutyry aromatic uret’han-type protecting groups, °
benzyl oxycar bonyt ( £F, an e-amisce BRGREGRANSK AW R (chﬁ)ct)Y%d%‘Ef'b%tF? ut ed

benz%/I Oﬁycﬂelb(iﬁéﬁuﬁ Lﬁhlﬁﬁe 3l leﬁo oaeéllzytegswigér ﬂihé@hé) o£20

p- ni t robenzyl_oxycarbon - hr onobenzyl] oxycar bon

D et howy b AR RS TSR o1 DhoFRe deBiRaf PEPEiAB: CORPRELEASRS,
such as ter:IsbLat mmmw%ﬁn@ro%p, 'dha'sggf??ylmayhbé%uaélaoaxl the
|sopro et hoxycar na_a cak pon ; s

cycl oal %’?at W’lf%r‘?’f?/‘b% pr ﬁég ﬁ%%essé%h @38M1N0 %rbtg@:mg
cycl opentylgnqu;as lnm;érechdamax\ ynlr@(wdarbmnm ek protect e xyrowgys ar bonyl ;

5) th h L (6
t Lyfiﬁﬁéwé%&t.ﬁ ou%st“f QPQQC?WF(A?E“RQSW“ boeaabeRd- (©)

tri phenyl mSuhiqnvi ¢Ta9) arklewy(léekl )bewynesuémw&ul ane groups,
such as. ! iqi B idnifoy Thody ebohtefopneny Moul cenPloig) N0 0rOUP IS Boc.

X[err] rotectl r for the ydr oxyl side Ser, e.g.
Ac, Bz 15tr|*1"51t ]f‘hlg?q'b)g}or DRhTEPPR Wyﬁ?eﬁlél béﬁfyﬂyét(ﬁ@m Bzl ) and is
pr ef er abl y dlbroacetyl, adetpl fAPy CAREL{AEhT6LUButOEY;Si(de aRematdd no
gr oup re(‘tt}las not _removed. when_t he_ a- ami no péot ec

VO 98/ 46634 n-t¥pe 'protecting groups, °e.g 8’??@%%9835%8%3& (Zot her
am no- pr ot édtuatgprgrbmth)slq:mnbbnyllmwht ané subséisnpeds i nclude (1)

base-| abi | g, 4 F 0)4 -

aromatic ure &Lz?ie t{/ p? cr?‘g%ktll n% r%ﬁi)g??g%h?klg?9 a%Eanglgg%’?)’such
as 5 di2thi m@nﬁmqu%ﬁ)xm@homy. be-krebobengy lokggashobyl andi hiol ysis;
(3) hydrampﬁ-@«éﬁ&&:&@&i yE&EHoRY] ; (3Ph£b§b9¥£§.8hhi-e%hﬁh s cleaved by
hydr azi nol Si$ 54{ nucl eophi | e-1 abi g ch as o-nitrophenyl -

sul fenyl (N e IR i ‘P'F%r%scF%’é’&E tb}°§k§°?‘ﬁP8&¥ét‘§ﬁF&le or by weak
aci ds or t I iscatdpy1iéih@bptarbonyl| absbprapoups Warbbngne cl eaved by
PO o1 Y51 o AdofElrbony 9" QU85 SE) PEL LS LG TOVER) CcheEdgh on. such as

25 urethan-type protecting groups, such as
cyclopentyloxycarbonyl, adamantyloxycarbonyl and
cyclohexyloxycarbonyl; (5) thiourethan-type protecting
groups, such as phenylthiocarbonyl; (6) alkyl-type
protecting groups, such as allyl(Aly),

30 triphenylmethyl(trityl) and benzyl(Bzl); (7) trialkylsilane
groups, such as trimethylsilane. The preferred a-amino
protecting group is Boc.

X! is a protecting group for the hydroxyl side chain of
Ser, e.g. Ac, Bz, trityl, 2,6-dichlorobenzyl (DCB) or

35 benzyl ether(Bzl) and is preferably Bzl.

X} is a protecting group for a side chain amino group
whi_ch is not removed when the a~amino protecting group or

-11~



Fnoc is preferred for a Boc SPPS stfategy: - X4 is an _acid-labile -
prot ecti ngW¥#8For a primary or 15 secondary amino side chRGFWSEY&F such
as Z or 2d Z. ,X(;e['rmg_é mag be DAl a-, Gg-, Al a-, Agl-t DAgI-,

Agl (Me) - or anothen AN RECFEELIRT sTHPOP L3S BFORIRE) - [ FLLPATERFAEPL]; X5 -
may al so be ewamplele tn¢hede of1)d yase-Phaide frdlps, ashoheas Fmoc, or

al kyl -substi t ut ed | de ac | tly. 1o a - 20 NH err], or

“OH (free ac#%’}‘? %ﬁ%lgﬁ%%)?]a‘?ggf%égegg%f d?r?’ﬁgwc @%ﬁﬁ’egﬁ%df@% €is a
nonapept i de preateeninghgroups (25 ghedltdabilebgroopsl educh 88 or

L-al ani na} t©. | I s Vi.00.-88 ohal B
C—terningi. &&gﬁf&%ﬁ%ﬁﬁg&f??@gg?Oﬁﬁ%%? 2§?e%§iﬁgﬂgﬁég gﬁafgggﬁggegying 25
groups X er rghiokysig; X{ 2} rhydsazhne-1akipeogserpag guobpashoul d

general Iy bep}?ﬁl?&’ié’yi PehEF FRPGRN s UBTEEvEACHY CRGEERRino1yE98Y (ih§nS
selected for renoving the [err]-amno protecting  , group épreferably Boc)
‘at each st ep™FlePRRLIATHAR}LS grounfeseuphor&cRrAgtEPBERRYdaneral Iy shoul d

not Fetsplit?ﬁ§$ﬁﬁ§u t y_@@@Pt%ﬁglgmthhgeﬂsabgtc§ggugd be renovabledupon
conpletion q e synthesis o e _desir am no aci sequence_ under
react | ot BorhITLFRETREAS WPT | PRoveak 8FifReST ChRept FALEEAANA) PRETO-
protecting grawjpbeigroups| yhiopl ayedcleavédr byhphbtoapdib+paadt i(éh resi dues
are preferahl . S ] reactli re carried_o prior to
ol cavage  IRRRC e e R PE R e RakaF P e PP ABEH BOR 1o 2k s

her ei naf t er .Fiidc aislepupberred foreanBdcaSBPEsstyathgyized -

- 12- WO 98446634, aq[ihde—%ile protectin rour%yf%xé a ﬂ:;g:f\#ilsépﬁl?’s

as set forth herelnbefore, € protecting gﬁ% S
i ndi vi dukf | ySeeeRdany eamino side\ibainhgr XpEysr PuUghodp BsOoP- AF&ZNH-[resin

LTy 2L ot el T e R B iy, AR AR o
term nus. WRTFAH B1¢) ~VE- 830 FREPAT ElippBFt Y (ELh~&FRFERSHEPOr Ygnd
connects Promdp @DhsdoékyhaamheseebyherestnGiNASY) Ala or D-AlW)er Qbwer
Seetyl s R ATLTRIBE R FaBd ame B L REEREY, aireck knt RO PR Pauf g YT Y
[err]-D-2wl NHy,t e FQdbsifivesn anid) . adiieny Xt itso firlee awiido ddied before it
L5, COuB! S Ehé S HER1 L % 0 oo DOLEN radneRRCl 10 1oEELIEA <o
debl ocki ng the ecupied Heobp erdhwAlepivedi tedpspyédehai AeE8PgPEIAS r emai n
protected, acRfyh@tiRNaisoRbefl gEabhy @aﬁékﬁgnus.
The criterion for selecting side chain protecting
25 groups X2 through X* is that the protecting group should
generally be stable to the reagent under the reaction
conditions selected for removing the a-amino protecting
group (preferably Bod) at each step of the synthesis.
These protecting groups generally should not be split off
30 under coupling conditions but should be removable upon .
completion of the synthesis of the desired amino acid
sequence under reaction conditions that will not alter the
peptide chain. The protecting groups initially employed
for the 5- and é-position residues are preferably removed
35 and selective reactions are carried out prior to cleavage
of the ultimate peptide from the resin, as explained

hereinafter. If a decapeptide intermediate is synthesized
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out by repglhgéssy th acetic anhydride, alternatively I eagtusosrTRs be
carried out with acetic acid, in the presence of diisopropyl or

di cycl ohexas setb@drthi der(e@lnﬁefore)r 0%’ plroltyectdmgy @jrfteipss hdyhbe
acyl ation égg§£5893a§n%3v1@@M%£ﬁnt{ﬁ%ﬁ?ﬁle/\S'n1|ar procedure is carried

out when carbanoyl group is desired at
the N-termnus. Wﬂhentbhex egroupcisdDsAda-YHail resiimsupponft oupsh aamide

modi f i ed wﬂbhg &Bﬁns.e&gdﬁea' 13 RY & YAl Hesin REPLS dE ﬁﬁﬁ‘é”re&i‘ﬁ r gkl on

may be carrie appropfiate 1socyanate in reSencé of an

out _usin
approprPat &s likpydse Fgle é’)@é@plwélerl\lmldquscﬁﬂﬁ)ylbféh‘%% ‘HE PRERY,

al t hough tESrk\iﬁqu S%Qnax?aﬁs N?E@PL'[QEQHn \él(h o¥t)], ahﬁitlé*d
car banoyl grou desired in the final uct the de r ot ec;ed am no

si de chai nPREY S@npégﬁegr%t\ﬂ ars %@A}?YQW%Y%YI pr?"&?I (Naj¥yanat e,
trimethylsilyl wheni tn@yuna:te&nﬁmdserlts e We lmwtr@wd WEbh eRambakter

bei n eferred,. such .a strate t ni.et :
rem)ged du néscP85\§ géf fr(?met"\?el Pl Xg%aﬁﬁ I%’“? h’g‘u ﬁéo atbla{%%yqr%‘?%up.
-13- 10 fy¢o 8BL4663Mino group of P- -D-Nal in the l-positionPBY¥/ US98/ 07438
The invent hﬁalﬁ SQ¢PLAVIiLEes é%%V%cJT’HEtﬂEﬁjo:fé”ﬂai% "Goup1e§UEB #nENRH

ant agoni st - havi for exanp
Ac- D- 2Nal -Benepdemspams@mwmm)mamﬂ Ae§ -prefergbly carried

Pro-D- Al a- hkeyikn WhieC heiiRd SRV ) ol Of TR ”ﬁeéﬂn.5 Agkgr nedi ate
pepti de having the forpula: Boc-D-4Aph(Xerr])- Leu-1Lys (Xerr])

-Pro- X[ err fie @F"Ellﬁgx[t&erf' ARing LOURAND Wik e depired sidgprpaisy ot her
appr opisat grpupabirefalnOeeitdtd i Ot dtBFlatioRNidNbPELE8rauly Sheflilkd s an

SO -t LR A S L I T s
t he side cheagtpennean be carinmiedyrauip with heetibtc nacadj dinethdue of the
i no ar ouh SR Rent S AR R PG ARkl ek Flaga fR180%PrE T
to create PﬁeDPﬁﬁerﬂé'dﬂDa’t §°ﬂ[eem’qhq} Al tabepaeylatbon reaction as

3Pal - Sgb(Xeflbh) 1AARREXaR] ) & RAMUADr dsdakty (A ehtt)oB BuXl Ghih

wherein %en Qr an a-amno protecting group_and Xerr] iIs
a carbamo l or substituted carbamoyl group 1is des1red at

the N-terminus. When the deprotected side chain amino
groups are modified while the residue is part of the
peptide chain, the reaction may be carried out using an

25 appropriate isocyanate in the presence of an appropriate
base, for example, N,N-diisopropylethylamine (DIEA),
élthough the use of such a base is optional. When an
unsubstituted carbamoyl group is desired in the final
product, the deprotected amino side chain may be reacted

30 with benzyl isocyanate, p-tosyl isocyanate, trimethylsilyl
isocyanate or tert-butyl isocyahate, with the latter being’
preferred. Using such a strategy, the t-butyl moiety is
removed during cleavage from the resin, leaving the
carbamoyl group. |
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hydrogen or a protecting group for a hydroxyl group of Ser

debl ocki nQVQPﬂé46é34am' no group at the N-termnus and acetPﬂréff§9g(§')43’(f)
renoving Xerr] fro h .and reactin th 20. de tected, pLinary, am no
group with hydro %D O SO P ‘i?ﬁ’l?t'??fg :gf’?efe{h?/d ‘fe %’ﬁ
protecting gnuips amllfbrantagm'lm:/ihagvimg)m fesi exauphoy ttnencfurlnnllan
X[err]. c-D- al d 1 | 3, _
chr omat ograp y anzFa[;}re (Fb% ﬁ:asté%érzér Mﬁgﬂj% P fg)teg e ﬁLys

see J. Rivi é‘rro-él-l’ella‘ﬂﬁzldﬂhéﬁét argrt@pldyccmglses (303fmn-r(q1mu) and C.
Mller ard ‘];n@r’fdéﬁl’a R&%ﬂ?’f@é %havind Fﬁ?é'f’@rﬁﬁ@"‘ceéocﬁﬁ-—- BER(F

(1996) . an onists of . the invention are conS|de ed
to be effectﬁ%ld{}’ﬁ @Q/él‘?rGf"X e‘%%e?ﬁhﬂ )iod-ﬁn%rl?fbﬁ%‘rﬂbatﬁe]reed‘yilﬁ%’g‘?%\m of

body wei ght ;3 aMiare Mdﬁrﬁxeraeﬁsbmia@éw@éwne pPbtébeitg n@@@upnfbhe day

of proestrus, to prevent ovulation | e rats. .For prolon

suppr essi on 3t BANRTHEP S (X 1S ﬁﬁ’yaﬁédnelé‘gggfr }mt"&elfé:é'% % &M n

t he range ofaimonside adimin0.dnd Q(satiwin-z.la-mﬁ-l (ixgrsdns smrppdﬁﬂngr(asm of
body 35 3a 0 are ctive t.o arr -

 sper mat &goené'ga"E Vv%%%% %&%?'sg erﬁé‘g’h to %0% & &%e Chrazlgulprlr?)arg s

and can t husarimaispbys Qﬁ)mhmamlw@samd resmue of the intermediate .

-14- 466 : . P / 07438

Because the§e corrpoun@z ﬁc?'e%cteh%sescti LE%*%%%t ?eve 3 %IPI n %ﬂré??bl do

(an undesi r @Rigehgxpice th agrt hpramhydridexubd) yecomplebingl the Fhajmy be

desirable tQ:l aﬂifér?rto éﬁé&@&%ﬁé\tlﬁmlﬁet}%WﬂEﬁiﬁ%w th
the GhaRH 5 ant ag!on (r?f to achj eve azoospern a, whil e mai nt gi ni ng

i bi do. YPhesPak éréA@Qr(Xa) sB-$aPhEAR) rheu-ILgg K PRI pr SRETE S of |

gonadot ropi nd aedhyaxoglsr eirdan c-amd oo preideit itly td?ﬁbdp)@}rd ermiand
short-termindj cations 4 dtcat ed her ej before&1 and1 eg canfb$ used
in 10 veterﬂ#’é*ﬁp%ﬁfbﬁrcaall%% St PER TR F OB £ BYARR¥YL group of gLV
peptides pr o(\a)deislaldal;pct]tumq rthenhl-am\mroeqmm;: @&t athe N- telr;m:sniwbimi at

physi ol ogi c I H?J e t|
sol uti ons fOI’ adm ni g} @ Pér?&?{r??t I Cl.ﬁ E}‘Tpgll’ Su Cuet aneﬁ I Nj ect i on.
These pem i d@@%@@mxlmaﬁmmmuwwm ‘bb‘elly hndroaerabict andds oapdl

when adnigy sy r%ﬁk@%‘ﬁ@”ﬁrﬁl%é{m@in%cﬁ bﬂéc’é?ﬁ&e@i-éébéoaﬁd or

General Iy pharmaceuti cal Il ons I ncl udi ng_such peptides and a
sui t abl e ph&¥RABNRT I %&%’e’bt%‘ﬂ’%‘-’rt 1@9%?‘5?‘én%“c§n be adninistered iv,

I p, subcutaneousIpin¥l th\erification of the peptide is effected by
chromatography and preferably by using RP-HPLC, as known in
25 the art, see J. Rivier, et al. J. Chromatography, 288,
303-328 -(1984), and C. Miller and J. Rivier, Biopolymers
(Peptide Science), 40, 265-317 (1996).

The GnRH antagonists of the invention are considered

- to be effective at levels of less than 100 micrograms per
30 kiiogram of body weight, when administered subcutaneously
at about noon on the day of proestrus, to prevent ovulation
'in female rats. For prolonged suppressién of ovulation, it
may be necessary to use dosage levels in the range of from
about 0.1 to about 2.5 milligrams per kilogram of quy'
35 weight. The antagonists are also effective to arrest
spermatogenesis when administered to male mammals on a
regular basis and can thus be used as contraceptives.'

_14_.



20 li ke ayologMedss of between about 0.001 ng to about 2.5 nuscrrusespessskKg of
body wei ght per day, with 0.5 ng/kg/day usually bei ng sufficient. '

The appropgs@ighy EﬁQE@CE%%pgyﬁﬁﬁ 5@“&@5995 &l eestos€ORbAENBYels and

carbannyl-containing and/ or L-i m dazol 1 done- car bonyl - cont ai ni ng
o

am no aci dehygylppido (apnumeesigedhRPNIRINAGE odBdERA BOERALA el ongati on
Eepr i d;a. i lseﬁ\yQILM§S h&tti!devmaqre) ,ari@q:;aqt |1:|Ve V&éé?r&?l]% hesi édins.n@%_fceﬁ’;] edAm
y initia ncor porat.ing an appropr.i ate rotect ed Aph, ,

or D Anf rgé?hageanFhQO g§ieﬁefp£§s%pﬁq%t?%°’?ﬁea ‘Bngp‘ég\?*}diéhlenfggpﬁ?gdi at e,
and this naptégonhhet! dhooatiery teetdulieve aioctpermiahehélenly smal |
quantities LaLtial | . desd | a ' lJ shed
by ocndhfsatnihg, plpie. e sk SaoRiiEl ShATATY, be BeeATRY

i medi at el yegnlsatbs&heepriofudihiiany ahawyadsspinanandheax3stezaddisng t he

q {oct . . ! el ! .
_‘i‘gfo ec egné{/\%sgglﬂgg%ﬁ@f”%h@ AhMidth ena shdPELEEEN $AEERAtions

PCT/ US98/ 0g838ndicated hepednheagans, iandrthey Fantbetwerddd®eribed by the

exampl g5 WaegBriabkr9WapplidAMAS ds contracegbevespEbgepbigi.ng the
formula: Ac-D 2Nal - D-4 - :

5 . . . . .

