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POLYPEPTI DE COVPOUNDS CONTAI NI NG D- 2- ALKYLTRYPTOPHAN CAPABLE OF
PROMOTI N EASE OF GROMH HORMONE The pr%qﬁ | tion
relates ciﬂgﬂal epti de conpounds containing a D 2-alky P??g*@ghan
am no acid and which are capable of releasing growh hornone (GH)
from somat otropes, and are active by oral route. 5 Background of the

i nvention The increase of growh hornone (GH) levels in

mammal s after the administration of conpounds inducing GH rel ease can
yield to growth acceleratlon and nuscular mass |ncrease and enhanced
producti on of d i3 : ' (R Y B

after the e_ i ncrease
of growth horé§#3& . Ehevet i ni stering
known growth hornone rel ease agents, such as gromﬁh hor none rel ease
hor nones (GHRH). 15 The increase of growmh hornone levels in mamal s

can al so be obt ai néthéy ang$en3teQMN@ngmmmf1tﬁﬁmbm@ to aldigapeptide
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' from somatotropes, and are active by oral route.

5 Background of the invention

The increase of growth hormone (GH) levels 1in
mammals after the administration of compounds inducing
GH release can yvield to growth acceleration and muscular
mass 1increase and enhanced production of milk, if

10 sufficiently high GH levels are obtained after the
administration. Moreover, it is known that the increase
of growth hormone levels in mammals can be achieved by
administering known growth hormone release agents, such
as growth hormone release hormones (GHRH).

15 The increase of growth hormone levels in mammals
can also be obtained by administering growth hormone
release peptides, some of them having previously been
described, for example in US 4,223,019, US 4,223,020, US
4,223,021, US 4,224,316, US 4,226,857, US 4,228,155, US

.20 4,228,156, US 4,228,157, US 4,228,158, US 4,410,512, US
4,410,513, US 4,411,890 and US 4,839,344.

Therefore; rather simple short chain-polypeptides,
capable of promoting growth hormone release on condition
that they are easily and conveniently preparable, as

25 well as of easy purification and'foimulation and active
when administered by oral route, are presently desired.

One of the more studied growth hormone release

peptides (GHRP) has been known since many years as GHRP-



Therefore, rather sinple short chain-pol ypepti des, capabl e of

pronoti ng Promﬂh hor none rel ease on condition that they are easily and
conveni ent reparable, as 25 well as of eas urifica
fornulat“@ﬁ%ﬁﬁﬁoactive when adni ni st er ed b§ gral rou%g?ﬂgsﬂaﬁ?%sently
desi red. One of the nore studied growh hornone rel ease

pepti des (GHRP) has been known since nmany years as GHRP- WO 96/ 10040
PCT/ EP95/ 03601 _ 2 6 (C.Y. Bowers et
al ., Endocrinol ogy 114: 1537 (1984) and 2 has the formul a

Hi s-D Trp- Al a- Tr p- D-Phe-Lys-NH err] GHRP-6 rel eases growt h hornone

invitro and $n(¥iVe Bawers et al.or &ndpcadmoledvn ldi =il ddP&4) MRfhans.
Its nolecular,_5 mechani h b t udi | I i t
anal ogue he%?%péﬁfidg tm%ﬁ%PgiS’SQ?E§E§QEEQEP§B'$§FTFgg'kﬂg'En(ﬁ#T%Ofogy

124: 2791  (19891easds SgroWtiiBNhoehondl -in vitrdFNEREr 19! @d¥o 18841286
(1993)). It was found that, contrarily to natural GHRH, these

peptides act ehablphactdve dinfendmalsecapd oin flumarne. r teager ¥cwamnd
whi choper at ReERRBLEN BeReroTan 1 SHURFARar P HRL)oas the SREHOHs 0k
(BRG dependctieEERLT SRRt o, ROl NORIET? Ok
Cell. Calciubmdd&rin@ldggy 124:2791 (1989); M.S. Akman et al.,
Endocrinology 132:1286 - (1993)). It was found that,
contrarily to natural GHRH, these peptides act through ‘.
10 _ different receptors for the release of GH and through a
different mechanism, which is independent from cAMP and
which operates through other intracellular pathways,
such as the mobilization of. calcium supplies and a
- proteinkinase C (PKC)-dependent process (L. Bresson-
15 Bépoldin and L. Dufy-Barbe, Cell. Calcium 15, 247,
(1994).
Summary of the invention .
In a completely surprising manner it has now been
found that the introduction of a D-2-alkyltryptophan (2-
20  Mrp) in the oligopeptide of the GHRP series, modifies
the known intracellular mechanism of GH release. In some
ééses,"it has been evidenced a substantial increase of
the activity of the -adenylcyclase in the anterior
pituitary glands, both of murine origin, .and of human
25 origin, but the specific mechanism remains still to be
completely clarified. .
Thus, the modification given bY a single alkyl
group in the 2-position of tryptophan (in its D-
éonformation), besides favourably increasing the
30 stability of the Trp residde'(R. Deghenghi WO 91/18016
published on 28.11.1991 and-R._Deghenghi et. al, Life



C1994). Summary of the invention | In a conpletely
surprising manner it has now been found that the introduction of a
Q—Z-alkylt&*&&%B&ﬁn (2- 20 Mp) in the oligopeptide of the GHRP seri es,

nmodi fi es e known intracel lul ar mechani sm of GH rel F£IEPHAIOHe
.cases, it has been evidenced a substantial increase of the activity
of the adenylcyclase in the anterior pituitary glands, both of
murine origin, and of human 25 origin, but the specific nmechani smremains
still to be conpletely clarified. 3 Thus, the nodification
gi ven by a single alkyl group in the 2-position of tryptophan

(in its D Scienassfod4mti b82Ll, bddid®ds) ), f avournbsponsibteecasomg athe
30 stability of the Trp residue (R. Deghenghi 91/18016

publ i shed on 2P 1£nd“§?"58§§‘réﬂghi&b§f?§%| \C/’\g fethe  injgassliodar
PCT/ EP95/ 03601 mechanisms which now are independedt fromsm€?¥3¥w5H"
1321, (1994)), is responsible for a . conpl etely unexpecte change

of the intrasmdtuings dependenttchemi sdenyhicghlasw anéd modepsiddntarf roam
cal cium : sonet i jres._dependent_  on adegglcyclaSe and nore simlar to

