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571 ABSTRACT

The present invention provides novel peptides of for-
mula (I):

R—X l)m—(Xz)n‘"x3_x4——xs——)(6—)(‘7—()(-
H—(X—R! o

together with their salts, esters, amides, N-alkylamides
and N,N-dialkylamides and acid addition salts thereof.
These compounds exhibit morphine agonist activity in
both in vitro and in vivo tests and may be used in the
treatment of mammals in the fields of both human and
veterinary medicine in any condition where an agent
with a morphine-like effect is indicated.

8 Claims, No Drawings

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the
rights associated with a statutory invention registration
see 35 US.C. 157,
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1
BIOLOGICALLY ACTIVE AMIDES

PRIOR APPLICATION

This application is a continuation of application Ser.
No. 815,774, filed July 14, 1977, which is a continuation-
in-part of U.S. patent application Ser. No. 762,529, filed
Jan. 26, 1977, now abandoned.

This invention relates to peptides and derivatives
thereof; to the preparation of such compounds; to for-
mulations containing such compounds and the prepara-
tion of such formulations; and to the use of the com-
pounds in human and veterinary medicine.

More particularly the present invention relates to
peptides and derivatives thereof which exhibit mor-
phine agonist activity. As generally accepted and as the
term is used herein, a morphine agonist is a compound
the biological activity of which mimics that of the natu-
ral alkaloid. .

The pharmacological properties and therapeutic uses
of morphine are well documented in the literature, see
for example “The Pharmacological Basis of Therapeu-
tics”, Goodman, L. S. and Gilman, A. eds., published by
The MacMillan Company, New York, third edition
(1965) especially at Chapter 15, pages 247 to 266, and
“Martindale: The Extra Pharmacopoeia”’, Blacow, N. W.
ed., published by The Pharmaceutical Press, London,
twenty-sixth edition (1972) especially at pages 1100 to
1106, all of which is incorporated herein by reference
hereto. As is well known however (Goodman, L. S. et
al., loc. cit, Chapter 16) repeated administration of mor-
phine can lead to the recipient developing an addiction
to the drug and tolerance to its effects and to his mani-
festing withdrawal symptoms when administration is
discontinued. For many years therefore research has
been conducted with the aim of obtaining a compound
having the activity spectrum of morphine while lacking
its disadvantages.

The present invention provides the novel peptides of
formula (I);

R—(XDm— (X —X3—X*—X—X—XT—(X-
85— (X% —~R!

together with their salts, esters, amides, N-alkylamides
and N,N-dialkylamides and acid addition saits thereof,
which compounds exhibit morphine agonist activity in
both in vitro and in vivo tests.

In formula (I):

X1 and X2 are the same or different and each is the
radical of a basic amino acid (D or L);

X3is a D or L radical having the formula:

@

wl
| |
R2—(CH3)4.(CH)5.CH.CO—

w

wherein R2 is phenyl or 1,4-cyclohexadien-1-yl, ais 0, 1
or2,bis0or 1, one of W and W1is a group —NR3—
and the other is hydrogen, provided that W is always
—NR3— when b is 0 and that when R2is 1,4-cyclohex-
adien-1-yl a is always 1 and b is always 0, where R3 is
hydrogen or a group selected from alkyl, alkenyl, alky-
nyl, carboxyalkyl, carboxyalkenyl and carboxyalkynyl,
and where R2 is optionally substituted by one or more
groups each selected from hydroxy, alkoxy, al-
kanoyloxy, alkyl, nitro, trifluoromethyl, amino, N-
alkylamino, halogen, N,N-dialkylamino and benzyloxy
wherein the phenyl ring is optionally substituted by one
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or more groups each selected from hydroxy, alkoxy,
alkanoyloxy, halogen, alkyl, nitro, trifluoromethyl,
amino, N-alkylamino and N,N-dialkylamino;

X4and X5 are the same or different and each is glycyl
or a D or L radical selected from C-propargylglycyl,
alanyl, a-alkyl alanyl, B-alanyl, valyl, norvalyl, leucyl,
isoleucyl, norleucyl, prolyl, hydroxyprolyl, tryptophyl,
asparaginyl and glutaminyl, where each of said radicals
is optionally N2-substituted with an alkyl group;