D- 3Pal - Ser - Lys( KPE) PSP PrPEAsd Y prie DAY e RiPBr AFe PAXFATIR has
been foundlyoseihbliet atemphygdied dy idaigied and eanppet peepared @sRH
“ant agoni st . h i | C . 1S_.pErese 4 to as

Acyl i ne anﬁem%Fgﬁg&&fgggg ﬁ%%é@ﬁ %h&?teéﬁﬁ %ﬁ?yggﬁén%gggégquposYtions.
It has nowpdtthcudardynd arhsulgutanerus hiskeobienul eTheseapepdidesy poi nt
and by ki Qthar gt Uty [ &, t 5 6 | {ia0 0 in
the 5-Fosi tran of E'é"%é‘%?%&ﬁ*é&*&%@?% e 2o °R0e AR HolBR 1 dhen,
i mproved dafBipdfteres sakiqusaneqeysly ot effgekivypt aPREGNtYARLE ONEspect to

poSi L ons GefiedBd 13- Pharhiaddut Fodp! @hipd31 ¢ L5k denchauinge shed Azal i ne are

al | exactl . .t he sane. ) The fol |l owi ng, decapeptide

[4Aph( Hor ) PEPEESeS. 230h CCAHtah e PharnacenHACal Ly ARCEERRARLS: 1]

D- 4Cpa[ er r exchpiBalt] ean betAuniigtered , iv, ip; 4énbcGhaneeusly oy r],

D A al g1 11 PR 3 AN 26 RVeR a8t %o PORTongY BN GRRe HisS oP! 1 Ao

. per Kg of body weight per day, with 0.5 mg/kg/day usually

being sufficient. h
The appropriately protected D- or L-hydroorotyl-

containing, carbamoyl-containing and/or D- or

25 L-imidazolidone-carbonyl-containing amino acids may be
synthesized and then employed in a chain elongation peptide
synthesis. However, an equally valid synthesis is effected
by initially incorporating an appropriately protected Aph,
D-Aph, Amf or D-Amf residue at the desired position in the

30 peptide intermediate, and this may be the laboratory method
of choice where only small quantities are initially
desired. This latter strategy is accomplished by
subsequently deprotecting the particular residue (either
immediately or subsequently during the synthesis) and then

35 reacting the deprotected side chain amino group with the
desired reagent.
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formul a: Ac- D- 2Nal - D- 4Cpa- D- 3Pal - Ser - 4Aph( L- hydr oorotyl’) - D -
4Aph( car bawoyisMedseu- Lys (i sopropyl )-Pro-D-Ala-NH err]. PCT/US980074380. 50
gram (0.54 nmol /g) of MBHA resin (Bachenm) 25 are initially used, and

Boc- prot ect ed D Alte ipresempt ethtention tiw fwsthenvdeschbioed ab@-tiver period -
I n di metdpy err]CI[err] using about 0.65 mllinole of
Boc derivative x@iﬁ% |rg]gt§)1?£%}%;£bodl i mde(DlC) and anhydr ous

1- hydr oxybe BEMBIE R} e (HOBt) as activating or 30 coupling reagents. The

D-Ala residue at i §edtoiddndBiHy the rﬁ%%bYA@ID%Qf—@D
Fol | owi n%ct he coupling of each amnho acjd resid washij ng debl ocki ng’

and t hen o@ﬁﬂpﬁd- reE He gk C bl nroYs(Nl%l)c ey e’éli‘mleplé‘?ebc%*? out in

accordance wWartide Iad abeen fgumdntal extyit esver g chesdl widDogbdaut 0.5 to

écg-; 3@98/ 07%§%ei¥éllesg [£s) nGnRH anté\W)gc?r?{é’gGBaf's has the peptide which M X

STEP REAGENRI YANER £PERAT [ €S s Acyline afid MABich differs from

'(\Z/II;I[Nerr] o [err tn(d&’\é%ﬂa&gé '\%1%')5 qléneé%m.éfoﬁé mesit has no& %een SO(V TEA

plus 1%49 crfanyid ithat by using thgse;mplecules as aEEkAQBlng pekntiand) 5
1 sopro fr?do P! o RS- ﬁb%ltlﬁ@léﬂéﬂaﬂ the 51 and 6 §1551t3.ons or

Trlethylam |n DCMZO
MeOH wash- 15umthe( zﬁ-mq%lst;lon of the decapep’q1de Acylime, GRHwash-20 m .

(3 tines) antagonists hav1r1<% 111%prov§i dux@@i&m 6‘9 @Eb&icégvf?tﬁ‘ & W' e)

6.

and HOBt 1-17 nmole) I n -

hour s are obtajfinad hy|WthrenespgOVro mmlons l 4 and 7-10, it
N-met hyhpyr il i gdaned NYRe ' XM aderedfi N ana an { Deosgbuby! ity
of the particular prot ected aar#noA%?:lllne P s %e DCCy
(0.5-1.0 ndit® SaReCMm 10 9 MeOH wash- 15 i . (2t|rres)

1 10h DCM w@&{k%blfdowiﬁgtdé@@beftlde h[4}f\ph(Hor)5 pk-4Aph (Cbm) ]f-Thﬁ
above SCheddle 5 used, 91 ORI G degrchoololle o glag act ds Of (he
N[ err] Boc prm{eqih Ton ), uieqrseorn-lﬁla@aebnaﬁ tilse symithe sdeieds byoupl ed
throth%lbt E5.'S<§’lnpthhaesseI Ssynthesls This peptide has the following

formula:

Ac-D-2Nal-D-4Cpa-D-3Pal-Ser-4Aph (L-hydroorotyl)-D-

4Aph (carbamoyl) -Leu-Lys (isopropyl)-Pro-D~Ala-NH,.

About 0.50 gram (0.54 mmél/g),of MBHA resin (Bachem)

25 are initially used, and Boqurotected D-Ala is coupled to
the resin over about a 2-h;ur'period in
dimethylformamide (DMF) /CH,C1l, using about 0.65 millimole of
Boc derivative and diisopropylcarbodiimide(DIC) and
anhydrous l-hydroxybenzotriazole (HOBt) as activating or

30 coupling reagénts. The D-Ala residue attaches to the MBHA
residue by an amide bond.

Following ﬁhe_coupling of each amino acid residue,
washing, deblocking and then coupling of the next amino
acid residue are carried out in accordance with the

35 following manual synthesis schedule for about 0.5 to 1 gram
of starting resin:
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Nferr] Bocwbegsgk

descri bed 1'n detail

I}ZNaI
|n u. S Patent

No. 4. 234,571; it is al so

I's prepared by a nmethod known in thecaydses/o7438. g. as

comer ci al Iy aval rom hai n

primary amjno grouas of 4Aph n th osition and of D- he

6- posi ti on far8TPFot ect ed by REAGENES. A’@Bn?EF“@?HQW S(Bzl) is '@‘?ﬁb y used

as a side chai h protecting group for the hydroxyl group ;

however, Se 3 1 YWMESRPTwRERS1ENALN RROEEmesyN- 1

N[ err ] Boc- TG TS PHCHyT whER-SoPRI. L T(3 3 : Al

addi ng D 4A UHF=851 in = ), the

follow ng ijpternmedfate i's present: !

Boc- D- 4Aph(fEmoc) - LeWPEN=23 prl 7) (Prbimea) a- NH- [ MBHA resin support]. The

si de cha%n jam o gt clpoprophe Sleoboli wash~20r mdi.dye tdmelsdn| nodifi el after

first rennﬁ ng g hel Triethylamine 10% in DCM-20 ml. (%7/- 2WO

98/ 46634 . PCT/ US98/ 07438 si d-chain

prot ecti on. ke En54t¥m§%%e{in" S5 £ Y-ed—By—SHEE RS Sy-e

treat nents ! Al X 25. ggébgryai\h'ﬁ.g*ﬁi L’hn(f tl}nﬁsl})l\ﬂ:( 10 nd{ f.ar a_bgut_;s

m nut es ea mi. §nF|'lF}SFAqu nwiith DVEthe ndwi vl f r eed

amino groupis 85 {rkeeraminenhaai@o{Pebdlelconole) eadi HOBLy| ilsddyalate in

DVF at roor terrper Lt y@e5.f.9roaﬁﬂgiegzlho%sgoohlunyfl conpl gberas

checked usijhg a nip rin test eptidoresin is then}subjectfpd to

the standarlfd wash, a‘%%lmet Ykﬁemém%éﬁ@@g)l RCYr @&r to add the next risidue.

10 The 5-pos tNQﬂeﬂ@ﬁlﬁyﬁrbhﬁBﬁa(ﬁﬂﬂ?dm deéﬂaharl&ﬂgBJC-4Aph( Fnoc) .

Its side chpin is {hen de otec%eg a3 g% %n ug@reac ion is farried

out with 0.flog (0. 6*Pon | FOLRPLLRY, 86r SPE: PAE S 0.66 mMmpl) of

HOBt and 0. 66 mptobéctrd amiBonhcdfl, DpEust DIGomIt @rqn!era ure for 515

about 8 houfs, or JnE6| c n@'ﬁﬁ&l@f EﬂeﬁEﬁd u3|ng a stangard ni nfpydrin
. test. i \V A LIAYZL Crre lell. hv\)l 3 Gf {hC

decapepﬁ)db —S—c-orp-oEed—b- Sh- is’%@h@ﬂﬁ&%hhﬂg STV 1

N[ er r] Boc- Shr B9 | REH V?éﬁ??ﬁ;m al (3 imgSd 1Roc.dcpa ang 1|

N err] Boc-D-2Nal . 20 After debl ocking the a-am no group at

the-N-term nus ’I‘heu%tlb%@et ISl déRnRaGH I\fs@atliﬁb:.( Tc.Fd\) m«;@tafaéaeﬂ 68 the

achi eved usin xcess of acetlc an de in | or orrgt hane

(DO for aBBAPO3geRARICs 1R Fede &y tCfon "o teR PhOnEbF Shanh

i s not renpaadnonticlidahiaer belem %&ta&ﬁfﬁ@/l atN“@l&d)fpﬁdt@d‘Hoer nishussednfby he

reacti ohg W ggch

peptldore5|n 'S

oF &h® $u3%

roti G Al
ol3

N°Boc-B~-D-2Nal is prepared by a method known in the art,

e.g. as described in detail in U.S. Patent No.

CI d | 3'1%‘?%}‘%%59%&91: O"c‘.he synthe51sThe

4,234,571;

it is also commercially available from SyntheTech, Oregon,

U.S.A.
20
Fmoc.

Benzyl ether (Bzl) is preferably used as a side

chain protecting group for the hydroxyl group of Ser;

however,

The side chain primary amino groups of 4Aph in the
S5-position and of D-4Aph in the 6-position are protected by

Ser may be coupled without side chain protection.

N®Boc-Lys(ipr,Z) is used for the 8-position residue.

25

After adding D-4Aph for the 6-position residue as

N’Boc-D-4Aph (Fmoc), the following intermediate is present:
Boc-D=-4Aph (Fmoc) -Leu-Lys (ipr, 2) ~Pro-D-Ala~NH~[MBHA resin

support).

The side chain amino group on the é-position

residue is then modified after first removing the

-17 -



anisole (0.5 nl.) as a scavenger, cleavage of the peptide fromthe
resi n+and ﬁ@pﬁ@%ﬁ%tlon of the Ser and the Lys side 30 chai ASTHPS/E4E: i ed

out at about %f?§$rg138£15ﬁ fo*%$t5?3?0§%°ééétgﬁg ?rﬁé$ 8the reanaI_

of any renalnlng nor et r énov er vacuum
the resin |sremove@sltmdsvweeswehtn_eatmentaf wéthyRSephecenthpiperiddge

peptide Is e%ﬂdﬂﬁifg%“hig PoR%ib QszérﬁﬁﬁtsrékéﬁVFWﬁEELE’wééhlhspgﬁb'ng_

t he process an eac extracts are poo e
| yophi | i zed, PePEideEss br ovi Bl BHButthe ngwdy n§reeda2eingeIpepPi 48 powder .

- 18- 5  tY6h08446P8H a 20-fold excess of tert-butyl isocyanate in
PCT/ US98/ 07438 Purification _of the E Etlde IS then effected by
q

preparative ?%@e?%er%ﬂ%sEeﬂPﬁﬁaBB¥?oFﬂﬁnéE°P ?dh°“r§hr8ﬁaPB§F&phy
- (RP-HPLQ), asoﬁppwﬂelastbneakédaﬂdln apathhyaalihyteet.forhle in J. Rivier,

t al. J. 5 t b 88, 303-328.(1984 The .first t
RP- EPLC sepdf 0T IOTARLA o ¥ EsBet ?Pﬁ?ﬁﬁ?sﬂ%ﬂi Eheoprbannara) vaBhyoang ' ¢
system and EoélnalrenpaedtmnnoreeratciaddobheusenQ resddlel% TFA

(trlf|UO{&aC6tIC ?ﬁédg géggtggﬁ gﬁkdgg %s % ggggglgsdetall in the J.

Chr omat ogr aph ng) (hereinafter
referred to B OC 4 XpaptEnec)No.  Itys @c}mgmn d%)etwbsdmwéﬁ!q??e%oﬁ%geneous

~using capill ne egt I $( n h r pt | ggesti mat ed
to be about %%ggfﬁn1%§éaglgggﬁgigélgsogzgilea eu%u?%?ﬁeg iggtﬁge%ﬁs

consi stent WAL} hef f brhvidRoPEPtifeatsdpr 8BaPed (8t Fhcimpd) 9§I§9§¢aﬁnﬁé|ght

as determ neg, by mmol'bﬁUDﬂCSQQOQdQEYQEODMFHSE %Beﬁttéﬁﬁbtﬁthk§|¥5k S
measur ed as 1631.9 Da, which Hi consistent with %he expect ed mass of

1631. 8 D=2 f 0RPPHF S8 p@ﬁ??ﬁe or until cppplghRi RScFREC §dt8§9§8 By measuring
retention tlgeaﬂﬁ)amlngnﬁ?dHEthusth aagtadi eabh@hg4@%iBNf‘I§@d§ BemovaD%
Buf f er over nut e Buffer.A bein H 7.0 and
Buf fer B beFE e?ﬁ@“ n%%r]&% Eﬁ% gﬁaaBSP ?eAlSPgﬁppé t%g L¥ S nor e
hydr ophi l'i ¢ seanentyalhy, rehoting wakthi ¥fBadraPer (Bz oy | NiBoc—-SBedl,ubi l ity
i n aqueous bhﬁécﬁ‘d’_%c%a’ é}}—aqjanor 2% a3dbout 5 to about 7 and its resistance

to in vivo a Ion g-acting biopotency to suppress
C|rculat?%g oL FéVe@@bé§CHé§ErFbédahéméﬂﬁaﬁF@PP p&ENGEE NrteaPdint§ arl y

sui tabl e forugﬂﬂgntﬁif@ﬁbeaaegtiubsuhan?Qpﬁ)Inbeakyqatlon geMaaha@vied ot her
conpounds of ngSrQ"Xrggngﬁégsseof acetic anhydride in dichloromethane
(DCM) for about 30 minutes. Alternatlvely, the Fmoc
protection of 4aph is not removed until after the
25 acetylation of the N-terminus, and the reaction with L-
hydroorotic acid is.then carried out. -

The peptidoresin is dried, and following addition of
anisole (0.5 ml.) as a scavenger, cleavage of the peptide
from the resin and deprotectlon of the Ser and the Lys side

30 chalns are carried out at about 0°C. with 15 ml of HF for
about 1.5 hours, with the removal of any remaining t-butyl
moiety. After the removal of HF under vacuum, the resin is-
washed twice with 100 ml. of ethyl ether. The cleaved
peptide is extracted with 0.2% TFA in 25% CH;CN/H,0,

35 repeating the process and using 100 ml. each time. The _
extracts are pooled and lyophilized, and they provide about

600 mg of a crude peptide powder.
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30 bi ol ogical efficacy. The peptide is assayed in vivo to
det er mi newot98/46634 ef f ecti veness to suppress the secret i an BETUS98/H743%t .