5 those of GHRPSLLWSTHREs 33 HEe1bepfi BENRL PSREdde hozmenes. (James
D. Watson et al., Molecular Biology of the Gene, 4th

ed., The Benjamin /Cummings PubliShing_Company, Inc.,
Menlo Park, Califernia, 1987, pag. 60).
Another unexpected characteristic feature of the
10 ° present invention is the very high potency of some
penta-, hexa-, and heptapeptides and the favourable oral
activity/potency ratio also of the smaller tetrapeptides
df the series.
The oligopeptides of the present invention have the
15 following formula:
A-D-Mrp-(Ala),-B-C,
wherein A is any natural L-amino acid or its D-isomer,
with the proviso that A is not His if B is Trp and C is
D-PhefLys—NHZ, or A is imidazoleacetyl, iSonipecotyl, 4-
20 aminobutyryl,.-4-(aminomethyl)cyclohexanecarbonyl, Glu-
' Tyr-Ala-His, Tyr-Ala-His, Tyr-His, D-Thr-His, and more
preferably A is D-Ala, D-Thr, Tyr; D relates to dextro
isomer, Mrp 1is 2-alkyltryptophan preferably 2-methyl-
tryptophan; n is 0 or 1; B is L- or D-Trp, Phe or D-B-
25 Nal; C is NH,, D-Phe-LysNH,, Phe-LysNH,, D-Trp-LysNH,,
. D-Phe-Lys-ThrNH,, D-Phe-Lys-D-ThrNH,, OR, wherein R is a
Cy4-C5 alkyl group; more preferébly, when B is Trp, then
C is Phe-LysNH, or D-,Phé-LysNH2 and'ﬁhen B is Phe,
then C is D-Trp-LysNH,.
30 Detailed Disclosure of the Invention

The present invention lies on the discovery that



D. Watson et al., Ml ecular Biology of the Gene, 4th ed., The
Benj am n / Cunm ngs Publ i shi ng Conpany, Inc., Menl o Park, California,

1987, pa Anot her unexpected characteristi ture of
the 10 gwog(ra)elgoe"nt invention is the very . high potenc%&@%sﬁ‘%% ,

penta-, hexa-, and heptapeptides and the favourable oral-

activity/potency ratio also of the smaller tetrapeptides of the
series. . The ol i gopeptides of the present invention have the 15
foll owi ng formnul a: : 4 A-D-Mp-(Ala)[err]-B-C
wherein Ais any natural L-amno acid or its D-isoner, . - with the
proviso t hat AlﬁéeﬁGthl§hpttBCh§1nrpPQAGP@PtsdeS WhiDhPhQrngtNH[éhﬁ] or

A is imdazol eace ecot n_no r

a- (2 nomet hyFROSEFShARboLarRaRyP of @iowen RSERGEY AeYons, im plapd o
Tyr-H's, D ThggH %nlﬂa%(ismraQ‘e char A Y #hi Sty 81D T8¢, b D
relates to dextro - isomer, Mp is 2-alkyltryptophan preferably
2 met hyl - comp’a:tl)%pt opiran; thei sp(epcmd]? Bhain- ar D-ispmeRhe @f D2[-err]

DTrp Lyls','NH[ef3 %ryrp]mﬁgﬁph?#?s [% e OF] D Ph& yZNﬂ/grgThrNH[err] orR
T L e
Phe, -tbeas@nm31ﬁvﬁmm1bmsﬁmé deFAned Bgt ailleed oliloelimguferafulishe
| nventi on ' A-D-Mrp-(Ala),-B-C,
wherein A is any natural L-amino acid or its D-isomer, ‘,
10 with the proviso that is not His if B is Trp and C is D-
Phe—Lys-NHz, or A is imidazoleacetyl, isonipecotyl, 4-
aminobutyryl, 4-(aminomethyl)cyclohexanecarboﬁyl, Glu-
Tyr-Ala-His, Tyr-Ala-His, Tyr-~His, D-Thr-His, and more
preferably A is D-Ala, D-Thr, Tyr; D relates to dextro
15 isomer, Mrp is 2-alkyltryptophan, - preferably 2-
methyltryptophan; n is 0 or 1; B is L- or D-Trp, or D-B-
Nal; C is NHZ, D-Phe—LysNHz,_ Phe—LysNHZ, D-Trp-LysNH,,
D-Phe-Lys-ThrNH,, D-Phe-Lys-D-ThrNH,, OR, wherein R is a
C,-C5 alkyl group, more preferably, when B is Trp, then
20 c is Phe-LysNH, or D—Phe-LysN_H2 and when B is Phe, then
C is D-Trp-LysNH, and the addition salts with
pharmaceutically acceptable organic or inorganic acids
of anyone of said polypeptides.
The abbreviations for the residues of amino acids

25 - therein used are in agreement with the standard

nomenclature for the peptides:

Gly = Glycine
Tyr = L-Tyrosine
Ile = L-Isoleucine
30 Glu = L-Glutamic Acid

Thr L-Threonine



¢ .

The present invention |ies on the discovery that WD 96/ 10040

PCT/ EP95/ 03601 4 di fferent

short - chai eptides which pronote the rel ease and increase
of gromﬁhHﬁ%?ﬁgﬁéplevels in bl ood of animals are PAHEBMGH91zed

in that all of them conprise in the peptide chain a.
D-isonmer of 2- 5 al kyl tryptophan (D-2-Me-Trp or D-Mp).

