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57 ABSTRACT

The present inveation deais with LHRH sntagonists
which possess improved water solubility and while

having the high antagonist potency of the basic pep-
tides, are free of the edematogenic effecs. These com-

pounds are highly potent in inhibiting the reiease of
gonadotropins from the pituitary gland in maxnmzls
inciuding bumans.

The compounds of this inveation are represented by the
formula

X-R'-RIR)Ser-Tyr-Ré-Len-Arg-Pro-R 10.NH;

vhe:u’n
X is s acyl group derived from straight or branched
mmcmmmmumg

R!s D- or L-Pro, D- or L- A 3-Pro, D-Phe, D-Phe(4-
HI), D-Ser, D-Thr, D-Ala, D-Nd (1) or D-Nal (2),

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

R} is D-Trp, D-Phe, D-Pal, D-Nal(1) or D-Nal (2),

R¢ s D-Cit, D-Hei, D-Cit(Q) or D-Hci(Q) and

R!%is Gly or D-Ala

where Q is lower alky! of 1-3 carbon atoms and Hl is
flnoro, chloro or bromo,

and the pharmaceutically acceptable acid addition salts

thereof and metbods of use pertaining to these com-

pounds.

19 Qaims, 1 Drawing Sheet

APPEARS THIS WAY
ON ORIGINAL
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1
LHRH ANTAGONISTS

This inveation was made with Government support
undeanmNa.CAmandW.awudegbythe 5
N.C.L (NIH). The U.S. Government has certain rights
in this application.

BACKGROUND OF THE INVENTION

inhibit the release of gomadotropins by the pituitary
gland in mammals

i3
P-Cin-Hs- Trp-Sar- Tyr-Giy-Lan-Arg-Pro-Giy-NH;,

saits thereof, and to pharmaceurical compositions and
methods of mse pertaining 1o these analogs.

DISCUSSION OF THE PRIOR ART

Forme&nlsym&ivesdm:l::eben
dalpcpﬁde(ﬂ.hudl.ﬁ.%.&:}oain
Reviews, 7, 44-66 (1986)). The high degree of interest
hmmiduwtﬁrmt:ﬁdd:
of eadocrinalogy, gynecology, contraception can-
w.Ahpmdwhwmm
as potential LHRH antagonists. The most interesting
antagonists to date have been compounds whose struc-
ture is a modification of the stracture of LHRH.
m&aahdmmmmw
introduction of aromatic acid residues into positions 1,
2. 3and 6. 0r,2, 3, 20d & The are expressed
a3 LHRH modified by replacement of the ariginal
amino acid residues by others at the position indicated
bmydthew' smmbers. The known antagonists
nclude:

(Ac-D-Phe(4-C0)12, D-Trp™¥] LHRH (D. H. Coy, et
al, In: Grom, E. sad Meienbofer, J. (eds) Peptides,
Mgdmummsm
PP. 775729, Pierce Chem. Co., Rockville, IL, 1979);

{Ac-Pro, D-Phe(4-CT)? D-Nal2*fJLERH (US. Pat
No. 4,419,347); and

{Ac-APro, D-Phe(-C2, D-Trp*LHRH (. L
Pineda, e1al, J. Clin. Endocrinol. Metab. $6, 420, 1933).

Later, in order to incresse the water solubility of
antagonists, basic amino acids, sach s D-Arg, were
n?&nedmm&?wr;mm D %

Ac-D-Phe(4-CD12, D-Trp’, D-Argé,
Ala!ILHRH (ORG-30276) (D. H. Coy, et al., Eadocri-
nology, 100, 1443, 1962); and'

(Ac-D-Nai2)!, D-Phe(4-F2, DTrp’, D-
Arg’ILHRH (ORF-182260) (. E. Rivier, et al, Ix- Vick-
ery B. H, Nesor, Jr. J. J, Hafer, E. S. E. (eds), LHRH 35
and Its Amalogs, pp.11-22, MTP Press, Lancaster, UK,

p-

i

43

geously in racs a1 125 or 1.5 mg/kg (F. Schmidt, et al.,
Contraception, 29, 283, 1984; J. E Morgan, et al, Int. &
Archs. Allergy Appl Immua. 80, 70, (1986). Since the
occurrence of edematogenic effects after administration
ofmaeuugoubumuuundonbuonwamy

2
for the use in humans and delayed the introduction of
&aehgfa:ﬁnialmhisd&nblempmvide
antagonistic peptides which are free of these side ef-
fecs.

SUMMARY OF THE INVENTION
The present invention deals with LHRH antagonists
which possess an improved water solubility and high
st potency of the basic peptides, and are free of

antagomist
10 the edematogenic effects. These compounds are highly

mihh'ﬁﬁng&etdeued‘m:dompim from
hn’ninrydndinmla.indndinghumm
Thtwofthisinvendmmrepmted by

" formaia I

“‘-I’-l’&-‘l‘ybl‘who-l O NH; 1

wherein
Xi-uylmdaivedﬁmwﬁ;hlorbmched
dinlﬁphﬁcotlﬁcycliccarboxylicaddshaving

Rlis D- or L-Pro, D- or L-A3-Pro, D-Phe, D-Phe(4-
HI), D-Ser, D-Thr, D-Ala, D-Nai(1) or D-Nal )

R;j is D-Phe or D-Phe(4-H1)

R¢ is D-Trp, D-Phe, D-Pal, D-Nal(1) or D-Nai (2).

Ry is D-Ci, D-Hci, D-Ci(Q) or D-Hei(Q) and

RBis Gly or D-Ala

where Q is Jower alkyl of 1-3 carbon atoms and H1 is
fluoro, chloro or bromo, :

aad the pharmaceutically acceptable acid addition saits

thereol
mw«r‘ommlmkpw by

nvuﬂbowumhniquaofthedmful(soluﬁon)or

solid phase peptide synthesis. Preferably, the com-

pounds of Formuls I are prepared from the analogous

X R BRI Ser (X Tyr(X?)-R "YX%)-Lew-
;:ﬂ’)-bl‘“-ﬂﬂ-x"’ u

wherein

X\ is am acyl group derived from straight and branched
dlilﬁpht’:uaﬁcycﬂcarboxyﬁcaddshvhg
from 1 to 7 carbon atoms, t-Boc or hydrogen,

X‘ihmaam;mpforthekhy-
droxyl group,

X’ihy&mu:mdngmfoﬂhe‘l‘yrphmo—
B kydruzyl group,

X’-Waam;mfortheug

™ or hydryl groaps
R!is D- or L-Pro, D- or L-AX-Pro, D-Phe, D-Phe(4-
H1), D-Ser, D-Thr, D-Ala, D-Nai(1) or D-Nai(2),
Ris D-Phe or D-Phe(4-H1),
3is D-Trp, D-Phe, D-Pai, D-Na(1) or D-Nal (2),
R* s D-Lys or D-Om

provided that
where X, is kydrogen or t-Boc, X4, X*, X5,
and X? must all be other thas hydrogena.
The process comprises reacting 2 peptide of Formula
II wherein X¢ i3 hydrogen, with a source of cyanate to
yield a peptide of Formula II1:

Xi-R1R1R Ser(X - Tyr(X PR Lew-ArpXH

Pro-R ‘0.NH.X 10 ut

019



4,800,191

3
wherein ’
X1, R}, RZ, R3, X4, X3, X3, R10 and X!0 are as defined
above, and
R**¢is Cit or Hci. Saitably, the reaction is carried out
when X is acyl and all other X moieties are hydrogen.
Suitable cyanate sources are alkali metal cyanates,
¢.§., potassium cyanate, or an N-alkyl isocyanate,
e.g. N i
The peptde of Formuia II are preferably synthesized
by s known solid phese technique.
A gonadotropin antagonizing pharmaceutical com-
position is provided by admixing the compound of For-
muls [ with a ; carrier in-

pharmacentically acceptable
cluding microcapsules (microspheres) for deiayed de-

There is also provided a method for relieving compli-
cations resulting from the physiological availability of
amounts of pituitary goaadotropins in a mammal, in
excess of the desired amount, which involves adminis-

10

15

tering to the mammal a gonadotropin antagoniring dose 20

of the compound of Formula L
DESCRIPTION OF THE DRAWINGS
FIG. 1 is a bar graph of certain compounds of this
invention and prior art compounds showing
ton required to induce relaese of 50% of rat peritoneal
mast cell histamiine

DESCRIPTION OF THE PREFERRED
EMBODIMENTS '

The nomenclamre wsed to define the peptides is that
specified by the [UPAC-TUB Commission ou Biochem-
ical Nomenclatare (European J Biochem., 1984, 138,
9-37), wherein in accordance with conventioaal repre-

concentra- 25

k

sestation the amino groups at the N-terminus appears to 35

the left and the carboxyl group st the C-terminus to the
right By natural amino acid is mesat one of the com-
men, naturally occurring amino acids found in proteins
comprising Gly, Ala, Val, Leu, De, Ser, Thr, Lys, Arg,

Asp, Asn, Gla, Gin, Cys. Met, Pbe, Tyr, Pro, Trp and 4 !

residues are based on the trivial name of the amino acid
and are Als, alanine? Arg, arginine, Cit, citrulline, Gly,
glycine, Hei, homocitralline t i

Pro,
proling Ser, serine; Trp, tryptophan and Tyr, tyrosine.
All amino acids described berein are of the L-series

unless stated otherwise, e.g., D-Trp represents D-tryp- %

tophaa and D-Nai (2) represents 3-(2-naphthyl)-D-als-
nine. :

Other abbreviations ased are:
AcOELt: ethyl acetate
Acz0O: acetic snhydride
Bog-: tert, yi-
DIC: dit icarbodiimide
DIEA: dii lamine
DMF: dimethyiformsmide
HOBt: 1-hydroxybenzenetriazole hydrate
HPLC: high performance liquid chromatography
MeOH: methyl alcohol
TEA: triethylamine
DCC: dicyclohexylcarbodiimide
MeCN: aceionitrile
IpOH: isopropanci
Z(2-C1): 2<chioro-benzyloxycarbonyl

bH]

Z: bearyioxycarbounyi
Especially preferred are LHRH analogs of Formula [
wherein: .
X is aceryl
Rz Pro, D-Phe, D-Phe(4-C]) or D-Nal(2),
R3 is D-Phe(4-Cl) or D-Phe(4-F),

sequence ia the peptide chain with side-chain protecting

45 groups Enked 10 the appropriate residues.

or branched chain aliphatic or alicycic carboxylic
acids having from | © 7 carbon atomm, or an alpha-
lﬁnom”m:bmm;
groups comtempiated by X! are those well known to
be useful in the art of step-wise synthesis of polypep-
tdes Amoag the classes of alpas-aming protecting
groups which may be employed as X! may be men-
tioned mywloxyarbmyl (Fmoc) or t-
buryloxycarbomyl
_ protecting group for the hydroxy!l
group of Ser such as benzyl (Bzi), and 2.6-dichioro-
beazyl (DCB). The preferred protecting group is Bzl.
X3 may be a snimabie protecting group for the phenolic
hydroxyl group of Tyr, such as Bzl 2-Br-Z and 1.6

0<0
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-]
dichioro-benzyl (DCB). The preferred protecting
group 8 DCB.

X% is a suitable protecting group for the side chain
amino group of Lys or Om. Mlustrative of suitabie
side chain amino protecting groups are benzyloxycar-
bonyl (Z), and 2-chioro-benzyloxycarboayl (Z-(2-
Q).

X? is a swimable protecting group for the guanidino
md&;nﬁsnﬁm‘l‘o&nq.hyi-(t—bwyl
benzenc)salfonyl,  4-methoxy-2.3,6-trimethyiben-
zenesulfonyk; Tos is the preferred group.

Provided that where X is hydrogea or t-Boc, X¢, X3,

X¢ and X? are other than hydrogen. .
The‘sdacﬁndaidedahmhomm

is not critical except that generally one is chosen which

is not removed during deprotection of the alpha-amino

groups during the synthesis.
For intermediates A, the values for X4, X35, XS, X3
and X!0 are for intermediates B, the values

for X4, X3, X$, X3, and X0 are protecting groups.

The peptides of Formula I are preferably prepared
from intermediates A which are obtained from interme-
diates B by procedures known in the art.

Intermediates B are preferably prepared by a solid-
phuesynb:i:.mhadacﬁbedbyk(cﬁﬁdd.).@q.
Chan.&a.lﬁ.p.Zlﬁ(l%.?).Soﬁdphnsyn!!asn
commenced from the C-terminal end of the peptide by
coupling a protected a-amino acid o a suitabie resin.
Such a starting material can be prepared by attaching
@-amino protected Gly or D-Als by an amide boad to &
benzyhydrytamine resin. Sach resin supports are com-
mercially available and generally used when the desired
polypeptide being synthesized has an a-carbozamide at
the C-iermimal

In cue embodiment of the synthesis, the primary
wmdﬁyab‘«hh&lmedvﬁgb
Xy carbomyiating agent and the coupling carried
out using amy of the known dialkyl carbodiimide cou-
le‘l{esdc&nd i
30 sppropriate
m&ﬂd&mmm
g%a; ragent s N,N'-diisopropyl .
Activating resgents and their use in peptide coupling

10

- tames of Cit/Hci-—end, for

3

eonpling.m is 4

are described by M. Bodanszky, Principies of Pepeide 45

Synthesis™, Springer-Veriag, 1984.

Each protected amino acid or amino acid sequence is
introduced imeo the sofid phase reactor in sbout 2 two-
fold excem, and the may be carried out in a2
mediom of DMP-CH,Ch (1:1) or ia CHzClz slooe. In
cases whare incompiete coupling occur, the
procedure is repested before removal of the alpba-
Smino protecting group prior to the coupling of the next
amino acid. The success of the coupling resction at each
siage of the synthesis, is preferably monitored by the
uinhydrin reaction, as described by E. Kaiser, et al,
Anal Biachem, 34, 595 (1970).

After the desired amino acid sequence of intermedi-
ates B bas been completed. The terminal Boc group is
removed and N-terminal acylation carried out using the
appropriate acyl anhydride or acid chloride in 50-fold
excess in a halogenated hydrocarbon solvent; suitably,
acedc salydride in methyiene chloride for 30 minutes.
The intermediate peptide can be removed from the resin
support by treatment with a reagent such as liquid hy-
drogea fluoride, which not only cleaves the peptide
from the resin but also cleaves all remaining side chain
protecting groups X4, X3, X9, X3, and X!19.

45

6

Whea wsing hydrogen fluoride for cleaving, anisole
mnd, i desired, methylethyl suifide are incinded as scav-
engers in the reaction vessel. to yield Intermediates A.

Intermediates A are converted into peptides of For-
mula | by trestment with cyanate. suitably an alkali
weal cysaste, preferably potassium cyanate, or-an N-
alkylisocysmste, for imstance, N-ethylisocyanate, in
DMF or aqeeous DMF. The larter reaction, ie., trans-
formation of Orn/Lys-peptides into the corresponding
Cit/Hci-peptides can be readily followed by HPLC
using MeCN-equeous TFA systems becanse of a char-
acteristic 26203 minutes increase of the retention

; example, Cit (Et)/Hci(E¢)-
peptides reiative 10 the corresponding Orn/Lys-pep-

ARbough 3 partal solid-phase synthesis of com-
pounds of Formaia | is disclosed berein, the preparation
of the compounds also’ can be realized by exclusively
solid-phase syathesis or by classical solution-phase

The syathetic peptides prepared as described in the
Examples are compared with two of the most potent
LHRH amtagomists reported recently, ie, [Ac-D-
Phe(4-Q)'3, D-Trp?, D-Argé, D-Ala!0] LHRH (ORG-
30276) (Coy, et al., Eadocrinology, 100, 1445, 1982) and
[Ac-D-Nal2), D-Phe(4-F)2, D-Trp’, D-Argé] LHRH
(ORF 12260) (Riviex, et al, In: Vickery, B. H, Nestor,
Jr. J. J. Bafer, E. S. E. (eds.), LHRH and Its Analogs,
pp 11-22, MPT Prem, Lancaster, UK. 1984), and are
found 0 exert similarly bigh inhibitory activities both in
vitfo and i vivo, but, ealike to the control peptides, not
to prodece the in vivo edematous effects.

Hormosal activities in vitro are compared in super-
fased £t pitnitary cell systems (S. Vigh aad A. V.
Schally, Peptides. 5 suppl 1: 241-247, 1984) in which
the effectiveness of LHRH (and other releasing hor-
mones) caa be sccurately evaluated since the amount of
LH (or other pimuitary hormones) secreted into the
effiect medinm i not only proportional w the bor-
mone-releasing poteacy of the peptide applied but also
messurable readily by ized radioimmuno-

amsys.

To descrmime the potency of an LHRH amtagonist,
mixtures comtaining LHRH in a consiant concentration
(usually 1 ald) and the sntagonist in varying concentra-
tions are weed for the superfusion in order w0 determine
the moleculer ratio of the antagonist to LHRH st which
the action of LHRH is completely blocked. These ratios
are sbout § for both peptides of the present imvention
system @ preincubated with antagonists for 9 minutes.
Ia s amiovelatory in vivo amay (A. Corbin and C.
W. Bemttie; Endocr. Res. Commmn. 2, 1-23, 1975; D. K.
Coy, & al, Eadrocrinology, 100, 1445, 1982), the pep-
tides of the present invention are aiso found o be about
emipotent ©© the cootrol antagonist, pamely,
§7.5-100% blockage of ovulation can be observed at s
ssbcutaneows dose of 1-3 ug/rat for esch pepride.
hd:dmogenicteaofSchmidt.a:L(Canm-
ception, 29, 253-289, 1984), however, a marked differ-
eace can be found between the control peptides and the
peptides of the present inveation. The control peptides
produce edema of the face and extremities when admin-
stered sobcutaneously in rats at doses of 0.75 or 1.2$
mg/kg No sach reaction can be observed with the
peptides of the present inventon whea given at a subcu-
taneows dose of 1.5 mg/kg.

021
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In the tests ss run the rars were assigned to three
groups of five rats per group per compound tested.
Comparison with made with 2 known prior arnt com-
pound designated ORG 30276 namely (N-Ac-D-p-Cl-
Phel2, D-Trp3, D-Argé, D-Ala!0)-LHRH. The groups
were injected subcuntaneously once a day on two con-
secutive days with the LHRH antagonists at a dose
level of 1.5 mg/kg Ouve coatrol group was injected
with diluent only. The rats were observed during fve
bours each day. Resctions of the rats were classified as
follows: NR no spparent reaction, PR partial respond-
nedmoflhemlndp-mnlmmﬁm:e-

TABLE 1
LHRH _im Dey 2ad Day
Astagonis NR PR 143 NR PR FR
ORG 30276 4 3 0 1 2 6
ORG 30276 1 b ] [} 0 1 3
Coatrol 9 [ ] ] ] [} [}
EX IO s [} 0
EXV 9 [} 0 ] 1* [}
EXIV L] [ ] [} L 0 0
EX1 3 [} [} L] 0 [

All peptides shown are completely effective to biock
mmmmammkmﬂt

This was shown by a test on histamine release in vitro
from peritonesl mast cells carried out in accordance
with the procedure of Morgan et al (Int. Archs. Allergy
appl Immus. 80, 70 1986).