X6 is selected from glycyl, a D or L radical selected
from methionyl, leucyl, isoleucyl, norleucyl, valyl, nor-
valyl, prolyl, hydroxyprolyl, alanyl and histidyl, and
the values recited hereinabove for X3;

X7is a D or L radical selected from seryl, homoseryl,
O-alkyl seryl, O-alkyl homoseryl, threonyl, O-alkyl
threonyl, methionyl sulphoxide, methionyl sulphone,
B-homovalyl, homoleucyl, B8-homoleucyl, S-methyl-
homocysteinyl, homomethionyl, 8-homomethionyl and
the values recited hereinabove for X5;

X8 is selected from the radical of a basic amino acid
(D or L) and a D or L radical selected from seryl, threo-
nyl, phenylalanyl and tyrosyl;

X9is selected from glycyl, the radical of a basic amino
acid (D or L), and a D or L radical selected from seryl
and threonyl;

R is selected from hydrogen, aralkyl, alkyl, alkenyl,
alkynyl, carboxyalkyl, carboxyalkenyl and carbox-
yalkynyl;

R!represents the hydroxyl of the 1-carboxyl group of
the C-terminal amino acid residue or a group, replacing
said 1-carboxyl group, selected from —CH,;OR4, where
R#is hydrogen or alkanoyl, and 5-tetrazolyl optionally
substituted in the 1- or 2-position with a group selected
from alkyl and benzyl; and

m, n, p and q are each selected from 0 and 1,

except for the peptides of the formula:

H—X3—Gly—Gly—X5—X"—0OH

and their salts, esters, amides, N-alkylamides and N,N-
dialkylamides and acid addition salts thereof, wherein
X7is selected from L-leucyl and L-methionyl and either
X3 is selected from L-tyroSyl and L-3,5-diiodotyrosyl
and X6 is L-phenylalanyl, or X3 is L-tyrosyl and X6 is
L-4-chlorophenylalanyl.

The abbreviations used herein for amino acids and
their radicals are those conventional in the art and may
be found in, for example, Biochemistry, 11, 1726 (1972).
In the above and throughout the foilowing all refer-
ences are to the L-amino acids and their radicals except
in the case of glycine and unless otherwise stated.

By the term “basic amino acid” is herein meant an
amino acid having two basic functions and one carboxyl
group, and as examples of the radicals X!, X?, X8 and
X9 may be mentioned lysyl (D and L), homoarginyl (D
and L), ornithyl (D and L), histidyl (D and L), a,y-
diaminobutyryl(D and L) and arginyl (D and L).

In formula (I), the optional alkyl substituents of the
radicals X4 and X5, the alkyl moiety of the a-alkyl ala-
nyl identity for X4 and X5 and the alkyl moiety of the
O-alkyl seryl, O-alkyl homoseryl and O-alkyl threonyl
identities for X7 desirably have 1 to 4 and preferably 1
or 2 carbon atoms. In the phenyl or 1,4-cyclohexadien-
1-yl ring R2 of the radical X3, and in the optional ben-
zyloxy substituents therein, the optional halogen substit-
uents may be selected from fluorine, chlorine, bromine
and iodine and the optional alkyl and alkoxy substitu-
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ents together with the alkyl moieties of the optional
alkanoyloxy, N-alkylamino and N,N-dialkylamino sub-
stituents desirably have 1 to 4 and preferably 1 or 2
carbon atoms.

When the phenyl or cyclohexadien-1-yl ring of the
radical X3 has 1 or 2 substituent groups thereon said
groups are desirably located at the 3- and/or 4-posi-
tion(s) of the said ring.

The alkyl identity for R and for the group R3 of the
radical X3 together with said moiety in the carboxyalkyl
identity therefor may in particular have 1 to 4 carbon
atoms, for example 1 or 2, but such groups having for
example 1 to 10 or 1 to 20 carbon atoms are to be under-
stood as also included. The alkenyl and alkynyl identi-
ties for R and R3 together with said moieties in respec-
tively the carboxyalkenyl and carboxyalkynyl identities
therefor may in particular have 2 to 4 carbon atoms but
such groups having for example 2 to 10 or 2 to 20 car-
bon atoms are to be understood as within the scope of
formula (I). As particular values for said alkenyl and
alkynyl groups respectively may be mentioned allyl (a,
B or v) and propargyl.