The pol ypeptides conprised in the scope of the present invention are
defined by the follow ng. formul a 5 A-D- M p- (Al a)

n- B- C, wherein Ais any natural L-amno acid or its D-isonmer, 10
with the provi Bbethak-Phenyilabiapint Bis Trp and Cis D _
Phe-Lys-NH2, af,A is.ipidazol eacetyl, isonipecotyl, 4- am nobutyryl,
4-(aninonethyI&%@cTohéggﬁB&B?bonyl, ad u- Tyr-Ala-His, Tyr-Ala-Hs,
Tyr-H's, D Thrr¢ks= gngygpﬁg - preferably Ais¢D-Ala, D Thr, Tyr;- D
relates to dextro 15 | soner, Mp S 2-al kyl t rypt ophan, :
preferably 2Asp = L-Aspahylicripidphan; nis O or 1; Bis L- or DTrp, or

D[err]- Nal ;_ C.is NH2, D-Phe-LysNH2, Phe-LysNH2, D-Trp-LysNH2,
D- Phe- Lys® Thr NEF &r7] L-B¥Ph€1E§s- D Thr NH err], OR wherein Ris a

Arg = L-Arginine 3 o _

Gln = L-Glutamine

Pro = L-Proline
Leu = L-Leucine
10 Met = L-Methionine
Ser = L-Serine
Asn = L-Asparagine
His = L-Histidine
Trp = L-Tryptophan
15 ‘Val = L-Valine.
Moreover,
D-B-Nal = D—B-Naphthylalanine;
IﬁIP = Isonipecotyl;

IMA = Imidazolylacetyl;
20 GAB = 4-aminobutyryl;
Mrp = 2-alkyltryptophan.

According to the present invention, for alkyl it.is
intended lower alkyl, comprising from 1 to 3 carbon
atoms. Examples of 1lower alkyl are methyl, ethyl,

25 propyl, isopropyl. Among these methyl group is mostly
. preferred. ' |

All the three letter-abbreviations of the amino
acids preceded by a "D" indicate the D-configuration of
the aminoacidic residue.

30 The preferred growth hormone release compounds in

the embodiment of the present invention are:



—

Cerr]-Cerr] alkyl group, nore preferably, when B is Trp, then 20 Cis ¢
Phe-LysNH err] or D-Phe-LysNH2 and when B is Phe, then

D-Tr p- Lyshp the addition salts wth phar caIIy »
accept abl e §ann|c or inorganic acids of anyone of gg?ﬁﬁhg 03601 *
pol ypepti des. The abbreviations for the residues of am no acids
25 therein used are in agreenent wth the standard
nonencl ature for the peptides: Gy = dycine Tyr = L-Tyrosine
Ile = L-1sol eucine 30 GQu = L-Gutam g Aci d : Thr = L-Threoni ne
WD 96/ 10040 PCT/ EP95/ 03601
5 Phe =INIBr&mMr@-Brlx@-Phe- LYﬁmﬂﬁzn L Al ani ne Lys = L-Lysine
Asp = L-Aspar &ﬁﬁ%—%rp—%—ﬁ-%ﬁ-?h'e—%tﬁ' Iy ) Arg = L-Arginine
IMA-D-Mrp-D-Trp-Phe-Lys-NH,; !
IMA-D-Mrp—D-B—Nal-Phe-Lys-NHz;
5 GAB-D—Mrp-D-Trp-Phe-Lys-NHz;
GAB-D-Mrp-D-B-Nal-Phe-Lys-NH,;
GAB-D-Mrp-D-B-Nal-NH,;
GAB-D-Mrp-D-$3-Nal~0C,Hg;
4-(aminomethyl)cyclohexanecarbonyl-D-Mrp-D-Trp-Phe-Lys- ‘,

10 NH,;
4- (amlnomethyl)c1clohexanecarbony1 -D-Mrp-D-f3-Nal-Phe-
Lys-NH,;
D-Ala-D-Mrp-Ala-Trp~D-Phe-LysNH,;
D-Thr-D-Mrp-Ala-Trp-D-Phe-LysNH,;
15 His-D—Mrp-Ala-Phe—D—Trp—LysNHz;
Tyr-His-D—Mrp-Ala-Trp-D—Phe-LysNHz;
His-D-Mrp—Ala-TrpNHz;
D~Thr-D-Mrp-Ala-TrpNHy;
wherein Mrp is 2-methyltryptophan, INIP, IMA and GAB are
20 as defined above, _ -
and the addition salts with pharmaceuticélly acceptab;e
orgdmic or inorganic acids of anyone of said
polypeptides. o
.These compounds can . be administered -parenterally,
25 but more conveniently intranasally and orally, or can be
formulated in controlled release systems, such as
biodegradable microcapsules, microspheres, subcutaneous
implants and the like.
The polypeptide compounds.accordihg to the present
30 invention can be synthesized according to the usual

methods of peptide chemistry, both solid-phase and



d n = L-dutam ne - Pro = L-Proline Leu = L-Leucine 10 Met =

L- Met hi oni ne Ser = L-Serine Asn = L- Aspar agi ne Hs =
- Hi stidi §®oenood0 TrP = L-Tryptophan 15 Val = L-Valin

Mor eover , D-[err]-Nal = D-[err]-Naphthylal ani ne; el_)cm‘:ﬁ’ﬁﬁolgﬁoé

| soni pecotyl; | MA = I mdazol yl acetyl; 20 GAB = 4-am nobutyryl;
Mp = 2-al kyl tryptophan. According to the present invention,
for alkyl it is i ntended | ower al kyl, conprising from1l to 3 carbon

atoms. Exanples of lower alkyl are methyl, ‘ethyl, 25 propyl,
L0 e oo RRLISRLTRUBH, AR 0 RE bhassicar” LS ity 2
P bror ST g S AL 158", $P0 mhes, BIRAUIICL eSS 80
terminal end of peptide. A suitable’ starting material
can be prepared, for example attaching the required
5 protected alpha-amino acid to a chloromethylated resin,
a . hydroxymethylated resin, a -benzhydrylahine resin
(BHA), or to a para—methylbenzhydrylamine resin (p~Me-
BHA). As example, a chloromethylated resin is sold with
the Trade Mark BIOBEADS (R) sx 1 by BioRad Laboratories,
10 Richmond, California. The prepara;ion of the
hydroxymethyl resin is described by Bodansky et al.,
Chem. Ind. (London) 38, 15997, (1966). The BHA resin is
described by_ Pietta and Marshall, Chem. Comm., 650
(1970) aﬂd is ‘commercially available by Peninsula
15 Laboratories Inc., Belmont, California.
| After the starting attachment, the protecting group
of the alpha-amino acid can be removed by means of
different acid reagents, comprising trifluorocacetic acid
(TFA) or hydrochloric acid (HCl) dissolved in organic
20 solvents at room temperature. After the removal of the
protecting group of the alpha-amino acid, the remaining
protected amino acids can be coupled step by step in the
desired ordef. Each protected amino acid can generally
be reacted in excess of about three times using a
25 suitable = carboxyl activating group, . such -as
dicyclohexylcarbodiimiide (DCC) or diisopropylcarbodi-
imide (DIC) dissolved, for example, in methylene
chloride (CH,Cl,) or dimethylformamide (DMF) and their
mixtures. After the desired aminoacidic sequence has
30 °  been completed, the desired peptide can bhe cleaved from