HISTAMINE RELEASE IN VITRO

In this test rats were anesthetized with ether and
peritoneal exudate cell were harvested by washing with
12 ml of mast cell medium (MCM) (150 m M NaCl; 3.7
m M KC; 3.0 m M NyHPOg; 3.5 m M KHPO,, 0.98
mMCaCl.s.énMdmuqo.l%bovuemﬂbn
min; 0.1% gelatin and 10 units/ml heparin) [9]. Cells
from 4 or 5 rats were pooled, centrifuged at 120 g,
resuspended with MCM to a concentration of 0.5 106
ml and | m! was aliquoted into 12X 75 mm polyethylene
tubes. Tubes were equilibrated to 37° C. for 15 min and
incubated alone (background histamine relesse), with
43/80 (positive control) (Sigma Chemicals, St Louis,
Mo.), or with sppropriate conceatrations (1 ng through
10 ug/ml) of LHRH amtagomists for 60 min. The reac-
mwwbymhgthembawvc.‘l‘uba

were centrifuged; supernstants were recovered and
sored &t —20° C. until ssmyed for histamine Asssys
were performed in Total cell histamine was
determined by boiling for 10 min. Histamine relessed in
reponse 10 antagomist wag gIpressed as a perceatage of
total release. That concentration that reiessed 50% of
toulmmcdlhmm(BRDQWmeudm
mined for each antagonist. The resuits are summarized
in FIG. 1

All of the peprides are comsidered to0 be effective o
prevent ovulation of female mammals at very low dos-
ages. The peptides of the inveation are often adminis-
tered in the form of pharmaceutically acceptable, non-
toxic salts, such a3 acid addition salts. Mlustrative of
such acid addition salts are hydrochloride, hydrobro-
aude, sulphste, phospbate, fumarate, gluconate, tan-
nate, maleate, acezate, citrate, benzoate, succinate, algi-

40

45

35

63

8
nate, pamoste, malste, ascorbate, tartrate, and the like.
If the active imgrediemt & t0 be administered in tablet
form., the tablet may comeain a pharmaceutically accept-
able dileent which inciades a binder. such as tragacanth,
corn starch or gelstm: a disintegratng agent. such as
alginic acid and a Iebricant, such as magnesium stearate.

If administration i Kquid form is desired. sweetening
nd/orﬂlvu-.-yh:-dspanofmcphu
macentically-scoeptable diwent, and intravenous ad-
ministration in isowmomic sskoe, phosphate buffer solu-
ﬁmchﬁc-yhm

The compositions will asually con-
ﬁn&cm-mmammmm

carrier. Usually, the dos-
mﬂ&ﬁ_hlo“lmmmofm
pepcide per kilogram of the Body weight of the host
whapaMaddougewﬂlhehgher
Overall, trestment of swbjecs with these peptides is
genenally carried out in the same manner as the clinical
treatment using other astagomists of LHRH.

These peptides can be admimistered to mammals in-
travenously, ssbcstameomsly, mtramuscularly, orally,
intranassily or istravagimally to achieve fertility inhibi-
tion and/or comtrol amd aleo i applications calling for
reversible sappression of gomadal activity, such as for
the masagement of precocious puberty or during radia-
tion- ar chemo-therapy. Effective dosages will vary
with the form of admimistration and the particular spe-
cies of masmmal being trested. An exampie of one typi-
cal domge form i 2 prysiological saline solution con-
taining the peptide whick solution is administered to
provide a dose in the range of about 0.1 to 2.5 mg/kg of
body weight. Oral admimistration of the peptide may be
givea ia cither solid form or Bquid form.

Although the wvention has been described with re-
gard 10 its preferred embodiments, it should be under-
stood that cheages sad modifications obvious to one
baving the ordimery skill in his art may be made without
departing from the scope of the invention, which is set
forth im the claims which sre appended thereto. Substi-
tutions kmowa i the art which do not significantly
detract from its effectivencss may be employed in the
invention.

EXAMPLE 1
The synthesis of sa saalog of the formula:

As-D-Nal(D)-D-Fasts-C)-D-Trp-Sar-Tyr-D-Hes-
Acyg-Pr-D-ARNE,

was commenced with the preparation of the intermedi-
ate peptide Ac-D-Nal(2)-D-Pbe(4-CT)-D-Trp-Ser-Tyr-
Lys-Les-Arg-Pro-D-ARNH;. The intermediate pep-
Mzubﬂaqbqaabazhmmemn
contxining sbowt 0.6 m.equiv. NHy/g (from BACHEM)
on a Beclonaa 990 symthesizer starting with the Boc-
Gly in accordance with the procedures set forth below.

Coupling i carried ont ia accordancs with Schedule
A 33 follows:

SCHEDULE A
Minng Time (muns)

Rengens

L Boc Amiso Acd
@912 » amie/g ream) &
eymv sme. of DIC

1 MeOH (twice) 1

60-90

022
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~contimmed

A
Rasgest Mixing Time {mins)

1. CH1Oy (twice) 1

Deblocﬁn;hmido.imwhhsazd-

ule B as follows:

~SCEDULES
Mizing Tiene (mims)

Raagent
4 0% TFA/1% chanedishinl 1Bals
S ()

S. IpOH/1% ethens dishiol

4 10% TEA a OOy

7. MeOH

L 10% TEA s OO

bbn—w—

9. MeOR (xD) !
10. CHChi1 (2D 1

The phenclic bydroxyl growp of Tyr is protected
with 2,6-dichlorobenzyl (DCB)

Briefly, Boc is used for N-terminal protection. Tos is
medtopmmg-ﬁnmdmm-d)n
used as the growp for the D-Lys side chain,
Bzl for the OH group of Ser and Tyr is protected with
DCB.

One and a half 10 two-fold excess of protected amino
acid is used bused om the NEq-content of the benzhy-

Ala-NH-X10 wherein X*is B snd X3 s DCB, X¢is
ZCZ-CI).X‘-Tu.-dX'-ahuhydnlmm

H

95%) pure by wing HPLC. HPLC amalyses are carried
ow in a2 Hewien-Packard 1090A gradiem liquid chro-
matographic system on a Cl!8 colume (VYDAC
218TP246) ciuted with solveass A: 0.1% TFA, B: 0.1%
TFA in 70% CH;CN with a gradient of 30-60% in 30
minutes. The ntermediate peptide and the desired pep-

10

> ]

10
tide have retention times of 25.5 minutes and 28.2 min-
utes, respectively.
Pmﬁunndpepﬁs-mudcuouaseckman

C18 carwridge (J00A, 12 wm) with solveats A 0.1%
TFA and B: 0.1% TFA m 70% CH;CN and wsing a
gradieat of 45-60% i 30 minutes.

EXAMPLE I

The synthesis of the peptide Ac-D-Nal(2)-D-Phe(4-
d)-D-Trp&»Tyr—D-HE:)-L«-Arg—Pm-D—Ah
NH: i accomplished by seacting the intermediate pep-

Ac-D-M)-M-d)—D—Trp&-Tyr-D—Lys-
WA&MW m Example 1, with
N-ethryfisocymsste in DMF (L1 g in 0.01 =l per gm
of intermediate) at 0°-10° for 10 bowrs. Retenticn time
for the desired peptide i 308 min.

EXAMPLE I

The synthesis of the peptide Ac-D-Nal(2)-D-Phe(4-
C)-D-Trp-Ser-Tyr-D-Caa-Lew-Arg-Pro-D-Ala-NH? is
m-m-mlmmmmn
that Boc- D-Olﬂ) is incorporated i place of Boc-D-
Lys{Z«2-C0)] in position 6 of the imtermediate peptide
to afford snother intermedinte pepdide the for-
mula  Ac-D-Nak(2)-D-Pie (4-C1)-D-Trp-Ser-Tyr-D-
Ora-Len-Arg-Pro-D-Ale-NH;, which is then similarly
mvcudbhdudpepde.‘lhmadmc
peptide and the desired peptide have HPLC retention

_times of 255 mim. and 7.3 min., respectively.

EXAMPLE IV

The synthesis of the peptide Ac-D-Nal(2)-D-Phe(4-
Q)—D-Ttp&c-‘l‘M)-la-An-Pro—D-Ah-
N’Hz is accomplished by reacting the intermediate pep-

WD-TQ&-Tyr-
Len-An-Pn»D-Ah-N‘B; described in  Exampie IIL
with N-ethyfisocyanste is DMF (0.1 mg in 0.01 ml per
gm of mermedinte) st 0°-10° for 10 bours. Reteation
time for the desired peptidle s min.

EXAMPLE V

The syntbesis of the peptide Ac-D-Phe(4-Cl)-D-
Pbe(4-C0)-D-Trp-Ser-Tyr-D-Hoi-Len-Arg-Pro-D-Ala-
NH; is conducted a3 described in Example I, with the
exception that Boc-D-Phe{4-C0) is incorporated in place
dh&&m-mld&mm
tide t0 give amother insermediste peptide having the
formmia MM‘-G}DT&S«-Tyr-
D-Ly»- which is then simi-
mm»ua—dmmm
ste peptide and the desired peptide have retention times
of 24.0 min. aad 26.6 mim, respectively.

EXAMPLE V1

The synthesis of the peptde Ac-D-Phe(4-C1)-D-
Pb:(&d)-b-‘l‘q»& Tyr-D-HdEx)-Len-Arg Pro-D-
Ala-NH: 8 by reacting the intermediate
peptde M-D-M%‘-G)-D-Trpée-Tyr-D-
Lys-Len-Arg-Pro-D-Ala-NH; described in Example V
with N-ethylisocyanate m DMF (0.1 mg. in 0.01 ml. per
g of intermediate) at 0°-10° for 10 hours. Retenton
time for the desired peptide is 29.2 min.

EXAMPLE VI

The synthess of the peptide Ac-D-Phe(4-Cl)-D-
Phe(4-CT)-D-Trp-Sex-Tyr-D-Cit-Leu-Arg-Pro-D-Ala
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1
NH; is conducted a3 described in Example L, with the
excepdon that Boc-D-Phe(4-CY) is incorporated in piace
of Boc-D-Nai(2) in position | and that Boc-D-Ora(Z) is
incorporated in piace of Boc-D-Lys{Z(2-CT)] in position
6 of the intermediate peptide to yield another intermedi-
ate peptide baving the formuls Ac-D-Phe(4-Cl)-D-
Phe(4-Cl)-D-Trp-Ser-Tyr-D-Orm-Leu-Arg-Pro-D-Ala-
NHy, which is then similarly converted to the desired
peptide. This intermediate peptide and the desired pep-
tide have reteation times of 24.0 min. and 26.3 min.,
respecavely.
EXAMPLE VIII

The symhesis of the peptide Ac-D-Phe(4-CI)-D-
Phe(4-LT)-D-Trp-Ser-Tyr-D-Cit(Et)-Lev-Arg-Pro-D-
Ala-NHj is sccomplished by reacting the intermediate
peptide  Ac-D-Phe(4-C0)-D-Phe(4-CT)-D-Trp-Ser-Tyr-
D-Ora-Leu-Arg-Pro-D-Ala-NH; described in Example
VI, with N-ethyfisocysnate in DMF (0.1 mg. in 0.01
ml per gm of intermediste) st 0°-10° for 10 bours. Re-
teation time for the desired peptde is 28.6 min.

EXAMPLE IX

The synthesis of the peptide Ac-D-Nai(2)-D-Phe(4-
C)-D-Trp-Ser-Tyr-D-Hci-Lew-Arg-Pro-Gly-NH: is
conducted as described m Exampie [ 0 afford another
intermediate peptide baving the formula Ac-D-Nal(2)-
D-Phe(4-CT)-D-Trp-Ser-Tyr-D-Lys-Len-Arg-Pro-Gly-
NH;, which is then similarly converted 10 the desired
tide have HPLC retention times of 24.8 min and 27.4

EXAMPLE X

The synthesis of the peptide Ac-D-Nak(2)-D-Phe(4-
C1)-D-Trp-Ser-Tyr-D-Hci(Et)-Lev-Arg-Pro-Gly-NH
is accomplished by reacting the istermediate peptide

10

s

Ac-D-NalQ2)-Phe(4-CT)-D-Trp-Ser-Tyr-D-LysLen- o

Arg-Pro-Gly-NH; described in Exampie IX with N-
ethylisocyanate in DMF 0.1 mg. in 0.01 mL per gm of
intermediate) at 0°-10" for 10 hours. Retention time for
the desired pepdde s 30.0 min.

EXAMPLE XO

The synthesis of the peptide Ac-Pro-D-Phe(4-C7)-D-
Trp-Ser-Tyr-D-Hci-Len-Arg-Pro-D-Als-NH; 8 con-
ducted as described in Exsmple 1 with the exception
that Boc-Pro is incorporased i place of Boc-D-Nal(2)
i positicn T of the intermediate peptide to afford an-
other intermediate peptide haviag the formmula Ac-Pro-
D-Phe(4-C)-D-Trp-Ser-Tyr-D-Lys-Len-Arg-Pro-D-
Als-NH;, which is then similarly coaverted 10 the de-
peptide have retenitioa ttmes of 16.3 min. and 19.3 min.,
respectively.

EXAMPLE XT1

The synthesis of the pepuide Ac-Pro-D-Phe(4-C1)-D-
Trp-Ser-Tyr-D-Hci(Et)-Len-Arg-Pro-D-Ala-NH: s
accomplished by reacting the mtermediate peptide Ac-
D-Pro-Phe(4+-L1)-D-Trp-Ser-Tyr-D-Lys-Leu-Arg-Pro-

43

peptide and the desired

60

D-Ala-NH; described m Ezample XI, with N- ¢s

ethylisocyanate in DMF (0.1 mg. in 0.01 ml per gm of
intermediate) at 0°-10° for 10 hours. Retention time for
the desired peptide is 22.0 min.

2

EXAMPLE X

The synthesis of the peptide Ac-Pro-D-Phe(4-Cl)-D-
Trp-Ser-Tyr-D-Cit-Len-Arg-Pro-D-Ala-NH; is con-
docted as described i Exsmple L with the exception
that Boc-Pro is incorporated in place of Boc-D-Nal(2)
in’position | and that Boc-D-Om(2) is incorporated in
place of Boc-D-Lys{Z(2-C1)] m position 6 of the inter-
mediate peptide 10 yicld amother intermediate peptide
having the formmia Ac-Pro-D-Phe(4-CT)-D-Trp-Ser-
Tyr-D-Om-Les-Arg-Pro-D-Ala-NH;. This intermedi-
ate peptide and the desired peptide have retention times
of 16.35 min. and 183 min, respectively.

EXAMPLE XIV

The synthesis of the peptide Ac-Pro-D-Phe(4-C1)-D-
Trp-Ser-Tyr-D-Ca(Et)-Len-Arg-Pro-D-Als-NH; s
conducted as dexcribed i 'Ezample V1, with the excep-
tion that the intermediate peptide Ac-Pro-D-Phe(4-Cl)-
D-Trp-Ser-Tyr-D-Oma-Lew-Arg-Pro-D-Als-NH;  de-
scribed in Example XTII is reacted with N-ethylisocya-
nate. The desired peptide has 3 retention time of 24.9
min.

EXAMPLE XV

The synthesis of the peptide Ac-D-Phe-D-Phe(4-C1)-
D-Trp-Ser-Tyr-Hei-Len-Arg-Pro-D-Ala-NH; is con-
ducted as described im Exmmpie L with the excepdon
that Boc-D-Phe 8 mcorporated in place of Boc-D-
NakQ2) in position | of the imermediate peptide to yield
another intermediate peptide having the formula Ac-D-
Phe(4-C0)-D-Trp-Ser-Tyr-D-Lys-Leu-Arg-Pro-D-Ala-
NHj, which is thes similarly comverted 10 the desired
tide have HPLC retestion times of 20.8 min. and 23.4

EXAMPLE XV1

The synthesis of the peptide Ac-D-Phe-D-Phe(4-Cl)-
D-Trp-Ser-Tyr-D-Hei(Et)-Len-Arg-Pro-D-Ala-NH; is
accompiished by reacting the intermediate peptide Ac-
D-Phe-D-Phe(4-C0)-D-Trp-Ser-Tyr-D-Lys-Leu-Arg-
Pro-D-Ala-NH; described m Example XV, with N-
ethyfisocyanate is DMF (0.1 mg. in 0.01 mL per gm of
intermediate) at 0°~10° for 10 howrs. Reteation time for
the desired peptide is 26.0 min.

EXAMPLE XVII

The synthesis of the peptide Ac-D-Phe-D-Phe(4-C1)-
D-Trp-Ser-Tyr-D-Cit-Les-Arg-Pro-D-Als-NHj3 is con-
docted as described in Example 1, with the exception
that Boc-D-Phe is incorponated i place of Boc-D-
Nal(?) in position 1 and that Boc-D-Orm(2Z) i incorpo-
rated in place of Boc-D-Lys{Z(2-CT)] in position 6 of the
intermediate peptide t0 yield another intermediate pep-
tide having the formaia Ac-D-Phe-D-Phe(4-CT)-D-Trp-
Ser-Tyr-D-Orn-Len-Arg-Pro-D-Ala-NH,. This inter-
mediate peptide snd the desired peptide have retention
times of 21.0 min. aad 23.] min_, respecsively.

EXAMPLE XVIII

The synthesis of the peptide Ac-D-Phe-D-Phe(4-C)-
D-Trp-Ser-Tyr-D-Cat(E1)-Len-Arg-Pro-D-Ala-NH; is
accomplished by reacting the intermediate peptide Ac-
D-Pbe-D-Phe(4-C)-D-Trp-Ser- Tyr-D-Orn-Leu-Arg-
Pro-D-Ala-NH; described m Exampie XVII. with N-
cthylisocyanate in DMF (0.1 mg in 0.01 mi per gm of
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13
intermediate) at 0°-10° for 10 bours. Retention time for
the desired peptide is 25.4 min.