Measurenent of circulating LH |l evels in castrated nal Spr ague- Dawl ey
rats treated sufidfIGRIGN #F ht}!%ep?ﬂb’tql%le’-%St?%ncﬁ??PEHeéuPYas reported

in C]; “Rivi p&e@axﬁltﬁﬁ daverse-FE S8 Usigh %%fciixgan83413c§81d'rhe pepti des
are first: ol ved at ntrati.on Q or in
-19- n@é:/o j‘x (I?P Cf%fc? , as kKnown in the art 31 PCT/ US98/ 07438
bacteri ostapaﬂnmt@l]andsamet‘rmfmtmwdlkwedr;neb @31 I\ﬂ phosphat e. buf fer

cont ai ngng ch Lt ReRERS $h11438071004) 31 crfBdes e PROSRRRLE I T or-

The pepti d€S Into at s
[err]]) ar BPc-éiHI@ctSeqpqrrﬁfekors meten%%aeétmethyl%manew pBespPhptale

tested for phitdedv@lysten, 'a[h&'@'fﬁ@éf é’ép&‘ﬁatféﬂeﬂéSchQ!édeéul&yutsH?n
Nat i onal PltUltary and Hornone Djstribuytion rami;the NI DDK.
t@

Pro
Testing sh@w® -t4atTER d@s‘é‘gfehb?r%QFTH?]@cb ) p@ﬁ?@ﬂ%gﬁera suppr esses
LH secreti dedoy ilmsée|in tdeta il ein aEhé €3S Chﬁﬁm&ﬂogf@ﬁhgf aeeabuel I evel S

h h
Ite\r/gtjgI1 ugshrgd%gﬁ }u p@eé%gpﬁ%ﬂ?% :g¢ é\é)og{’ ggg/rofw?ﬁ’gg lt«?w?l S
exh: bited Reptide HNa sl)misar:lwdqeqle’c@e)dev\mhsaamgselw Bompgenegusns of
A

cyline. ;dthe 4 i1 Hadkyp %'Qfééﬁrégh!?f"egﬁé \AAEQESJ, lﬁd %ﬁh‘ ?Q 1|tg(r ated.

Exam nation o ats shows
with no si @»t‘ﬁ ] a"g%l I‘?‘hgb%tta}?%t 98% pmh‘!‘lBP ?ﬁ}@c?FéAYEéﬁngfd@@ct abl e

Experi ence pgd itadkd rpupt ife tfétd:é‘ﬂs?éténfaﬁﬂﬁhnﬁﬂgeformulﬁf fe#Righe
ant agoni_sts shows f hat a e tide e h| b ting such 20 Iong acti ngy

suppr essi oRTSPANS cty %ssa’% %‘v e?‘ﬂht as detrEmiagrd
Spr ague- Da\Mle;u:ratsecdnddzw biow knoys| epéotrometry RAL8TNSJe ief méaSured

Cepoated, 25 WK U1 N T SRR ARRRE FARE Fhp obbleed RAIFGE T IS

N[ er r] Boc- D-&BApH Amcior thiFopephidg. deprotection of the D-4Anf side
chain, reaction Hyduc ﬂﬁicﬂ%}yis'éQQﬂé‘&%gnﬁ:é?géf»& \Agdrﬁ%n%iolﬂeft%%

Cleavag fro resin d deprotecti urification,
are carl e®sgng %P'd@eﬁl"b’eﬁ'*lﬁ H@%ﬁ’étlofTﬁQ%pEBfifGE §0t° 70% Buffer

Ac- D- 2Nal -@'W@:Q@R@imﬁ%s AAphEh-BYEEeer At MEXJ@' TEAP pH 7.0 and
S R A LB A S . Sshel 1 e
more hydrophilic than Acyline, eluting earlier than
Acyline.' Its solubility in aqueous buffers at a pH of from
25 about 5 to about 7 and its resistance to invivo gelling,
along with a long-acting biopotency to suppress circulating
LH levels as described hereinafter, render it particularly
‘suitable for administration by subcutaneous injection
compared to other compounds of generally comparable
30 biological efficacy. - '
The peptide is assayed invivo to determine its

effectiveness to suppress the secretion of LH in rats.
Measurement of circulating LH levels in castrated male
Sprague~Dawley rats treated subcutaneously with the peptide
35 1is carried out as reported in C. Rivier et al. Biol.
Reproduc., 1983, 29, 374-378. The peptides are first
dissolved at a concentration of 1.0 or 10 mg/ml in
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honbgeneous, with its purity estlnated to be greater than 99 percent.
M5 anal ysﬁ’%ﬁﬁ&ﬁ@“a mass of 1645.9 Da V\/m ch 35 conpares fabeFEBIO7HF t he

expected mass_of 164 resylts,it-can _be seen that
T pont b eprasede TR wp b hne thiR KEpFpREH11Rebh §A"0%84°F :
- 20- phd¥p8Ld 6638fer contalnlng 0.1% BSA. Subsequent dilutions
'PCT/ US98/ 074 1 pti a r |0 rat

LH - Suppré%glon ?es%n ﬁ% Qﬁ#ﬁ Qu?fggdosggg nggngE Qg% QWQQC% &

as effectiveimkopByrahe, i anéupbwe@ssngplesléeépsuéb arelcozlanueg ﬁaﬁsr At
96 hours, thﬁet&AﬁaeAﬁeéfﬁegmy agerk %585,{q9f abBOBBsRbal BB BHS 16Rkast ed

wth Acyllne Pept I's considered to be very |ong-acting.
EXAMPLE 1B in dupl#%ﬂ?%rﬁ?%ﬁ% 5ﬁagegtf4nﬁﬁ(F6€?[éVrFPEAE9FPﬁ§althe

synthesi's piggité tQnanHE¥ﬁaﬁéeoistﬁlbaagahedragbshlb@ttng angxn 10
anhydride for t-buty |socg€ te for the reactlon W t % g grotected
posi ti on-6 sTHEELRY AhO¥Fe ﬁge apfioppge of agc&ﬁeﬁflﬂép tom PRE F8%in and

deprot ecti onguppréssed by secréﬁicﬁlﬁatnenelarehaararedfaut1&3sdeaam|bed in

Ex I o The | ide Ac-D:2 - Ser L- 15
hygrgofofgl)§%f4$£h%§§é%?$)£%¥ﬁ}fy F88%$§B§| 55 2hgp Aﬁﬁ%&?ﬁ] i s
obtai ned in fhklﬁﬁih@Ltnpect#bnatipqrebVers ﬁhdgédveds meabaredbsiffderi al |y -
ho”‘)ge“eousigﬁ“ﬂoﬁ{-é QP&'£¥0h€ S%g”?égdof m&oﬁﬁel%éﬁg%xh%’it%% 5 Ce“t

M5 anal ysis shows a nass o I n"agreenment wt
cal cul at ed reebs28imilapdy. gnpacted with apdosei g ﬁﬁuglsgpgra@s|@fthe

standard 'nVA¥9liﬁé teﬁépﬁﬁde No'nlEiéﬁébﬁs}de§Q9“@otB@tve Qoﬂ ge of 50
m crograns, the, . pepti de bi oactive and about as effecfive 3as A%yllne

at db3 13¢hibggh §§9manaF%°Ps°€oﬁ§Fd§ﬁ§a EhoERhithat Fbey PERtIGRy¥aSt i ng

duration forvéng euppreaseﬁataa Lilith noEXAYRLEitent gellingThe& thet hesis .

set forth in_Exa Lepe t ed g tuting D)L hydroorotic acid

for L- hydroo?%f?gp3§|anPSCt1° g?ﬁpgsgﬁﬁ?F bggapeptldes Cl eavage fromthe

resin and 30 deprEXperien¢efghhnpﬂdfbympuhefteatunq,o&ra dargiee thumieras .

Geser Lo PR Caha R BRUL LA B2 FBAATH Bansniing suon

Lys(lsopﬁ@py1§n§*bcﬁﬁﬁgaSthréssébnabﬁeﬁﬂlwouhé,RﬁfHﬁESayed in vivo in
mature female Sprague-Dawley rats, fully block ovulation at
a dosage of 2.5 micrograms. | '

EXAMPLE 1A _

_ ' The synthesis set forth in Example 1 is repeated,

25 substituting N°Boc-D-4Anf (Fmoc) for N“Boc-D-4Aph (Fmoc) .
Following deprotection of the D~4Amf side chain, reaction
with t-butyl isocyanate is carried ouﬁ as before. Cleavage
.from the resin and deprotection, followed by purification,

_ .are carried out as described in Example 1. The peptide

30 Ac-D-2Nal-D-4Cpa-D-3Pal-Ser-4Aph(L-hydroorotyl)-D-
4Amf(carbamoyl)-Léu-Lys(iéopropyl)-Pro-D—Ala-NHZ_is'obtained
in the RP-HPLC purification and judged to be subétaﬁtially
homogeneous, with its purity estimated to be greater than
99 percent. MS analysis shows a mass of 1645.9 Da which

35 compares favorably to the expected mass of 1645.8 Da. From
the HPLC results,it can be seen that this peptide is more
hydrophilic than Acyline:
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purification. It is judged to be a honogeneous m xture of 35 two conpounds

W thout other inpurities. M analysis shows a mass of 1630.6 Da, which
Is in aghpgdeRéesM th the cal cul ated mass of 1630.8 Da. pcr/Us9s/07438

-21- WO 98/ 46634
 PCT/ US98/ 07438 assaying AdSayigkptidé pepthéestandheashan@ar fatnLyi vo rat
test as in Exanple 1, shows that, at a dosage of 50 m crogranms, the

‘pepti de i sSHPPECESIOMFESHENOUS Bhakct 2V c2ad03@gRi AE B0 Micr@gFalmsuhr ough

day 4. It kg q%nalsd@mdtqwmélicﬁpme §na§hbﬁﬁe§§&ﬁbl R fiekelllze at
suppre55|on of LH. the I's set fqrthl

Exanpl e 1Blirs réﬁ‘ga?ed'lays s@%t?? LR?W@SDFE)&B% 8?"8 §cpger gnly about

L- hydros(rjonsedmﬂ thicze of fuentdies i snjecteddedtheptiydéneC ePepds g dler om t he
r Qe i t ..are carried out a

o, 1 4809 P A ld ECLE B LLARLY R o as

3Pal - Ser - 4!§h&5£ﬁ¥dﬁborotyl) D- 4Aph(acetyl) - Leu-

Lys(i sopropyl)- E%Pf%rﬂf%ﬂﬁﬂéﬁiio¢s 9§§ﬁkﬁ8? 5TLEJ$?f§EFFEﬂé synthesis

purification. 8@‘ to be Su stantla eneous, gnd its
purity is- §§F|§ﬂﬂ§?t&9 aRRER ek %ﬁaﬁepeatgé BRPEEALUTINT A9 shows a°

mass 010163Qh§d9&déMﬁd¥1t but$?Irs@ayaﬁaeatfwrthhéheeaabqwhamainﬂtﬁécﬁ
1630. 8 Da. g gegtlde in th standardFI ivo rat test
a a

as " in Berrotected S a68abE - of CABENREFogEAREe he- 20
pepti de exHebapaﬁumﬂ;4ﬁnommphhwfésbn aﬁdbdeprbtactyohqrfolldﬂaﬂ by

' fe ' f h h
oy 4! OB ciB .0 S adbiSa Bk A8 B8sPEYBER" in, madingdd 1t OV
r epeat ed 25h§um§ptnﬁarﬁfﬁﬂ1ﬂﬁ§$k@°{ﬁnﬁ¥ﬁe3Pgi SFEPAPB@dlBL4O Phe to form
the qsdeg 1%){1[9'—45:-311&[}? é&etﬁlf‘gbLéur | %{E?EELbr@Wl‘)%ro—g-@ﬂ‘éagﬁl from

the resin and deprotectlon I cation carried dut
as describé i qB&ﬂﬁﬂe%q.tmﬁmﬁ¥ﬁﬁﬁ¥9epurlflcatl°n It is judged to

2&5%?Na|-DrfF&&H@ﬁHﬁﬁléiﬂ ‘Hﬁﬁﬁéeﬁ¥dﬁ§9rﬁh&|it@-pﬁQltg is i?tlmated

acety err].is.o t ined _in

RP- HPLC pur °f | c,eatqr\é"‘r?(t gﬁréap‘}/ugd%eﬁefﬁeﬁt shgét aﬁ%‘f‘é{ﬁl? ovﬁ?or?od@ﬁésof and
its purityliéSOest iDmt mh:tc::h hies gimadgreehant witBOtper calicull® eshalass s

shows ?0 §} gf %p%ggﬁiDa whi ch is in agreenent with the cal culated
mass o Assaying this peptide in the standard invivo
rat test as Assaying this peptide in the standard in vivo rat test as

in Example 1, shows that, at a dosage of 50 micrograms, the
peptide is bioactive and about as effective as Acyline at
day 1 through day 4. It is considered to exhibit very

25 1long~-acting duration for the suppression of LH.

" EXAMPLE iC

The synthesis set forth in Example 1B is repeated

substituting D/L hydroorotic acid for L-hydroorotic acid to
form isomeric decapeptides. Cleavage from the resin and

30 deprotection, followed by purification, are carried out as
described in Example 1. The peptide Ac-D-2Nal-D-4Cpa-D-
3Pal-Ser-4Aph(D/L-hydroorotyl)-D-4Aph(acetyl)-Leu-
Lys(isopropyl)-Pro-D-Ala-NH, is obtained in the RP-HPLC
purification. It is judged to be a homogeneous mixture of

35 two compounds without other impurities. MS analysis shows
a mass of 1630.6 Da, which is in agreement with the
calculated mass of 1630.8 Da.
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in Exanple 1, shows that, at a dosage of 50 m crograns, the peptide is
bi oacti ve Wodsabedt as effective as Acyline at PCT/US98/07438

-22- WD 98/ 46634

PCT/ US98/ 07438 A%ﬁ@YHD%hF%h@hpa@slde in thecshanderedin e aahitesbms
acting durat of he

synt hesi s seitrp%%%p%%ebu&% 1%19?% r%‘zg?at ‘3,8 sugsfglgtﬁ%crogramg the

N[ err] Boc- 4Am¢R¢#ﬁ%)l$d?l%E%F%YBo%HQA®h?FﬁDé§ effﬁﬁtiﬁﬁnﬁﬁhécﬁééaﬁeﬁtlde

[ 4Anf (Hor) [ eddy |1 Aerbiign &hpayagertr om con&msefsal eoagﬂhﬂsmfowﬁt;l-on

fol | oned by purjfication, are carried out ,as described in Exanple 1. The
pepti de A@cﬁiﬁﬁkﬂufigkﬁ%.fPQP%PeS%PpﬂﬁﬁFFE°ﬂy8FoﬁﬁotyI) 10 D- 4Aph
(acetyl) -ngg&gggﬁngpropyl) -Pro-D-Ala-NH2 i s obtained in the RP-HPLC
purification | d to be stantially h neous,,and its
purity is estlnaItQF ggheﬁésg?%ﬁtg?rgﬁaﬁnggxﬁgpiﬁn?gn%% ERBFPEPE shows a
mass of shfiddt it ai nghb ehydsoonotjjic ceokdt fort b-hhdroatotliat edidase 15 of

1644. 8 Da. t
240 P o oo "SRRG AbaBEBLIfE,. Tl REGELRTERE LA iEsh entes
pepti de 1& tﬂmt%tm, aﬁ@hlow@debYeptlrwélastAeyl,| neeat:azrled ga§ @Brough

four days. '&eéérfﬂé‘é'ﬁﬁrﬁﬁaﬁ\%éxb' b"&héoﬁgprtgﬁeaﬁ:'-ﬁgzﬂé!iabl-%pBQb -the
suppr essi on of he synthesis set forth in

Exanpl e 1 |§3?%%E§@¥EﬁAPh(DHBMQVQ?rOFﬁ%iEBU4BPhKé§6FVﬁb LBB-si de chain
am no of D- 4Api(isopnebliL | ~bb¥h-ASACNANILE otita Ak (1P diREaBPLYe are 25

si mul t aneousl reacte Wi th droorotlc acid to rmthe decapeptlde
[4Aph(|—|or[er5"'¥"51 ffﬁﬁbﬂ?rbr§fe¥?]Tugﬂ??dE° b%léﬁvﬁﬁéntlalFYon1the resin and
depr ot ec13 orhoiodgéneeds pyandr itscphtr OBy is estémadedi €d but gasadescithlaad in
Exampl e 1. T e

Ac- D 2Nal - D %é%ﬁal-éér iﬁ%ﬁYflﬁyﬁp88§o?yP?sﬁ-ﬂ£pﬁfao §0Da’ which
hydroorotyl)lieunngtesnpnbpyiyhPtbeEEAﬂauNHpedrpass ot 246A6d8i Pa. the
RP-HPLC puri fi cat d be..s t Eggyg

Its purity is est%%%?%%ﬁ? iy gggfggetﬁangga ggghgé%éeﬁﬁwv ana y5|s
shows a n3531meﬁﬁﬂﬁld fn.shbwshthat 1atia dgsageenf @0t hitkegrameyl dhed

ss Of 2% PR, Tign 78 £ESHLAS-gEcLRE BB LRLG oRen gkl DLt,PeRl de 1

nor e urn
' the suppression of LH, being about as effective as Acyline

at day 1 through day 4.
EXAMPLE 1E
The synthesis set forth in Example 1B is repeated

25 substituting N°Boc-D-4FPhe for N"Boc-D-4ClPhe to form the
decapeptide [D-4FPhe?, 4Aph(Hor)®]-Acyline. Cleavage from
the resin and deprotection, followed by purification, are
carried out as described in Example 1. The peptide
AcrD-2Nal-D-4Fpa-D-=3Pal~Ser-4Aph(L-hydroorotyl)-D-

30 4Aph(acetyl)-Leu-Lys(isopropyl)-Pro-D-Ala-NH, is obtained in
the RP-HPLC purification. It is judged tb be substantially
homogeneous, and its purity is estimated to be greater than
99 percent. MS analysis shows a mass of 1615.1 Da, which
is in agregment with the calculated mass of 1614.8 Da.

35 Assaying this peptide in the standard in vivo rat test as

in Example 1, shows that, at a dosage of 50 micrograms, the

 peptide is bioactive and about as effective as Acyline at
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hydrophilic than Acyline. -23- WO

98/ 46634 : PCT/ US98/ 07438

Assayi Ng /i) de/dagqtide in the standard in vivo rat test as periBodmeas®l e 1,
shows that, at a dosage of 50 micrograns, the peptide is bioactive and
about as efdfeti venAsudeydapesat 1t idakchdilerudh thVesthibhiti Songosi der ed
to exhibit |aon 5_act duration for the su reSS|on of LH. Thi s
synt hesi s &% %a?%ﬁaébggtg?ﬁt%ﬁﬁ RPEPF S £ LHeant (Froc) for

N err] Boc- exaMPLEMDE) to create the decapeptide [ 4Aph(Hor)[err],

D- Anf ( Ho t Lgh_i 1. ' |
supprgss[éLeg¥]£é€$e ?ﬁth&?i%kfhioggggksﬁﬂééﬁ%mpletﬂé“”%ﬁ%@g F%e5|s set
forth i rf Bewpseituting cRBaciant (FhoekvEer N?&Q@aﬁkmwmaeh ng the side

chai n am no. of ¢ LrtAPRe dec%éﬁtﬁ.agu YA "@Lﬁcy'ltln'es I RAdArhgd tfrom
D hydroorotic acid t orm the decapept.i

|
D- 4Aph( D- HO¥)$ e’F?ﬂ“ asdAﬂ?Paeteaté&@agéq#wetiwéo@f&#w%ma&%ot 8F8i on,
followed cabyi@drohtcasi Q8sceibe@ain Ekanplea s desmé beghbtiagxamle 1.