the supporting resin by treatment with a reagent such as



t he enbodi nent of the present invention are: WO 96/ 10040

PCT/ EP95/ 03601 6

| NI P-D- M p-D- Tr p- Phe-Lys-NH err]; '

| NI P- D- MM 9610840 | _ Nal - Phe- Lys- NH2; | MA- D- M p- D- Tr 5 PHEDRON 10

| MA-D- M p-D-[err]-Nal -Phe-Lys-NH err]; 5  GAB-D M p- D Tr p- Phe- Lys- NHZ2;
GAB- D- M p- D- Nal - Phe- Lys- NH2; GAB-D-Mp-D-[err]-Nal-NH err];

GAB- D- M p-D-[ err] - Nal - OC2H5;

4- (am nonet hyl ) cycl ohexanecar bonyl - D- M pgD- Tr p- Phe- Lys- 10 NH err];
4- (am nonet hyl ) ci cl ohexanecar bonyl - D- M p-D-[ err] - Nal - Phe-

Lys- NH err]; hydrogén Al filudmige Al (I} p- Dvipkeh | y&OF )y cleaves . the

O T DN D A0 RGBS, ey, ot Duldd AR e
;gh&g g/tg' %%Eé&% groupsWhe&yi Nehep i1atdr@El hyéha ypé oph@henl NP, | MA
chloromethylated resin or a hydroxymethylated resin is
5 used, the'treatment.with HF leads to the formation of
the acid peptide in free form. When a BHA cr p-Me.—BHA
resin is used, the treatment with HF directly leads to
‘the formation of the amide peptide in free form.
The above discussed solid-phase procedure is known ‘r
10 in'the-art and was described by Atherton and.Sheppard,
' Solid Phase Peptide Synthesis (IRL Press, Oxford, 1989).
Some - metﬁods in solution, which can be ~used to
synthesize the peptide moieties of theppresent invention
are detailed in Bodansky et al., Peptide Synthesis, and
15 edition, John Wiley & Sons, New York, N.Y. 1976.and from
| Jones, The Chemical Synthesis of Peptides, (Clarendon
Press, Oxford, 1994). _
These compounds can be administered to animals and
humans at -an effective dose which can be easily
20 determined by the expert in the field and which can vary
according to the specie, age, sex and weight of thé
treated subject. For example, in : -humans, when
intravenously administered, the -preferred dose falls in
‘the range from about 0.1 mrg to 10 ng of total peptide
25 per kg of body weight. When . orally .administered,
typically higher amounts are necessary. For example, in
" humans for the oral administration, the dosage level is
typically from about " 30 ug to about . 1000 ug of
polypeptide per kg of body weight.-The.exact level can
'3O be easily determined empirically based on -the above

disclosure.



>0 as defined above, and the addition salts mﬁth pharmaceutical ly

acceptable organi c or I norgani c aci ds anyone of

gai d g epti des. These conpounds can ?Qg ﬂ% tered
parenter but nore conveniently |ntranasally an raI r can
be fornulated in controll ed rel ease systens, such as

bi odegr adabl e m crocapsul es, m crospheres, subcutaneous I npl ants and
the |ike. : The pol ypepti de conmpounds according to the present

30 i nvention can be synthesized accerding to the usual

met hods of peptide chemstry, both-  solid-phase and WD 96/ 10040
PCT/ EP95/ 03601 Compositions, which comprise asy act1v§0|{ﬁgqﬁp1Qgtby

synt hesi s star termna pept | A Su

mat eri al : dsadarbse@r epayeipdpidae@anpl andt t acbhgrt he cfcﬁmurﬁaewllofés
protected al pha-amno acid to a chloronetgihated resin,

hydr oxymet hy| aPRBiopaliy, iR ag@AxkpgeyMitina vehsigle, dlkﬁﬁﬁ% PREEB g
para- nethylbengpyg ng@d“%éfgﬁgh(%ogglng, are also comprlsed in the

scope of the present invention. The delayed release

means of the c% b?%ﬁ&qﬁtn9ﬂ§ 40RWM 5| cen%dd%éfgnaééltghe §O#gg|§h%?grtlng

pharmaceutical forms, comprising bioerodible matrixes,
suitable for subcutaneous implant are particularly
interesting. Examples of these matrices are described in
10  W09222600 and W09512629. |
| Biological activity
In vivo activity of these compounds was determined
in ten day-rats, which were subcutaneously injected
(s.c.) with a dose of-300 vg/kg or with different doses
15 in dose-response studies, according to what described in’
detail by R. Deghenghi et. al, Life Sciences 54, 1321,
(1994). The results are resumed in the Table below, the
released GH was measured after 15 minutes from the
treatment.
20 The GHRP-2 (reference standard) has the structure
D-Ala-D-f-Nal-Ala-Trp-D-Phe-Lys-NH, (Chen and Clarke, J.
‘Neuroend. 7, 179 (1995). "



BHA). As exanple, a chloronethylated resin is sold with t he Trade Mark
Bl OBEADS (R) SX 1 by Bi oRad Laboratories, 10 Ri chnond, California.