Similarly, there may be prepared the acid addition
salts of the other peptides amalogous to LHRH, de-
scribed herein

EXAMPLE XIX

A solution of Q.1 g of the hydrogen fluoride salt of
Ac-D-Nai(2)-D-Phe(4-CT)-D-Trp-Ser- Tyr-D-Hci-Leu-
Arg-Pro-D-Als-NH; (See Example I) is dissolved in §
ml of water and passed through a cobumn of 5 g. Dowex
3 anion exchange resin which had previowsly been
wuter and the effluent is lyophilized 10 yield the corre-
sponding acetic acid st of Ac-D-Nal(2Z)-D-Pbe(4-CT)-
D-Trp-Ser-Tyr-D-Hci-Leo-Arg-Pro-D-Ale-NH;.

Repeating the sbove, substitating other nd;:‘f
acetic acid during the equilibration of the resin,
may be obtained, for example, the correspoading salts
with hydrochioric acid, hydrobromic acid, sulfuric
acid, phosphoric acid, benzoic acid, sad the Eke. EX-
AMPLE XX

Tabiet formulation for buccal (e.g., sublingual) ad-
1. LHRH Antagonist 10.0 mg.

Compressible Sagar, USP 360 mg.

Calcium Stearate 4.0 mg.

2 LHRH Antagonist 100 mg.
Compressible Sagar, USP $3.5 mg.

Magnesium Stearate 1.5 mg.

3. LHRH Antagonist 5.0 mg.
Mannitol, USP 3.5 mg.
Maguesium Starch, USP 1.5 mg.

4. LHRH ist 10.0 mg.
Pregelatinized Starch, USP 10.0 mg.
Lactose, USP 745 mg.
Pregelatinized Starch, USP 15.0 mg.

Magnesium Stearate, USP LS mg.

Method A. LHRH Antagonist is dissotved in a suffi-
Cient quantity of water to form a wet granuiation when
mixed with the sugar portion of the excipients. After
complete mixing the granulation is dried in 3 tray of
fluid-bed dryer. The dry granuiation is then screened to

ing method, all formo-
lations would include 0.01% gelatin, USP. The gelatin
would be-first dimoived in the aqueows grasulation
solvent followed by the LHRH assiog. The remaining
Stepe are as in (a) above

EXAMPLE XXa

Long Acting intramuscaisr injectable formutation
Long Actng M. Injectable-Sesmne Ol Gel
LHRH Aantagonist 10.0 mg.
Aluminum Monostesrate, USP 200 mg.
Sesame oil gs. ad 1.0 mlL

The aluminum monostearate & combined with the
sesame oil and heated to 125° C. with stirring undl a
clear yellow solution forms. This mixture is then anto-
claved for sterility and allowed to cool. The LHRH
antagcaist is then added ssepuically with trituration

Parucularly preferred LHRH amtagonists are saits of

low soiubility, e.g., zinc salts, zinc tannate saits, pamo-

M
ste saits, and the ke These exhibit exceptionally long
duration of activiry.
EXAMPLE XTI
5 Long Acting IM Injectable-Biodegradable Polymer
Microcapsules .

LHRH Astagosiss 1%
25(73 giycolide/lactide copolymer (0.5 intrinsic viscos-

10 iy) 9%

15

Waser, purified g2 100.0%
25 mg. of microcapseies e sespended in 1.0 ml. of
vebicle .

® EXAMPLE X0

Aqueous Solmtion for latrammscular Injection

3

The gelatin sad LHRH sstagosint are dissolved in

water for imjection, thes the solmtion is sterile filtered.
EXAMPLE XXV .
Formulstion for Recod Administration

S itory Vehicle for Rectal Administration
LHRH Axntagosist 0 mg.
Witepsol H1S 200 mg.

The LHRH sstagonint & combined with the molten
Witepsol H1S, mized with aad powred into 2 gm. molds.

We claim:

L A peptide selected from the group of peptides
40 having the formuix .

X-R!-BLR} Sar Tye-Ré-Lan-Acy-Pro-R O-NH;

wherein

X is an acyl growp derived from straight or branched
d—'aliph':cﬁc,&myﬁcacidshaving
from | 10 7 cbom stoms,

R!is D- or L-Pro, D- or L-A-Pro, D-Phe, D-Phe(4-
HI), D-Ser, D-Thx, D-Al, D-Nak(1) or D-Nal (2),

R%is D-Phe ar D-Phe(4-HI),

R3is D-Trp, D-Fhe, D-Pal, D-Nak(1) or D-Nal (2),

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

where Q2 i lower alkyl af 1-3 carbon atoms and H1
# flacro, chioro or bramo,

and the pharmacenrically accepeable acid addition
saits thereol

2 A pepdide of ciaim 1 wheren

R!is D- or L-Pro, D-Phe, D-Phe(4-C1), D-Nal (2),

R?is D-Phe(4-F) or D-Phe(4-CY), and

Ris D-Trp. B

1Apept'd¢:h=ed&_dzpoup of peptides

having the formain

X223 S XS-Tyn X2 YO Leu-
mmx'-msr_'

s

45
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X is an acyl group derived from sraight or branched X* iz bydrogen or Tox

chain aliphatic or alicycfic carboxyiic acids having & A peptide of claim 2 wherein X is acetyl.
x‘mwlm7mmmt°hm“%5a L A bepide of caim ¢ v R P

is h ora i im 6 where: is D-Nal(2).
hydroxyl group, $ 9. A peptide of claim 6 wherein R! is D-Phe(4-Cl),
X3 is hydrogen or a prosecting growp for the Tyr 10. A peptide of claim § wherein R! is D-Phe._
1L

phesolic hydroxyl growp, A peptde of ciaim 7 wherein R¢ is D-Cit or D-
X¢ is hydrogen or a prosecting growp for the Lys or  Cit(Et). )
Orn side chain amino group, 12 A peptide of ciaim 7 wherein R¢ is D-Hci or D-

Xt is hydrogen or a protecting growp for the Arg 10 Hci(Et).
X0 is hydrogen or a resin support comtuiming beaz-  Cit.
hydryl or methylbeazhydryl gromps, . M. A peptide of ciaim 9 wherein R¢is D-Hci or D-
Rlis D- or L.Pro, D- or LALPro, D-Phe, D-Phe(d- 2
H1), D-Ser, D-Thr, D-Ala, D-NaiT)or D-Nal (2), 15 18 A peptics of claim 10 wherein RS is D-Cit or
Riis D-Phe or D-Phe(4-HI), D-Ca(Et). .
R3is D-Trp, D-Phe, D-Pal, D-Nak(1) or D-Nal (), 36 A peptide of clsim 10 wherein R¢ is D-Hdi or
Réis D-Lys or D-Orn and R s Gly or D-Als, D-Hci(Et). o
where H1 is flooro, chioro or bromo, provided that 17. A pharmacestical composition for reducing the
where X is t-Boc or hydrogea, X4, X3, X5, and X? 20 WM&M gonadotropins in

must be other than kydrogen. a mammal which comprises 3 reductively effective
4. A Peptide of claim 3 wherein wdlmpo-dddahlmdaphamaceuti-
X*¢is hydrogen or 2,6-dichloro-benzyl, cally acceptable carrier.
X3 is hydrogen or Z(2-Br) or 2,6-dichiorobexryl, 18 A method of !&ﬁl'dlephysiologic:l availabil-
X¢ is hydrogen or Z(2-CT) and 25 iy of pituitary gomadotropins it mammals in geed of

Xtis hydrogen, aitro, Tos, methryl-(t-butylbenzyDsul- sach reduction which comprises administering thereto a
fonyl or 4-methoxy-2,3,6-trimethyl benzyisatfonyl. reductively effective amount of a compound of claim 1.
3. A Peptde of claim 4 wherein 19. A method of claim 18 wherein the amount is
X*and X3 are bydrogen or bearyl, between 0.1 and 2.5 mg/kg body weight per day.
X‘nhydm'gqm.d 0 ¢ s e o @ ]
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{57 ABSTRACT -

The present imvention deals with LHRH antagonists

which possess improved water solubility and while
having the high antagonist potency of the basic pep-
tides, are free of the edematogenic effects. These com-
pounds are highly potent in inhiditing the release of
gonadotropins from the pituitary gland in mammals,
including humans.

The compounds of this invention are represented by the
formula ’

x—l'—n’-v-s:-'ryv-l‘-uu-An—
Pro—RO_NH,

wherein

X is am acyl group derived from straight or branched
chain aliphatic or alicyclic carboxylic acids having
from 1 10 7 carboa atoms, or HyN--CO,

R! & D— or L—Pro, D— or L—A3—Pro, D—Phe,
D—Phe(4—H1), D—Ser, D—Thr, D—Als, D—
Nak(1) or D—Nal (2),

R?is D—Phe or D—Phe(4—C1)

R} 8 D—Trp. D—Pbe, D—Pal(3), D—Nal(1) or
D—Nal(2),

Ré¢ s D—Cit, D—Hci, D—C#(Q) or D—HciQ) and

R®i Gly or D—AL

where Q is Jower alkyl of 1-3 carbon stoms and H1 is
fiworo, chioro or bromo, and the pharmacewtically ac-
ceptable acid addition salts thereof and methods of use
pertaining 10 these compounds.

2 Qaims, Ne Drawiags
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1
LHRH ANTAGONISTS

This invention was made with Government support
under Grant Nos. CA40003 and 40004, awarded by the
N.C.I. (NIH). The U.S Goversment has certain rights
in this application.

RELATED APPLICATIONS

This applicatioa i a contissation-in-part of copend-
ing application, Ser. No. 074,126, filed Jul. 17, 1987,
now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates 10 nove! peptides which
inhibit the release of gomadotropins by the pituitary
gland in mammals withomt inducing edematous reac-
tions. More specifically, the preseat invention reiates to
analogs of the luteiniring hormone releasing hormone
(LHRH), which has the structure:

p—Giuv—His—Trp—Ser—Tyr—Gly—Lev—Ar-
g§—Pro—Gly—NM,,

salts thereof, and 10 pharmaceutical compositions and
methods of use pertaining 10 these analogs.

DISCUSSION OF THE PRIOR ART

For more than 15 years, investigators have been
searching for selective, potent antagoaists of the LHRH
decapeptide (M. Karien aad J. E Rivier, Endocrine
Reviews, 7, 44-66 (1986)). The high degree of interest
in such antagonists is due 10 their wsefuiness in the fields
of endocrinology. gynecology, contraception and can-
cer. A large number of compounds have been prepared
as potential LHRH antagomists. The most interesting
antagonists to date have beea compounds whose struc-
ture is 2 modification of the stractare of LHRH.

The first sensdpuamwaoumedby
introduction of aromstic amiso acid residues into posi-
tions 1, 2, 3 and 6, or, 2, 3, aad & The compounds are
expressed as LHRH modified by replacement of the
original ammoandrsdnabyahuxntheponnon
indicated by the seperscript smmbers. The known an-
tagonists include: -

[Ac-D-Phe(4-CD'2, D-Trp™¥ LHRH (D. H Coy, et
al,, In: Gross, E. and Mecienholer, J. (eds) Peptides,
Proceedings of the éth. American Peptide Symposium,
pp. 775-779, Pierce Chem. Co., Rockville IIL, 1979);

{Ac-Pro!, D-Phe(4-C1)* D-Nak2)*4] LHRH (US.
Pat. No. 4,419,347 aad [Ac-4%Pro!,D-Pbe(4-C12,D-
Trp3S]LHRH (J. L. Pimeda, «t al, ). Clin. Eadocrinol.
Metab. 56, 420, 1983).

Later, in ordes 10 imcresse the water solwbility of
antagonists, buc-o-:h.-dlub-m were
introduced into position & For isstance, [Ac-D-Phe(4-

CH!2, D-Trp3, D-Argé, D-Ah”jl..mu-l (0RG-30276)
(D.H. Coy, etal, , 100, 1445, 1982); and
[Ac-D-Nal(2)!, D-Phe(4-ER,. D-Ttp’ D-Arg¥]LHRH
(ORF~18260) (J. E. Rivier, &t al, In: Vickery B. H,,
Nestor, Jr. J. J, Hafez, ESE (eds), LHRH and Its
Analogs, pp. 11-22. MTP Press, Lancaster, UK, 1984).

These analogs sot only possessed the expected im-
proved water solubility bui also showed incressed an-
tagonistic activity. However, these highly potent, hy-
drophilic analogs containing D-Arg and other basic side
chains at position 6 proved 10 produce transient edema
of the face and extremities when administered subcuta-
neously in rats at 1.25 or 1.5 mg/kg (F. Schmidt, et al.,
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Comtraception, 29, 213, 1984; J. E. Morgan, et al, Int.
Archs. Allergy Appl lmmun. 30, 70, (1986). Since the
occurrence of edemstogenic effects after administration
of these aatagomists 10 rats cast doubts on their safety
for the use i bumant aad delayed the introduction of
these drugs for chinical wee, it is desirable 10 provide
smaagonistic peptides which are free of these side ef-
fects.

SUMMARY OF THE INVENTION

The presest inventios deals with LHRH antagonists
which possess aa improved water solubility and high
amtagonist poteacy of the basic peptides, and are free of
the edematogenic effecss. These compounds are highly
potent in imhibiting the relesse of gonadotropins from
the pirgitary glend i massmals, including humans.

mmdtﬁivanulmwtedby
formals 1

X—R '—l’—l’—Sc—Tyr-R‘—Lm—Arg—
Pro—R1—NH; 1

wherein .
X is an acyl group derived from straight or branched
chain aliphstic or alicyclic carboxylic acids having

from | 90 7 carbon atoms, or a carbamyl
(H;N—CO) groep.

R s D— or L—Pro, D— or L—~A3—Pro. D—Phe,
D—Phe(4—HI), D—Ser,

D—Thr, D—Ak, D—Nak(1) or D—Nal(2).

R? s D—Phe or D—Phe(4—Q))

R} 8 D—Trp, D—Phe, D—Pai(3), D—-Nal(l) or
D—Nal(2),
R¢is D—Cit, D—Hdi, D—Cit(Q) or D—Hci(Q) and
R¥is Gly or D—Al
where Q is lower alkyl of 1-3 carbon atoms and Hl is
fiworo, chioro or bromo, and the pharmaceutically ac-
The compounds of Formula ] are synthesized by any
suitable method For example, eaclusively solid-phase
lu:h:que.p‘tnlnﬁ-’huwchmqueorbychmcal
soletion couplings Preferably, the compounds of For-
mula | are prepared by s known solid-phase technique.
Soch method provides imtermediate peptides and/or
intermediate peptide-resins of Formula I1.

X! RN R S (X )T
—Len—ArgXH—Pro—R —NH-—X"' n

wherein

X! s aa acyl growp derived from straight and
branched chain aliphatic or alicyclic carboxylic
scids having from 1 %0 7 carboa atoms, t-Boc, car-
bamyl or hydrogen,

X¢ is hydroges or a protecting group for the Ser
Irydraxy! gromp,

X3 is bydrogen or a protecting group for the Tyr
phenolic ydroxyl group,

X¢ is hydrogen or a protecting group for the Lys or
Orn side chain amimo group,

XV hydroges or a protecting group for the Arg

group,

XX is hydrogen or a resin support conuining benz-
bvdryl or methylbemzhydryl groups

R!is D— or L—Pro, D— or L—43—Pro. D—Phe.
D—Pbe(4—Hl), D—Ser, D—Thr, D—Ala, D—-
Nal(1) or D—Nal(2),
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R?is D—Phe or D—Phe(4—CJ),
R} is D—~Trp. D—Pbe, D—Pak(3), D—Nak(1) or
D—Nal(2),

R*¢is D—Lys or D—Om, D—Cut and D—Hci

and R!%is Gly or D—Ala
where Hl is fluoro, chloro or broma.

One process comprises reacting a peptide of Formula
11 wherein R*¢is D-Lys or D-Orn and X¢is hydrogen,
with a source of cyanate 10 yield a peptide of Formula
I

X' =R} R R Ser(XH)—Tyr(X
*o—Lev—Arg(XH—Pro—R "-Nu-x"

wherein

XL R R2 R, X4, X3, X8, R pnd X ore
defined above, and

R**¢is Cit or Hci. Suitably, the reaction is carried out
when X! is acyl and all other X moieties are hydrogen
Suitable cyanate sources are alkali metal cyanates, e.g.,
potassium cyanate, or an N-alkyl isocyanate, e.g., N-
ethyl-isocyanate. The peptide of Formala I1 are prefera-
bly synthesized by a known solid phase technique.

Ahemnve!y and preferably, peptides of Formula 1
wherein X is an acyl or carbamyl group, are directly
obuained by cleavage and deprotection of intermediate
peptide-resins of Formula 11 wherein X! is an acyl or
carbamyl group and R*¢is D-Cit or D-Hc’. Peptides of
Formula [ wherein X is carbamyl (H;N—CO) group
are also obuined from peptide-resins of Formula Il
wherein X! is hydrogen or Boc by cleavage and depro-
tection followed by carbamoylation.

A gonadotropin antagomiring pharmaceutical com-
position is provided by admixing the compound of For-
mu'a I with a pharmaceutically scceptable carrier in-
cluding microcapsules (microspheres) for delayed de-
livery.

There is also provided a method for relieving compli-
cations resulting from the physiological availability of
amounts of pituitary gooadotropins in & mammal, in
excess of the desired amount, which involves adminis-
tering to the mammal a gonadotropin antagonizing dose
of the compound of Formula L

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The nomenclature used to define the peptides is that
specified by the TUPAC-TUB Commission on Biochem-
ical Nomenclature (Ewrupean J. Bivchem., 1984, 138,
9-37), wherein in accordance with cosventionsl repre-
sentation the agmino groups at the N-terminus appears to
the left and the carboxyl groap at the C-terminus to the
right. By natural amino acid is meant one of the com-
mon, naturally occurring amino acids found in proteins
corprising Gly, Ala, Val, Leu, De, Ser, Thr, Lys, Arg,
Asp, Asn, Glu, Gln, Cys, Met, Phe, Tyr, Pro, Trp and
His. The abbreviations for the individual amino acid
residues are based on the trivial name of the amino acid
and are Ala, alanine; Arg, arginine; Cit, citrulline, Gly,
glycine; Hci, bomocitrulline; Leu, leucine; Lys, lysine;
Pal(3), 3(3-pyridyDalanine; Nal(1), Nal(2), 3«(1-naph-
tylalinine, 3<2-naphthyDalanine; Orn, ornithine; Phe,
phenylalanine; Phe(4-Cl). 4chlorophenylalanine; Phe
(4-F), 4-flucrophenylalanine; Pro, proline; Ser, serine;
T:p. tryptophan and Tyr, tyrosine. All amino acids
described herein are of the L-series unless siated other-
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wise, e.g. D-Trp represeats D-tryptophan and D-
Nal(2) represents 3-(2-aaphthyl)-D-alanine.
Other sbbreviations used are:

ML Rt EHITNY

E.specnlly preferred are LHRH analogs of Formula I

X' 3 myl or carbamyl

R!is Pro, D—Phe, D=-Phe{4—Cl) or D—Nal(2),

R?is D—Phe(4—C) or D—Phe(4—F),

R}is D—Trp or D—Pal(3)

R¢ is D—Cit or D—Hci, and

RWis D—Ala

The peptides are syntbesized by a suitable method,
such as by exclusively solid-phase techniques, by partial
solid-phase techniques, by fragment condensation or by
classical solution phase synthesis (See M. Bodanszky,
“Principles of Peptide Synthesis™, Springer-Verlag,
1984).