Th ti de Ac-D- D- | -S

nyar bor ot y1 A T BEn TP RGP RoP S BRL-EaE - Ch CoINSHATEREL) - --
D Al a- Nt} erp44Aph oacatpw-l.eut-h.gslkﬁsld@h'@gylr)l—anm{D-mla+NH5 ssP®biamtystl t o

be substantiﬁj%y Rggpggpgogﬁrl%@gakagnpuHfﬁ/lénjﬁﬁ%%§ €E$ d to be greater

t han 98 percen nass o which is in
agr eement vﬁmbﬁtﬁ@tlal1Eah@mPE?éG°H§ssa@@.EﬂaananFYTh% estimateds tohe

RP-HPLC  pehgveibet {:ﬁhﬁ BSPPEQ%e'n% m)r,@ Rt Al o 'éhé@énaAﬁékb”SfB 25

which is |n turn_nore X I,c than Acyline. ng this
peptide in ¥4 sT aRdary Fﬁhvﬂ§olpaﬁgﬁé§F%ﬁ¥ Wlthl?h%y%ﬁngli e@hﬂﬁésthat
at a dosmgeopf 1684 08CpHQQrans, the peptide is bioactive and about as

effective as Acyline .day 1 through day 3. It is suhstanti nDre'
effective 30 th Si@W‘PﬁetQﬁ%\é&W&g& q\stq't%r%t?ab'é‘#ae‘flgt& BYhi %5t q%¥§/

| ong- act | ng; fueAkholle! 91 LHEWSURBGESS A Hlddddge of BMRLErddrans, the The
synt hesi s of tFe decap

eptid |
4Aph( For ) [ %P 1§\EyFFnBQPé°§éLH 8%, BT A HLFecE be ceEPRYLiBeagts
forth in EM@mplEhiBughOﬁBuerday&Steai(ﬁsldﬁﬁﬁﬂdéfé& to exRilb¥tngohhe

Foc. g A0S R £BICIL M Bron of YEN(FIOC) . the Syt hest
EXAMPLE 1G '

The synthesis set forth in Example 1 is repeated;
however, instead of reécting the side chain amino of D-4Aph
with t-butyl isocyanate, it and the 4Aph residue are

25 simultaneously reacted with hydroorotic acid to form the
decapeptide ([4Aph(Hor®), D-4Aph(Hor)%]-Antide. Cleavage
from the resin and deprotection, followed by purification,
are carried out as described in Example 1. The peptide
Ac-D-2Nal~-D-4Cpa-D-3Pal-Ser-4Aph (L-hydroorotyl)-D-4Aph (L~

30 hydroorotyl)-Leu—Lys(isopi'opyl)-Pro-D-Ala-‘NH2 is obtained in
the RP-HPLC purification. It is judged to be substantially
homogeneous, and its purity is estimated to be greater than
99 percent. MS analysis shows a mass of 1728.4 Da, which
is in agreement with the calculated mass of 1728.8 Da. The

35 results of the RP-HPLC show that this peptide is more
hydrophilic than Azaline B which is in turn more
hydrophilic than Acyline.
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- 24- WO 98/ 46634
PCT/ US98/ (W998/46634 | s conpl eted. Then, after debl ocki ng t he Wlpﬁ%m”?ﬁfs

i nstead of reacti W th acetic an ride, ctlon rrjed out
|nstead of reactipg yif,agellc aniyglide. Lo e SERRRSER & vitndRE (4505 AR
T_hen, t he Fni?ﬁ? Eﬁarﬁpl@@yeﬁh@ﬂd tﬁ@t?lﬂe thbB 8169 eb ﬂf@ho S'aanaCtﬁd
with L- droo otic .ac .resi

b
and deprote ?o+? Vkaaﬁglﬁﬁr?$$cgg?ﬁﬁ aﬁr% ??gﬁ Bt eyl Qedégcrlbed
i n Exanpl e ]daﬂ?&athxmm@h dayhylcalbaﬂgytenSLdered to exhibit long-

D 2Nal - D 1
4Aph(acet§1)a?£iﬁ§§é¥$; %rop@%# Egg §§B§5¥ﬁﬁt§?r 9 %betalned I n t he
RP-HPLC purifi catTivbs $yntkegligges repb@tedbsuhatuhhtyng N*Beredreneous, and
its purity i d t er. \ %%M?

mass of 16454%;}&"%&11*15%13 #’P ﬁ%@&(ﬁj 4A e(eFr?eonc?) tE:C?h t%e c%li‘%iaﬁ sd
1645. 8 Da. THeADS(H@EL1 P-gmf (Homd] HRREigRowASh LR gepeprildy a5 nore

hydrophilic ghahoéemt i Dg BrihkghpiastiohUbR SBELetiohYEEORRL I C than
Acyline. Assaying this peptide in the standard in vivo rat test as

in Exanpt® EXBMBLE 1ot at a dosage of 50 micrograms, the 20 peptide is

bi oacti ve and abomsa§yﬁf:1ﬁesikveea3féseyhi b Bkampledayis tbpeagbd@lay 3 and
nore effecti,ve by near s _consi der

50% t
exhi bt ver PIUREC PREEad GF  Eerghipg, thReLppPReinoARSNO,BE D-iaph
EXAMPLE 1K 2Bith t-bdtel sysbbeshatset 1{:0111;hreacEEdmahEhlbf-hydepeabedc

substi t ut I B F tt
fﬁessngeABgﬂgLfg%%Eggﬁﬁzn ?ggéRE%?géLfggﬁg?ﬁﬁgp‘) eca p{| eprg] '
[ 4Aph( HOkS [ ckntid® 3Paleavade- AneohdeheCreaingenflr deprhtectionesifpldnged

deprotect i o,y f%&%?ﬁ‘f&’a@i/oﬁ“r hfbcahiPleadblt30sCaLEERILEH! iAS rRRBAEPS] 1N
Exanpl e 1. e

Acetyl - D2Na’4‘h%>m‘al<ﬂﬁMrDs%NahmeEpﬁyBréaﬁérway pABRAL-
Leu-Lys(i somméar&pﬂlﬁl-mwzmﬁ ebbaraefl oanheLlj%EﬂtiBbgropyl) -Pro-
Purity s eRThiadid d e Lo sy b TGS LA Gy si e shove a
nmass of Adb74juddped whi bé substantnahgyehumngemebhsthandahtslphedtgaas of
1574.7 Da. estimated to be greater than 98 percent. MS analysis shows
a mass of 1728.7 Da, which is in agreement with the
calculated mass of 1728.8 Da. The results of the RP-HPLC
show that this peptide is more hydrophilic than Azaline B
25 which is in turn more hydrophilic than Acyline.

Assaying this peptidé in the standard invivo rat test as
in Example 1, shows that, at a dosage of 50 micrograms, the
peptide is biocactive and about as effective as Acyline at
day 1 through day 3. It is substantially more effective

30 than Acyline at 4 days and is considered to exhibit very
long-acting duration for the suppression of LH.
- EXAMPLE 1J |
" The synthesis of the decapeptide (MeCbm-D-2Nall,
4Aph (Hor)’]-Acyline is-carried out by génerally proceeding
35 as set forth in Example 1B; héwever, instead of immediately
removing the Fmoc-protecting group after adding N%Boc-
4Aph (Fmoc), the synthesis of the decapeptide on the resin
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- 25- WD 98/ 46634 PCT/ US98/ 07438
Assaying this peptide in the standard in vivo rat test as I n Exanpl e

1, " shows tiAgbs/4gshs @ dosage of 50 micrograms, the pept i dect/esés/orasst i ve
and about ‘as effective as Acyline through three days; however, after 96
hours, it exBi bemplefedyppdesiomfifer KHekletking volhecd-termningsy of those

O o sunyLi Bstbha Becoasilangg it P il fc Vaiydonge A%k | Pdact 18yl gkl on for

t he suppressi on ,of e synthesis set forth in

Exanpl e 1G F8TFdSSarlF 13 tIumathyk iiRPIYanAte FRck9EMatRef or hydroorotic
acid to mEthlthbd&m@ﬂeﬁtﬁ Gthe M&Mﬁ@fr]w&ﬂw@m&erik] Ant i de.

Cleavagefromthe resin ro ectian foII u lcatjo are
carried dut T5% é(&&ﬁ“ge& Ségehﬁ in ammcl’h% \A@S‘l’ és regc‘Eeé IH‘ B
Ac- D- 2Nal - Dh#Gracbo3Ra aSa.td 44phifc Bxramle ) 1B 1Gleavage from the res1n

4Aph(car bamyly) Id%%%o't)é%t'l%qpr I%Wll)oavfcf qf%)- @ﬁ%ﬂ%s?én?re FQP{;%EEQ .

t he RP-HPLC pur cat1on onbgeneous,
and its pur psydescadtiedntisd Et"@mple b’e— grhg cpephibde onepoy tearbangydnal ysi s

shows a nasg-qha1-D-Ea§%JbJ@;a1Myé¥L4§pﬁgLawy&@aafét ¥4 §bpthe cal cul ated

mass 20 of 1534 epti t he standard_invivo
rat test®as 4Aph(@ﬁe§y§ﬁm1§quyWRIff%{y Tplg°ﬂ%s%§%‘%¥z 56 AR sin t he

peptide is khea®pP-wPLINputidiicasiat f eclt vis ajudgydi 868 be stbstaghibdly
days. It is,caonsider dsto @hl bit |lo act n

ur. a or the
Suppr essi onh8f“°€ﬁne e S urt lr&?ﬁ?ﬂe& Q?e?gf"g?t A% n
Exanpl e 1G percepdat eMS anagytssits tshiows) aretdgs ¢Sotgabha¥ eDéor whidhodsotic
acid to formy, [@ﬁk\ﬁ\%@ ] .
D- 4Aph( MeCbm [ e[grté]% Ant | 33%% é% ecavage o(?r?t éeérce)gl %Gg%dsdggr ot ‘gtclt i on,
f ol | owedSpy resulis iof; &g R -RALC ho¥ cehabit this desetidedisnmexgnpl e 1.

The pepti deh@@r@p%"ﬁ';@ﬁx@@ii AQa'ﬂlRﬁ{e $Frunich #Ephgnehbyl fagbanoyl) - D- 4Aph

(met hyl carb u- Lys(}jso ropyl)-Pro-D-Ala-NH2 is obtained in the
RP- HPLC 35 S‘@ﬂ‘\"%?&’éﬁl&n t d to be substantially hormpgeneous,

and its purity i usesilyiimmi Qﬂ)its) fptidat B thanstandard in vivo rat test as
26 in Example 1, shows that, at a dosage of 50 micrograms, the
20 peptide is bioactive and about as effective as Acyline at
day 1 through day 3 and more éffective by nearly 50% after
96 hours. It is considered to exhibit very long-acting
duration for the suppreésion of LH.
EXAMPLE 1K
25 . The synthesis set forth in Example 1 is repeated
substituting N®Boc-D-3Pal for N°Boc-D-4Aph(Fmoc) and
omitting the subsequent reaction with t-BuNCO to form the
decapeptide [4Aph(Hor)®, D-3Pal®]-aAntide. Cleavage from the
resin and deprotection, followed by purification, are
30 carried out as described in Example 1. The peptide
Acetyl-D-2Nal-D~-4Cpa-D-3Pal-Ser-4Aph (L~-hydroorotyl)-D-3Pal-
Leu-Lys(isopropyl)-Pro-D-Ala-NH, is obtained in the RP-HPLC
purification. It is judged to be substantially
homogeneous, and its purity is estimated to be greater than
35 99 percent. MS analysis shows a mass of 1574.7 Da, which
is in agreement with the calculated mass of 1574.7 Da.
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percent. Pﬁ%ls shows a nass of 1562.8 Da, which P%ﬁ%§8W£éﬁ%nt
with the calculated mass of thls peptide in

the standard in v@%%FY%Rgt%%fs geptgg?nlﬁkﬁhﬁl%tind§%8m§’WH%Ira%I tesHR%ge
of 50 ”‘CrOQEﬁ”Ekaﬁﬁ@e b, p§@éwgeth§tb'9€05'585§89 6?055 ﬂ§c§5§§ﬁhsvetﬁ§

Acyline for two days’ and then begins to E sonmewhat “1n
suppr essi on BRPtife is keaptive and ab°UtT%% B B?FHéV?4¢§hGFMP}P8rr],

P—Clt{errlltféﬁﬁﬁgh airé@adi@gs pf hdPevéRe pepeidesCabupse! i¥ BauibBgtkhe
ormul a .
D- 3Pal - sﬁg 4%‘&&({3%?’0‘%0?&%)}ﬂ’?}tFEeﬁé’rtﬁi-ﬁPSFb APE- RE[ EPPFe °f

synt hesi zed Asyhine he Bynisesossidegedetal éyhibitfoeth longhacEiagple 1

6 posi 11 on. SHTEHEY; af , Phing BRPPERESEPR BFFHED) 15 “Ts coupl od i the

6-position,‘EEEMIEELkhaln eIongatlon i's tenporarlly hal ted after having
obt ai ned the foll t :

Boc- D- O n( Fnoc) - ﬁ@ﬁé”%g?téegg st f€£€ﬁngﬂj ﬁﬁ?ﬂﬁBhﬁ lgsrﬁpgﬁpsgrt] The
am no siHe cebstibfutingheb hlrégpgn@na‘setﬁ@ﬁ nEgroocetis Bgibefdval of
the Frmoc 20 f&hﬁ’t@%'@é‘c@ﬁepﬂlgéam Dl\gh@c ?ﬂ ﬂ%ﬁmé@érﬂﬁq'—@&ﬂtﬂ@”eat ed
with excess t- | isocyanate in hours at _room t enperature
to react mnt%l?% ¢ der PRaFReoFeE iR P9 depr?EEFH&@“'TﬁEI&BWﬁFePVon of the
_synthFSIs Ofpﬁﬁﬁflcatﬁ@ﬁaESﬁéld&rgﬂé@rﬁﬁﬁlakedEScthBQdC&hrFQdmpgb ag in
Exanpl e 25 . . The tidoresin s n_was cl eave n
deprotected,%%ﬁdp?%%hd%u??fPpgﬁag-§E§§P?5§a3#ﬁ?E§§ﬁp?§pE(car PR ﬁeBtlde
AC-D—2hbl§[>m£ph££hﬂﬁmmefm}-EéphLys(1sopropy1)— Pro-b-Ala-NH, is
hydroorotyl) ey | o] obt-ai ned e +30
RP--HPLC pur| |ca #%% £ %ﬂé E¥ ggiéj?uy egéé %%gnt &% Qg th %@D&énggus

and its pur|$?b$§a%§l$hhye@omggbéegﬁéaténdthﬁﬁ purlgy psreéﬁﬂmaEsﬂwso

anal ysis shoys gRastesdenmysosf pdeant. MsDanxe@ygfisl Snbls2d fRERN A

the calcul ated mass_ of 1583 for th Btl The pepti de
is more hydrb%%ff?cD%haﬂh€E¥r6§eFanﬁﬁEeme“teWHF §9a§aﬂ6H§a§6ﬁaPP§ﬁ of
bioactivjmy af fsgqovebax when tested invivo for suppression of LH:

retion in EX -27- '
secretion as an£y1ng this peptide in the standard in vivo 'rat test as

" in Example 1, shows that, at a dosage of 50 micrograms, the.
peptide is bioactive and about as effective as Acyline
through four days. It is considered to exhibit long-acting

25 duration for the suppression of LH.
"~ EXAMPLE 1M
The synthesis set forth in Example 1G is repeated
substituting methyl isocyanate for hydroorotic acid to form
ﬁhe'decapeptide (4Aph (MeCbm)’,D-4Aph (MeCbm)®]~Antide.
30 Cleavage from the resin and_deprotection, followed bY'

. purification, are carried out as described in Example 1.
The peptide Ac-D-2Nal-D-4Cpa-D-3Pal-Ser-
4Aph (methylcarbamoyl)-D-4Aph(methylcarbamoyl) -
Leu-Lys(isopropyl)-Pro~D-Ala-NH, is obtained in the RP~HPLC

35 purification. It is judged to be substantially
homogeneous, and its purity is estimated to be greater than

~26—
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has marginally better suppression at 3 days-and substantially better at

96 hours. wo SXSs83d E 2A An anal og of the peptide Anpdfesosiorsss
[4Aph(Hor)[err]]- 5 Antide is synthesized using the synthesis as generally
set f 0P%h perderdnp| M4 amalySisPahewts Aomabsl6®, 98%2.4f bar, whiatoupling

N err] Boc- L ?H¥a | : B POSLL ] ht I eacte - _ Wt h_an excess
of nicotin?? g%f |r1i%#b$g§}gaﬁﬁgé &8983%%8 éc#?%%.ogh&ﬁfz's %a.