- The pr i of t he hydr oxynet hyl resin is i by
Bodansky%gﬁggid."?'{1 Chem Ind. (London) 38, 15997, (196 'E%}élg% resin

i's described by Pietta and Marshall, Chem Comm, 650 (1970)
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California. After the starting attachnment, the protecting group

of the alpha-amno acid can be regmgved by nmeans of di fferent

acid reagents, cdnprisingitrifluoroacetic acid (TFA) or hydr ochl oric
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t he renoval of the priot ecti ng group of the al pha-am no aci d,: t
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8 hydrogen fluoride (HF), which not only cleaves the

‘peptide from the resin, but also the nore common protecting
gr oups of Jﬁﬁo ateral chains. . \Wen a - - chloronet hyl ated resin or
a hydroxynet 0% resinis 5 used, the treatment with MEVERIS3608 ¢ he
formati on of the acid peptide in free form -When a BHA or p-Me-BHA
resin is used, the treatnment with HF directly teads to the formation
of the am de peptide in free form The above di scussed

sol i d- phase procedure is known 10 inmthe art and was descri bed by

At herton and Sheppard, Solii d Phase Peptide Synthesis (IRL Press,
Oxford, 1989). i Sore rfet hods in solution, which canibe used to
synthe3|ze the peptidé noietied of the present invention 1 are detailed
i n Bodansky et al., Peptide SyntheS|s 2nd 15 edition, JoHn Wley &
Sons, New York, N.Y. 1976 and firom Jones, The Chenical $ynthesis of
Peptldes (Clarendon l Presﬂ Oxf ord, 1994) THese conpounds
can be administered td a@ nal s land hunans at an effectiive dose which
can be easily 20 detegnlﬂedlbyhthe expert in the fiel deand which can
vary according tio &he’s specke, + age, n Sex and webght df the

treated subject. For & esamled Jin hﬁhans,ﬂ whep, @ |

i ntravenously admi ni stergd, & hd preferred dose falls in I the range
fromabout 0.1 pg to 10 g of tlotal peptide 25 per kg oﬂ body

wei ght. Wen oraIIyl adnlnlsvered . typically higher anDunts are
necessary For exanple, in

+14
15
15

GH control
2043

(ng/ml)
10
.10

Dose pg/kg s.cC.
5000
300
300
300
300
300

GAB—D—Mrp—D—Trp—Phe—Lys—NHZ

INIP-D-Mrp-D-Trp-Phe-
(GHRP-2)

- continued -~
His-D-Mrp-Ala-Trp-NH2
imidazolacetyl-D-Mrp-
Ala—Trp—D—Phe-Lys—NH2
INIP-D-Mrp-D-B-Nal-
Phe-Lys—NH2

Peptide_
Lys—NH2



humans for the oral administration, the dosage level is typically

from about 30 pg to about 1000 pg of pol ypepti de per kg of
body wei exact |evel gas determined enpirically
based ﬁ% mg'gsoabove o[ sriHoBHEET HAS BEENA 96/ 10040 PCTEPSSIO3601

PCT/ EP95/ 03601 REPLACED 9

Conposi tions, which conprise rngr edr ent t he organic and

i norgani ¢ addition salts of the above - described pol ypeptides and
their . conbinations, optionally,1pn adm xture with a vehicle,

diluent, matrix 5 or del ayed rel ease coating, are also conprised in the

scope of the preseht Viita®t | @6tivHd YdePByeddeRrY bagelase aqﬂﬂaﬁrWedﬁScal

forms, conpris er.qdi [ ) |l e subcut
inplant are ég@k?cﬁlaqﬁ Qh%egﬁ%%n?@?%u%t%ry éﬁﬁﬁ%? ge&ﬁ St hEER™ n§¥%ngggs
are descri bedﬂéibhﬂ-:@g 15’09%2?.;5:&0 §st¥\@951%%9 increas& ebagheal agitnity

In vivo activity of these conpounds was determ ned in ten day-rats,
whi ch were surait baselLsheg Whﬁécﬁﬁgo-o 23 K@ foy ﬁhehpapugéetﬁ—Kﬂl}qmﬂkg
3;5§“rf[;e§' f‘;ﬁi SUALD S’Frp-[}SPhe L Ps RS e i REPONS S aRRBIE eI u A A2 what

_Trp-D-Phe-LysNH,)} resulted inactive.
The following examples further illustrate the
invention.
EXAMPLE 1 .
10 Synthesis of GAB—Q—Mrg—D-TrQ-Phe-Lzs-NHz {(Mrp= 2~
methylthryptophan) . :

The synthesis was carried out by solid-phase with

9-fluorenylmethyloxycarbonyi (Fmoc)-aminoacids involving
resin preparation, assembly 1in a = reactor column
15 according to one of seQeral. methods available to the
skilled in the art, as exemplified in "Solid phase
peptide synthesis" by E.Athérton and R.C. Sheppard, IRL
press. at Oxford University press, 1989. The protected

amino acids are Fmoc-Lys(Fmoc )-Opfp
- 20 (Opfp=pentafluorophenyl ester), Fmoc-Phe-Opfp, Fmoc-D-
Trp-Opfp, Fmoc-2-MeTrp-Opfp and Fmoc-GAB-Opfp

(GAB:gammaFaminobutyric). ‘Alternatively, the use of

Castro's reagents, _BQP_ and PyBOP (cfr. Le Nguyen and

Castro (1988) in Peptide Chemistry 1987, p.231-238.

25 Protein Research Foundation Osaka; and Tetrahedron

Letters 31,205 (1990) can also be used advantageously as
direct coupling reagents.

. After cleavage and isolation, the title peptide was

purified as acetate salt. Purity (HPLC): 98%, MW

30 (M+H*)=764.3 (theoretical=763.9).
This Sheet Has Been Replaced

AT




detail by R Deghenghi et. al, Life Sciences 54, 1321, (1994). The

results are resuned in the Table below, the rel eased GH was neasured
after 15 R§ gromthe - treatnment. 20 The - 2
(refer ence st aﬂﬁgr d) has the structure G];BF’EP’S’O“M
D-Ala-D-[err]-Nal-Al a- Trp D-Phe-Lys-NH2 (Chen and C arke, J.
Neur oend. 7, 179 (1995) - WD 96/ 10040
PCT/ EP95/ 03601 o 10 [err]
g 13 .
EXAMPLE 2

According to the procedures described in Example 1,
the following- peptides were prepared and obtained as
acetate saltﬁ: |

5 INIP-D-Mrp-D-Trp-Phe-Lys-NH,; purity (HPLC)=99.0%, MW
(M+H*=790.4; theoretical=790.0)
INIP—D-Mrp—D—B-Nal—Phe—Lys-NHZ; purity (HPLC)=96.5%, MW
(M+H*=801.4; theoretical=801.0)
IMA-D-Mrp—D—Trp-Phe—Lys-NH2; purity (HPLC)=99.2%, MW