For example, the techniques of exclusively solid-
phase synthesis are set forth in the textbook “Solid
Pbase Peptide Synthesis™, J. M. Stewant and J. D.
Young, Pierce Chem. Compeny, Rockford, Ill., 1984
(2nd. ed.), G. Barany and R. B. Merrifield, “The Pep-
tides™, Ch. 1, 1-285, pp. 1979, Academic Press, Inc.

Classical solution synthesis is dacribed in detail in
the treatise “Methoden der Or Chemic
(Houben-Weyl): Synthese voo Peptiden™, E. Wunsch
(editor) (1974) Georg Thieme Verlag, Stutigary, W.
Germany.

Comwmchsymhdsistheprowaionof:he
reactive side chain functional groups of the various
amino acid moicties with suitable protecting groups
which will prevent a chemical reaction from occurring
st that site until the group is ultimately removed Usu-
ally alko common is the protection of an alpha-amino
group on an amino acid or a fragment while that entity
reacts a1 the carboxyl group, followed by the selective
removal of the alpha-amino protecting groups to allow
subsequent reaction to take place at that location Ac-
cordingly, it is common that, as a step in the synthesis.
sn intermediate compound is produced which includes
each of the amino acid residues located in its desired
sequence in the peptide chain with side-chain protecting

linked to the sppropnate residues.

In Formula I

R!, R, and R3 are as defined herem:bove

X!is hydrogen or an acyl group derived from straight

or branched chain aliphatic or alicvelic carboxylic
acids having from ! to 7 carbon atoms. or an alpha-
amino protecting group. The alpha-amino protect-
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ing groups contempiated by X! are those well
known 1o be useful in the art of step-wise synthesis
of polypeptides. Among the classes of alpha-amino
protecting groups which msy be employed as X!
may be mentioned flworoenyimethyloxycarbonyl

*  (Fmoc) or t-butyloxycarboayl (Boc).

X¢ may be a suitable protecting growp for the hy-
droxy! group of Ser sach s denzyl (Bal), and 2,6
dichloro-benzyl (DCB). The preferred protecting
group is Bzl

X3 may be s suitable protecting group for the pheno-
lic hydroxy! group of Tyr, sach as Bzl, 2-Br-Z and
2.6-dlchloro-benzy| (DCB) The preferred protect-
mg group is DCB.

X¢ is a suitable protecting group for the side chain
amino poupofl.ysuOn. Maostrative of suitable

side chain amino groups ase beazylox-
ycarbonyl (Z), and 2-chioro-bearyloxycarbonyl
((Z-2-Cny).

X% is a suitable protecting group for the guanidino
group of Arg, such as sitro, Tos, methyi-(t-butyl
benzene)-sulfonyl, 4-methoxy-2,3,6-trimethylben-
zenesulfonyl; Tos is the preferred growp.

X!0is an amide protectiag huzhydrylanethybenz
hydryl group incorporated into resin sapport; for
the synthesis of peptide amides 98% styrene-2%
divinylbenzene copolymers cootaining benzhydryl
amine or methylbenzhydryl amine groups are pre-
ferred.

The selection of a side chain amino protecting group
is not critical except that generally one is chosen which
is not removed during deprotection of the alpha-amino
groups during the synthesis.

The peptides of Formala ] may be from istermediate
peptide-resins of Formuls 11 by procedures known in
the art. Thesohdphuesynhmofmmdnupep-
tide-resins of Formula II is essentially carried out as
described by Merrifield, J. Am. Chem. Soc., 85, p. 2149
(1963). Solid phase synthesis s commenced from the
C-terminal end of the peptide by coupliag 2 protected
amino scid 10 a suitable resin Such a starting material
can be prepared by attaching -amino protecied Gly or
D-Ala by an amide bond 10 a benzylhydrilamine resin.
Such resin supports are commercially available and
generally used when the desired polypeptide being syn-
thesized has an carboxamide st the C-terminal.

The selcction of an appropriste coupling reagent is
within the skill of the an. Particularly suitable as 2
c(gu;élmg reagent is N.N'w carbodiimide

)

Each protected mdamﬂwﬂ
introduced into the solfid phase reactor im sbout 3 two-
three fold excess, and the may be carried out in
a medium of DMF-CH>C); (1:1) or in CH;Ch slowe. In
cases where incomplete coupling occurs, the coupling
procedure is repeated before removal of the alpha-
amino protecting group prior to the coupling of the next
amino acid. Themdbmph;rmuach
stage of the synthesis, is preferably monitored by the
ninhydrin reaction, as described by E. Kaiser, et al.,
Anal Biochem., 34, 595 (1970).

After the desired amimo acid sequence of intermedi-
ates B has been completed, the terminal Boc group is
removed and if desired, N-terminal acylation carried
out using the appropriate acyl anhydride or acid chio-
nide in 50-fold excess m 8 halogenated hydrocarbon
solvent; suitably. acetic anhydride in methylene chio-
nde for 30 minutes. The intermediate peptide can be
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resia support by treatment with a
reagent such as liquid hydrogen fluoride, which not
oaly cleaves the peptide from the resin but also cleaves
all remaining side chain protecting groups X*, X3, X8,

m&;mh&fadﬁm&muole
sod, if desired, methylethyl sulfide are
smitﬁemv&d.

Peptides of Formala H wherein R*¢ s D-Lys or
and X*is hydrogen, are comverted into peptides
Formuls ] by treatment with cyanate, suitably an
alkal metal cyaaste, preferably powassium cyanate, or
an N-alkylfisocyamste, for instance, N-cthylisocyanate,
hwamw.ltehnami.e..
trassformation of Ora/Lys-peptides into the corre-
mw«:uwﬂywby
wing MeCN-aqueons TFA systems because of 2
Mzcm—smammuon
times of Cit/Hci—aend, for example, C(Et)/Hci(Et)-
peptides relative 10 the correspoading Orn/Lys-pep-
When acylation is omitted, treatment of peptide-
resins of Formuls 11 bydrogen fluoride yields

5
ft

i§

where X!, X4, X3, X8, X, sad, if present, X¢are hydro-
gen These free peptides are converted into peptides of
Formula 1 wherein X s carbamyl by treatment with
Cysnste, suitably an alkali metal cyanate, preferably
potassium The latter reaction, ie., transforma-
tion of HaN isto HiN—CO—NH a1 the amino terminus
of peptides aad coaversioa of the Orn/Lys residues into
the Cit/Hci residues, cas be easily followed by HPLC
using MeCN-agueoas TFA systems, because of a char-
acteristic 2-3 min increase of the retention times of
carbamylated peptides, ie, compounds with HyN—
CO—NH— growp, reistive to their congeners with

H;3N group.

¥ and preferably, peptides of Formula 1
wherein X B am acyl or carbamyl group, are directly
obtained by cleavage sad deprotection of intermediate
peptide-resins of Formmls II, where X! is an acy! or
carbamyl growp aad R s D-Cat or D-Hci.

Although sa exclusively solid-phase synthesis and 2
partially solid-phase symthesis of compounds of For-
muls ] are disciosed herein, the preparation of the com-
pounds also cam be realized by classical solution-phase
methods.

The synthetic peptides prepared as described in the
Examples are compared with two of the most potent
LHRH sstagomists reported recently, ie, [Ac-D-
Phe(4-CD'2, D-Trp®, D-Argé, D-Al19) LHRH (ORG-
30276) (Coy. &1 al, Eadocrimology, 100, 1445, 1982) and
[Ac-D-Nal@)), D-Pbe(4-F)3, D-Trp’, D-Argf] LHRH
(ORF 15260) (Rivier, et al, In- Vickery, B. H_, Nestor,
Jr.1. ). Hafez, E. S. E (eds.), LHRH and Its Analogs,
pp- 11-22, MTP Press, Lancaster, UK, 1934), and are
found 10 exert similarly high inbibitory activities both in
vitro and in vivo, bet, malike to the control peptides, not
to produce the ia vivo edematous effects.

Hormonal activities i vitro are compared in super-
fused rat pitwitary cel systems (S. Vigh and A. V.
Schally, Peptides. S suppl. 1: 241-247, 1984) in which
the effectiveness of LHRH (snd other releasing hor-
mones) can be accurately evaluated since the amount of
LH (or other pituitary bormones) secreted into the
effluent medium is not only proportional 10 the hor-
mone-relessing potency of the peptide applied but also
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measurable resdily by well-characterized radioimmuno-
assays.

To determine the posency of sa LHRH sntagonist,
mixtures containing LHRH is a constant concentration
(usually | nM) aad the antagouist in varying concentra-
tions are used for the superfesios i order to determine
the molecular ratio of the antagomist 10 LHRH at which
the action of LHRH is completely blocked. These ratios
are about § for both peptides of the present invention
and the control peptides whea the rat pituitary cell
system is preincubsted with astagouists for 9 minutes.

lnmlntiovuhtory'-vivol-y(A.Cabinde.
W. Beattie; Endocr. Res. Commua. 2, 1-23, 1975 D. H.
Coy, et al., Endocrinology, 100, 1445, 1982), the pep-
tides of the present investion are also fowad to be about
equipotent to the costrol sstagonist, mamely,
87.5-100% blockade of ovalation can be observed at 3
subcutaneous dose of 1-3 ug/rat for each peptide.

In the edematogenic test of Schmidt, et al. (Contra-
ception, 29, 283-289, 1984), however, a marked differ-
ence can be found betwees the control peptides and the
peptides of the present imvestion. The coatrol sdminis-
tered subcutaneously im vats 2t doses of 1.25 or peptides
produce edema of the face and extremities when 1.50
mg/kg. No such reaction can be observed with the
peptides of the present invention when given at 2 subcu-
taneous dose of 1.5 mg/kg.

In the tests as run, the rats were assigned to three
groups of five rats per grosp per compound tested.
Comparison was made with a ksown prior an com-
pound designated ORG 30276 mamely (N-Ac-D-p-Cl-
Phe!2,D-Trp?, D-Argé,D-Als™)-LHRH. The groups
were injected sobcuntanecwsly once a day on two con-
secutive days with the LHRH antagonists st a dose
level of 1.5 mg/kg. Onme control group was injected
with diluent only. The rats were observed during five
hours each day. Reactions of the rat; were classified as
follows: NR no apparest reaction, PR partial respond-
ers: edema of the nasal and paranasal area, FR full re-
sponders: facial edema with edematous extremities.

These results are summarized i Table 1 below.

TABLE 1

LHRH 1t Dev 2ad Doy

Antagonist NR ) ¢ 3 FR NR m FR
ORG 30276 3 ? [ ] [} 0 10
Control (] [ ° ’ 0 0
EX 11 ] ° [ 3 0 0
EXV ] ° ° s 1° 0
EX IV 9 [} [ ] [} 0
EX1 ] ¢ .© s 0 0
EX XX [} ° [ ] ] o 0
EX XX1 [ [ [ ’ [} 0
EX XXV1 ] [ ) 3 [} 0
EX XXv11 2 ° [ L] [} 0

*Vary light atems of the fase.

LHRH secretion in vitro at some reasooable concentra-
tion, although most are shghtly less potent than the
present standard in vitrg;, bowever, these peptides are
much more potent in vivo.

This was shown by a test on histamine release in vitro
from peritoneal mast cells carried omt i accordance
with the procedure of Morgas et al (Int. Archs. Allergy
appl. Immun. 30, 70 1986).

Histamine Release 1a Vitro

In this test rats were amesthetized with ether and
peritoneal exudate cell were harvested by washing with
12 ml. of mast cell medium (MCM) (150m M NaCl;
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3.7m M KCk 3.0m M NeHPOg; 3.5m M KH;PO.,
0.98m M CaCl; 5.6m M dextrose; 0.1% bovine serum
albumin; 0.1% gelatin and 10 waits/mi heparin){9). Celis
from 4 or 5 rats were pooled, ceatrifuged at 120 g,
resuspended with MCM 10 a coacentration of 0.5 % 10¢
ml and | ml was aliquoted imto 12X 75 mm polyethylene
tubes. Tubes were equilibrated to 37° C. for 15 min and
incubated alone (backgrowad histamine release), with
48/30 (positive contral) (Sigms Chemicals, St. Louis,
Mo.), or with sppropriate concentrations (1 ng through
10 ug/ml) of LHRH aatagomists for 60 min. The reac-
tion was terminated by cooliag the tubes to 4° C. Tubes
were centrifeged; supermatamts were recovered and
stored st —20° C. until sssayed for histamine. Assays
were performed in duplicate. Total cell histamine was
determined by boiling for 10 min. Histamine released in
reponse to antagonist was expressed as 3 percentage of
total release. That concestration_that released 50% of
total mast cell histamine (HRDy ug/mil) was deter-
mined for esch antagomist The results are summarized
in FIG. 1. -

All of the peptides are comnsidered to be effective to
prevent ovulstion of female mammals at very low dos-
ages. The peptides of the imvention are often adminis-
tered in the form of pharmaceutically acceptable, non-
toxic salts, such as acid addition salts. Ilustrative of
such acid addition saits are hydrochloride, hydrobro-
mide, sulphate, phosphate, fumarate, gluconate, tan-
nate, maleste, acetate, citrate, benzonate, succinate,
alginate, pamoste, malate, ascorbate, tarirate, and the
like. If the active ingredient is 10 be administered in
tablet form, the tablet may contain s pharmaceutically
acceptable dilment which imcludes a binder, such as
tragscanth, corn starch or gelatin; a disintegrating
agent, such as alginic acid and a lubricant, such as mag-
nesium stearste.

If administration in Bquid form is desired, sweetening
and/or flavoring may be used as part of the phar-
maceutically-scceptable diluent, and intravenous ad-
ministratios in isotosic saline, phosphate buffer solu-
tions or the like may be effected.

The pharmaceutical compositions will usually con-
tain the peptide in conjunction with a conventional,
pharmaceutically-scceptable carrier. Usually, the dos-
age will be from about 1 10 sbout 100 micrograms of the
peptide per kilogram of the body weight of the host
when given intravenously; oral dosages will be higher.
Overall, trestment of smbjects with these peptides is
generally carried out is the same manner as the clinical
treatment wiing other antagonists of LHRH.

These peptides can be admimistered 10 mammals in-
travenously, subcutaneowsly, imtramuscularly, orally,
intranasally or intravaginally 10 achieve fertility inhibi-
tion and/or control and also in applications calling for
reversible suppression of gonadal activity, such as for
the management of precocious puberty or during radia-
tion- or chemo-therapy. Effective dosages will vary
with the form of sdministration and the particular spe-
cies of mammal being treated. An exampie of one typi-
cal dosage form is a physiological saline solution con-
taining the peptide which solution is administered to
provide a dose in the range of about 0.1 to 2.5 mg/kg of
body weight. Oral admimistration of the peptide may be
given in either solid form or liquid form.

Although the inveation has been described with re-
gard to its preferred embodiments. it shouid be under-
stood that changes and modifications obvious 10 one
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having the ordinary skill in his art may be made without
departing from the scope of the invention, which is set
forth in the claims which are appended thereto. Substi-
tutions known in the art which do not significantly
detract from its effectiveness may be employed in the
invention.

EXAMPLE 1
The synthesis of an analog of the formula:

Ac—D-Nal(2)=—D—Phe(4—CN—D—Tr-
p—Set=Tyr—D—Hci—Les—Arg—
Pro—D-—Als~—NH;

was commenced with the preparation of the intermedi-
ate peptide Ac-D-Nal(2)-D-Phe(4-Cl)-D-Trp-Ser-Tyr-
D-Lys-Leu-Arg-Pro-D-Als-NH;. The intermediate
peptide was built step by step on a benzhydrylamine
resin containing about 0.6 m. equiv. NHy/g (from BA-
CHEM) on a Beckman 990 synthesizer starting with the
Boc-D-Ala in accordance with the procedures set forth
below.

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

SCHEDULE A
Mixing Tume
Reagem (mins)
I. Boc Amino Acd 60-9%0

(0.9-1.2m molesg. resin) +

equiv amt. of DIC
2. MeOH (twice) 1
3. CHCl; (twice) ]

Deblocking is carried out in accordance with Sched-
ule B as follows:

SCHEDULE B
Mizsing Time

Reagent (aming )

4. 30% TFA/1% cthanedithiol ia 15&18
CH,C1; (twice)

5. IpOH/1% ethane dithiol 1
6. 10% TEA in CH;O); 2
7. MeOH 1
8. 10% TEA in CH;OYy 2
9. MeOH (twice) 121
10. CHClh (twice) 1481

Briefly, Boc is used for N-terminal protection. Tos is
used fto protect the guanidino group of Arg. Z(2-Cl) is
used as the protecting group for the D-Lys side chain,
Bzl for the OH group of Ser and Tyr is protected with
DCB. - N

One and a half to two-fold excess of protected amino
acid is used based on the NHycoutent of the benzhy-
drylamine-resin, olus one equivalent of DIC im CH,Cl;
or 10-50% DMF/CH;Cl;, depending on the solubility
of Boc-amino acid, for two-hours.

N-Terminal acetylation is performed with a 50-fold
excess of acetic anhydride in CHyCl; for 0.5 hours. The
protected intermediate peptide’thus obtained has the
following composition:

o il
r:Lcu—Ar;(XT:—OP‘ro—D—Ab—NH—X"

wherein

s
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X*is Bzl and
X3# DCB, Xt 202-C),
Xtis Tos, and

X10is 2 benzhydryl growp incorporated into the resin.

In order to cleave and deprotect the protected pep-
tide-resin, it is treated with 1.4 ml. m-cresole and 15 mi.
hydrogen fluoride per gram of peptide-resin for 0.5
hours at 0° and 0.5 howrs & room temperature. After
ecliminstion of hydrogea fiworide snder high vacuum.
the resin-peptide is washed with dicthyl ether and the
peptide is then extracted with DMF and separated from
the resin by filtration. The DMF solution is concen-
trated to a small volume wader high vacuum, then tritu-
rated with diethyl ether. The crude product thus ob-
tained is purified by preparative HPLC as described
below, 10 give the pure free itermediate pepaide having
the sbove-mentioned structare wherein X4, X3, X¢, X!
and X0 are hydrogen.