When R is aralkyl this may be for example benzyl
optionally substituted in the phenyl ring by one or more
groups each selected from those recited hereinbefore in
respect of the optional benzyloxy substituent of the
group R2in the radical X3.

When R!is a group -——CH;OR#* wherein R# is alkan-
oyl the alkyl moiety of said alkanoyl group desirably
has 1 to 4 and preferably 1 or 2 carbon atoms. When R!
is 5-tetrazolyl the optional alkyl substituent thereon
desirably has 1 to 5 carbon atoms and the optional ben-
zyl substituent thereon is itself optionally substituted in
the phenyl ring by one or more groups each selected
from those recited hereinbefore in respect of the op-
tional benzyloxy substituent of the group R2in the radi-
cal X3,

Among the esters of the peptides of formula (I) may
be mentioned the alkyl esters and the aryl esters. The
alkyl esters include in particular those wherein the alkyl
group has 1 to 4 carbon atoms, for example the methyl,
ethyl and t-butyl esters, but esters wherein the alkyl
group has for example 1 to 10 or 1 to 20 carbon atoms
are to be understood as also included. The aryl esters
include phenyl esters, for example halophenyl esters
where the halo is for example chloro as in p-chlorophe-
nyl.

In the N-alkyl- and N,N-dialkylamides of the peptides
of formula (I) the alkyl groups may in particular have 1
to 5 carbon atoms but alkyl groups having for example
1 to 10 or 1 to 20 carbon atoms are to be understood as
also included and in the N,N-dialkylamides the alkyl
groups may be the same or different. The amides of the
peptides should be understood to include those notion-
ally derived not only from ammonia but also from het-
erocyclic bases such as pyrrolidine, piperidine and mor-
pholine, that is to say, the pyrrolidineamides,
piperidineamides and morpholineamides respectively.

Thus a sub-class of the amides, N-alkylamides and
N,N-dialkylamides of the peptides of formula (I) may be
represented by the formula:

RS

%
R (K (O X X=X =X X = (= (XN
RS
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wherein X!, X2, X3, X4, X5, X6, X7, X8, X% m, n, p, q
and R have the meanings as hereinabove recited in
formula (I) and R3, Réand the nitrogen atom to which
they are attached together comprise a group selected
from amino, pyrrolidino, piperidino, morpholino, N-
alkylamino and N,N-dialkylamino where the “alkyl” in
each instance has 1 to 20 carbon atoms.

In the acid addition salts of the peptides of formula (I)
and of their derivatives as hereinabove recited the activ-
ity resides in the base and the acid is of less importance
although for therapeutic purposes it is preferably phar-
macologically and pharmaceutically acceptable to the
recipient. Examples of such suitable acids include (a)
mineral acids: hydrochloric, hydrobromic, phosphoric,
metaphosphoric, nitric and sulphuric acids; (b) organic
acids: tartaric, acetic, citric, malic, lactic, fumaric, ben-
zoic, glycollic, gluconic, gulonic, succinic and arylsul-
phonic, for example p-toluenesulphonic, acids. The
pharmaceutically and pharmacologically acceptable
acid addition salts together with those salts which are
not so acceptable (for example salts of hydrofluoric and
perchloric acids) have utility in isolation and purifica-
tion of the bases, and of course the unacceptable salts
are also valuable in the preparation of the acceptable
salts by techniques well known in the art. Those pep-
tides and their derivatives containing a plurality of free
amino groups may be obtained in the form of mono- or
poly-acid addition salts, or as mixed salts of a plurality
of acids.

Likewise in the salts of the peptides (comprising the
peptide as the carboxylate anion together with a cation)
the identity of the cation is of less importance although
for therapeutic purposes it is preferably pharmacologi-
cally and pharmaceutically acceptable to the recipient.
Examples of such suitable cations include sodium and
potassium.