10  (M+H*=786.5; theoretical=786.8)
IMA-D-Mrp-D-B-Nal-Phe-Lys-NH,; purity (HPLC)=97.3%, MW
(M+H*=798.3; theoretical=797.9)
GAB-D-Mrp-D-B-N&l-Phe-LYs—NHz}
4-(aminomethylcyclohexanecarbonyl-D-Mrp-D-Trp-Phe-Lys-
15 NHZ'
4- (amlnomethyl)c1clohexanecarbonyl D~-Mrp-D-B-Nal-Phe-
Lys—NHz;
_ D-Ala-D-Mrp-Ala—Trp-D-Phe—LysNH2;
D—Thr—D-Mrp—Ala-Trqu-Phe-LysNHz;
20 His—D-Mrp-Aia—Phe-D4Trp-LysNH2;
Tyr-His—D-Mrp-Ala—Trp-D-Phe—LysNHz;
His-D—Mrp—Ala—TrpNHz;
D-Thr-D-Mrp-Ala-TrpNH,;
wherein Mrp is 2-methyltryptophan, INIP, IMA and GAB are

25 as defined above.



WD 96/ 10040

PCT/ EP95/ 03601 11 |
[err] WD 96/ 10040 .
WO 96/10040 . e | PCT}E%,TSI EE95/ 03601
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CLAIMS
A O I
1. A peptide of formula: »oc Lo Mo

A-D-Mrp-(Ala), -B~C
wherein A is any_naturél L-amino acid or its D-isomer,
with the proviso that A is not His if B is Trp and C is
D-Lys-NH,; or A is imidazoleacetyl, isonipecotyl, 4-

aminobutyryl, 4-(aminomethyl)cyclohexénecarbonyi; Glu-

Tyr-Ala-His, Tyr-Ala-His, Tyr-His, D-Thr-His; D relates (

to the dextro isomer, Mrp is 2-alkyltryptophan; n is O

or 1; B is L- or D-Trp, Phe of’D—B-Nal: C is NH,, D-Trp-

LysNH,, D-Phe—LysNHz, Phe—LysNHz, D-Phe—Lys—ThrNHz, D-

Phe-Lys-D-ThrNH,, OR,'whérein R is3a'Cl-C3 alkyl group,

and the addition salts with pharmaceutically acceptable

organic or inorganic acids of anyone of said

polypeptides.

2. A peptide according to claim 1, wherein Mrp is
selected from 2-methyltryptophan, 2-ethyltryptophan, 2-

propyltryptophan, 2-isOpfopyltryptophan.

3. A peptide according to claim 1, wherein Mrp is 2-
methyltryptophan.
4. A peptide according to claim' 1, wherein A 1is

imidazoleacetyl, isonipecotyl, 4-aminobutyryl, D-Ala, D-
Thr, Tyr.

5. A peptide according to claim 1, wherein C is.Phe-
LysNH,, D-Trp-LysNH,, NH,, or, wherein R is a C4q-Cj5
alkyl group,.

6. A peptide according to claim 1, selected from in
the group consisting of: F———+—___________¢__
IMA-D-Mrp-D-Trp-Phe-LysNH,; This Sheet Has Bee

| )

*)



12 In vitro activity on adenylcyclase activity was

. measured in anterior pituitary gland cells fromrats wei ghing 150 g
and showegy, ncrease conpared with " the baseline 0=0. 23
nm for the pep&&dde DAla-D- 5 - Mp-Al a-Trp-D Phe-LysNH2, ﬁﬁt’?@’é@ RP- 6
(H s-D Trp-Al a- ' Tr p- D- Phe- LysNH2) resulted inactive. : The
foll owi ng exanples further illustrate the ' I nvention.- EXAVPLE
1 10 Synthesis of  GAB-D M p-D-Trp-Phe-Lys-NH err] (M p= 2-
met hyl t hr vpt onhan) . The synthagy s was carried out by. _
sol i d-phase with 9-fl uorenyl nmeth Ioxycarbonyr——fFﬁBe%—anLnoacha
i nvol vi ng INIPeQrHerPeﬁﬁpaPPQHLYSN§Q

denbly in E act or colu
15 accordin n sav | et vai I abl et nlﬁwumnum I ed
R TR | Eﬁl
E. At hert on andGRBCD-BReppargp-PRe- -LYsNH jr ess at Oxford Unlver5|ty pf ess
1989. The protected anm no aci ds are

Fnoc- Lys( Frroc) G&BFp-Mze-D-Br8pdpPhentysNiorophenyl ester), FnDC-Phe-Cpfp,

Frnoc- D- _ rr]-MeTrp-Opfp ‘and
Froc- GAB—Epf GXE DCH gAB Baﬁgg ghﬁhobutyric) Al ternatively, the use
of CastGQBsDLgQgenL PNBQEOGQ RyBCOP (cfr. Le Nguyen and

Castro (1988).in Peptide em stry 1@87 p.231-238. 25 Protein
Resear ch Founda&ﬁmnnom@&hal)CHGQOhEQ@m&W@db@myl =D-Mrp-&-Taps PAE -20% - 1990)
can al so be usgg advant ageously as di rect coupling reagents.

21

4-(aminomethyl)cyclohexanecarbonyl-D-Mrp-D-3~Nal-Phe-

10 Lys~NH,. _

7. A peptide according to claim 1, selected from the
group consisting of:
Imidazolacety1QD—Mrp—Ala—Trp—D-Phe—LysNH2;
D-Ala-D-Mrp-Ala-Trp-D-Phe-LysNH,;

15 D-Thr-D-Mrp-Ala-Trp-D-Phe-LysNH,;

His-D-Mrp-Ala-TrpNH,;
D-Thr—D—Mrp—Ala-TrpNHz;
His—D—Mrp—Ala-Phe-D—Trp—LysNHz;
D-Thr-D-Mrp-Ala-Trp-D-Phe-Lys-D-ThrNH,;

20 -D—Thr—His-D—Mrp-Ala-Trp-D—Phe—LysNH2;
His-D-Mrp-Ala-Trp-D-Phe-Lys-ThrNH,;
His—D-Mrp-Ala-Trp-D-Phe-Lys—D-ThrNH2.