The free D-Lysé-comsiming imtermediate peptide is
then reacted with potasiom cyanste in 80% aqueous
DMF solutioa (31 mg. KCNO/ml), st ambient tempera-
ture for 24 bours. The reaction mixture, afier evapora-
tion under high vacuum, is ssbjected to purification by
preparative HPLC 10 yield the desired D-Hdi-contain-
ing peptide. The peptide & judged 10 be ssbatantially
(95%) pure by using HPLC. HPLC snalyses are carried
out in a Hewlett-Packard 1090A gradient bquid chro-
matographic system om a C18 columa (VYDAC
218TP546) eluted with solvents A: 0.1% TFA, B: 0.15
TFA in 70% CH;CN with a gradiest of 30-60% in 30
tide has a reteation times of 25.S minutes and 28.2 min-
utes respectively.

Purification of peptides & carried out on a Beckman
Prep-350 gradient liquid chrommtograph using a
4].4 X250 mm preparative reversed phase DYNEMAX
C18 cartridge (300A, 12 wa) with solvents A: 0.1%
TFA and B: Q1% TFA i 0% CH;CN and using a
gradient of 45-60% in 30 minutes The pure peptide
obtained as TFA salt, if desired, cas be coaverted to the
acetate form by passage through a» AG3X (Bio-Rad)
column in the acetate form followed by lyophilization.

EXAMPLE 11

The synthesis of the peptide Ac-D-Nal(2)-D-Phe(4-
C1)-D-Trp-Ser-Tyr-D-Hci(Es)-Lev-Arg-Pro-D-Ala-
NH2 accomplished by rescting the the imtermediate
peptide Ac-D-Nal(2)-Phe{d-C3)-D-Trp-Ser-Tyr-D-Lys-
Leu-Arg-Pro-D-Ale-NH2 described in Example 1, with
N-ethylisocyanate in DMF @©.1 mg. in 0.01 ml per gm
of intermediate) at 0°-10° for 10 howrs. Reteation time
for the desired peptide is 303 min.

EXAMPLE Il

The synthesis of the peptide Ac-D-Nal(2)-D-Phe(4-
CI)-D-Trp-Ser-Tyr-D-Cat-Lewv-Arg-Pro-D-Ala-NH2 is
conducted as described in Example | with the exception
that Boc-D-Ora(Z) is incorporated in place of Boc-D-
Lys{Z<2-C1)) in position 6 of the imtermediate peptide
to sfford another intermedinte peptide having the for-
mula Ac-D-Nal(2)-D-Phee (4-C0)-D-Trp-Ser-Tyr-D-
Om-Leu-Arg-Pro-D-Ale-NH;, which is then similarly
converted to the desired peptide. This intermediate
peptide and the desired peptide have HPLC retention
times of 25.5 min. and 27.8 min., respectively.

032



198,050

11
EXAMPLE IV

The synthesis of the peptide Ac-D-Nal2)-D-Phe(4-
Cl)-D-Trp-Ser-Tyr—D-Cu(Et)—Len—An-ho—D—Ah—
NH; is accomplished by reacting the the intermediate
peptide Ac-D-Nal(2)-Phe(4-CT)-D-Trp-Ser-Tyr-D-
Orm-Leu-Arg-Pro-D-Ala-NH; described in Example
111, with N-ethylisocyanate in DMF (0.1 mg. in 10 ml.
per gm of intermediate) at 0°-10° for 10 hours. Reten-
tion time for the desired peptide is 30.4 min.

EXAMPLE V

The synthesis of the peptide Ac-D-Phe(4-CT)-D-
Phe(4-Cl)-D-Trp-Ser-Tyr-D-Hci-Lew-Arg-Pro-D-Ala-
NH; is conducted as described in Example 1, with the
exception that Boc-D-Phe(4-Cl) is incorporated im place
of Boc-D-Nal(2) in position 1 of the intermediate pep-
tide to give another intermediate peptide havimg ther
formula Ac-D-Phe(4-Cl)-D-Phe(4-CT)-D-Trp-Ser-Tyr-
D-Lys-Leu-Arg-Pro-D-Ala-NH;, which in thea simi-
larly converted to the desired peptide. This intermedi-
ate peptide and the desired peptide have retention times
of 24.0 min. and 26.6 min., respectively.

EXAMPLE V1

The synthesis of the peptide Ac-D-Phe(4-Cl)-D-
Phe(4-C})-D- Trp-Ser-Tyr-D-Ha(Et)—Ln-Ar;-Pm-D-
Ala-NH; is accomplished by reacting the the intermedi-
ate peptide Ac- D-Phe(4-Cl)-Phe(4-CI)-D-Trp-$=l'-Tyf-
D-Lys-Leu-Arg-Pro-D-Ala-NH; described in Ezsmple
V with N-ethylisocyanate in DMF (0.1 mg_ is 10 ml.
per gm of intermediate) at 0°-~10° for 10 bours. Reten-
tion time for the desired peptide is 292 min.

EXAMPLE VI

The synthesis of the peptide Ac-D-Phe(4-Cl)-D-
Phe(4-Cl)-D-Trp-Ser-Tyr-D-Cit-Lew-Arg-Pro-D-Als-
NH; is conducted as described in Ezample 1, with the
exception that Boc-D-Phe(4-Cl) is incorporated im place
of Boc-D-Nal(2) in position | and that Boc-D-Ora(Z) is
incorporated in place of Boc-D-Lys{Z{2-Cl)] ia position
6 of the intermediate peptide to yield another imermedi-
ate peptide having the formula Ac-D-Phe(4-CT)-D-
Pbe(&Cl)-D-’l‘rp-Ser-Tyr-D-Ora-La-ArrP»D-Ah-
NH;, which is then similarly converied 10 the desired
peptide This intermediate peptide and the desired pep-
tide have retention times of 24.0 mia and 263 min,
respectively.

EXAMPLE VIl

The synthesis of the peptide Ac-D-Phe(4-Q3)-D-
Phe(4-C1)-D-Trp-Ses-Tyr-D-Cin(Et)-Les-Arg-Pro-D-
Ala-NH; is accomplished by reacting the istermediate
peptide Ac-D-ﬂe(LCJ)-D-M@D-TrySa-Tyr-
D-Orn-Leu-Arg-Pro-D-Ala-NHj described im Esample
V11, with N-ethylisocyanate in DM (0] mg. im 10 ml.
per gm of intermediate) at 0°-10° for 10 bours. Reten-
tion time for the desired peptide is 28.6 min.

EXAMPLE IX

The synthesis of the peptide Ac-D-Nal(2)-D-Phe(4-
Ci)D-Trp-Ser-Tyr-D-Hci-Leu-Arg-Pro-Gly-NH; is
conducted as described in Exampie 1 0 afford amother
intermediate peptide having the formala Ac-D-Nal(2)-
D-Phe(4-C1)-D-Trp-Ser-Tyr-D-Lys-Lew-Arg-Pro-Gly-
NHj, which is then similarly coaveried to the desired
peptide. This intermediate peptide and the desired pep-
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tide have HPLC retention times of 24.8 min. and 27.4
min., respectively.

EXAMPLE X

The synthesis of the peptide Ac-D-Nal(2)-D-Phe(4-
Cl1)-D-Trp-Ser-Tyr-D-Hei(Et)-Len-Arg-Pro-Gly-NH;
is accomplished by reacting the the intermediate pep-
tide  Ac-D-Nal(2)-Phe(4-CI)-D-Trp-Ser-Tyr-D-Lys-
Leu-Arg-Pro-Gly-NH; described in Exampie IX with
N-ethylisocyanate in DMF 0.1 mg. in 10 ml. per gm of
intermediate) at 0°-10° for 10 bours. Retention time for
the desired peptide is 30.0 min.

EXAMPLE X1

The synthesis of the peptide Ac-Pro-D-Phe(4-C1)-D-
Trp-Ser-Tyt~D-Hc:-Len-A:; Pro-D-Ala-NH; is con-
ducted as described in En:nplz I with the exception
that Boc-Pro is incorporated in place of Boc-D-Nal(2)
in position 1 of the intermediate peptide to afford an-
other intermediate peptide having the formula Ac-Pro-
D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Lys-Leu-Arg-Pro-D-
Ala-NHj, which is thea similarly converted to the de-
sired peptide. This intermediate peptide and the desired
peptide have reteation times of 16.8 min. and 19.3 min.,
respectively.

EXAMPLE X1I

The synthesis of the peptide Ac-Pro-D-Phe(4-Cl)-D-
Trp-Ser-Tyr-D-Hei(Et)-Leu-Arg-Pro-D-Ala-NH: s
accomplished by reacting the the intermediate peptide
Ac-D-Pro-Phe(4-C1)-D-Trp-Ser-Tyr-D-Lys-Leu-Arg-
Pro-D-Ala-NH; described in Example X1, with N-
ethylisocyanate in DMF (0.1 mg. in 10 mi. per gm of
intermediate) at 0°-10° for 10 bours. Retention time for
the desired peptide is 22.0 min.

EXAMPLE X111

The synthesis of the peptide Ac-Pro-D-Phe(4-Cl)-D-
Trp-Ser-Tyr-D-Cit-Lewv-Arg-Pro-D-Als-NH: is con-
ducted as described in Example I, with the exception
that Boc-Pro is incorporated in place of Boc-D-Nal(2)
in position 1 and that Boc-D-Orn(Z) is incorporated in
place of Boc-D-Lys[Z(2-C0)] in position 6 of the inter-
mediate peptide to yield another intermediate peptide
baving the formula Ac-Pro-D-Phe(4-Cl)-D-Trp-Ser-
Tyr-D-Orn-Len-Arg-Pro-D-Ala-NH;. This intermedi.
ate peptide and the desired peptide have retention times
of 16.85 min. and 18.8 min., respectively.

EXAMPLE XTIV

The synthesis of the peptide Ac-Pro-D-Phe(4-Cl)-D-
Trp-Ser-Tyr-D-Cit(Et)-Lev-Arg-Pro-D-Ala-NH; is
conducted as described in Example V1, with the excep-
tion that the intermediate peptide Ac-Pro-D-Phe(4-Cl)-
D-Trp-Ser-Tyr-D-Om-Leu-Arg-Pro-D-Ala-NH;  de-
scribed in Example X111 is rescted with N-ethylisocya-
nate The desired peptide has a retention time of 24.9
min.

EXAMPLE XV

The synthesis of the peptide Ac-D-Phe-D-Phe(4-Cl)-
D-Trp-Ser-Tyr-Hci-Leu-Arg-Pro-D-Ala-NH: is con-
ducted as described in Exampie I, with the exception
that Boc-D-Phe is incorporated in place of Boc-D-
Nal(2) in position 1 of the intermediate peptice to yield
another intermediate peptide having the formula Ac-D-
Phe-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Lys-Leu-Arz-Pro-D-
Ala-NH;, which is then similarly convented to the de-
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sired peptide This intermediate peptide and the desired
peptide have HPLC retention times of 20.8 min. and
23.4 min., respectively.

EXAMPLE XVI

The synthesis of the peptide Ac-D-Phe-D-Pbe(4-C)-
D-Trp-Ser-Tyr-D-Hei(Et)-Leu-Arg-Pro-D-Ala-NH; is
accomplished by reacting the the intermediate peptide
Ac-D-Phe-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Lys-Leu-
Arg-Pro-D-Ala-NH; described in Example XV, with
N-ethylisocyanate in DMF (0.1 mg. in 10 ml. per gm of
intermediate) at 0°~10° for 10 hours. Retention time for
the desired peptide is 26.0 min.

EXAMPLE XV1I

The synthesis of the peptide Ac-D-Phe-D-Pbe(4-Cl)-
D-Trp-Ser-Tyr-D-Cit-Leu-Arg-Pro-D-Als-NH; is con-
ducted as described in Example 1, with the exception
that Boc-D-Phe is incorporated in place of Boc-D-
Nal(2) in position 1 and that Boc-D-Orn(Z) is incorpo-
rated in place of Boc-D-Lys{Z(2-C1)] in position 6 of the
intermediate peptide to yield another intermediate pep-
tide having the formula Ac-D-Phe-D-Phe(4-C1)-D-Trp-
Ser-Tyr-D-Orn-Leu-Arg-Pro-D-Ala-NH;. This imter-
mediate peptide and the desired peptide have retention
times of 21.0 min. and 23.] min., respectively.

EXAMPLE XV1Il

The synthesis of the peptide Ac-D-Phe-D-Phe(4-Cl)-
D-Trp-Ser-Tyr-D-Cit(Et)-Leu-Arg-Pro-D-Als-NH; is
accomplished by reacting the the intermediate peptide
Ac-D-Phe-D-Phe(4-Cl)-D-Trp-Ser-Tyr-D-Om-Leu-
Arg-Pro-D-Ala-NHj described in Example XV11, with
N-ethylisocyanate in DMF (0.1 mg. in 0.0] ml. per gm
of intermediate) at 0°-10" for 10 hours. Retention time
for the desired peptide is 25.4 min.

EXAMPLE XIX
The synthesis of an analog of the formula:

Ac—D=—=Nal(2 )= D= Phe(é~Cl)=~D—Tr-
p—Ser—Tyr—D—Hci—Lev-—~Arg~— -
Pro—D--Ala—NH; '

peptide was built step by step on a benzhydrylamine
resin containing about 1 0 m. equiv. NHy/g (from BA-
CHEM) on a Beckman 990 synthesizer starting with the
Boc-D-Ala in accordance with the procedures set forth
below.

Coupling is carrié out in accordance with Schedule
C as follows:

_SCHEDULEC _
- Mizing Time
Ragent (mins)
1. Boc Amuno Acid 60-%0

(2-3o mole/g. resin) —

equiv amt. of DIC
2. MeOH (twace) !
3. CH;Cl (twace) \

Deblocking is carried out in accordance with Sched-
ule B as follows:
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~SCHEDULED
Mining Time
Reagent (—}
4. 0% TFA/1% ethanedithuol in S&1s
CHYQ; (twice)
3. IpOH/1% ethane dithuol 1
6. 10% TEA in CH:O); 2
7. MeOH 1
8. 10% TEA is CH:O) 2
9. MeOH (twice) 141
10. CHCly (twice) 181

Briefly, Boc is used for the protectios of the alpha-
amino groups. Tos is used to0 protect the quanidino
group of Arg. DCB is used as the protecting group for
the phenolic hydroxyl group of Tyr, sad the OH group
of Ser is protected with Bzl. Two to three-fold excess of
protected amino acid is used based on the NHr-coatent
of the benzhydryl-amine-resin, plus ame equivalent of
DIC in CH;Cl; or 10-50% DMF/CHyCh, depending
on the solubility of Boc-amino acid, for two hours.

N-Terminal acetylation is performed with a 50-fold
excess of acetic anhydride in CHxCl; for 0.5 hours. The
protected intermediate peptide thus obtained bas the
following composition:

Ac—D—Nal(2)—D—Phe(4—CN—-D—Tr-
Ser(X*)—Tyr—(X YD—Hci—Lew—ArgiX-
P Pro—D—Als—NH—xX"®

wherein

X¢is Bzl and

Xsis DCB,

X3is Tos, and X'%is a benzhydry! grosp incorporated

into the resin.

In order to cleave and deprotect the protected pep-
tide-resin, it is treated with 1.4 ml. m-cresole and 15 ml.
hydrogen fluoride per gram of peptide-resiv for 0.5
hours at 0" and 0.5 hours at room temperature. After
elimination of hydrogen fluoride under high vacuum,
the resin-peptide is washed with diethyl ether and the
peptide is then extracted with DMF aad separated from
the resin by filtration. The DMF solatios is concen-
trated 10 & small volume under high vacsmm, then tritu-
rated with diethy] ether. The crude product thus ob-
tained is purified by preparative HPLC as described
below 10 yield the desired D-Hci-comtaining peptide.
The peptide is judged to be substantially (95%) pure by
using HPLC. HPLC analyses are carried out in a Hewl-
ett-Packard 1090A gradient Bquid chsomatographic
system on 2 “PHENOMENEX"™ (W-Pores 5C18) col-
umn, eluted with soivents A: 0.1% TFA, B: 0.1% TFA
in 70% CH3;CN with a gradient of 35-75% i 30 min-
utes. The desired peptide has retention txme of 22.9
minutes.

Purification of peptides is carried owt on a Beckman
Prep-350 gradient liquid using a
41.4250 mm preparative reversed phase DYNAMAX
C18 cartridge (300A, 12 um) with solveats A: 0.1%
TFA and B: 0.1% TFA in 70% CH)CN and using 2
gradient of 45-60% in 30 minutes. The pure peptide
obtained as TFA salt, if desired, can be converted to the
acetate form by passage through an AG3X (Bio-Rad)
column in the acetate form followed by lyophilization.

EXAMPLE XX

The svnthesis of the peptide HiN-CO-D-Nai(2)-D-
l’he(4Cl)-D-Trp-Ser-Tyr-D-Hci-}.eu-A.r;-Pro—D—Aln-
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Niiz 15 conducted as described in Example XIX, with
the exception that HyN-CO-D-Nai(2) & incorporated in
place of Boc-D-Nal(?) in position 1, sad the N-terminal
acetylation is omitted t0 yicld the desired peptide with
reteation time of 24.0 min.

EXAMPLE XX1

The synthesis of the peptide Ac-D-Nal2)-D-Phe(4-
Cl)-D-Trp-Ser-‘l'yr-D-Gt—La-An—ho-D-Ah-NH: is
conducted as described in Example XIX, with the ex-
ception that Boc-D-Cit is incorporssed im place of Boc-
D-HciinpositionGto;ivetheddndp:pﬁdewixha
retention time of 22.5 min.

EXAMPLE XX11

The synthesis of the peptide Ac-D-Phe(4-Cl)-D-
Phe(4-Cl)-D-Trp-Ser-Tyr-D-Hci-Lew-Arg-Pro-D-Als-
NHziseonduc:edudeaNiwmwhh
the exception thst BOC-D-Phe(4-C)) is incorporated in
placeofBoc-D-Nal(l)'npoﬁ&llbp’velkddred
peptide with a retention time of 24.0 min.

EXAMPLE XX1N

The synthesis of the peptde Ac-D-Phe(4-Q)-D-
Phe(4-Cl)-D-Trp-Ser-Tyr-D-Cit-Lev-Arg-Pro-D-Ala-
NHj is conducted as described in Example XIX, with
the exception that Boc-D-Phe(4-Cl) &8 mcorporated in
place of Boc-D-Nal(2) in position 1 and that Boc-D-Cit
is incorporated in place of Boc-D-Hci in position 6 t0

* yield the desired peptide having a HPLC retention time
of 20.8 min.