N[ er r] Boc- Aph( FRESaYng diipl @dpeptide $n the gbshntavd, imvdothatabesd ssde
chain on t 3 due J n pLo d as LR Exanple 1. Th
internediapg @%gﬂ&a&%gg@t%ﬁ Vftﬁﬁgfhyggo r%$§%§8ia%ihBDW#FggﬁaaFﬁé the
synt hesPs ®ePPtide Hes duiearepivecandt abautii asceffectipketedAayliimeEfanpl e 1
Fol | owi ng ke dayairh asdh geaf t resi sdeprQt ecti on and
purification are carried out géégggcg?bggab Bffngékgﬁgég fg ?E% pepti de
Ac- D- 2Nal - BUPBFLSS 50, of5hH - |
4Aph(L- hydEexeMens )2 D- Lys(Nic) - Leu-1Lys-Pro-D-Ala-NH err] is obt ai ned

in the RP-HPLC purification. I s..considered go . .be nore hydrophilic
than Cetroreli x%ed 3%%&‘% bt Jr*%’é?'l‘% SS'ZgD’Cd&édt”iABﬁl&F'biaé‘a@ﬁa\;i% ofs

Cet r or 80i x ther pegipirdss Cetrafelik havingrtheoformulaEXAMBEBEN31-D-4Cpa- The
anal og [4 Jdw) ] - / | | ynthesized - follow.ng.thi t hod
generalIyA?E?%%%t%??jfﬁéé&%ﬁ%yé%§gﬁéégiie%tS?EaggﬂvE;Vﬁzb 3 u%& i?@ggd
for L-Hor. ifh@ynthesiznd o ing dee osysthenisf asAghnenalhy Sepofotithn, the
i ntermedi aie iEkand ed Wiﬁb@é‘a§x8fsﬁ“§gcﬂiﬂ§§}” gtt“Bgc—D-Cit is

| m dazol i done- -canbo§é{ic aci d, about 90 ng of", nd about 0. 66
nmml of DI EOYR WhIThe ArRretiebont cAhbeFBakivedy, r NERe Ry Fnec) The

conpl etbonief ciouplmmtiesite Oé—lbdil@itionQesﬂaeﬁhédehhﬂheéﬁsﬂbékgohﬁ i%hen
ol caved anioRBSFRrARLalted AFter | hrEing OREBEhPlehNEnt BXARMRETL. The
pepti de 35paAptddeNdnterv@abidt8Pal B&erb4dph(Bhbep-Leudnpysl(igene) 4-
Carbony! ) PRI S0P AgNLST Tl ghs AL S0l cnaih S,
-28- the Orn residue is then deprotected by removal of the Fmoc
20 protection as in Example 1, and the intermediate is treated
with excess t-butyl isocyanate in DMF about 6 hours at room
temperature to react with the side chain of the Orn
residue. The completion of the synthesis of the
decapeptide intermediate is then carried out as in Example
25 1. | ' ‘
' The peptidoresin is then washed, cleaved and
deprotected, and then purified as described in Example 1.
The peptide Ac-D-2Nal-D-4Cpa-D-3Pal-Ser-4Aph(L-
hydroorotyl)-D-Cit-Leu-ILys-Pro-D—Ala-NH2 is obtained in the
30 RP-HPLC purification. It is judged to be substantially
homogeneous, and its purity is estimated to be greater than
99 percent. LSIMS'analysis shows measured mass of 1583.7
Da which is in agreement with the calculated mass of 1583.8
Da for this peptide. :
35 The peptide is more hydrophilic than Cetrorelix and
exhibits as long duration of biocactivity as Cetrorelix when
tested invivo for suppression of LH secretion as in Example

-27-
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of two coﬁW@dﬁG@94mﬁthout other |npur|t|es LSl M5 anal ysPCT/ERSHT4H

measured mass of_.1602.7 r eenent th t he calc | at ed

mass of 16028 D& FH° tr?ﬁ“égma J;btk?%l%te% sugpreﬁ’s%? 3G, 3 ‘H@yﬁe Pfde using -

t he standar cbuhstarvblarhlyt}estter as 96 howanpl e 1 shows that, at a dosage of -

50 mcrogra prp NEy Pepti-.de exhibits long duration of suppression of LH
|§Z%%Er7mwg

secretion. inally better suppression at 3 days and at 96
hours than Acyli el amelE&xaPLEngpeptide Armhideyni hesi f4dphHanplle 3 is

repeat ed gusi r hox t ead
et A reiﬁﬁ%%%%é’f%%‘%?“ R S

honogeneous &afkh tin Erangle s e%flmnﬁedP%%ﬁ%% N@ou®, 9694835 per RERET  LSI VS
anal ysi s shQwup iTRANABE sq mb@(} i% the @apd’!‘it@ﬂbﬂs ith |gnesi@dq Wi th

t he cal cul ated mass of or this, tid ptlde IS nore
wat er (ﬂﬁﬁﬂG?QrﬁﬁFﬁﬁil?ﬁenlc°tlnlc gn@“?sg8£}?Vé Jout as in

Exanpl e 1, mmt@cﬁibndogmg@pfn%dﬂmq@m itheqgiddlarextiidid<s | ong
duratio of, .suppression of_ LH Segl ti belng bout. the $§ _
Acyl | nerBoQ/erp%F]p"elr‘F'gbl B 96" PotP £ g%)éﬂﬂ t£S Aph rﬁ"ﬁé yn?%esi s of
Exanpl e 3 i stheapedemooiscied ams eiar eBsalble of . E%Qhenldaenhedmaée4isarboxylic

2§|g_g&;f?aqﬁ%i-é%éébﬁﬁmég %&é&{ﬁ?&lééf& PﬁpﬁkPe and the synthe51s of

| nz) - D- 4Aph (¥ -degapeytide ol mrermedite sigpheompteted S5 Von Exanpnieydi s
shows a neasured f@ffo»@ingw@@e 6s E8na i Clads, 'Bleava fofaﬁn{mw FBsihe

cal cul at ed mass of 1602.8 for this 30 pept eptide is nof e
wat er scﬂiﬂﬂqgﬂqﬂﬁﬁq$%ﬁnréﬁd purificahionfFg ?%rEaFﬁlﬁﬁ ot® gesfRikRdnpl.e

1. tThg pept i {de¢ Examp Be bi pacthea epapiei @é ﬁcdDS?HQlDIB -bBpai-p-9gadrBerthe
e | de u ress] on_o secreti on
B anti de TR NS eor e by et e S fet Rhyer ﬁsore-ﬁa W hsi zed

usi ng a comnted ireed ofn t tice NRP FORISC Spbripichtion. IExhdapteasidefed to

[ggfoduce D”%WH&é%”ﬁ&ﬁréﬂﬁiﬁfb(£Rh£“éé@?&?&lix_and_to exhibit as long

20 duration of biocactivity as Cetrorelix for suppression of LH

secretion.
EXAMPLE 3 _

The analog [4Aph(D/L—Imz)5]—Acyline is synthesized
following the method generally set forth in Example 1B,

25 except that D/L-Imz is substituted for L-Hor. Thus,
following deprotection of 4Aph in the S5-position, the
intermediate is treated with an excess of D/L-2- |
Imidazolidone-4~carboxylic acid, about 90 mg of HOBt and
about 0.66 mmol of DIC in DMF solution for about 6 hours at

' 30 room temperature. The completion of the synthesis of the
decapeptide intermediate is then carried out as in Example
1. -
The peptidoresin istashed, cleaved and deprotected
and purified as described in Example 1. The peptide

35 Ac-D—ZNa1—D—4Cpa-D-3Pal-Serf4Aph(D/L—2-imidazc11done-4-
carbonyl)-D-4Aph(Ac) -Leu-ILys~Pro-D-Ala-NH, is obtained in
the RP-HPLC purificatidn. It is judged to be homogeneous
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4Aph(lnme)[err]). The peptide Ac-D- 2Nal - D-4Cpa- D- 3Pal - Ser -

4Aph( L- | o0 odeédf (car banoyl ) - Leu-1Lys- Pro-D-Al a-NH err] psT/USI8/6M188i ned
in the RP-HPLC purification. It is judged to be substantially
honogeneousyixwte taf pLWCthomsovesdsnaWéuhtout Sthiser dmgateitidmn IBSPEBcent .

LSI M5 anal gq@§ f k6 r eenment
with the )ASA Y}{ﬁ ate SS O gﬁ‘g?g&ﬁ%ﬁgf 8%- 3.1%'0? ﬁ&%ﬁk%eiépe%?l de
i s assayed a&"ﬁ%ﬁ“%ﬁb}@ Ithengakeudagsdagesst o50 15°?m80r%rfemé tl?’fs

exhibits adeptggirati on of suppression of 10 LH secretion.
substantially the same as Acyline.qver ys and has a,. sone %@st

superi oP suppr eASSHY 9. dgh e opeRtide “EXRHPIFE% Standard YO, &5t

[ 4Aph( Hor) [ rin é%é%§ﬁe(fk§ﬁ8$£e£hkh ABE'Qed&E@Qébe 50 et SYFahe,
Ac- D- 2Nal - D- 4Cpa- D3a Ser - 4Aph 15 dr oor oty D- 4Ant Com
-Leu- | | ys- P& BSR ‘:}@-IZQ’Flélblts ﬂPHeQPf@ ﬁ’§’| e tsdgf’%’iﬁrﬁgﬁé%'?s° sm@eneral |y

SethforthISECﬁftiBﬁUWﬂItJﬁhslﬂsfgadaQﬁyrﬁ@t@éﬁ)d&g?%ésﬁfbﬁf&t63E@?yélon
wi th excess t yl_i,socyanat e i is reacted wt met hy

| socyanat e. ang, L{.C AnGplré?u h a?hg"g%ﬁes. s of the 20 decapeptide

I nt er mad atBXAMPLEIG3R carried out as in Exanple 1A The
peptidoresin is Q§%1 edea ohegte f

described in EXéﬂ@% §%§f¥ QF gQaﬂﬁﬂﬁ Leqly QEpeatéﬁuhé&ﬁé éﬁdex@éss
Ac- D- 2Nal -M@p@ﬁmzwd%hﬁtcﬁybpwﬂépylam instead of D/L-Imz.
4Anf(NECbn')rtié9li'ééLVﬁté°ﬁ@ 1512 §dé"‘|f1§r 'jhdk;%d()l%foa'ﬂée%dﬁééé}?tﬁil HPLC

purification. 4 be sybsStanti all honpgeneous, and its '
purity is @ﬁﬂqgﬁQEP ?)?Eﬁg%%ﬁtEPrPFans es@GWﬁﬁ%ﬂNﬂ° 4§H$k9%5a?%3|s shows
measur a6 Mgsr@EntlS5ASIMS aha1yBi eh showish aagieedd Wdds tHE mcbzu!sat ed

'he standatf 1 FRATo 15118 cagrBeRepRosth, she atE AR wFs8H CF ot ane,
Peptide No.16p2.8 DRxhfdirtthbetpeptidepr eThieopeptide s&crmxbr@mahen Acyl i ne
and is comg&%ggggt&hgghigyilxgry | ong-acting duration of 35 bioactivity.
-30- Assaying is carried out as in Example 1, and at a
20 dosage of 50 micrograms, the peptide exhibits long duration
of suppression of LH secretion, being about the same as
Acyline over a period of 96 hours.
EXAMPLE 3B | | _
The synthesis of Example 3 is repeated using an excess
25 of D-2-imidazolidone-4-carboxylic acid instead of D/L-Imz.
The resultant peptide Ac~D-2Nal-D~-4Cpa-D-3Pal-Ser-4Aph(D-
Imz)-D-4Aph(Ac)-Leu-ILys-Pro-D-Ala-NH, is obtained. LSIMS
analysis shows a measured mass of 1602.6 Da, which is in
agreement with the calculated mass of 1602.8 Da for this
30 peptide. The peptide is more water soluble than Acyline.
Assaying is carried out as in Example 1. The peptide
is bioactive and at a dosage of 50 micrograms, the peptide
exhibits suppression of LH secretion.
EXAMPLE 3C
35 The peptide [4Aph(Imz)?, D-4Amf(Cbm)®]-Acyline is
synthesized using a combination of the methods set forth in
Examples 1A (to introduce D-4Amf(Cbm)®) and 3A (to introduce
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EXAMPLE 4AYO98/46634  The synthesis of Exanple 4 is repeated‘gﬂﬁgPﬁ?ﬂP§ng

R i ) i s A

Ac- D- 2Nal - D4 151312 | ~DseAnfAstabamait ot eyt JLYE 4 A /R)ALa~NH, is
Leu-ILys- Prg a%dn@d\lfihaerﬂﬂe 'rasii%rtzﬁd %&lﬁém&? HRC ﬂ”ﬂa to bd!on.
It is judged to be substantially eneous I'ts Ity IS

esti mated t Subst@nddedd v Hmwrm%mand 1t1$%‘aha1%/sﬁ%t§?ﬁ)§%dat°

measur }ad fgiz?%s@féaeh?% ftﬁ% wy q,-heﬁcferilto I rL@ﬂ{@%\mmyyag hstﬁcnas cal cul at eg
Mmass o or this neptid e e is assayed as
in Exanpl e Pe3sUrefhafs Hf 16175¢ rﬁ%r"ﬂb‘r%s arfy qqlpeeél)ﬁ‘ﬁ'%r (SR St i ng

duration of calculiadad imdssy .ofl t1elwONE ma:pmxesatim péptiisecraie opepeide to
15 Acyline f,or _3 d s, and .at 96 h UF%_IS S htIy %ﬁgfrl H%g Acyl i ne.
EXAVPLE 4B 18 2ssaYeR m&yif} Example ft, fand,d p‘? %ﬁf{ i zed and
tested i n Exdrplogrbis,s thadamahmtrsg d}bdmgndlui'a‘aion hef Gu@tr¢ssomust

| nstead ,of Dyalanylanide. ?%ﬁﬁﬁé&%é%”&ne saxﬁé Jé rp?é)g,f%/ﬁ‘é h&‘ééEEd

havi ng prollne as a free a
general |y a$ &y idnsd has ha somervés‘agizecﬁun@rgaarmmprleﬂssm afsi 9o baourS-
Merrifield gggiMprLe 4 (chloronethylated cross-1inked polystyrene) such as

t hat 25 ava‘TéﬁTé"T_bn1Bachen1 | nc, Follomnnggfleav ge, deprot ecti on
and purificati onThen@sRA 4% PRI B4 f(MqumhﬂT@@tlde having

8\01? 2Na: - Dt%t@ﬁ%&nﬁﬁai tA%GJ‘D—‘bWh(JﬁMc% -t-D dspéhgiﬁHéP{lgﬁ ph-EiLk= f- | Iays Pr o- O{-' g
nmm e COo eprotecte n -puri fied . nonapeptide
i s di ss&1‘r’ve&l Yr?ﬁ ?9 W@gﬁ—&ﬂ’f FTRF mRTA Jt:ﬁ “Wa 11 nol .
(Lancast er synﬂﬂuymzﬁﬂ)usiﬁqﬂthé)éﬁhﬁﬁﬁﬁ1sﬁa§N¢Kﬁéf$DMﬁb$@th@@ithaln
solid, was ded d the r I on S

: at Riagt tpegard’i%%nrﬁ angeD zﬁ%ﬁ% t e grl éE{&X@

stirred at 5W¥ienpe I oh S quenched'
by addi ng 2&Gtn axtaﬁﬂeﬁ—bwﬁykﬁxﬁnqygpaﬂeenml&MBn mh|n$ neactedveitked to a

CLEE g TSN B 10 I8 IS Ei0n e grncladtioF cne

-31- .20 dgﬂggmgm%%ggntermedlate is then carrled out as in Example
PCT/ US98/ 07438
The peptidoreSin is washed, cleaved and deprotected,
and purified, as described in Example 1. The peptide
Ac—D—2Na1—D-4cpa—D~3Pa1eSer-4Aph(L#hydroorofyl)-D—
25 4Anf (MeCbm) -Leu-ILys-Pro-D-Ala-NH, is obtained in the RP-
HPLC purification. It is judged to-be substantially
homogeneous, and its purity is estimated to be greater than
99 percent. LSIMS analysis shows measured mass of 1659.8
Da- which is in agreement with the calculated mass of 1659.8
30 Da for this peptlde
Assaying the peptlde using the standard in vivo rat test
shows that, at a dosage of 50 micrograms, Peptide No. 4
exhibits better suppression of LH secretion than Acyline
and is considered to exhibit very long-acting duration of
35 biocactivity.
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Ser - 4Aph(Hor) -D-4Anf (Com-Leu-I1Lys-Pro-D Al a-ol, was purified using
preparative RP-HPLC using TEAP (pH 2.3) as-a buffer, followed by a
further pm'pg/ia;g;ion using 0.1% TFA as a buffer. The resnt"l'/alsﬁsmmide S
j udged to be S substantially honpgeneous, and its purity is estimated to
be great er BEMMRPLE, AR 99% M5 anal ysis shows a mass of 1632.9 Da whi ch

k: in agr?ﬁnentT%éfbﬁﬁEhéﬁgéléﬂlgﬂa se 9fis re%@?%e? Q%bstltutlﬁg( I
saylng ) | e._stan I vivo ra es anp e
oS hons + Rse i At de St et ¥%g+aﬂg¥anat?hs°p85ﬁra§@ Eheni oacti ve.
and such bipeatide t(aXs{HoRKSs D-42E @ic)*9asnti@enoumhe Peptiepide is -
consi dered ,t 0 n F.4C hesi s
of Examﬁe AL?B.DPEZI‘Iraelp.\eﬁjﬁ%%PasE%‘sﬁ?tt?ﬁﬁ-‘mg?’(@ygﬁ%fm%?tylar ni Q§\ts(%%t)dri dge
Cheni cal ) flgu-JaterRretD-Alatii} He addwmined mxtthe. RE+EPLEspurifilca-
decapept i d& jigh, Itpbb.réf lggié’& té Eéag%&éﬁti‘ﬁilt/shb%g%efo%sbe and

substantial |y honbgen havi ng a purlté I mted to be greater than
20 about 989 P%%a#%s?%“%‘%@a“ﬁa@% greatsy. shpa /A Pgxcent. g

agrteegent \mtshms {Eﬂnaﬁ@%ﬂé aémhms?eésﬂéaa Bab8. of 1644. 5 b%samlrw: tl@t?] .
e | n e Sstanaar | VIVO Ia a
b 'a dddhod bRt e EapaRTaten nafs BRodbARE. Dhnd ok,

bi oact i vi t)pet;cmitderwes 25 for at |east 96 hours The peptide is considered

to b I f f th
dgcagept [ d\éegnt esi zg Hhd is a%&e@/gé &a%?re“p}e %n%g:jel hawal(')?% % ©

D- al ani nol S migragrges, tandi msefr:hsbeaa bong-acfipbatugdetion mfnapept i de
fragment pjdascsupidyesi zed MWQgsﬁﬁﬁkégéléﬁ Bff € saerdtdlon e

t erm nus u3|)}g]lSPPS on a Merrifield resin, but otherw se eneraly as
descri Bed MPRHIMBFRE I Aag@npnd 3t 26 hFBFFo&Fnﬁ%HE&@é(g@“%W i on
and purifi eaiyXimethe 35 follow ng.nonapeptide is obtained:

Ac- D- 2Nal - M 3Pal - Ser - 4Aph( Hor) - D- 4Aph( Cbm - Leu- | Lys- Pr o- CH.
The pu peptide is then reacted with D-alaninol as in
- 32- WO MW/mibidflication of the decapeptide synthesizedP@RAJS98/ 07438

Exanpl e 4B.. andd NG, "Bedhp A0 1 #°E8PRRAL IiavifiaPpeManPhol at the c-

20 terminus instead of D-alanylamide. A .nonapeptide fragment
is first synthesized having proline as a free acid at the
C-terminus using a synthesis generally as described with
respect to Example 1A, but using a Merrifield resin
(chloromethylated cross-linked polystyrene) such as that

25 available from Bachem, Inc. Following cleavage, |
deprotection and purification, the following nonapeptide is
obtained: Ac-D-2Nal-D-4Cpa-D-3Pal-Ser-4Aph (Hor)-D-
4Amf (Cbm) ~-Leu-ILys-Pro-OH. 0.15 mmol of the completely
deprotected and HPLC-purified nonapeptide is dissolved in 3

30 ml of dry DMF along with 3.0 mmol of D-alaninol (Lancaster
Chemical). Then, 0.60 mmol of PyBOP (Novabiochem), a
solid, was added as a coupling agent, and the reaction
mixture was stirred at room temperature for 30 minutes.