Included among the novel peptides of formula (I) are
the peptides of the formula:
ti H— X ) m—(X D) y—X3—X 4 X 5 X6— X T—(X-
8)—(X%)—OH

together with their salts, esters, amides, N-alkylamides
and N,N-dialkylamides and acid addition salts thereof,
wherein

X! and X2 are the same or different and each is the
radical of a basic amino acid (D or L);

X3 is selected from phenylalanyl (D or L) and C-
phenylglycyl (D or L), where each of said groups is
optionally NZ2-substituted with an alkyl group and is
optionally substituted in the 3- and/or 4- position of the
phenyl ring by a group(s) each selected from hydroxy,
alkoxy, acyloxy and benzyloxy;

X4 is selected from glycyl, alanyl (D or L), valyl (D
or L), norvalyl (D or L), leucyl (D or L), isoleucyl (D
or L), norleucyl (D or L), prolyl (D or L) and hydroxy-
prolyl (D or L), where each of said groups is optionaily
N2-substituted with an alkyl group;

X3 is selected from asparaginyl (D or L), glutaminyl
(D or L), where each of said groups is optionally N2-

60 substituted with an alkyl group, and the values recited

hereinabove for X4

X6 is selected from methionyl (D or L): leucyl (D or
L), isoleucyl (D or L), norleucyl (D or L), valyl (D or
L), norvalyl (D or L), prolyl (D or L), hydroxyprolyl
(D or L), glycyl, alanyl (D or L) and the values recited
hereinabove for X3;

X7 is selected from methionyl (D or L), seryl (D or
L), threonyl (D or L), leucyl (D or L), isoleucyl (D or
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L), norleucyl (D or L), valyl (D or L), norvalyl (D or
L), prolyl (D or L), hydroxyprolyl (D or L), glycyl,
alanyl (D or L) and the values recited hereinabove for
X3,

X8 and X9 are the same or different and each is se-
lected from seryl (D or L) and threonyl (D or L); and

m, n, p and q are each selected from 0 and 1,

provided that, when m, n, p and q are all 0 and X3, X4,
X5 and X6 are respectively tyrosyl, glycyl, glycyl and
phenylalanyl, then X7 is other than methionyl or leucyl.

Also included among the novel peptides of formula
(@) are the peptides of the formula:

H—(Xl)m —(Xz),,—X3—X4—X5——X6—X7—(x'
$p—(X%)—OH

together with their salts, esters, amides, N-alkylamides
and N,N-dialkylamides and acid addition salts thereof,
wherein

X! and X2 are the same or different and each is the
radical of a basic amino acid;

X3 and X9 are the same or different and each is se-
lected from phenylalanyl and C-phenyiglycyl, where
each of said groups is optionally N-substituted by an
alkyl group and is optionally substituted in the 3- and/or
4-position of the phenyl ring by a group(s) each selected
from hydroxy, alkoxy, acyloxy and benzyloxy;

X4 and X5 are the same or different and each is se-
lected from glycyl, alanyl (D or L), valyl (D or L),
norvalyl (D or L), leucyl (D or L), isoleucyl (D or L),
norleucyl (D or L), prolyl (D or L) and hydroxyprolyl
(D or L), where each of said groups is optionally N-sub-
stituted by an alkyl group;

XTis selected from methionyl, leucyl, isoleucyl, nor-
leucyl, valyl, norvalyl, prolyl, hydroxyprolyl, glycyl,
alanyl and the values recited hereinabove for X3and X6;

X8 and X9 are the same or different and each is se-
lected from seryl and threonyl; and

m, n, p and q are each selected from 0 and 1,

provided that, when m, n, p and q are all 0 and X3, X4,
X5 and X6 are respectively tyrosyl, glycyl, glycyl and
phenylalanyl, then X7 is other than methionyl or leucyl.

The morphine agonist properties of the peptides of
formula (I) and their derivatives as hereinbefore defined
include the following, which are given solely by way of
illustration and should be understood to be non-limiting.

(A) In vitro:

(i) Inhibition of neurally evoked contractions of the
isolated mouse vas deferens when tested by the method
of Hughes et al (Brain Research, 88 (1975) 296) (using
pulses at 0.1 Hz), the inhibition being abolished by the
known narcotic antagonist naloxone (1-N-allyl-7,8-
dihydro-l4-hydroxy normorphinone).