8. A peptide according to claim 6 or 7, wherein Mrp is
2-meth?ltryptophan.

25 9. The use of the peptides of claims 1-8 for the
manufacturing of a medicament useful for promoting the
release of growth hormone in an animal.

10. The wuse according to claim 9, wherein the
medicament is useful in human medicine.

30 11. The wuse of the peptides of claim 7 for the

manufacturing of a medicament useful to promote the



After cleavage and isolation, the title peptide was purified as
acetate salt. Purity (HPLC): 98% MN 30 (MHH+) =764. 3

(theoretical :763. 9). _

PCT/ EPOSPES4) TN s roresene o
According to the procedures descrt béd #"n Exahple 1, the foll ow ng
pepti des were prepared and obtai ned as acet ate salts: 5

| Nl P-D- M p-D- Tr p- Phe-Lys-NH2; purity (HPLC)=99.0% MWV

( MEH+=790. 4; theoretical =790. 0) | BlgP- D- M p-D-[ err] - Nal - Phe- Lys- NH2;
purity (HPLC) =96. 5% MW (MtH+=801. 4; theoretical =801. 0)

| MA- D- M p- DTlpchesEystHEe 1npnape}lul@ﬁpae):iggtwpf agpnylgyclase.
(M+H+=786.5; theoretical =
[ Vi D. M - DL [ b ] - REPEPRESEY A ORIy SAMPOS Ihensy CAURIU,, 3 ot fgFeive
(MrH+=798. 3; BRS?BEUOCE&' g{94c¥st a peptide of claims 1-8 as active
GAB-D- M p-D-[err]-Nal - Phe-Lys- NH err]p
4- (am nonet hyhnycbdhenanemmlnmDa¢mpxpheeLy«$1th 1sarrigys; and
4- (am nogret hyl )mpl,g?lgéanecar bonyl -D-M p-D-[err] - Nal - Phe-

excipi . o

13. Compositions according to claim 12 in the form of

compositions for = parenteral, intranasal, oral,
controlled release administration, subcutaneous
implants.

10



Lys- NH erer DAIa D- M p-Al a- Trp DPhe LysNH[err]

D- Thr - D- K261y p- D- Phe- LysNH2; 20 PCC/EPIS/03601

Hi s- D- M p- Al a- Phe-D Trp-LysNH err] ;-

Tyr - Hi s- D--M p- Al a- Tr p- D- Phe- LysNH2;  ° H s-D-Mp-Aa-TrpNH err];

D- Thr - D- M p- Al a- Tr pNH2; wherein Mp is 2-nethyltryptophan, INIP, |IMA
and GAB are 25 as defined above. 12 CLAI M5

14 1. A peptide of fornula:

A-D- M p- (Al a)n-B-CIn B&itMér@rmNts oy nademnlcyrcha$eo asdiiyv ity twas

D-i soner, proviso that. Ais not His if S and I S .
D Lys- NH2; orm%a?%rfan d’a‘}olae’é‘cee’i’sﬁr §'otr’ﬁlpte§§)"fy laaz.. celi a{‘f%%blﬁ%%

4- (anmi nomet hwld £yl Rgexsnecar EQBY'shov@dJ a 30% intHeRa-Ebhipat¥l- N’l&.‘l‘H‘ s,
Tyr-H's, D-Thr-H's; relates 10 to the dextro isomer, Mp is

2-(derr]- C3¢ﬁ«yb§seypnepmmth EC50—0n235n®<ﬁon_tmeueem:i@¢ D-Plg-DPhe or

Bl[Dﬁrer }_- ls\lfil ; bFr Ai\IHZTrp D~ PheD-L;rsQ{lJ‘zxswvl_l!zzéreas P&?R%'yéNHais DPH’% %&Naliz

Trp-D-Phe-LysNH,) resulted inactive.
The following examples further illustrate the
invention.
EXAMPLE 1
10 Synthesis of GAB-D-MrQ-Q-grQ—Phe-Lzs-NH; (Mrp= 2-

methyl votophan

The synthesis was carried out by solid-phase with
9-fluorenylmethyloxycarbonyl (Fmoc)-aminoacids involving
resin preparation, assembly in a reactor column

15 according to one of several methods available to the
skilled in the art, as exemplified in "Solid phase
peptide synthesis" by E.Atherton and R.C. Sheppard, IRL

press at Oxford University press, 1989. The protected

amino acids are Fmoc-Lys(Fmoc)-Opfp '
20 (Opfp:pentafluorophggyl ester), Fmoc-Phe-Opfp, Fmoc-D-

Trp-0Opfp, Fmoc-R2-MeTrp-Opfp and Fmoc-GAB-Opfp

(GAB=gamma-aminobutyric). Alternatively, the use of

Castro's reagents, BOP and PyBOP (cfr. Le Nguyen and

Castro (1988) in Peptide Chemistry 1987, p.231-238.

25 Protein Research Foundation Osaka; and Tetrahedron

Letters 31,205 (1990) can also be used advantageously as
direct coupling reagents. |

After cleavage and isolation, the title peptide was

_ purified as acetate salt. Purity (HPLC): 98%, MW
30 (M+H*)=764.3 (theoretical=763.9). '
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Thr NH2, D-Phe- Lys- D" THPRED, * O “whérein Ris a (err]-Cerr] al kyl

group, . and t he addi tion salts - .with 15 pharnaceutlcally
acceptabl e organic or inorganic acids of anyone—of—said

pol ypept i des. 2. A peptide aceordlgg to cIa|n11

sel ected from.2- hyl t rypt'ophan, 2-ethyl ryptophan pL mﬁMJ I Dl“
propyltryptoéﬂﬁﬂgﬁé-isopropyltryptophan . A pe

claiml1l, wherein Mp is 2- ' nethyltryptophan ' 4. A peptlde
according to claim1, wherein Ais i m dazol eacetyl, isonipecotyl,

4- am nobutyryll., R Aeptilde of forhula: Tyr. 25 5. A peptide according to
claim1, wherein Cis Phe- LysNH2, D-Trp LysNH2, NH err], or, wherein
Ris a derr]-Cerr] al ky| AgPoMpP- (Ala),-B=Cp peptlde according to