The reaction was quenched by adding 200 ml of water,

35 creating an emulsion which was converted to a clear
solution by adjusting the pH to 2.5 using glacial acetic
acid. The resultant decapeptide, Ac-D-2Nal-D-4Cpa-D-3Pal-
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4Cpa- D- 3Pal - Ser - 4Aph( Hor) - D-4Aph(Cbn) Leu- | Lys- Pro-D- Al a-

purified udo9g/Mpedparative RP-HPLC as described in Exanp?@?@@?WWVﬁ&lthe
exception of using TEAP at pH 6.5 5 instead of TEAP at pH 2.3. The

resul tant pefRYHEAPR (Heghrl-4Ant { gome-EewsIibNerBr PyDhdkdyeheowds having a

purity esti ﬁﬂfled ﬁgub@ gf@@éﬁst1~hanRﬁbﬂ#Lc98%/<1n§/5rﬂﬂﬁl x§38288?w@saaﬁass
of 1618%& % t ¥gjreement with the, cal cul ated mass
1618. 8 Da 8% ngt Pheo %tp e |ﬁuﬁFﬁﬁrsHBR&fFFanOBeuﬁbnﬁlBaéﬁl?gA
EXQIVPLE 4E as a buffiée. symgeselasuﬂesﬁtlbeﬁtmeExarrphagé@ t6 bepeated,
substi t ut anlno al ani nol esulta t.i
substitutd naboot any nel [ ohoRealaghaol alhestesliant oo odecapeplife
is purifiedbksiggeater pthparabove #¥% HPLESasndégsisbshowa ExnapBeOtD and
t he resujdantg pﬁ&%ﬂgcﬁs uﬁﬂeg%%@eﬂs ‘é“%’cﬁ”&%@' {:ngb}la Ao4a %%%

t er t

having a purity estinmate ana yS|s
shows a massl®¥24%18a39 Da which is 20 in agreement with the cal cul ated nass

of 1618.8 Da. A£§§§‘¥h&9tﬁg§ {)@pﬁf}?@ PR ¥h¥og fgﬂz@@]&amgﬁ&oe&;we

EXAMPLE 5 : he pépti D-Hor)|err err[]-Antide,
one 1Mﬂ(ﬁ$rmm Eh@mpbennlasMcwg>Qhat1DaucpadESSEaleSe504mph@DgramS.

hydroorotyl )¢y légb% 5&8&'#1—?‘% PéﬂaDﬁgi B'Eﬂaahﬁi\umsﬁ%gﬁﬁyé gd using

t he synthe5|s as ener al stea reacting
4Aph. in the Bp@REttleast 96 henurs. hy'aheopgptédacna censidpyedchei Rei s
reacted wthyd¥y 1ond¥dEePhgtic acid. The conpletion of the synthesis of
the 30 decapeEtlde Intermediate is then carried out as in Exanple 1A
The pepti dor en subjected to the standard wash, and cl eavage

fromthesesin anthdegyatResionot Exaﬁpnéom@d1byr§péa£éaahuaammue@rrl ed

Ac- D 2Nal - DDA L Ar EaPLaAMP . (ALAEROEPCBRERIFRL) DERRNP-pRARIOL

-Leu- | Lys- Prin (El¢ aréiiftioh mixbbrei netihe resnlthetRBeHRpEppddef isation. |t

I's judged t 33 A A
PCT/USQB/O?gggFlfledsﬁ s%gn P§ehgﬁnagﬁeéﬁsjuaﬂ8 %o bﬁ ?P?gﬁé%gééﬁq ted

to be grre%m@gertlﬁ%sgshp@m@n@ PUBLEB aﬁmygtgdsﬁ@\/\bengasam thampgss
of 1645.5p Deapbla€hos#. | "M3TRRETPELsVERBWENE R8LEUbLR! €832.9 Da which is

'in agreement with the calculated mass of 1632.8 Da.
' Assaying this peptide in the standarad in vivo rat test,

as in Example 1, shows that, at a dosage of 50 micrograms,
the peptide is bioactive, and'such biocactivity continues

25 for at least 96 hours. The peptide is considered to be
very long- actlng .

EXAMPLE 4D
A modification of the decapeptide synthesized and
tested in Example 1 is made having D-alaninol at the C-

30 terminus instead of D-alanylamide. " A nonépeptide fragment
is synthesized having proline as a free acid at the Cj'
terminus using SPPS on a Merrifield resin, but otherwise

. generally as described with respect to Example 1.
Following cleavage, deprotection and purification, the

35 following nonapeptide is obtained: Ac-D-2Nal-D-4Cpa-D-
3Pal~Ser-4Aph(Hor)-D~4Aph (Cbm) -Leu~ILys~Pro-OH. The
purified nonapeptide is then reacted with D-alaninol as in
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mass of 1645.8 Da for this peptide. 5 Assayi ng the peptide using the

standard in vivo rat test shows that, at a dosage of 50 m crograns,
t he pepti @@ 9s/668xhi bits a duration of bioactivity in the sPEHUEBHES of LH
secretion over 2 days about as |long as Acyline and continues to effect

sore | esser Ex@@rle ofB s iR cble oregulantodeganepbingur 8c-D-2NgXADPLE 5A
The synt heS'4%;53‘-@3?!@1-95;5:'4-&%3Pﬁéi:?dneliﬁgﬁt( Cbﬁ?T-Leu-ILyQS-‘PQ%dDthraeaCt i ng
t he deprotected side chaj th ¥I i socyagnat e, IS

Feact od wi { ok PURTAARA disiAg PRABApabivheRt-ArLe 88 ddZctinen th

Ac- D- 2Nal - Dmamp.‘[é Iy -vBeth 419pé(é>ccept1byldbﬁonsiiyﬂg) TERPA At pﬁAas).s

e v Pt JELReAd 1 BR1 2000 e LLIELRE HEREAU G SRk |

i s judge antT al ofmbgeneous, S
to be gr’lmatka smtmtp@lbﬁnhomgsewsoaﬁal ygwsnghgwsmarlzw elmg@rt@d mass

of 1644.7 Dacméggféat& a&asﬁnsﬂsuw bhst heyg ansaye%abﬁ@wgaﬁsmgfssl%‘ 8

Daforthls pepti peptide is assa¥: as_in 1, and
at a doddgeé &t B W#%‘F’bg?‘%n%n FﬁEeﬁEﬁPtdE’lQ?h bet §aacs1&§(9ﬁés§ia@ﬁ of of

LH Secret'OQSﬂdﬁﬁfﬂHIEﬂiyééﬁfnéaﬁﬁemgeﬁﬁlhbnﬁzﬂM&rsﬁoﬁé feygo B& 96 hours,
it exhibits a suppression of LH sone superior to Acyline.

EXAVPLE1® Dbioactivie synthesis as generally set forth in Exanple 1F is

r epeat ed wtﬁz%!gwgptlon that N err]Boc-D 4Anf (Fnoc) is used 30 for the
6- position resi ei}%nsteaﬁl of N&err% gc D.4 thmr)Lc) to, formthe
decapept i de [4Anf {MBrYRTRES1E) ARFFEALPRHC LR EXARPLEe 4D -;ﬁerepea%]@&,i de

AE DENaI (DM&%ME %aﬂaﬁﬂiﬁﬁih!dromaugmnol Eh%lffesm&g;wH?DLC
-Leu-Lys (isppraQ ro err e

purificati orﬁ)eocﬁfpél%‘)‘}%%lged% %N g b kﬁ?taaﬁ’t gﬁqygﬁ&rﬂ@?ﬁ’e‘%{gﬁ YBid its
purity i1$ estAptat@en)eleu-IbpsgPratdlatrban 38 pardfied MSiagal ysis shows a
mass of

3 8LAGH

ti RP-HPLC d
PCT/ US98/ 074&{ ppara Jl % g lE)a V\ﬂs elsgrllrk]ue g#leje%ﬁmple\/@u?he%cal Clﬁ at ed
mass of TEsBELtaNR Peptide’ isThudgegt t@e bes sabstpadiad n Exanple 1, and
at a homogeneous, having a purity estimated to be greater than

about 99%. MS analysis shows a mass of 1618.9 Da which is

20 in agreement with the calculated mass of 1618.8 Da.
Assaying the peptide in vivo shows it to be biocactive.
EXAMPLE 5

The peptide (4Aph(D-Hor)®, D-4Amf(Cbm)°)-Antide, one

which has the formula Ac-D-2Nal-D-4Cpa-D-3Pal-Ser-4Aph (D-

25 hYdroorotyl)-D-4Amf(Cbm)-Leu-ILys-Pro-D-Ala-NH2 is
synthesized using the synthesis as generally set forth in
Exanple 1A. Instead of reacting 4Aph in the 5-position
with L-hydroorotic acid, the side chain is reacted with D-
hydroorotic acid. The conmpletion of the synthesis of the

30 decapeptide intermediate is then carried out as in Example
1A.

The peptidoresin is then subjected to the standard
wash, and cleavage from the resin and deprotection,
followed by purification, are carried out as described in

35 Example 1. The peptide Ac-D-2Nal-D-4Cpa-D-3Pal-Ser-4aph (D-
hYdroorotyl)—D--4Amf(Cbm)-Leu-ILys-Pro—D-Ala-NH2 is obtained
in the RP-HPLC purification. It is judged to be
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dosage of 50 m crograns, the peptlde S found to have | ong- actin

durati on i\H0t9§/é56§ﬂ|ppreSS| on of LH secretion. I t i's abOLRC"E’H?s@Zl
Acyline over the fi ts a, biopoten y near | equal
te thar of Creyperanbier i hoRkGeRd0uny ahd 1ESLRARAEE BA SHCinatearhs

synt hesi s of b&xgnphted thanepaapeﬂceﬁtpepLsEhapanalysmsteadwsfm@ﬁ&@Me@g t he
deprot eot ed #hO8 55218481 o PbdAIhion 141 LY GERLLRCARTYAELIER! Lahtuagdeked
with t-buty I'Ssocyanat e as anp e 0 Tormthe pep £
[4Anf(kbr)[ema$s of 1EﬂﬁA&fD€CﬁnT[bhiF]pﬁptﬁde The decapepti de

Ac- D- 2Nal g D- 4Cpa P ( r o] r Leu-
Lys(lsopropyl) Pr%éﬁégf BEE Sgégggg%ngalﬁﬁ %ﬁE E%EEBEEéABPG%Qr?€Egg%%En

It is judgedshowbetBabst abt aatibgage obosogmne@ugraaad the pepittidel s

Da, whi ch | S=S5PhCRGP oRHERE LBF RETRioRRFAT LY od P08 BPPTBBEAOL BT L

The peptide $ecrstigrdoveri A &apsphbolt asdlangaas Acgdsngeand 50
m crograns, b&nh%ngésaﬁﬁ' ¥EféétA§¥4nb“§Ee'sQeE:hﬁegr]gter@%gg@&:%sq bt 72

secretion after ay and near | ive~a I S sonmewhat
| ess acti9e %ﬁ@e?53h29rﬁays but exhibits about the same activity as Acyline
after 4 ﬂgygpLE 5AEXANPLE 6B The synt hesi s of Exanple BA IS
repeat ed, except reaction

Ls carried out Wwth neth
i socyanat e |nsteaﬂ SOSXPtPeﬁbePflgﬁé?Hﬁété i§ EFE&F@eghéxﬁéﬁFlégat

[4Anf(Ho|r)[ej_ﬁs];te£H of réAot (g Cohd[ aeprbteftibddeideTRRanapofdaAmt with
Ac- D- 2Na

Sor aANT (Lo OPBEY b SEPERRABR( mbEn i FCRPASHSS) Jlithyacetic anhydride.
Lys(i sopropyThe PpepbDidkaAbi-HR-2NadbDaked-Dr 3Pha ~-BRrHRREH (D~ purification.

It is judged
st ot ad-r o BarSFESE YL BBHh R ady - BIRIENENE DR MR LLL Sbb2ineg
Da, which isin thenRagHBéﬁenvrmﬁ@ﬁathencalJ@Iaﬁedudﬂgg &b b&73.8 Da.

- 35- ' SMEE9§AG§§§ﬂy homogeneous, and its purltg is estimated to
PCT/ US98/.07438 The peptide is tested in_the assay as set forth

in ExanpP® ﬁreaﬁﬂrthéﬁdagaﬁérSP“SO nLSEYGr 2R LlYEAE SBOWSI@ i s as
active asoAcyéastred hhessuppressionpaf whlﬁcﬁecir;c,etmoagreem@fnttem;uﬂac;hand

about as actiyv 2_days. Al and. 4 it.cantinues to effect a
significantl?aﬁggiageaeﬂPﬁé of E6§4 Q Da for %%Xs pepti ide.

The peptide is assayed as in Example 1, and at a’
dosage of 50 micrograms, the peptide exhibits a suppression
of LH secretion substantially the.same as Acyline over 3
25 days; at 96 hours, it exhibits a suppression of LH somewhat
superior to Acyline.
EXAMPLE 6 _
The synthesis as generally set forth in Example 1F is
repeated with the exception that N*Boc-D-4Amf (Fmoc) is used
30 for the 6-position residue instead of N°Boc-D-4Aph(Fmoc) to
form the decapeptide [4Amf(Hor)®, D-4Amf(Ac)®}-Antide. The
peptide Ac-D-2Nal-D-4Cpa-D-3Pal-~Ser-4Amf (L-hydroorotyl)-
D-4Amf (acetyl)~Leu-Lys(isopropyl)-Pro-D-Ala-NH, is obtained
in the RP-HPLC purification. It is judged to be
35 sﬁﬁstantially homogeneous, and its purity is estimated to
be greater than 99 percent. MS analysis shows a mass of
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of suppression of LH secretion than Acyline. EXAMPLE 6C The
synthesis of Exanple 6 is repeated, substituting D- hydroorotic acid for
L- hydroomobvsrdaaasd to formthe 10 peptide [4Anf (D Hor) [ er rHGT/US98/07438
D-4Anf (Ac)[err]]-Antide. The peptide

Ac- D- 2Nal - D-&fghe? PBPa¥h 8eh - 4ant pDagyeegwdt WitD-the cakenlabedt paps
-Leu-Lys (isopiepy! s Dg’ro D-Ala-NH err] is obtained in t he RP-HPLC

purification. It |s){> g to be substantially hom)geneous and its
purity is estinetg Br &5t 85SAed BF WYy HEAmRiR 1. van n%ty@r s shows a

rlrgzg gf 16afbgada, oﬂ\/nsohmz.crogis‘ame awrpﬁd”%itiué hig fmom;@d Cﬂd:ah&gennaﬁgOf
epLi ed. as i ampl e n

dosage (? ﬁFtrﬁ‘ og"ruégggoﬁqt Bh gg‘ﬁb%g TPt c%r?%eéiog i%yllfne

for days 1 abreu®. the slalyeBasmcyim@bmn nare VEREL |oes @aYecande t han

Acyl

cyl i ne an%ﬁﬁh@geﬂwoﬁbgghtg%ceg y, eqi{Phd fx—[ﬂpa 2% CREY1LLRE BALECT-

EXAMPLE 7 gener a
Exanpl es 1Q}ays, 3t¢\’édfﬁl~l owi ng GhRH ant agoni st pepti des are 25 also

prepared: gpxaMprg”9h (Hor)[err], D 4Anf (Cbm [err],

Eﬁg?ngCH ag%[ er rf@[%#}‘eiﬁﬁ 85 E&a%qﬁérofi%% %QFD?élﬁzgémg) gg%’ 4Aph |

(Hor[err])]::ws:tyéa@eof reatBinb 2Nal d@priotected side chain of D-4Amf

AN err]D-P %%ﬁxﬁhg;%@%gdr] i 4aPh( L d & F 4k @tf‘)ﬁi@yfo

[ For - D- 2Nal err]
4Anr(r|or)[exsqcnma(@srmn) puamp]leAm itde form the peptide [4Amf (Hor)®

Al D- 2Nal Ay d
% Pﬁr D- 2Nal [ﬂefrf ﬁgﬁ er r] Agﬁgéé% ﬂﬁ ﬂﬁa)ﬂ-%iddpaﬁfﬁi )
D- 4Aph(33 HotB3 $‘H‘ M yarppyobyaNg)w4Agh 311@11@%'} brbﬁerer r]
4Aph(Hor ) [ etyd Ps 8{:4}'@[})&@5"-]}]—;&'&%&# is obtalned 1n the RP-H

%\S/I [DvchalD[err fb? E%:{‘err pel %rrl 4Apﬁ(trl—cliorg4esr& stant Q Cbr’r)[err]] Antree

4Aph( Hor) [ etorhodgeyeens] | aﬁdyhtBepurlty[ Are Qsﬁi\ﬁhéﬁéd]to 3B§habbﬂt) perr],

oot b e nEe L6 Reatlbi snaye [ 5iad2 0P Lessle SENCiRRLL 1
- 36- 20 1in mggme,asmuth the calculated mass of 1659.8 Da.