(ii) Reduction of electrically-induced contractions of
the isolated guinea-pig ileum when prepared for stimu-
lation after the manner of Paton (Brit. J. Pharmacol., 12
(1957) 119-127). (Each intestinal segment was impaled
by the anode and suspended with a 2-3g load. Stimulus
parameters: frequency: 0.1 Hz; duration: 0.4 ms; voltage
(supramaximal) 30-40 V, the contractions were trans-
duced isotonically). '

(B) In vivo:

(i) The compounds exhibit analgesic activity, for
example they are effective in reducing phenylbenzoqui-
none-induced writhing in mice when tested by a modifi-
cation of the method of Hendershot et al. (J. Pharm.
exp. Therap., 125 (1959) 237) (the compounds being
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administered by intracerebroventricular injection) and
this reduction is abolished by naloxone.

(ii) The compounds exhibit antitussive activity, for
example when tested in guinea-pigs according to the
method of Boura et al. Brit. J. Pharmacol, 39 (1970) 225.

(iii) The compounds exhibit antidiarrhoeal activity,
for example they are effective in reducing castor oil-
induced diarrhoea in rats.

As subclasses of the peptides of formula (I) and their
derivatives may be mentioned those compounds
wherein:

(i) m and n are both 0;

(ii) p and q are both 0;

(iii) X3 is L-tyrosyl;

(iv) X4 is the radical of a D-amino acid, preferably D-
alanine;

(v) X5is glycyl;

(vi) X6 is L-phenylalanyl;

(vi) X7 is the radical of a D-amino acid, preferably D-
leucine or D-methionine.

As a further subclass may be mentioned those pep-
tides and their derivatives of the formula:

R—X3— X4 X5 X6—XT—(X8),—(X%)—R!

wherein R, R, p and q are as defined in formula (I);

X3 is L-tyrosyl, O%-acetyl-L-tyrosyl or N-methyl-L-
tyrosyl;

X4 is glycyl, L-alanyl, a-methyl-alanyl or D-alanyl;

X35 is glycyl, sarcosyl or L-asparaginyl;

X6 is L-phenylalanyl, L-tyrosyl or L-4-chloro-
phenylalanyl;

X7is L-leucyl, D-leucyl, L-methionyl, D-methionyl,
L-norleucyl, L-threonyl or D-B-homoleucyl;

X8 is L-threonyl, D-threonyl, L-phenylalanyl, L-
tyrosyl or L-lysyl; and

X9 is glycyl or L-lysyl.

As a yet further subclass may be mentioned those
peptides and their derivatives of the formula:

R—X3. D-Ala.Gly.L-Phe. X’—R!

wherein

R and R! as defined in formula (I);

X3 is L-tyrosyl or N-methyl-L-tyrosyl; and

X7 is D-leucyl or D-methionyl. ‘

The peptides of formula (I) and their derivatives as
hereinabove recited may be prepared by any of the
methods known in the art for the preparation of com-
pounds of analogous structure. Thus they may be
formed by the sequential coupling of appropriate amino
acids using either classical methods of peptide synthesis
or solid phase procedures, or by the initial preparation
and subsequent coupling of peptide subunits.

Such reactions may be effected by, for example, acti-
vating the carboxylic acid group of the ingoing amino
acid and protecting the non-reacting amino and carbox-
ylic acid groups. Such techniques are standard in the
peptide art. Details of suitable activating and protecting
(masking) groups and of suitable reaction conditions
(both for the coupling reactions and for the removal of
protecting groups) giving the minimum of racemisation
may be found in the following literature, all of which is
incorporated herein by reference hereto, which is given
purely by way of exemplification and which is intended
to be neither exhaustive nor limiting.

(a) Published United Kingdom patent specifications

Nos. 1 042 487; 1 048 086; and 1 281 383.
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(b) Schr der and Liiebke, “The Peptides” (Academic

Press) (1965).

(c) Bellean and Malek, J. Am. Chem. Soc., 90, 165

(1968).

(d) Tilak, Tetrahedron Letters, 849 (1970).
(e) Beyerman, Hely. Chim. Acta., 56, 1729 (1973).
(f) Stewart and Young, “Solid Phase Peptide Synthesis”

(W. H. Freeman and Co.) (1969).