IC:VI%\I g &/r psgl %ﬁ’t q%he LysklEI[ e?’S’] naturd O#/Aa%gﬁ?p%lé"{bgr Nﬁ% Igﬁé"-slf’?‘selﬁ‘HZ;

WO 96/ 10040 with the proviso that A is not His 1fF§31£P@5503ﬁ91C is
| D-Lys-NH,; or A 1is imidazoleacetyl, isonipecotyl, 4-
aminobutyryl, 4-(aminomethyl)cyclohexanecarbonyl, Glu-
Tyr-Ala-His, Tyr-Ala-His, Tyr-Hls, D-Thr-His; D relates

10 | to the dextro isomef, Mrp is 2-(C,-C3 alkyl)tryptophan;
nis 0 or 1; B is L- or D-Trp, Phe or D-B8-Nal; C is NH,,
D~Trp-LysNH,, D-Phe-LysNH,, Phe-LysNH,, D-Phe-Lys-
ThrNH,, D-Phe-Lys-D-ThrNH,, OR, wherein R is a Cq1-C3
alkyl group, and the addition salts  with

15 pharmaceutically acceptable organic or inorganic acids
of anyone of said polypeptides. |
2. A peptide according to claim 1, wherein Mrp -is
selected from 2-methyltryptophan, 2-ethyltryptophan, 2-
propyltryptophan, 2-isopropyltryptophan.

20 3. A péptide according to claim 1, wherein Mrp is 2-
methyltryptophan.

4. A peptide according to claim i, wherein A is
imidazoleacetyl, isonipecotyl, 4-aminobutyry1; D-Ala, D-
Thr,  Tyr. '

25 5. A peptide according to claim 1, wherein C is Phe-
LysNHp, D-Trp-LysNH,, NH,, or, wherein R is a C;-Cj
alkyl group, . '

6. A peptide according to claim 1, selected from in the

group consisting of:

30 IMA-D-Mrp-D-Trp-Phe-LysNH, ; .
IMA-D-Mrp-D-8-Nal-Phe-LysNHj; REPLACEMENT SHEET
o 25 SEP 1996
AMENDED SHEET

IPEA/EP



15 | NI-P- D- M p- D- Tr p- Phe- Lﬁ%&f@r@??‘é— >
NI P-D- M p-D-[err] -Nal - Phe- LysNH2; Eigé} 9@}‘ %‘l'ﬂe- Sl
GAB- D- M p- D- | | - Phe- bmmmwtﬁuummmmdner r] Na TR
GAB-DMp-D[er)r 'INaNél -0 err] H5; International Bureau
4- (anmi nmmmoy&mmmmmsnmmm PATEENT/€OOPERATIONNFEEATY (PCT)

Lys: NP bl e SHEATEAEC 17 e g 4 PRt PR g o YO, 26040
gr oup g@%};ﬁ% 2, 51, Snd R éi (45 b mui;m,@ Phe- LyghHbe édos e

D_ AI r\ Dhn | \lcl\ll_lr or+

D- Thy Pﬂ%r&uélaﬁﬂ ﬁoQ Mﬁri—ys N"i{c‘i‘fﬁbd 1) D%W&PAW@' A6 & BR] BY, ca, cH,
D'Thr(-zDMp Al a- rp?\lH[err] 5{0;6_01 /ﬁr ac e bk, EE[ES| §is 6bjaE; B, 1S, I? KG,

(I)Iygreatiggabiing egresmbED 1995 C -1 KB, KR, KZ, LK, LR, LT, LU, LV, MR, MG, MK, MN,
3$Er Hi D- M p- Al gm?l?l-‘ Phgqlg’he L SNH?IW@’X MX, NO, NZ, PL, PT, RO, RU, SE..'@SI. SK, TI, T™™,
- hr-nes- p- p- y TT, UA, US, UZ, VN, European patsit{AT, BE, CH, DE,
Hi s - QadylpRority Baak " P- e- Lys- Thr NH[ e” " DK,ES, FR, GB, GR, [E, IT, LU, MC, NL, PT. SE),OAPI
H s- D M Ml!l46’00195 Gepletiter (94T patent (BF, BJ, OF, O& (€I, |QVE GAC@0 ML, MB

to cjaim B“9é4\°°'729 erléF"ﬂe 19P14.06.95) I'Q met hyNt TPy FRopBpatent FKE, MW, §D, SZ, q‘he
use pf the peptides of clains 1-8 for| the
(71)(72) Applicant and Inventor: DEGHENGHI, Romano | Published

[IT/CH}; Cheseaux Dessus B1, CH-1264 St. Cergue (CV With international search report.
Before the expiration of the time limit for amending the
(74) Agent: MINOJA, Fabrizio; Studio Consulenza Brevettuale, Via claims and to be republished in the event of the receipt of
Rossini, 8, [-20122 Milano (IT). amendments. -

(54) Title: POLYPEPTIDE COMPOUNDS CONTAINING D-2-ALKYLTRYPTOPHAN CAPABLE OF PROMOTING THE RELEASE
OF GROWTH HORMONE

(87) Abstract

A peptlde of the formula: A-D-Mrp-(Ala).,-B-C wherein A is any natural L-amino acid or its D-isomer with the proviso that A is |
not His if B is Trp and C is D-Phe-Lys-NHp; or A is imidazoleacetyl, lsorupecotyl 4—ammobutyryl 4-(ammomethyl)cyclohcxanecarboml
Glu-Tyr-Ala-His, Tyr-Ala-His, Tyr-Hls, D-Thr-His; D relates to the dextro isomer, Mrp is 2-alkyltryptophan; n is O or 1; B is L- or D-Trp,
Phe or D-, ﬁ-naphthylalanme, C is NHz, D-Phe-LysNH3, D-Trp-LysNH;, D-Phe-Lys-NHz, Phe-Lys-NHz, D-Phc-Lys-ThrNHz D-Phe-Lys-
D-ThrNH3, OR, wherein R is a C;-C3 alkyl group, and the addition salts with pharmaceutically acceptable organic or inorganic acids of
-| anyone of said polypeptides, these compounds are capable of promoting the release of growth hormone, and are active by the oral route.
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