(PIC—:bT/r ;J[S(g?/r ?71?8[ e‘Ir’r] AEPE?E (?r rz%lskg/elrdr r?lesmAﬂh ET%%%N&{? err 3Amc
(1 me)[err] 9% rof g@yFFﬁ§°gram5pEﬁﬁnﬁﬁ}éﬁkﬁﬁ%ﬁY? agnhcy Lbpg[ épr the
Pr O[reﬁrr]CElHGiEpgsféwieﬁr bE- ﬂaxlrsfla.eemon [Aote> PNedy edfid . déRBiymax[err], |
.[Dcﬁﬁw PTALE r‘}é 4%%)% lé:bhfgsD o e EMTHY 18R REEIVE) PEFFF) 3Anti de
[ 4Ahp( A ) [Gay$ , BudAbphibtEeabbul Alld evand -autivicty as Acyline after
4 days.
EXAMPLE 6B
The synthesis of Example 6A is repeated, except that
the reaction is carried out with methyl isocyanate instead
30 of t-butyl isocyanate to create the peptide [4Anf (Hor)®, D-
4Anf (MeCbm)®]-Antide. The peptide Ac-D-2Nal-D-4Cpa-D-3Pal-
Ser-4Amf (L-hydroorotyl) ~-D-4Aph (methylcarbamoyl)-Leu-
Lys(isopropyl)-Pro-D-Ala-NH, is obtained in the RP-HPLC
purification. It is judged to be substantially
35 homogeneous, and its purity is estimated to be about 99
percent. MS analysis shows a mass of 1673:6 Da, which is
in agreement with the calculated mass of 1673.8 Da.
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[Ac-D-1Nal [err],4Anf (Hor)[err], D- 4Anf (DHor) 6, Arg[err]]- Anti de
[PermDMﬂI%/éﬁﬁB'} 4 Anf (Inz)[err] D-4Ahp(Et Com[err], PCT/US98/07438

?&?E?{;l?TF%&SE;%P§£§%rLkﬂéPB§ Fgsted gn the(Hor)gerglset %%rth in

[ 4Anf (Hor) [ exahpDeClt, [ and] atan( Boleake] kifesio] ]nryeuifolgdems th[e.44q§pt(:ltt§ ysrr],
-?Lv[seg N ©) b Ly s DeALl SECR A ene sudb QR W sdddids 1 40!
Hor)[err], ®E8Pal Ledry, And[ eboptAgEerctlivantifder 2 days. At 3 and 4

[ 4Aph(Hog) [ g ?% ﬁﬁAEBﬁEQBhEQr%bHa@?é%E(ME 1%? #ﬁf@&%ﬂ@elgéser degree

~

[ 4Aph( Hor) [ Et[err])[er

[ 4Aph(Hor) [ éifr FUPBrEREHPPpPébH’I[ SeFretps,

[ For - D- 1Nal geambr.eA8H( Hor)[err] D4Arrf(atz)[err] GI y[err]] Ant i de
a[err] ol ]-Antide

[4Aph(DHor err [err
pept i des are bi o&bﬁeﬁﬁ’ t eﬁl’rﬁ Bitt }EPF&T“(PH@ S0 Ssé&f’&ait&ﬁifofsq}’rtltUt”@ANPLE _
-nyaragrbla@cpaeqadlfb@s IAhydedRrati sRlid a/d Edrm the Exanples

l to 5 d 491, 2 h I 1 owi GnRH, ant agoni st
pepfl deggar Iggglgég pﬁgéﬁ‘fqég!\lgﬁ%'?s !\%e ‘%Tﬁ/ééﬁie)?"ﬂ(m’ﬁ’[cg‘?‘rf%ﬁg peptide “9°M
D- 4Aph( Cbn) AerDFRNAAtDetd Cpa-D-PRad-SelbAAiE (Wmaﬂqtyu)m

0 5L A9 By RSB, g

§ err]] th@yRPnHP@G pPNP-«SrlIC]amAnT(H&r)l[SeDN]qqeﬁb;ﬁq e SUbSt[@Kl[felraﬂ]]l\\E4Aph
[
[
)
‘

Zg

rrl), Poﬂlé@gné@g‘s) g %Ee'lrﬁlr htfégtﬁh?‘ity is [ég[tﬁ e ZNalbeergﬁaelatl\cle[rertrli % 40

%] ] 9ﬂc?FFﬁ§nt NF@iar WAﬁwomaora) [xr@ﬁﬂ oD 15 [y WhkGe 35
] Me4Agl( @anhzeee}nen@ SARIA( @a@ [c%rlrc]dra/@ad dRiss of [IM=w.rd MAAPh

e
!
rie
rler
r)le
err

<5533

(
[
(
(
(
N
Cb 5, D-4Aph. (MeCh
.EN[ er n I\/E4Aph($fr5’ DPERQF%&)&H &srs]aye’g' &feriM Bi9RPAR Jge and at a

-37- BOge8646684micrograms, it is substantially as effective

% o i e T Gl Ry s

Al a[ er r ool Least ed€ect ivieNitivan] WApme( lBord) [aaminueCitd a:rqquanmely
[N[err] MB4AHQOEHQB) E‘ib@bte%&yy%hw 1] -Antide 5 [N err] Me4Aph
(DL-Ine)[err][-Acylin N err] MedAph(L-1ne)[err]]-Acyline

&

[N[err] Me4 )[err]]- Acyllne [ N[ err] Med4Aph(L-Ine)[err], D-4Anf
(Com[err]]-Acyl U@Qng thieNpiodeitd-Aih adyerierdliy kA ¥orth in
(Nbe [errkkamp es 1 to 5, the following GnRH ahtagonist peptides are

25 also Pprepared: : _
[4Aph (Hor)®,D~4Amf (Cbm)®, Pro’NHCH,CH;]-Antide
- [4Aph (Hor)?,D- -4Aph(Cbm)®, Pro’NHCH,CH;]-Antide
[Acr-D- -2Nal', 4FD-Phe?, 4Aph (Hor®) ]-Acyline
[Bz-D -2Nal', 4No,D-Phe?, 4Aph (Hor)®, D-4Aph (Hor) ]-Antlde
30 [For-D-2Nal', 40CH;D-Phe?, 4Amf (Hor)’,D~4Aph (D-Hor)®]-Antide
{Acr-D-2Nall, 4BrD--Phe2, 4Aph(Imz)®,D-4Aph(Imz)®]-Antide
. [Pn-D-2Nal’, 4CH,D-Phe?, 3Aph (D-Imz)5, D-4Aph (D-Hor) %] -Antide
{By-D-2Nal',3,4C1,D-Phe?, 4Aph (Hor)*, D~4Aph (Hor) ®]-Antide
(V1-D-2Nal', 4N0,D-Phe?, 4Aph (Hor)®, D-3Aph (Cbm)®]-Antide
35 [Vac-D-2Nal',6C°Me4ClD-Phe?, 4Aph(Hor)®,Gly'%]-Acyline
[Pn-D-2Nal', 3Aph (Imz)3,D-3Anf (D-Hor)%-Ag1'*]-Antide
(Acr-D-2Nal', 4Aph(Hor)®,Arg(Et,)?, D-Agl(Me) ¥} -Acyline
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10 [N err] Me4Aph(Hor)[err], D-4Anf(Ac)[err]]-Antide
[N[err] Me4Aph(Hor)[err], D-4Anf(Cbm[err], D-Alaferr]-ol]-Antide
[ N err] Vv psrgdesdor ) [err], D-4Anf (Com[err]]-Antide PCT/US98/07438

N err] Me4Aph( D- Hor err, D-4Anf (Ac Ant i de N err] Med4Ant
EHE)r)[]err] RBCMﬁD( -(%La))[ #Lﬂﬁpp(nm) eAgE[Q :IE] @m]’k/&nAﬁwmgeg[er]r]

D- 4Ant ( CbrT) [cﬂf:d—]u«‘ﬂnalde 3Amf (hz “M/S

D4Am‘(l\/ECb err - nt| [) L 4Am‘ gzaigHor)gerrg

D- 4Anf (Ac) [t 4% ", 4Anf (Hor ThBEe Wt Had ~AF¥L8PBpot ent i n

i nhlz(t))l ting [tAla:la.--D—ZXGaax?r all\phr(Imfz)El-l;am?lmlﬂqwbmyé[yr@thuﬂnld&)l lity in wat erd
at iQl 0 e teste
were sh vvns[&m%o%exlji1bﬁ\pg|(glleg§m§ar pg?‘ﬂ‘%wegﬁ‘“ﬁ E@ﬁ%ﬁﬁh ?#WiH to
an extent e[t4Hh!Hsﬂ° nBr4Rhp (Jovz) s BbAg1{" d%l@iarespond- ing GhRH
ant agoni st rRetH G %(lnoﬁ?m‘}‘jﬁ%'il 5dﬁ~4%f‘€’ﬁ'—ﬁ9r heﬂrﬁ—ﬂﬁé‘é’”s' dered to be

,&s result "o te g é

anal ogs. nsi ve is,area for over a

decade, b| dﬁ&%ﬁp‘ZNaHeﬁéﬂ\ﬁl(ﬁéﬁ)l nDrﬁ1A§P\£/E& by AcREQINHFHE8 ) ndBas #igeng
t he eEsiHYY )3, pli vieawikgénagaceptBdant jeid dence as to such

corrpou prgs q,tr pi.n secretion and 30 thus to "
exhi b| al}t éa&h@on;d n’??ggggt At Sy thfect s. Based upon superi or
sol ubi l'i ty { 4Pt (S—IaméeMylsr[N\uc\aé DehAylitg~Antideong duration of bioactivity
and ot her “}Bﬁ[ r£ considered to be generally
useful as Ft Hginégaﬁggé%?%w%?wjg r%egs he secretion of 35
gonadotropl[r‘ﬂs‘\IﬂTﬁiqw i, BB Pald, Hat el '81 ~anbideds by the gonads, e.g.
as anti - j'ﬂﬁ&f{&g)enb&4Aph(For)6 D-Agl(Me)*)-Antide o .o - 38-

WO 98/ 4663
The comfourdd AR (Haw *i Rrdapbdatad, BrrdBtalfindnkided in the form of

phia[ maceut |[qa1§}%/(me)épbahl;\@h (a(gﬁ;tcml)é gamgawg -AntSih ashaC| dI ?dd:c tion
salts, ne At e sa of panoic
aci d, may &g éfe]rl\?aggp4$f“%§ﬂt°r’r' a t.é@f(ﬁgrz gﬂo sAt“%' %@ admini stered in
tabl et for r[14Aph(D+}aozt)6?bIDe-t4A|m/(atmr)t°aAnaé -;mliayr—m::talﬁe cal | y-accept abl e,

nont oxi ¢ di | uent S b. ch_a th, corn
starch or gel at |%M&£b%§q&e%$a ?%gbggégﬁﬁeﬁe Qns%@ géttaﬁga%?lc% aci d and a
| ubri c@® , sagrtettiomuefhdsi um

EXAMPLE 8
Using the procedures as generally set forth in
Examples 1 to 5 and in U.S. Patent No. 5,491,217, the
following GnRH antagonist peptides are also prepare-d:
25 [N°Med4Aph(Hor)®,D-4Aph(Cbm)®)-Antide
[N°Me4Aph (Hor)®,D-4Amf (Cbm)®]-Antide
[N°Me4Aph (Hor)?])~Acyline
[N°MedAph (D-Hor)3]-Acyline
[D~4FPhe?, N°Me4Aph (Hor)°]-Acyline
30 [N°Me4Amf (Hor)’]-Acyline
[N°Me4Aph (Hor®) ,D-4Aph (Hor)®]-Antide
[ N®Me4Aph (Hor’) ,D-4Aph (D-Hor) %) -Antide
[MeCbm-D-2Nal', N®Me4Aph (Hor)>)-Acyline
{N°Me4Aph (Hor)®,D-3Pal®}-Antide
35 [N®Me4Aph(Cbm)>,D-4Aph(Cbm)®)-Antide
[N°Me4Aph (MeCbm) >, D-4Aph (MeCbm)®}-Antide
[N°Me4Aph (Hor) ,D-4Anf (Cbm)4, Ala'®-o0l]-Antide
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10 stearate. Intravenous adninistration i. n i sotonic saline hogé)hat e
buf fer soMQ9366340r the |i ke may-be effected. Thei’ﬁﬂ‘ ¥4t i cal
conposition i Jo) i 6 ary off pel i ye_ 0D of the peptide in
conj uncti onf%%%iw%%zhge%?}éﬂ%ﬁn)ggarbr %lgagutdl)iégl I y-%@%ept able carrier or
15 di | uent . [N&Ned Aph (How) aBs4RRhOFPR) be Aknrebbtdnttbde  nicrograms to

about 2.5 mplyridd PR (@6r § D RERI)dRnRBe kil ogram of the body weight of
t he host when Igi ven It ravengusly. The nature of these conpounds may
per ni t &Mf¥eibRR (Bpn) k¥ Qi) 1oAti8Rever, oral dosages night 20 be
hi gher. éverabhesApRadEatnef’ SthyErire Wi th these peptides is generally
carried out ;ip.the s maper, as the clinical treatnent using other
ant agoni ststg&?ﬁﬁv?ﬂg?lﬂﬁyﬁ'zxcyﬁﬁn§ able carrier in which the conpound is
sol ubl e and [N®Me&&iph (DsIwz ) hig-Zecyddisege sufficient to suppress LH and FSH 25
level s in thee | - 5 n- al,s .desirable to deliver the
GnRH anal ogreﬁ ﬁg%%’/@?hpr%?%%g'end 4&#%%)0 ?’lc%é‘lq or exanple, for periods of
one week t o [Sfedaph (Kooh D-stAnf @lechm)i)stngtiden, and sl ow rel ease,

depot ORAl or Uty il 30 These conpounds can
be adm %iost #q:xgéz%%ﬁﬁ rr?rrafg rﬁ_%ftﬁce o&g\%%??@ubcut aneousl y,
i ntranuscul 4NfYeddph(Hgr)”, D1ARitERRouS 13

i malgrddide

i ntrapul "ONakFhy4aph (DLALE Y - Anve Qbbrhyfj-avddigeal |y to achieve fertility
inhibition angd/or control anhd also.in applications calling 35 for _
reversi bl e $NpYeEARR GH-BPT jon 2L tAS) ty AndderR as for t he management
of precoci oynpebRLt yHor ) Jum-anadiatbjeantide or chenot herapy. They are
V0 9/ 34854 [N et ARETHER)® *'p-sant (com)¢)-antide per ysogs 07438

st er oi d- depgNdBesAnfiyHes) ° Eff-etAnf eMeOswfasAntlildevary with  the form of

adm ni strati he_ s cyl & i Qf .. gammal being treated. Sone
of these corgp%g%%?fgmﬁééeﬁair 0l %f{%’?’?ﬁ%ﬁ? %‘lng ldg 50 mg/mM, and they
comonly may be Fhesed peptHdes mysibismaksrdhsimtirgHBlynEhsanpl e of one

typical dosage fei®r S AR Nsialvayajsda UMb o8} #h watdt ot about
6 containing_ the pept,ide, which solution i's adm ni stered parenterally to
provi de28 dE®SYSRLAWS Blye of about 0.1 to 2.5 ng/ kg of body wei ght per

day. These 10 compelfds et reprsonfiaiid avicheldrd ol edtd®dvere Vélvewrand t o
resist gell it%g;ex%cl%cirtdibnl%llydgitcha Y paor’t;eenccoynSJJ:rgj etrrﬁa(j sttg)p;?zeession of LH to
an extent at least generally comparable to the correspond-
ing GnRH antagonist peptide known as-Antide,lbf which they
25 are considered to be analogs. As a result of extensive
— testing in this area for over a decade, biopotency
determined in this widely accepted ﬁest measuring the
suppression of LH has been accepted as evidence as to such
compounds' ability to suppress gonadotropin secretion and
30 thus to exhibit useful antigonadal anti-ovulator? effects.
Based upon superior solubility, resistance to invivo gelling,
long duration of biocactivity and other properties, these
' compounds are considered to be generally useful as
antigonadal agents to suppress the secretion of
35 gonadotropins and inhibit the release of steroids by the
gonads, e.g. as anti-ovulatory agents.
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particularly well-suited for adm nistration by subcutaneous I njection in .
a bacteriostatic water solution of about 5% mannitol at a pH of about
4.9, at apO ;W/MeE e concentra- 15 tions, above about 0.75 RETWSIBGHIBYen
above about 1.0 mg/ M, wi_thout danger of gelling at the, point of

i nj ection. The TREEBOVARN Qﬁt&Q@nP@We@§ﬁpmdé§eaﬂ§§ﬁﬂy?4ikﬁ%ﬁtered

di agnosti calh ytnborbrmnorl gﬁaﬁ:ﬂl@cleﬁt\ibtafl(ly Beeepthentd demmakie salts,

t ed f t he bl god f 20 pat t t
et armine (B REnRoRt ABOHELED BPLAGHnoRact metad: AAMRARYas § qayace

secretion. andvpamoaae$ayhecaalheocapam@dc acdeUMdy)htﬁpmeﬂanreﬂuﬂfmf

certain § UpkeCELLSvar EndROALLRKC 15 el AR LA 315 W dI T |

cultures aré rea agonl S es an
nmoni t ored fEhe2tabheknwaxl cobtadni @nyhamwtlmadmme;mble.