Depending upon the reaction conditions the peptides
of formula (I) and their derivatives are obtained in the
form of the free base or as an acid addition salt thereof
of (in the case of the peptides themselves) as a salt
thereof. The acid addition salts may be converted into
the free bases or salts of other acids, and the bases may
be converted into acid addition salts thereof, by tech-
niques well known in the art. Likewise the peptides may
be converted to salts thereof, and the salts converted to
the peptides or to other salts, by well established tech-
niques.

The peptides of formula (I) and their derivatives as
hereinabove recited and acid addition salts thereof may
thus be prepared by condensing a reagent (II)

R—Y!—OH an
wherein Y! is selected from the radical (X!),, as defined
in formula (I) and a partial radical sequence having the
radical (X!),, its N-terminal end and from thereon cor-
responding to formula (I), with a reagent (III)

H—Y? am
wherein Y2 corresponds to the balance of the above
defined product, the reagents (II) and (III) being op-
tionally protected and/or activated where and as appro-
priate; followed if necessary and as appropriate by one
or both of the steps of deprotection of the product and
conversion of the product into the base or a salt or an
acid addition salt thereof.

With regard to the peptides of formula (I) and their
derivatives wherein the radical X7 is methionyl (D or
L), the reagent (II) identified above desirably corre-
sponds to the N-terminal fragment thereof having either
(i) the methionyl radical X7 in the C-terminal position,
the reagent (III) then having the radical (X8), in the
N-terminal position, or (ii) the radical X6 the C-terminal
position, the reagent (III) then having the methionyl
radical X7 in the N-terminal position, and for general
convenience the former possibility is preferred.

It will be appreciated by those skilled in the peptide
art that the arginyl (D or L) and homoarginyl (Har) (D
or L) radicals may not only be incorporated into the
peptide chain in the fashion described above but may
also be formed in situ in the assembled chain, or in a
subunit thereof, by guanidation of an ornithyl (D or L)
or lysyl (D or L) radical respectively, using a reagent
such as 1-guanyl-3,5-dimethylpyrazole.

It will also be appreciated that other in situ conver-
sions of the peptides of formula (I) and their derivatives
are possible. Thus the amides, N-alkylamides and N,N-
dialkylamides may be prepared by for example reaction
of a peptide alkyl ester such as the methyl ester with
ammonia, a heterocyclic base or a mono- or dialkyla-
mine, as appropriate. The peptide esters may be pre-
pared from the peptides by standard esterification pro-
cedures and the esters may be converted to the peptides
by saponification. Substituent hydroxy group(s) in the
group R? of the radical X3 may be converted to alkoxy
or benzyloxy groups by the use of the appropriate dia-
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zoalkane, for example diazomethane to provide me-
thoxy groups. Substituent benzyloxy and alkanoyloxy
group(s) in the group R2 of the radical X3 may be re-
moved to leave hydroxy groups by hydrogenolysis in
methanol using 10% palladium on charcoal catalyst and
by alkaline hydrolysis respectively, and the hydroxy
group(s) may be converted to alkanoyloxy groups by
standard alkanoylation procedures. All these are con-
ventional techniques in the peplide are and reference
may be made to the literature referred to hereinabove
for details of reaction conditions and of appropriate
protection/deprotection procedures.

Because of their morphine agonist activity already
alluded to the peptides of formula (I) together with
their pharmacologically and pharmaceutically accept-
able salts, esters, amides, N-alkylamides and N,N-dialk-
ylamides and pharmacologically and pharmaceutically
acceptable acid addition salts thereof may be used in the
treatment of mammals in the fields of both human and
veterinary medicine in any condition where an agent
with a morphine-like effect is indicated. Specific utilities
that may be mentioned, by way of example, include the
following:

(1) The relief of pain (analgesia), for example pain
arising from spasm of smooth muscle as in renal or
biliary colic, pain due to terminal illness such as cancer,
pain in the post-operative period, and obstetrical pain.

(2) Sedation, for example in pre-anaesthetic medica-
tion; tranquillization; the induction of sleep, especially
where sleeplessness is due to pain or cough., and the
relief of anxiety in general.