EXAMPLE XXV

The synthesis of the peptide Ac-D-Nai(2)-D-Phe(4-
Cl)-D-Trp—Ser-Tyr-D-Hci—Ln—Ar&ProGly-NHz is
conducted as described in Example XIX, with the ex-
ception that Bec-Gly is incorporated im place of Boc-D-
Ala in position 10. The desired peptide thus obtained
has a HPLC retention time of 22.4 min.

EXAMPLE XXV

The synthesis of the peptide Ac-D-Nal(2)-D-Phe(4-
Cl)-D-Pnl(B)-Ser-Tyr-D-Hd-lxn-An-Pro—D-Ah-N’Hz
is conducted as described i Example XIX with the
exception that Boc-D-Pal(3) is incorporated in place of
Boc-D-Trp in position 3. The desired peptide has an
HPLC retention time of 13.6 min.

/ EXAMPLE XXV1

The synthesis of the peptide Ac-D-Nal-D-Phe(4-Cl)-
D-Pal(3)-Ser-Tyr-D-Ci -Lev-Arg-Pro-D-ANH: is
conducted as described in Example XIX, with the ex-
ception that Boc-D-Ca i incorporated i place of
D-Hciinposhion6mdﬂmnoc-l)-m)iw
rated in place of Boc-D-Trp in position 3. The desired
peptidehasmHPLCraaﬁuﬁneoﬂBJnin

EXAMPLE XXV1I

The synthesis of ide H N-CO-D-Nal(2)-D-
Phe(4-Cl)-D-Pal(3)-Ser-Tyr-D-Cit-Lev-Arg-Pro-D-
Ala-NH; is conducted as described in Example XIX,
with the exception that Boc-D-Ct is incorporated in
place of Boc-D-Hci in position 6, that Boc-D-Pal(3) is
incorporated in place of Boc-D-Trp in position 3, and
that N-terminal acetylation is omifted 10 yieid the inter-
mediate peptide H-D-Nak(2)-D-Phe(4-Cl)-D-Pak(3)-Ser-
Tyr-D-Cit-Leu-Arg-Pro-D-Als-NHy. The free peptide
thus obtained is then reacted with poussium cyanate in
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80% aqueous DMF (31 mg KOCN/300 mg. pep-
tide/ml) at ambient temperature for 24 bours The
reaction mixture, after evaporation under high vacuum.
is subjected to purification by preparative HPLC to
yield the desired peptide having HPLC retention time
of 14.4 min.
EXAMPLE XXV1II

The synthesis of the peptide H N-CO-D-Nal(2)-D-
Phe(t—Cl)-D-Pal(l)-S’a-Tyr-D-Hd-Leu—Ar;-Pro—D-
Ala-NH; is conducted as described in Example XIX,
with the exception that Boc-D-Pal(3) i incorporated in
piace of Boc-D-Trp im position 3 and that N-terminal
scetylation is omitted o yield the intermediate peptide
H-D-Nal(2)-D-Phe(4-C)-D-Pal(3)-Ser-Tyr-D-Hci-
Leu-Arg-Pro-D-Als-NH;. The free peptide thus ob-
tained is then reacted with potassinum cyanate in aque-
ous DMF (81 mg. KOCN/300 mg. peptide/ml.) at am-
bient mmhummmmmre.
sfier evaporation under high vacoum, is subjected to
pmifuﬁonbymmw;ivelhedesind
pepﬁdchavhglmm&nedld.‘l min.

EXAMPLE XXIX

The synthesis of the peptide H N-CO-D-Nal(2)-D-
Pbe(#Cl}D-Trp-Set—Tyr-D-Ch-WAr;—Pro-D-Ah-
NH; is commenced with the preparation of intermediate

i H-D-Nak2)-D-Pbe(4-Cl)-D-Trp-Ser-Tyr-D-
Cit-Lev-Arg-Pro-D-Als-NH;. The synthesis of the in-
termediate peptide is accomplished as described in Ex-
ample XIX, with the exception that Boc-D-Om(Z) is
incorporated in place of Boc-D-Hci in position 6 and
that N-tcrminalmyhﬁonisouined'ﬂ:efreeb—Om‘-
containing peptide is then reacted with potassium Cya-
nate in 80% aqueous DMF (162 mg. KPCN/300 mg.
peptide/ml.) at ambient temperature for 24 hours. The
resction mixture, after evaporation under hizh vacuum,
is subjected to purification by preparative HPLC 10
yield the desired peptide with s HPLC retention time of
23.6 min.

EXAMPLE XXX

The synthesis of the peptide H;jN-CO-D-Nal(2)-D-
l’be(l—Cl)-D-TrpSe:-‘l‘yt-D-Hci-Ln-Arg-Pro—D—Ah-
NH; is commenced with the tion of intermediate
peptide H-D-Nak2)-D-Pbe(4-C1)-D-Trp-Ser-Tyr-D-
Lys-Leu-Arg-Pro-D-Als-NH;. The synthesis of the
intermediate peptide i - as described in
Example XIX, with the exception that Boc-D-Lys[Z(2-
CT)] is incorporated i piace of Boc-D-Hci m position 6
and that N-terminal acetylation is omitied. The free
D-Lysé-containing peptide is then reacted with potas-
sium cyanate in 30% aqueous DMF °164 mg.
KOCN/300 mg. peptide/ml) st ambient temperature
for 24 hours. The reaction mixture, after evaporation
under high vacuum, i subjected 10 purification by pre-
parative HPLC 10 yield the desired peptide with a
HPLC retention time of 24.0 min.

EXAMPLE XXX]

Tablet formulation for buccal (e.g., sublingual) ad-

ministration:

1. LHRH Anuagonist 10.0 mg. Compressible Sugar,
USP 86.0 mg. Caicium Stearate 4.0 mg.

2. LHRH Antagonist 10.0 mg. Compressible Sugar.
USP 88.5 mg. Magnesium Stearate 1 5 mg.

3. LHRH Antagonist 5.0 mg. Mannitol. USP 83.5 mg.
Magnesium Starch, USP 1.5 mg.
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4. LHRH Anugonist 10.0 mg. Pregelatinized Starch,

USP 10.0 mg. Lactose, USP 74.5 mg. Pregelstinized

Starch, USP 15.0 mg. Magnesium Stearate, USP 1.5

mg.

Method A. LHRH Anuagonist is dissolved in a suff-
cient quantity of water to form a wet granulation when
mixed with the sugar portion of the excipients. Afier
complete mixing the granulation is dried in a tray of
fluid-bed dryer. The dry granulation is then screened 10
break up any large aggregates and then mixed with the
remaining components. The granulation is then com-
pressed on a standard tableting machine to the specific
tablet weight.

Method B. In this manufacturing method, al! formu-
lations would include 0.01% gelatin, USP. The gelatin
would be first dissolved in the aqueous granulstion
solvent followed by the LHRH analog. The remaining
steps are as in (a) above.

EXAMPLE XXXII
Long Acting Intramuscular Injectable Formulation

Long Acting iM. Injectable—Sesame Oil Gel LHRH
Anugonist 10.0 mg. Aluminum Monostearate, USP
20.0 mg. Sesame oil gs.ad 1.0 ml.

The aluminum monostearate is combined with the
sesame oil and heated 10 125° C. with sticring until a
cle.r yellow solution forms. This mixture is then auto-
claved for sterility and allowed to cool. The LHRH
antagonist is then added aseptically with triteration.
Particularly preferred LHRH antagonists are salts of
low solubility, €.8., 2inc salts, zinc tannate salts, pamo-
ate salts, and the like. These exhibit exceptionally long
duration of activity.
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EXAMPLE XXXIII
Long Acting IM Injectable—Biodegradable Polymer
Microcapsules

LHRH Antgonists 1% 25/75 glycolideNactide co-
polymer (0.5 intrinsic viscosity) 9%

Microcapsules (0°-150°) of above formulation sus-
pended in-

Dextrose 5.0% CMC, sodium 0.59% Benzyl alcohol
0.9% Tween 30 0.1% Water, purified g.s. 100.09% 25
mg. of microcapsules are suspended in 1.0 ml. of
vehicle.

EXAMPLE XXX1V
Aqueous Solution for Intramuscular Injection

LHRH Antagounist 500 mg. Gelatin, nonantigenic S mg.

Water for injection g.s. ad 100 mj.

mmnu.mmm: are dissolved in
water for injectioan, then the solution is sterile filtered.

Formulation for Rectal Administration
Suppository Vehicle for Rectal Administration

LHRH Antagouist S 0 mg. Witepsol H15 20.0 mg.
The LHRH antagonist s combined with the molten
Witepsol H1S, mixed with and poured into 2 gm. molds.
We claim:
1. A peptide having the formula:

X—R‘—l’—l’—Su—Tyl-l‘—Leu—Ar.—
Pro—R ”—NH;

wherein

X is aceryl,

Rlis D-Nai(2),

R2is D-Phe(4C1),

R3is D-Trp or D-Pai(3),

R¢is D-Cit or D-Hci, and

R¥is D-AlL
and the pharmaceutically acceptable acid addition salts
thereof.

2. A peptide of claim 1 wherein R3 is D-Pai(3).

[ ] [ ] L ] ] ]
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Granted: March 30, 19983

For: LHRH ANTAGONISTS )
.. Edimon, N. J. 08837

* -2 October 13, 1999

PETITION FOR ISSUANCE OF A mw CORRECTION

Hon. Commissioner of Patents and Trademarks ..
Washington, D. C. 20231 o

Sir:

The above-identified patant contains s Tm Blieciaimer over the original
expiry tarm of its parent application U. S. pam\l_,l,lﬂt

in view of the changs of the law aliowing,.for applications filed prior June 8,
1985 the choics of 17 yssr term from issuance, o & 20 year term from application,
said patent 4,800,191 now has sn expirstion de3s of Ady 17, 2007.

it will be noted that the present applicatiph ls-a gontinuation-In-part of the
parent and therefore, siso has sntittement to a 20 yearserm from the original date of
fiing. Sinca the Terminal Disciaimer dats as originmily Sigd (on July 17, 1992) does
not contsin a date for expiry, but rather reistag f» $s expiry dste of the patent

granted on the parent applicstion, itis respectfully yubmitmd that the above identified
X)) patentin fact, will expire on July 7th 2007. kt is therelsse requestad that a Certiticate

of Corraction noting this neW expiry dats be issud. -
The appropriste fee of $130.00 is onciossd heremith.

Applicant notas that the pravious Certificateaf Casaction requested on July 15,
1988 and recsived by the Patent Office on July;20, 1888 has nat yet been acted
upan. A follow-up on this matter is respectfully tgquastad.

'::.. W,
T, > “

Tele: 732-484-5240 ) - 9.
c:\wpS1\shal\O4c1.pet . Ropis. No. 22,940

X) it meust read July 4 2004 | ' -
) we have afreacly Iu?ﬂrmea’ our thm, hda/ ! 5

Z8 oy SNV 3 W38 GZYSIEHTEL 8Z:c1 6B61/ET/81

Ad0J 3191SS0d 1539
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Law Ornices
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[ NS "o . '. FATOMIE ABR

™homas L asems 323 Mierson m T TRANCMARRS
SENARD 4 WEISER ¢ - Coisow, N” Jeasey °.d_ . ) uosmstOwN arricy
sapnieL Lormz b bapmased R e prac
oF TRUNASL GASLE LAY SINSOR A - I pawe [
Ml 4 (738) Aps-0eny 2 Ml.%m.l,-,*qnoo
«Pa an o3y : S0 foem. satbsscaniv 'S . W7 SRy
mmt b Agsorcure ornige
30
."‘,‘ﬁ,. oo w1888 & Qrame £
F o PR £3@ .UMM ATALT )
ST SNILADEL M, Ba 19107
October 15, w e (19) a73-a 38
% N 4

18

et ) PLEASE ALY 107 FTINON

Mr. K. L. Dekker 8, o
ASTA Madics AG '
Patent Dept.
Radebeul
Meissner Str. 35

-

MTELEFAX
2?1,49-351-334_ 1945

Sy fnﬁ Oi#hv! 0P
R .u,v ‘ A

D-01445 5
Germany il «"i

( ..
RE: SHAL 3.0-004 - U. S. Patent 6,198, 5334“&1.. PAT/DE 87229 PH

Dear Mr. Dekker: --_‘

1

- s‘ .
With reterence to the above-identifisd magee, ﬁuo find enclosed herewith a
copy of Amendment to Petition for Issuance of;mm of Correction.

~h

~
.

" Very truly yours,

. Omri M. Behr

LR P

dorey vl "l’-"'.-
. e M.

TR Y PUNSE -"-"u\"' ‘
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Applicant: Andrew V. Schally, et al. : _;.'_;
Serial No.: 197,153 --’f ;T
Patent No: 6,198,533 Wt
Granted: March 30, 1993 I

For: LHRH ANTAGONISTS R

. i Edison, N. J. 08837
--};3 October 15, 1999

AMENDMENT '!0
PETTTION FOR ISSUANCE OF A csa‘rmcr CORRECTION

RS

Hon. Commissioner of Patents and Trademarks .. 1. ;{

Washington, D. C. 20231 .3 e
Sir: .y

On October 13, 1999, Applicant submk-i ahﬂmn for Issuance of a
Centificate of Correction with respsct to true explgy.tn.'wmlo the document for the
Certificate of Correction bears the correct expir o d!nuly 17th, it was noted thar
by oversight the date requested on the actual izl xwas given as July 7, 2007
rather than the correct date of July 17, 2007. . x. . -:..,.

£ Padfibctfully submitted

¢ - <

:- e - [P .
Tele: 732-494-5240 : OifEM. Behr
c:\wpS1\shahOd4c2.pet- i Nugle No. 22,940

G
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Law Orsices

-

Benr & ADAQH 5

A Y

pEaie

o 328 Pesson Mm%
N tm»,nnm onitgn ,1’3‘,
Ry~ mw‘“ ".;' . o
- ha 84S OMLY :::‘m“": :
October 13, 1:»
Mr. K. L. Dekkar e . .j
ASTA Medica AG She
Patent Dept. G "?RSAX
Radebeul "w";:.-.‘o,?
Meissner Str. 35 Sl o
D-01445
Germany .;g--: -

RE: SHAL 3.0-003 - U. §. Patent 4,800, 191" :
SHAL 3.0-004 - U. S. Patent 5,188, 533 :

Dear Mr. Dekker:

- - oy p U H
£onooR

T ) ke 10899

Pattnt’ anD
TOANE WARNS,

NARME AWK ©re !

0 PakE I aC]
MOOMETOWN, N, & HPIEN
({24 |l sln -p

ll@fn 1w oree

weéISTe A nYAMESD
2360 B9 SIR0AY
PUILADELIIA, PA INIOP
hE) AYR-A4

PLPALE ARLMY 181 ¢ 1 il

351-834-1845

.t PAT/DE 87229 PH

Further to my tolophono message to you,, J mﬁnﬂm that your view of the
uly 17, 2007. With respect

expiry date of the sarlier patent is corract, that It
to respect to U. S. patent 5,198,533, this patay
date, but does not receive it automatically. Iti§.ne

Corraction which, sccording to the official in m' 3 '_

morning, will automatically be granted.

D

Petition.

gr\w:;g% \shaN03cS. fax 8 [ S T
186 dvd SWQY 3 u-EE

ot :"‘ 1 'g
P
As | soon as | have finished this letter tosgu.

to 8 later expiration
to file for a Petition of
to whom | spoke this

will prepare and file such a
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EXCLUSIVITY SUMMARY for NDA # 21-197 SUPPL #

Trade Name Cetrotide™

Generic Name cetrorelix acetate for injection

Applicant Name ASTA Medica HFD-580

Approval Date August 11, 2000

PART I:

IS AN EXCLUSIVITY DETERMINATION NEEDED?

1. An exclusivity determination will be made for all original
applications, but only for certain supplements. Complete
Parts II and III of this Exclusivity Summary only if you
answer "YES" to one or more of the following questions about
the submission.

a)

Is it an original NDA? YES/ X_ / NO / /

—

b) Is it an effectiveness supplement? YES /__/ NO /_X_/

c)

If yes, what type(SEl, SE2, etc.)?

Did it require the review of clinical data other than to
support a safety claim or change in labeling related to

safety? (If it required review only of bioavailability

or biocequivalence data, answer "NO.")

YES /X___/ NO /___/
If your answer is "no" because you believe the study is a
biocavailability study and, therefore, not eligible for
exclusivity, EXPLAIN why it is a bioavailability study,
including vour reasons for disagreeing with any arguments
made by the applicant that the study was not simply a
biocavailatility study.

[o—

If it is a supplement requiring the review of clinical
data but it is not an effectiveness supplement, describe
the change or claim that is supported by the ctinical
data:

Page 1



d) Did the applicant request exclusivity?

YES /_X__/ NO /__ /

If the answer to (d) is "yes," how many years of
exclusivity did the applicant request?

5 Years

e) Has pediatric exclusivity been granted for this Active
Moiety?

YES /___/ NO /X___/

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO
DIRECTLY TO THE SIGNATURE BLOCKS ON Page 9.

2. Has a product with the same active ingredient(s), dosage form,
strength, route of administration, and dosing schedule
previously been approved by FDA for the same use? (Rx to OTC)
Switches should be answered No - Please indicate as such).

YES /___/ NO /_X_ /

If yes,” NDA # Drug Name

IF THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE
SIGNATURE BLOCKS ON Page 9.

3. Is this drug product or indication a DESI upgrade?

YES /__/ NO /X__ /

— c——

IF THE ANSWER TO QUESTION 3 IS "YES," GO DIRECTLY TO THE
SIGNATURE BLOCKS ON Page 9 (even if a study was required for the
upgrade) .
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PART II: FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES
(Answer either #1 or #2, as appropriate)

1. Single active ingredient product.

Has FDA previously approved under section 505 of the Act any
drug product containing the same active moiety as the drug
under consideration? Answer "yes" if the active moiety
(including other esterified forms, salts, complexes, chelates
or clathrates) has been previously approved, but this
particular form of the active moiety, e.g., this particular
ester or salt (including salts with hydrogen or coordination
bonding) or other non-covalent derivative (such as a complex,
chelate, or clathrate) has not been approved. Answer "no" if
the compound requires metabolic conversion (other than
deesterification of an esterified form of the drug) to produce
an already approved active moiety.
YES /___/ NO /X__ /

If "yes," identify the approved drug product(s) containing the
active moiety, and, if known, the NDA #(s).

NDA #

NDA #

NDA #

2. Combination product.

If the product contains more than one active moiety (as
defined in Part I1I, #1), has FDA previously approved an
application under section 505 containing any one of the active
moieties in the—-drug product? 1If, for example, the
combination contains one never-before-approved active moiety
and one previously approved active moiety, answer "yes." (An
active moiety that is marketed under an OTC monograph, but
that was never approved under an NDA, is considered not
previously approved.)