Al though t *'&?ohﬂ&ﬁ‘ﬂ&' QElﬂéﬁtb%ﬁEcﬂeiﬁ'b'll&%sWat i3 d sucH @d LS preferred

enbodi nents, It shoul d be understood . chan es and nDdlflcatlons as
woul d be ob@?%ﬁ%c?ﬁtﬁnecﬂﬁvlﬁ&arChtﬁ€ SFGPﬁ&Py &Qisintegrating aagntye
nmade withougudR depalyiingcl aedd;handcapaubirildamt ,Nerin s Wiidgies iumset

forth in, the_clai which_are_appended heret Vherea t.he fermnus
oy be T8t (SHRREREE: { EBATAVERERE: SeRtr R ERE ol Lt dEAtH G Ak an be
used, eithephasphateobusfibrt 'sbilmd.ons car times dlikte Unayecba:eaﬁfzam;dd.l S

preferred. Instegf.0 ghé‘gg?eéu%§.cglp‘%m£§§%tqrgp (iﬁ)ﬁlc 1&%1‘?%&1 thife 5

and 6-position, spectivel I'nste am-noPhe group can
be treated @mtﬁfﬁﬁﬁéﬂ-ﬁat apeunty loft ithe pephisdesdndicsgiioymtion withya

98/ 46634 conventlonal harmaceutlcall —accé%gyﬂi é¥QEg¥ or IN US.
Patent No. 5,506 ,_slc formc aci r]- a(atﬁﬁ,and

ganma- a%ﬁnd%h%??PE acpﬁPéﬁiy' WHFCFQ%QQ§MW%41 b%wﬁﬁﬂ% 3RO R? ant agoni st s
that exhi binitpegrasti 89 aboddtr 2LisomilNTranshof ad tpdir idksighes are

consi dered 5, equival ents, of . D-. and .L-4Aph( A Both Bu).. and Lys(Et2)
are consi de’?égggﬁaﬁ‘e g ?IWaP?ﬁP’s vt QQ( ﬁ(%eﬁe |"{"§VF<" %’} ®host
preferred. ﬂmeavhydnenyobl Theninaduae e e:sl':et!mes:ammun® sm}bepezmpit)yed I n

the 1-Dos!tepPeBRivENobhS BaRINddieidtS HIVUVANCLIS DRI Higne

preferably I'n I Somer re cd eqU|vaIents
speci fi3R]. be higher. 0vera11 treatment of subjects with these

peptides is generally carried out in the same manner as the
clinical treatment using other antagonists of GnRH, using a
suitable carrier in which the compound is soluble and
administering a dosage sufficient to suppress LH and FSH

25 1levels inh the patient.

It may also be desirable to deliver the GnRH analog
over prolonged periods of time, for example, for periods of
one week to one year from a single administration, and slow
release, depot or implant dosage forms may be utilized.

30 These compounds can be administered to mammals
intravenously, subcutaneously, intramuscularly, orally,
percutaneously, intranasally, intrapulmonarily,
intrarectally or- intravaginally to achieve fertility
inhibition and/or control and also in applications calling

35 for reversible suppression of gonadal activity, such as for
the management of precocious puberty or during radiation-
or chemotherapy. They are also useful for treatment of
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steroid-dependent tumors. Effective dosages will vary with
the form of administration and the particular species of
mamnal being treated. Some of these compounds have
solubilities as high as 50 mg/ml, and they commonly may be
used as 5-10 ng/ml solutions at pH 5.4. An example of one
typlcal dosage form is a bacteriostatic water solution at a
pH of about 6 containing the peptide, which solution -is
administered parenterally to provide a dose in the range of
about 0.1 to 2.5 mg/kg of body weight per day. These
compounds are considered to be well-tolerated in vivo and to
resist gelling; accordingly, they are considered to be
particularly well-suited for administration by subcutaneous
injection in a bacferiostatic water solution of about 5%
mannitol at a pH of about 4.9, at appropriate_concentra—
tions, above about 0.75 mg/ml and even above about 1.0
mg/ml, without danger of'gelling.at'the point of injection.
These GnRH antagénist peptides are also useful
diagnostically, both invivo and in vitro. These peptides can be

injected in vivo followed by assaying the bloodstream of a

patient to determine the extent of decrease of hormonal.

secretion, e.g. LH secretion. Invitro assays can be carried

out to determine whether certain tumor cells are sensitive
to GnRH. In such assays, tumor cell cultures are treated
with the GnRH antagonist peptides and then monitored for
hormonal secretions and cell proliferation. _
Although the invention has been described with regard
to its preferred embodiments, it should be understood that
changes and modifications as would be obvious to one having
the ordinary skill in this art may be made without
departing from the scope.of the invention which is set
forth in the claims which are appended hereto. Whereas the
N-terminus may be left unsubstituted or other equivalent
acylating groups can be used, either acetyl or substituted
or unsubstituted carbamoyl is preferred. Instead of Aph orf
D-Aph, Ahp or D-Ahp can be used in the 5~ and 6-position,
respectively. Instead of Aph(Ac), the aminoPhe group can
be treated with alternaﬁive acylating agents as disclosed

—4@..



CLAI VE5: 1. A GhRH ant agoni st peptide having the formula: X-D Nal -
(A) D-Phe-D-Pal -Ser-Xaa[err]-Xaa[err]-Leu-Xaa[err]-Pro-Xaa[err] and the

phar macewo gsMddsys accept abl e salts thereof wherein: PCT/U898/87438 acy|
group havi ng not nore than 7 carbon atons or Q [err]
with Q bei hg Hr&.wikateRtbdowg 9 506 | por; ahkhl as formid acidl, BH, 4Br,

ANert]. | AT, A am G hel [l oL TRt iy on 100l ] 1o
Xaa[ err] i 5epuAgndd &nRH arﬂmmq‘ésrHaatDeLt;agpNtc)long-@qtlrg Hci or

>E<> Pal, wi tau?&tli.@nf}g tils, Athe %%%DQE%A Zréstﬁghééo?@e Qd?{51q65¥é>€] _
el e SR s (08 g TR #E&em%e Bib. Lis(Apy and TyE (BL) '
ﬁzﬁ?l\/)é) NHI[_EEE] cofgdld‘dl-d{aﬂ r’do )iéﬁg:hui\ibﬁﬁéﬁ]:s 6@' (IW)S',NHoﬁferv]exO,r ]lIsys 1s

t hat, the r am no rou err
o\ o | ipg BRI ® Y e di® n i 3obfibbie’ Tne s FedilicH ol
or L-Hor oalBo de Imﬂpimy@daa@mrtk}e nbyphaitidnp, aRdr ior the 6-position

3-am no-1, th C Q14 sasagferrl]
may al so an%ayén%ﬁ@&@%gﬂrgﬁﬁg% g%le\gtg%]ﬁ é’ gj(;(%?r IS to 01[ aim1’
wher ei n X, apdaAF XsAAEIderad %4“@&193 sj afckt Pﬁ\elspe<11f1$q-s car banoyl or
met hyl car banoyl ; D-Pal is D 3Pal; Xaa[err] is 4Aph(Qerr]) or
-42-

A4Anf (Q err]) vvith Q err] being
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[err]

Q {err]
Al a- ol .

wherein
any one of

D- Al a- NH[ er

err]

Xaa[ err]
Qerr] beM@%@‘@P“D or L-Hor
be Q and

NN MRFIRNRRIE:

* Xaa[ler

ant agoni st® acc

D-4Anf (J e
rovi ded t hat?
"Béisb.nfé) i’s D-Ala-NH err], DAl a-ol

‘A GhRH ant agoni st according to either claim1 or 2
i sLd - Hox GmRID-#igtagonist 4pept rdeniev ing atbai §ormutardi ng to

?i-adlﬁaﬂ— ?Wﬁé%ﬁ»éf—f&r - X84l -Qfa[a]é

%s’ﬂ@f‘ r] is

or

-

%éu'-)ééé' Dél)oﬁef‘&a X]?a[ err] is
;

one cl ai nB

1-4 wherein mr@re]pn%rmmmtlc@xlnmep‘aﬁalxaa?étﬁ]thgrepfm@ﬁméy

D- 4Aph(at z),

or

clainms 1-4 wherein Xaa[err]
GhRH ant agoni st according to any one of clains 1-4

or nethyl.

wherein Xaa[err]

toms/ or

S

i's 4Aph(L- or

D-Hor) and Xaa6 is DGt or

D-3Palx is an 6a31y A% b1 RE 889Nhét MEL8T €hafl Y Ocapkofane of
Aph(L- or D-Hor) and err]

IS Qand Ris H

D- Hei . 8.

A GhRH ant agoni st according §o any one of clains 1-4 wherein Xaa6 i s D 4Aph

(D Hor).
X is For,
claim1;

Aph(Qerr]) or An@("@eﬁ:h %\fth“a'erﬂrobel"ﬁ*sa ﬁ;OFgg

&f iei AP (g oor ARFLQ, ) w1tﬁ<8@,[ erging © RrAph(J err]),
@ bei ng For,

D/ L-i soner
D Anf (( er

Qerr];

with

Q het

Cl or

?:/Jﬂ

BMRH ant agem) st peptide according to claim1 wherein:
ACand’\thlE’nR B¥in

MBCLoWRBr OA LRy 1W t h Q bei ng defl ned as in
met 1 4%?2 125 s‘loﬁﬁﬁmm a

DPal is D3

m Xt uriea
r]), DGt DLys(Nlc) or D- Pal , With
: _43_
(E _
N or
] 1
! ! 0O (D~ or L~Hor)
‘- A
O/\\N_, NAL
H

AN

Pal

‘NH

I
0

C._..
I \ f
0

Ac, Q or

(D- or L-Imz)

Xaa, is D-Aph(Q,), D-Amf(Q,), D-Lys(Nic), D-Cit, D-Hci
or D-Pal, with Q, being For, Ac, 3-amino-1,2,4-triazole, or

Q,;

Xaa, is Lys(ipr), Arg, Har, Arg(Et,) or Har(Et,); and

Xaa,, is D-Ala-NH,, D-Ala-ol, Ala-ol, NHCH,CH;, Gly-NH,,
Ala-NH,, AzaGly-NH,, Agl-NH,, D-Agl-NH,, Agl(Me)-NH, or D-
Agl(Me)-NH,, provided that “when Xaa; contains Q, Xaa, also

contains Q, and provided further that the a—-amino group of

Xaa; may optionally be methylated.

Zl

A GnRH antagonist peptide -according to claim 1

wherein X, A and Xaa; are defined as in claim 1;

Q is carbamoyl or methylcarbamoyl;
D~-Pal is D-3Pal;
Xaa; is 4Aph(Q,) or 4Amf(Q,) with Q, being Q,
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WO 98/ 46634 PCT/ US98/ 07438 Xaa[err] is

Lys(ipr); and Xaa[err] |§ D-AFa-NHerri; DAl a-ol, Ala-ol, NHCH2CH3
or' Ay- Wid swa6k34 accor di ng t oPCTAISIV/E43ther ei n
Qerr] is L- or D Hor and Xa mmmalﬁ @@ , Wth R being H or

met hyl . 11. A GhRH ant agonics cording to claim9 wherein

Xis Ac or Q Rls H or nmethyl; Xaa[err] is D4Aph(Qerr]), D4Anf(Jerr])

or Db3Pal, with rr] bei ng Ac Qor err glerr] is

D- Al a- NH err]H - ~ 12 A GnRH ant agoni st} accordging to claim1 having the
formula: Ac- DﬂNaI - D>4Cpa- D- 3Pal - Ser - 4Aph([ Hor ) '-XQaG- Leu-

Lys(ipr)-Pro-X a[err] erein Xaa[err] isHM4ApMc), D-3Pal, D
4Aph(carbam)yl D- 4An] (far bamoyAY), D- 4Anf (reg hy)Lar banoyl ) or

D- 4Aph( D- Hor )o ek aa1_’e L is DAla-NHerr], é a-ol or Ala-ol. 13.
A pharmaceuti cal cgrrp05|t| for I,nhi bi t. ng thg secretjon of
gonadotropins in manmal s cd r| & rﬁ; }g active i ngiéal 8ﬁt “aft®2) .

ef fective amount of a GhRH ant agoni st accordi ng to any one of clains 1 to

12 in associatio t a Xy C | _
vivo or in vit roﬂg\gag%%sbs‘lgﬁﬂga ) con#ﬁ?ggz)vmglet%]%ﬁ h;gl ngoéexc(g&s.s
hor nonal sebréproRr Dor orudorIngiomnevided Hthet h‘!iéie%o‘éprll%e%r Rild Alse ng
a GhRH angaggpigst peptide according to any one of the preceding clains
and nonitoring for horonal_ secretion ar for tunor cell proliferation.

15. A nethod for XPfhi bi% iHP 13 e c B AT OF Wit ropins i n manmal s

conpri sing adm nist er MNEnRH aftdgonisi fcPdbodingetdi éftheenedaiiti an or
accordi ng tg hal m,13 whi.ch effectg) %ﬁgubstant | al decrease in LH and FSH
| evel s. whegeln, Qint & helP5t 8% BrH%ki ng a GnRH antagoni st pepti de
having the fornuka: X &nRH BriNdgor ¥t aéberdifal tSeanyXpoer Pf claims

oaaterr] - Xaabeyplakats W d ) s 2tiel ks (k) eid healier LN oA a-,.

Xerr] is an am no- protectlngag X2
is Hor an hydro®yl - pPotGahRH @tgqrgﬁrpxst accordlng to any one of claims
- 44- 1-4 wherein Xaag is 4Aph(L~- or D-Hor) and Xaa, is D-

4Aph(Ac), D-4Aph(atz), or D-3Pal.

6. A GnRH antagonist according tc any one of claims
1-4 wherein Xaa; is 4Aph(L- or D-Hor) and Q,'is Q and R is H
or methyl. | :

7. A GnRH antagonist according to any one of claims
1-4 vwherein Xaa; is 4Aph(L~ or D-Hor) and Xaa, is D-Cit or
D~Hci.

8. A GnRH antagonist according to any one of claims
1-4 wherein Xaa, is D-4Aph(D-Hor).

9. A GnRH antagonist peptide according to claim 1
wherein: '

X is For, Ac, ‘A¢r, Pn, By, V1, Vac, Bz or Q, with Q
being defined as in claim 1;

A is 4Cl or 4F;

D-Pal is D-3Pal; .

Xaag is Aph(Q,) or Amf(Q,) with Q, being a D-isomer, an
L-isomer, or a D/L-isomer mixture of either Hor or Imz;

Xaa, is D-Aph(Q,), D-Amf(Q,), D-Cit, D-Lys(Nic) or D-
Pal, with Q, being For, Ac, Q or Qxf
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11. A GnRH antagonist peptide according to claim 9
wherein X is-Ac or Q; R is H or methyl; Xaa, is D-4Aph(Q,),
D—4Amf(Q2) or D-3Pal, with Q, being Ac, Q or Q,; and Xaa,, is
D-Ala-NH,. |
12. A GnRH antagohiét'according to claim 1 having the
formula: Ac-D-2Nal-D-4Cpa-D-3Pal-Ser-4Aph(L-Hor)-Xaa,~Leu-
Lys(ipr)--Pro—Xaam,-wherein.Xaa6 is D-4Aph(Ac), D-3Pal, D-
42ph (carbamoyl), D-4Amf(carbamoyl), D-4Anf (methylcarbamoyl)
or D-4Aph(D-Hor) and Xaa,, is D-Ala-NH,, D-Ala-ol or Ala-ol.
13. A pharmaceutical composition for inhibiting the
secretion of gonadotropins in mammals conmprising, as an
active ingredient, an effective amount of a GnRH antagonist
according to any one of claims 1 to.12 in association with
a nontoxic diluent. |

14. A method for invivo or invitro diagnosis of a

condition where GnRH is causing excess hormonal secretion
or tumor growth, which method comprises administering a
GnRH antagonist peptide according to any one of the
preceding claims and monitoring for hormonal secretion or
for tumor cell proliferation. -

15. A method for inhibiting the secretion of
gonadotropins in mammals comprising administering an amount
of a pharmaceutical composition acéording to claim 13 which
effects a substantial decrease in LH and FSH levels.

16. An intermediate for maklng a GnRH antagonist
peptide having the formula
Xx'-D-Nal-(A)D-Phe-D-Pal- Ser(XZ)—Xaas-Xaaé—Leu-Lys(lpr) (X4 -
Pro-X° wherein:

X' is an a-amino-protecting group;

A is 4Cl or 4F; ' |

X? is H or an hydroxyl-protecting group;
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Xaa; is Aph(Q,) or Amf(Q,) with Q, being a D-isomer, an
L-isomer or a D/L-isomer mixture of either

N or 8]
4L .\1 O (D~ or L-Hor) HN NH (D~ or L-Imz)
. H_ \\\V/// '

N © ¥

Xaa, is D-Aph(Q;), D-Amf(Q,) or D-Pal, with Q, being Ac,
Q,, carbamoyl or methylcarbamoyl;

X* is an acid-labile amino-protecting group; and

X% is D-Ala-, Gly-, Ala-, Agl-, D-Agl-, Agl(Me)-, or D-
Agl(Me) -resin support; N(Et)-resin support; an amide of D-
Ala, Gly or Ala; ethylamide; AzaGly-NH,; or OH, provided
however that the a-amino group of Xaa; may optionally be
methylated.
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