YES /___/ NO / /
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If "yes,"” identify the approved drug product (s) containing the
active moiety, and, if known, the NDA #(s).

NDA #

NDA #

NDA #

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART II IS "NO," GO
DIRECTLY TO THE SIGNATURE BLOCKS ON Page 9. IF "YES," GO TO PART
III.

PART III: THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

To qualify for three years of exclusivity, an application or
supplement must contain "reports of new clinical investigations
(other than bioavailability studies) essential to the approval of
the application and conducted or sponsored by the applicant.”
This section should be completed only if the answer to PART II1,
Question 1 or 2, was "yes." -

1. Does the application contain reports of clinical
investigations? (The Agency interprets "clinical
investigations" to mean investigations conducted on humans
other than biocavailability studies.) If the application
contains clinical investigations only by virtue of a right of
reference to clinical investigations in another application,
answer "yes," then skip to question 3(a). If the answer to
3(a) is "yes" for any investigation referred to in another
application, do not complete remainder of summary for that
investigation.

YES / / NO / /

IF "NO," GO RIRECTLY TO THE SIGNATURE BLOCKS ON Page 9.

2. A clinical investigation is "essential to the approval” if the
Agency could nat-have approved the application or supplement
without relying on that investigation. Thus, the
investigation is not essential to the approval if 1) no
clinical investigation is necessary to support the supplement
or application in light of previously approved applications
(i.e., information other than clinical trials, such as
bioavailability data, would be sufficient to provide a basis
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for approval as an ANDA or 505(b) (2) application because of
what is already known about a previously approved product), or
2) there are published reports of studies (other than those
conducted or sponsored by the applicant) or other publicly
available data that independently would have been sufficient
to support approval of the application, without reference to
the clinical investigation submitted in the application.

For the purposes of this section, studies comparing two
products with the same ingredient(s) are considered to be
bioavailability studies.

(a) In light of previously approved applications, is a
clinical investigation (either conducted by the
applicant or available from some other source,
including the published literature) necessary to
support approval of the application or supplement?

YES /__/ NO /__/

If "no," state the basis for your conclusion that a
clinical trial is not necessary for approval AND GO
DIRECTLY TO SIGNATURE BLOCK ON Page 9:

(b) Did the applicant submit a list of published studies
relevant to the safety and effectiveness of this drug
product and a statement that the publicly available
data would not independently support approval of the
application?

YES / / NO / /
(1) If the answer to 2(b) is "yes," do you personally
know of any reason to disagree with the applicant's
conglusion? If not applicable, answer NO.

YES /__/ NO /__/

If yes,.explain:
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NDA # Study #
NDA # Study #
NDA # Study #

(b) For each investigation identified as "essential to the
approval," does the investigation duplicate the results
of another investigation that was relied on by the agency
to support the effectiveness of a previously approved
drug product? .

Investigation #1 YES / / NO / /

Investigation #2 YES /___/ NO / /
Investigation #3 YES /___ / NO /_ /

If ycu have answered "yes" for one or more
investigations, identify the NDA in which a similar
investigation was relied on:

NDA # Study #
NDA # . Study #
NDA # Study #

(c) If the answers to 3(a) and 3(b) are no, identify each
"new" investigation in the application or supplement that
is essential to the approval (i.e., the investigations
listed in #2(c), less any that are not "new") :

Investigation # , Study #

Investigation #_ , Study #

Investigation #__, Study #

4. To be eligible for exclusivity, a new investigation that is
essential to approval must also have been conducted or
sponsored by the applicant. An investigation was "conducted
or sponsored by" the applicant if, before or during the
conduct of the investigation, 1) the applicant was the sponsor
of the IND named in the form FDA 1571 filed with the Agency,
or 2) the applicant (or its predecessor in interest) provided
substantial support for the study. Ordinarily, substantial
support will mean providing 50 percent or more of the cost of
the study.
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(a) For each investigation identified in response to
question 3(c): if the investigation was carried out
under an IND, was the applicant identified on the FDA
1571 as the sponsor?

Investigation #1

IND # YES / /

NO / / Explain:

Investigation #2

IND # YES / / NO / / Explain:

!
!
!
!
!
!
!
!

(b) For each investigation not carried out under an IND or
for which the applicant was not identified as the
sponsor, did the applicant certify that it or the
applicant's predecessor in interest provided
substantial support for the study?

Investigation #1

YES / / Explain NO / / Explain

Investigation #2

YES /___/ Explain NO /__ / Explain

Page 8



(

(c) Notwithstanding an answer of "yes" to (a) or (b), are
there other reasons to believe that the applicant
should not be credited with having "conducted or
sponsored" the study? (Purchased studies may not be
used as the basis for exclusivity. However, if all

rights to the drug are purchased

(not just studies on

the drug), the applicant may be considered to have
sponsored or conducted the studies sponsored or
conducted by its predecesso; in interest.)

YES /__/ NO /__/

If yes, explain:

e \\

N

—e—

ATV A
Signature oY Preparer

Title: [Capvle bny %I’“‘* A e

S

| i ra

Signéture ofVOffice of Division Director

cc:
Archival NDA

HFD- /Division File
HFD-  /RPM :
HFD-093/Mary Ann Holovac

HFD-104/PEDS/T.Crescenzi

— e —

Form OGD-011347
Revised 8/7/9%; edited B/8/95; revised 8/25/98, edited
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C " NEW DRUG APF_:CATION
A A FD FORM 356H
MEDICA

ASTA Medica, Inc.

CETRORELIX ACETATE FOR INJECTION

Title: Claimed Exclusivity

In accordance with 314.108(b)(4), ASTA Medica, inc. is claiming an exclusivity period of five
years for CETROTIDE™ (cetrorelix acetate for injection).

This NDA is for 2 formulations (0.25 mg and 3 mg) for subcutaneous injection, to be used for
the prevention of premature ovulation in patients undergoing controlled ovarian stimulation,
followed by oocyte pick-up and assisted reproductive techniques.

The drug product, CETROTIDE™ 0.25 mg / 3 mg, containing the same active ingredient
with the same conditions of approval, has not been previously approved.

A clinical development program for cetrorelix acetate was conducted by our parent
company, ASTA Medica AG in Europe. Three of these studies (3010, 3020, and 3030) are
adequate and well controlied studies which are essential to the approval of cetrorelix acetate
for the prevention of premature ovulation in patients undergoing a controlled ovarian
stimulation, followed by oocyte pick-up and assisted reproductive techniques.

The other clinical studies included in this NDA were sponsored, conducted and funded by
our parent company ASTA Medica AG. A list of the clinical investigations other than
bioavailability or bioequivalence studies, conducted by ASTA Medica AG, together with the
location of the study in the Clinical Data Section of the NDA, is attached.

To the best of our knowledge, published studies are not sufficient to form the basis of a
finding of substantial evidence of effectiveness for CETROTIDE™. There are no
publications of studies which were not sponsored by ASTA Medica that meet FDA's
definition of adequate and well-controlled studies which could be used to document the
efficacy and safety of CETROTIDE.

Based on these facts, we conclude that the studies inciuded in this submission are essential
for the approval of CETROTIDE. As a result, we are requesting S years of exclusivity upon
approval of this NDA.

G Ao,

Colin Stewart -
President and CEOQ -
ASTA Medica, Inc.
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FD FORM 356H

ASTA Medica, Inc.
CETRORELIX ACETATE FOR INJECTION

* NEW Un_. APPLICATION

Study Vol in Clinical
Data Section

Study No. D-20761/0008: Efficiency of the GnRH-antagonist Cetrorelix (D- Clin: 92

20671) in the controlled induction of ovulation for in-vitro-fertilization Stat: 133

Study No. D-20761/0009b: Efficacy and Safety of the GnRH-antagonist Clin: 93

Cetrorelix (D-20761) in the prevention of spontaneous LH surge during - Stat: 134

controlled induction of ovulation v

Study No. D-20761/0012: Suppression of the endogenous LH surge by the Clin: 94

GnRH antagonist Cetrorelix in the controlled induction of ovulation Stat: 135

Study No. D-20761/1C93005: Efficacy of the GnRH antagonist Cetrorelix, 3mg, Clin: 95-96

in the prevention of the spontaneous LH peak in the controlled induction of Stat: 136-137

ovulation

Study No. D-20761/2986: Assessment of the minimal effective single dose of Clin: 97-98

Cetrorelix for the prevention of spontaneous LH surge during controlled ovarian Stat: 138-139

hyperstimulation prior to in vitro fertilization with embryo transfer

Study No. D-20761/2997: Dose-finding study to assess the efficacy of multiple Clin: 99-100

doses of the GnRH-antagonist Cetrorelix to prevent premature LH surges in Stat: 140-141

patients undergoing controlled ovarian superovulation (COS) for assisted

reproduction techniques (ART)

Study No. D-20761/3097: Efficacy and safety of Cetrorelix (3 mg single dose Clin: 101-102

$.C.) in the prevention of premature ovulation in patients undergoing COS/ART Stat: 142-143

with two different stimulation procedures (recFSHHMG)

Study No. D-20761/3010: Investigation into efficacy and safety of the LHRH- Clin: 103-106

antagonist Cetrorelix and of the LHRH-agonist buserelin in patients to undergo Stat: 144-147

controlled ovarian superovulation for assisted reproduction techniques

(COS/ART)

Study No. D-20761/3030: Investigation into the efficacy and safety of the Clin: 107-109

LHRH-antag6hist Cetrorelix and of the LHRH-agonist triptorelin in patients to Stat: 148-150

undergo controlled ovarian superovulation for assisted reproduction techniques

(COS/ART)

Study No. D-20761/3620: Investigation into the efficacy and safety of the Clin: 110-113

LHRH-antagonist Cetrorelix in patients to undergo controlied ovarian Stat: 151-154

superovulation for assisted reproduction techniques (COS/ART)
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"NEW DRL73 APPLICATION
FD FORM 356H

ASTA Medica, inc.
CETRORELIX ACETATE FOR INJECTION

Title: Debarment Certification

List of Convictions

The following is a list of all convictions, described in sections 306(a) and 306(b) of the
Federal Food, Drug, and Cosmetic Act which occurred within the previous 5 years, of the
applicant and affiliated persons responsible for the development or submission of this New
Drug Application for CETROTIDE™ (cetrorelix acetate for injection).

Name Offense Date
None
Debarment Certification

ASTA Medica Inc. hereby certifies that it did not and will not use in any capacity the services
of any person debarred under section 306 of the Federal Food, Drug, and Cosmetic Act in
connection with this New Drug Application for CETROTIDE ™ (cetrorelix acetate for
injection).

CD\\‘
rd
Colin Stewart —_

President and CEO
ASTA Medica, Inc.

APPEARS THIS WAY
ON ORIGINAL
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NDA 21-197

fict4 o ASTA Medica. Inc.
Cetrotide (cetrorelix acetate for injection) 0.25 mg and 3 mg 890 East Street
Tewksbury, MA 01876-1496

Telephone 978.851.5981

August 11, 2000 O R I G l N A I_ Telefax  978.851.7346

Susan Allen, MD, Director
Division of Reproductive and Urologic Drug Products (HFD-580)
Office of Drug Evaluation III, CDER, FDA

Parklawn Building, Room 17B-45 OHRIG AlVENUMEN T
5600 Fishers Lane * ‘
Rockville, MD 20857

2%

Re:  Final Draft Package Insert

Dear Dr. Allen:

Reference is rﬁade to our New Drug Application for Cetrotide™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the inhibition of premature
LH surges in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.
Ia addition, reference is made to an August 10, 2000 e-mail from the Agency containing
labeling comments and discussions with the Division on August 10 and 11.

Enclosed please find the final version of the draft package insert, which was submitted via
fax and e-mail to the Division earlier today. All of the Agency’s requested changes have
been incoporated. An electronic copy of this document is included on 3.5 floppy diskettes.

If you have any questions, please contact me at (978) 858-2553. or Roberta Tucker, RPh.
Director of Regulatory Affairs, at (978) 858-2636.

Sincerely,

Brian A. Green _
Manager

Regulatory Affairs e e
REVIEWS e, 2 15,

(\)«)"x £SO ACTGH:
Zﬁ; UM\.;.

M?r% émB
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FAX

r O R | G I N A L ASTA Medice, Inc

FROM Date: August 10, 2000
Brian A. Green

Phone: (978) 858-2553 Fax:  (978) 851-5917
e-mail: __boreen@astamedica-usa.com

TO

Ms. Jeanine Best, Project Manager
Divigion of Reproductive and Urologic Drug Products (HFD-580)
Office of Drug Evaluation Il, CDER, FDA

Fax Number: (301) 827-4267 ORIG AMENDMENT

No of Pages: 3 e

RE: Copy of Table 2 from draft package insert
Dear Ms. Best:

Reference is made to our October 28, 1999 submission of a New Drug Application for
CETROTIDE™ (cetrorelix acetate for injection) 0.25 mg and 3 mg, for the inhibition of
premature LH surges in patients undergoing controlled ovarian stimulation, which is
identified as NDA 21-197.

. ~ Attached please find a copy of a proposal for Table 2 in the package insert text. Also
included is the version of table 2 included in the July 18, 2000 version of the PI, which
was just prior to the request to delete the study numbers and to merge the results of the
Cetrotide 0.25 mg studies.

I hope this information is useful. If you have any questions or comments, please feel
free to contact me.

“Sincerely,

Brian A. Green ;
Manager X 1;
Regulatory Affairs e
- . - LI R P0ha F 4
LSO iar e LA
b-Lt—u)I'l"-'-‘ . - » —h—_‘m’\J‘




. ORIGINAL hﬁ@ \‘

ASTA Medica, Inc.

FROM Date: August 10, 2000

Brian A. Green

Phone: (978) 858-2553 Fax:  (978)851-5917

e-mail: bgreen@astamedica-usa.com

TO

Ms. Jeanine Best, Project Manager S
Division of Reproductive and Urologic Drug Products (HFD-580) .
Office of Drug Evaluation I, CDER, FDA \

Fax Number: (301) 827-4267 '

ORIG AMENDMENT

No of Pages: 3 | -
RE: Copy of Table 17.3 from Study 3030 / 4

—

Dear Ms. Best:

Reference is made to our October 28, 1999 submission of a New Drug Application for
CETROTIDE™ (cetrorelix acetate for injection) 0.25 mg and 3 mg, for the inhibition of
premature LH surges in patients undergoing contralled ovarian stimulation, which is
identified as NDA 21-197.

Attached please find a copy of Table 17.3 from the clinical trial report for Study 3030,
which shows the frequency distribution of the first Cetrotide administration by HMG day.
As this table shows, 7.0% of the initial Cetrotide administration occurred on or after
HMG day 10, while 93.0% of the initial Cetrotide administration occurred on or before
HMG day 9. This table was included in the original NDA in Volume 107, Page 124. |
have included it in actual size and enlarged for easy reading.

| hope this information is useful. If you have any questions or comments, please feel
-free to contact me.

Sincerely,

Brian A. Green-
Manager

Regulatory Affairs

i




August 8, 2000

Susan Allen, MD, Director

Division of Reproductive and
Office of Drug Evaluation 111,
Parklawn Building, Room 17

5600 Fishers Lane
Rockville, MD 20857

Re:  Revised Draft Package Insert

Dear Dr. Allen:

Justification for the deletion of E; meas

Cetrotide™ 3 mg is included.

If you have any questions, please contact me
Director of Regulatory Affairs, at (978) 858-

Sincerely,

Bricas Q-/tfum |

Brian A. Green
Manager
Regulatory Affajrs

CDER, FDA

ASTA Medica, Inc.

A L 890 East Street
Tewksbury, MA 01876. 1496

) Telephone 978.851 598
g Products (HFD-580) } Tel::;x 978.851.7346

ORIG AMaNDMENT

/ /_;

at (978) 858-2553, or Roberta Tucker, RPh,

REYI"WS Cone o
L
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NDA 21-197 . T ASTA Medica, Inc.
CETROTIDE  (cetrorelix acetate for injection)— 890 East Street
' Tewksbury, MA 01876-1496

July 26, 2000 Telephone 978.851.5981
Telefax 978.851.7346
- Susan Allen, MD, Director

Division of Reproductive and Urologic Drug Products (HFD-580)

Office of Drug Evaluation I1I, CDER, FDA

Parklawn Building, Room 17B-45 ORIG AMENUMLEN |
5600 Fishers Lane 2 '
Rockville, MD 20857 /-

Re: Addendum to our July 25" Response to July 21, 2000 Request for Information

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the inhibition of premature
A LH surges in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

{ In addition, reference is made to a June 21, 2000 telephone conversation between myself and
Ms. Freshnie Deguia from your Division, during which Ms. Deguia relayed a request from
the Medical Officer to provide additional information concerning the fetal deaths for Patient
219 from Center 1 in Study 2997, Patient 2 from Center 26 in Study 3010 and Patient 13
from Center 8 in Study 3020.

On July 25, 2000, ASTA Medica provided a response to this request for information. In our
response, we indicated that we had contacted the investigator from Center 8 in Study 3020 to
obtain additional information for Patient 13. The investigator’s reply was not available at the
time of our response; enclosed please find a copy of the response from the investigator.

If you have any questions or require any additional information, please contact me at (978)
858-2553, o=Roberta Tucker, RPh, Director of Regulatory Affairs, at (978) 858-2656.

Sincerely,

:B Rosa_ Q )\%J""\ REVIEWS COMPLITED

Brian A. Green L
Manager DR N -

Regulatory Affairs ST ' inAl Imemo
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NDA 21-197

CETROTIDE" (cetrorelix acetate for injection) ASTA Medica. Inc.

890 East Street
July 25, 2000 ORIG AMENDMENT Tewksbury, MA 01876-1496
. - Telephone 978.851.5981
Susan Allen, MD, Director Telefax  978.851.7346

Division of Reproductive and Urologic Drug Products (HFD-580) -
Office of Drug Evaluation III, CDER, FDA N
Parklawn Building, Room 17B-45 ‘
5600 Fishers Lane P
Rockville, MD 20857 /o

Re:  Response to July 21, 2000 Request for Information

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the inhibition of premature
LH surges in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a June 21, 2000 telephone conversation between myself and
Ms. Freshnie Deguia from your Division, during which Ms. Deguia relayed a request from
the Medical Officer to provide additional information concerning the fetal deaths for Patient
219 from Center 1 in Study 2997, Patient 2 from Center 26 in Study 3010 and Patient 13
from Center 8 in Study 3020.

Enclosed please our response to this request for information. If you have any questions or
require any additional information, please contact me at (978) 858-2553, or Roberta Tucker,
RPh, Director of Regulatory Affairs, at (978) 858-2656.

Sincerely,

Broa O Lo

Brian A. Green
Manager
Regulatory Affairs

— c—
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NDA 21-197
CETROTIDE (cetrorelix acetate for injection)

ASTA Medica, Inc.
July 21, 2000 890 East Street

Tewksbury, MA 01876-1496
Susan Allen, MD, Director
Division of Reproductive and Urologic Drug Products (HFD-580)
Office of Drug Evaluation III, CDER, FDA
Parklawn Building, Room 17B-45

5600 Fishers Lane ORIG AMENUME
Rockville, MD 20857 /5// ) ENT

Re: Response to July 20, 2000 Request for Information

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a June 20, 2000 telephone conversation between myself and
Ms. Freshnie Deguia from your Division, during which Ms. Deguia relayed a request from
the Medical Officer to provide the Case Report Forms for Patients 4, 5, 6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, 18, 20, 22, 23, and 24 from Center 6 in Study 3020. In addition, the CRF for
Patient 9 from Study 0008 was requested.

Enclosed please find copies of the requested CRF’s as well as an explanation of the increased
incidence of OHSS from Center 6 in Study 3020 and a brief case description of Patient 9
from Study 0008. If you have any questions or require any additional information, please
contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of Regulatory Affairs, at
(978) 858-2656.

Sincerely,

Brian A. Green

Manager -
Regulatory Affairs REVIEWS COHPLETED
Camen | )
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NDA 21-197 -
CETROTIDE (cetrorelix acetate for injection)

ASTA Medica, Inc.

July 17, 2000 890 East Street

Tewksbury, MA 01876-1496
Susan Allen, MD, Director

Telephone 978.851.5981
Division of Reproductive and Urologic Drug Products LT TQ:?ax © 978.851.7346

Office of Drug Evaluation Ill, CDER, FDA
HFD-580

5600 Fishers Lane

Rockville, MD 20852

Re:  Mock-ups of labeling

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
LH surges in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

Enclosed please find mock-ups of the vial labels, prefilled syringe labels, labels for the tray
lids, and carton labels.

If you have any questions or require any additional information concerning the information
in this submission, please contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of
Regulatory Affairs, at (978) 858-2656.

Sincerely,

Brian A. Green

Manager -
Regulatory Affairs

APPEARS THIS WAY
ON ORIGINAL



NDA 21-197

ASTA

MEDICA

CETROTIDE™ (cetrorelix acetate for injection)

July 14, 2000

ASTA Medica, Inc.
890 East Street
Tewksbury, MA 01876-1496

Susan Allen, MD, Director

Division of Reproductive and Urologic Drug Products Lol o
Office of Drug Evaluation ITI, CDER, FDA

HFD-580

5600 Fishers Lane

Rockville, MD 20852

Re:  ASTA Medica’s Revised Draft Package Insert

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
LH surges in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a July 11, 2000 fax from the Division containing labeling
comments. Enclosed please find a revised package insert with some minor revisions to the
Division’s draft, as discussed with Ms. Jeanine Best on July 13 and 14. The Division’s
changes were made in our draft, then subsequently marked up with our proposals. Deletionus

are noted with strike-out and additions are

underlined. A document containing a list of the

minor revisions is included. All files are being provided in MS Word on 3.5” diskettes.

If you have any questions or require any additional information concerning the information

in this submission, please contact me at 9
Regulatory Affairs, at (978) 858-2656.

Sincerely,

Brian A. Green
Manager
Regulatory Affairs

78) 858-2553, or Roberta Tucker, RPh, Director of
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| ASTA
MEDICA

FAX
ASTA Medica. Inc.
FROM Date: July 11, 2000
Brian A. Green '
Phone: (978) 858-2553 Fax. (978) 851-5917
e-mail: bgreen@astamedica-usa.com
T0

Ms. Jeanine Best, Project Manager

Division of Reproductive and Urologic Drug Products (HFD-580)
Office of Drug Evaluation Il, COER, FDA

Fax Number: (301) 8274267

No of Pages: 4

RE: Copy of USAN Adoption Statement; Amendment of CAS number in NDA
Dear Ms. Best:

Reference is made to our October 28, 1999 submission of a New Drug Application for
CETROTIDE™ (cetrorelix acetate for injection) 0.25 mg and 3 mg, for the prevention of
premature ovulation in patients undergoing controlled ovarian stimulation, which is
identified as NDA 21-197.

Attached please find a copy of a letter from the USAN Council informing ASTA Medica
Inc. that cetrorelix acetate has been adopted as the USAN for CETROTIDE™. Piease
note that the unresolved issue in the second paragraph (concerning the inconsistency
between the CAS number and the amount of acetate) has been resolved. The amount
of acetate is unspecified; therefore, the appropriate CAS number (145672-81-7) will be
listed. In additian, other minor modifications will be made to the adoption statement.

In Volume 1 (Page 358) and Volume 2 (Page 029), we provided the following CAS
number: 130143-01-0. This CAS number is for the diacetate salt of cetrorelix. We
would like to amend the NDA at this time to provide the correct CAS number for
cetrorelix acetate, which is 145672-81-7.

| will submit a hardcopy of this information.

Sincerely,

-

Brin 0. Yrwem | '

Brian A. Green
Manager
Regulatory Affairs
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NDA 21-197 -
CETROTIDE (cetrorelix acetate for injection)

« ASTA Medica, Inc.
June 30, 2000 890 East Street

Tewksbury, MA 01876-1496

Susan Allen, MD, Director

> ’ Telephone 978.851.598
Division of Reproductive and Urologic Drug Products re.Z?ax ° 973.35114734;
Office of Drug Evaluation III, CDER, FDA v
HFD-580

5600 Fishers Lane ORIG AMENDMENT

Rockville, MD 20852
Re:  Final Preclinical MTD Finding Study Reports P)P

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

Reference is also made to our submission of additional preclinical data on May 18, 2000. In
that submission, we provided 11 preclinical study reports. In addition, we stated that reports
for the additional four Maximum Tolerated Dose (MTD) finding studies (designated Studies
7-10 in the May 18 submission) would be submitted in June.

Enclosed please find the four preclinical trial reports for the above-mentioned MTD finding
studies and five relatcd toxicokinetic reports for these studies. Please note that a summary of

.....

reports for all studies outlined in the May 18 submission.

The results of the above referenced studies do not negatively impact the safety profile of
CETROTIDE™ for the claimed indication and no revisions to the proposed package insert
based on these studies is required.

If you have any questions or require any additional information, please contact me at (978)
858-2552, or Roberta Tucker, RPh, Director of Regulatory Affairs, at (978) 858-2656.

Sincerely,
Bl o
Brian A. Green . Lo b T —
Manager ,'“";v e ..
Regulatory Affairs L Y S
OBC: 2%jiaL 8 Iy




MEDICA

NDA 21-197 _ (
CETROTIDE  (cetrorelix acetate for inj

«  ASTA Medica, inc.

June 30, 2000 890 East Street

Tewksbury, MA 01876-1496
Susan Allen, MD, Acting Director ' Telephone 978.851.5981
Division of Reproductive and Urologic Drug Products " Telefax  978.851.7346

Office of Drug Evaluation III, CDER, FDA -

HFD-580 SRIGRERIM
5600 Fishers Lane O N \ C AR ‘.L
Rockville, MD 20852

Re: ASTA Medica’s Revised Draft Package Insert

Bl

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

Dear Dr. Allen:

In addition, reference is made to a June 21, 2000 fax from the Division containing labeling
comments. Enclosed please find a revised package insert with our proposed changes to the
Division’s draft. The Division’s changes were made in our draft, then subsequently marked
up with our proposals. Deletions are noted with strike-out and additions are underlined. A
document containing a list of our proposed changes with justifications is included. All files
are being provided in MS Word format 3.5 diskettes.

If you have any questions or require any additional information concerning the information
in this submission, please contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of
Regulatory Affairs, at (978) 858-2656.

Sincerely,
Briowc (0 Hrsser

Brian A. Green
Manager
Regulatory Affairs
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Ok vl MEDICA

CETROTIDE" (cetrorelix acetate for injection)

~  ASTA Medica, Inc.

June 29, 2000 890 East Street

Tewksbury, MA 01876-1496
Susan Allen, MD, Acting Director Telephone 978.851.5981
Division of Reproductive and Urologic Drug Products . . Teletax  978.851.7346
Office of Drug Evaluation III, CDER, FDA o
HFD-580 )
5600 Fishers Lane
Rockville, MD 20852 QRK; P 2 SMENT

Re:  Response to June 2, 2000 Request for Information

Dear Dr. Allen: % N\

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a June 6, 2000 telephone conversation between myself and
Ms. Jeanine Best from your Division, during which Ms. Best relayed a request from the
Medical Officer to provide additional documentation to support the statement that increases
in LFT and BUN are due to “... the effects and general impact of COS/ART procedures”.
Enclosed please find our response to this request for information.

If you have any questions or require any additional information concerning the information
in this submission, please contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of
Regulatory Affairs, at (978) 858-2656.

Sincerely,

8WG.M

Brian A. Green
Manager
Regulatory Affairs——
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NDA 21-197 -
CETROTIDE  (cetrorelix acetate for injection)  ASTA Medica. Inc.
890 East Street
June 29, 2000 Tewksbury, MA 01676-1496

. Telephone 978.851.5981
Susan Allen, MD, Acting Director Teisfax  978.851.7346
Division of Reproductive and Urologic Drug Products ‘
Office of Drug Evaluation IlI, CDER, FDA

HFD-580

5600 Fishers Lane

Rockville, MD 20852

Re: Response to May 2, 2000 Request for Information (CMC);
Amendment to Request for Shelf-Life

Dear Dr. Allen: @ C

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a May 2, 2000 telephone conversation between myself and
Ms. Jeanine Best from your Division, during which Ms. Best relayed a request from the
Chemistry Reviewer to provide information concemmg the effect of water having different
pH values on the pH of reconstitued Cetrotide . Enclosed please find an mvestxgatlon report
which shows that, regardless of the pH of the water the pH of reconstituted Cetrotide™ is
identical within each strength, and is within the specification of 4.0-6.0.

Further reference is made to a June 27, 2000 teleconference between ASTA Medica and the
Division, during which several options were presented with respect to the expiration dating.
We would like to amend our request for expiration dating as follows:

24 months for the 3 mg strength when stored at room temperature: 25 °C (77 °F)
24 months for the 0.25 mg strength when stored refrigerated: 2-8 °C (36-46 °F)

If you have any questions or require any additional information, please contact me at (978)
858-2553, or Roberta Tucker, RPh, Director of Regulatory Affairs, at (978) 858-2656.

Sincerely,
Briom Q. A e
Brian A. Green

Manager ' C80 AT
Regulatory Affairs D)iems [Taag C a0
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NDA 21-197
CETROTIDE (cetrorelix acetate for injection)

. ASTA Medica, Inc.
June 28, 2000 890 East Street

Tewksbury. MA 01876-1496
Susan Allen, MD, Acting Director T 978851 598
Division of Reproductive and Urologic Drug Products T:‘l:?::n ° 978:8511 .'734;
Office of Drug Evaluation III, CDER, FDA : .-

HFD-580

5600 Fishers Lane ORIG AMENDMENT
Rockville, MD 20852 e /

Re:  Response to June 6, 2000 Request for Information

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a June 6, 2000 telephone conversation between myself and
Ms. Jeanine Best from your Division, during which Ms. Best relayed a request from the
Biopharmaceutics Reviewer to perform a formal analysis on the relationship of the PK
parameters AUC and Cpax to demographics, specifically, body weight, age and race.
Enclosed please find our response to this request for information.

If you have any questions or require any additional information concerning the information
in this submission, please contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of
Regulatory Affairs, at (978) 858-2656.

Sincerely,

Brian (4 )i.w

Brian A. Green

Manager

Regulatory Affairs REVEWS COMPLETED
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~ ASTA Medica, Inc.
June 28, 2000 890 East Street

Tewksbury, MA 01876-1496

NDA 21-197
CETROTIDE (cetrorelix acetate for injection)

Susan Allen, MD, Acting Director Telephone 978,851,598

Division of Reproductive and Urologic Drug Products Telefax  978.851.7346
Office of Drug Evaluation III, CDER, FDA -
HFD-580 -
5600 Fishers Lane -
Rockville, MD 20852 G AME! JDMENT
Re: Response to June 8, 2000 Request for Information

F.m

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a June 8, 2000 telephone conversation between myself and
Ms. Jeanine Best from your Division, during which Ms. Best relayed a request from the
Medical Officer to provide additional clarification and information relating to a baby that
was born with a “Syndrome de junction pyelocalicielle”. In addition, the Medical Officer
wanted to know if this syndrome is a hydronephrosis.

Enclosed please find our response to this request for information. If you have any questions
or require any additional information concerning the information in this submission, please
contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of Regulatory Affairs, at
(978) 858-2656.

Sincerely,

?)WU. )&Mw«\

Brian A. Green

Manager e e s
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NDA 21-197
CETROTIDE " (cetrorelix acetate for injection)
ASTA Medica, Inc.

June 28, 2000 890 Eas: SI:'aeetnc

< Tewksbury, MA 01876-1496
Susan Allen, MD, Acting Director Tele 078.851 5981
Division of Reproductive and Urologic Drug Products Telefax ~ 978.851.7346
Office of Drug Evaluation III, CDER, FDA
HFD-580 NT

MENOME

5600 Fishers Lane MG A l
Rockville, MD 20852 o)

Re: Response to June 20, 2000 Request for Information

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a June 6, 2000 telephone conversation between myself and
Ms. Jeanine Best from your Division, during which Ms. Best relayed a request from the
Biopharmaceutics Reviewer to provide human in-vitro metabolism data and human in-vitro
protein binding to human plasma data. This data is included in the original NDA:

Report D-20761/7094270011 - [U-Arg-"*C] Cetrorelix acetate salt: In-vitro protein binding
in human albumin sclution and human plasma. Location: Volume 72, Page 296-309

Report No. D-20761/FB20197 - Metabolism of cetrorelix in rats, dogs and man after
subcutaneous single dose administration. Location: Volume 72, Page 338-403

If you have any questions or require any additional information concerning the information
in this submission, please contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of
Regulatory Affairs, at (978) 858-2656.

Sincerely,

(\Bﬂx,au\ a_}l\ﬁ-ﬂ/\f\ "

Brian A. Green REVEWS NOWMSLETED
Manager
Regulatory Affairs gg) [ Van) 8L o
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NDA 21-197 -
CETROTIDE (cetrorelix acetate for injection)
ASTA Medica, Inc.

890 East Street
Tewksbury, MA 01876-1496

June 19, 2000

Susan Allen, MD, Acting Director Telephone 978.851.5981

Division of Reproductive and Urologic Drug Products Telefax ~ 978.851.7346
Office of Drug Evaluation III, CDER, FDA ‘ .
HFD-580 -
5600 Fishers Lane -
Rockville, MD 20852 ORIG WENT
Re: Response to June 15, 2000 Request for Information p P

~

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

Reference is also made to a telephone conversation on June 15, 2000 with Ms. Jeanine Best
from your Division, during which she relayed a request from the Pharm/Tox reviewer to
provide pharmacokinetic data for MTD studies 9134987 (in rats) and 915726 (in mice).
These orientating MTD studies were submitted to the Division on May 18, 2000, and were
designated Study 6 and Study 5 (respectively).

Enclosed please find a copy of the plasma concentration monitoring reports for the above
referenced orientating MTD studies.

If you have any questions or require any additional information concerning the information
in this submission, please contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of
Regulatory Affairs, at (978) 858-2656.

Sincerely, -

XMG.-M

Brian A. Green
Manager
Regulatory Affairs
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NDA 21-197 ™ ' ASTA Medica, Inc
CETROTIDE "~ (cetrorelix acetate for injection) 890 East Street

Tewksbury, MA 01876-1496

2
June 19, 2000 Telephone 978.851.5981

Telefax ~ 978.851.7346
Susan Allen, MD, Acting Director
Division of Reproductive and Urologic Drug Products
Office of Drug Evaluation III, CDER, FDA -
HFD-580 .-

5600 Fishers Lane i AR AT
Rockville, MD 20852 TG A2 ien

L

-’

Re:  Response to Discipline Review Letter dated May 2, 2000

Dear Dr. Allen:

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a Discipline Review Letter from the Division dated May 2,
2000, which contained Microbiology comments. Enclosed please find a complete response
to the Division’s May 2, 2000 letter.

Since this product is manufactured outside the United States, the complete field copy of this
submission will be submitted in parallel to Ms. Rochelle Kimmel, Division of Emergency
Investigational Operations, as directed by the Boston District Office.

If you have any questions or require any additional information concerning the information
in this submission, please contact me at (978) 858-2553, or Roberta Tucker, RPh, Director of
Regulatory Affairs, at (978) 858-2656.

Sincerely,

5ma ﬂmw\

Brian A. Green
Manager

Regulatory Affairs REVIEWS COMFLETED
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NDA 21-197
CETROTIDE (cetrorelix acetate for injection)

June 16, 2000 O R \ G \ N AL ASTA Wedics. Ic

Tewksbury, MA 01876-1496
Susan Allen, MD, Acting Director Telephone 978.851.5981
Division of Reproductive and Urologic Drug Products Telefax  978.851.7346
Office of Drug Evaluation IIl, CDER, FDA -
HFD-580

5600 Fishers Lane

Rockville, MD 20852

Re: Response to June 6, 2000 Request for Information

Dear Dr. Allen: P) M

Reference is made to our New Drug Application for CETROTIDE™ (cetrorelix acetate for
injection) 0.25 mg and 3 mg, submitted on October 28, 1999, for the prevention of premature
ovulation in patients undergoing controlled ovarian stimulation, identified as NDA 21-197.

In addition, reference is made to a June 6, 2000 telephone conversation between myself and
Ms. Jeanine Best from your Division, during which Ms. Best relayed a request from the
Medical Review Officer to respond to the following:

¢ Provide clarification of the subjects who make up the 13 WHO Grade II and 11l OHSS
patients listed in Table 3 in labeling; this total number does not correlate to the total
number of Grade II and III OHSS subjects listed in Table 11, Page 22 of the ISS.

¢ In Table 11 on Page 22 of the ISS, Study 2997 is listed as having 6 subjects not
classified. However, in the report for Study 2997, Volume 99, Page 28, these patients
were all listed as having WHO Grade 11 or [II OHSS, and all 6 were hospitalized.
Shouldn’t these patients be listed in the Grade Il and Grade III categories?

Enclosed please find our response to these questions. If you have any questions or requir
any additional information, please contact me at (978) 858-2553, or Roberta Tucker, RPh,
Director of Regulatory Affairs, at (978) 858-2656.

Sincerely,
Brian A. Green ____—-—;
Manager v{‘ ;"7‘( ;
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