(3) The suppression of cough.

(4) The relief of dyspnoea, for example that of acute
left ventricular failure or pulmonary oedema.

5) The induction of constipation, for example after
ileostomy or colostomy, and the treatment of diarrhoea
and dysentery.

(6) The induction of euphoria and the treatment of
depression, for example when allied to the relief of pain
in terminal illness such as cancer.

For each of these utilities the amount required of the
peptide or derivative thereof or acid addition sait
thereof (hereafter referred to as the active ingredient)
will vary with the route of administration and with the
severity of the condition to be treated, and will ulti-
mately be at the discretion of the physician or veterinar-
ian. In general however for each of utilities the dosage
will be in the range 0.0025 pug. to 40 mg. per kilogram
body-weight of mammal, preferably 0.025 pg. to 4.0
mg./kg.,and optionally 0.25 to 400 ug/kg. (all dosages
calculated with reference to the peptide base).

The active ingredients may be administered by any
route appropriate to the condition to be treated, suitable
routes including oral, rectal, nasal, topical (buccal),
vaginal and parenteral (including subcutaneous, intra-
muscular and intravenous). It will be appreciated that
the preferred route will vary with the condition to be
treated and thus for example in the relief of obstetrical
pain administration directly into the spinal cord may be
advantageous.

While it is possible for the active ingredients to be
administered as the raw chemical it is preferable to
present them as a pharmaceutical formulation prepara-
tion.

The formulations, both veterinary and for human use,
of the present invention comprise an active ingredient,
as above defined, together with one or more acceptable
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carriers therefor and optionally other therapeutic ingre-
dients. The carrier(s) must be “acceptable” in the sense
of being compatible with the other ingredients of the
formulation and not deleterious to the recipient thereof.
Desirably the formulations should not include oxidising
agents and other substances with which peptides are
known to be incompatible.

The formulations include those suitable for oral, rec-
tal, nasal, topical (buccal), vaginal or parenteral (includ-
ing subcutaneous, intramuscular and intravenous) ad-
ministration, although the most suitable route in any
given case will depend upon for example the active
ingredient and the condition to be treated. The formula-
tions may conveniently be presented in unit dosage
form and may be prepared by any of the methods well
known in the art of pharmacy. All methods include.the
step of bringing into association the active ingredient
with the carrier which constitutes one or more acces-
sory ingredients. In general the formulations are pre-
pared by uniformly and intimately bringing into associa-
tion the active ingredient with liquid carriers or finely
divided solid carriers or both, and then, if necessary,
shaping the product into the desired formulation.

Formulations of the present invention suitable for
oral administration may be presented as discrete units
such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a
powder or granules; or as a solution or a suspension in
an aqueous liquid or a nonaqueous liquid; or as an oil-in-
water liquid emulsion or a water-in-oil liquid emulsion.
The active ingredient may also be presented as a bolus,
electuary or paste.

A tablet may be made by compression or moulding,
optionally with one or more accessory ingredients.
Compressed tablets may be prepared by compressing in
a suitable machine, the active ingredient in a free-flow-
ing form such as a powder or granules, optionally mixed
with a binder, lubricant, inert diluent, lubricating, sur-
face active or dispersing agent. Moulded tablet may be
made by moulding in a suitable machine, a mixture of
the powdered compound moistened with an inert liquid
diluent.

Formulations for rectal administration may be pres-
ented as a suppository with the usual carriers such as
cocoa butter, while a suitable formulation for nasal
administration is nasal drops comprising the active in-
gredient in aqueous or oily solution.

Formulations suitable for topical administration in
the mouth include lozenges comprising the active ingre-
dient in a flavoured basis, usually sucrose and acacia or
tragacanth; and pastilles comprising the active ingredi-
ent in an inert basis such as gelatin and glycerin, or
sucrose and acacia.

Formulations suitable for vaginal administration may
be presented as pessaries, creams, pastes or spray formu-
lations containing in addition to the active ingredient
such carriers as are known in the art to be appropriate.

Formulations suitable for parenteral administration
conveniently comprise sterile aqueous solutions of the
active ingredient, which solutions are preferably iso-
tonic with the blood of the recipient. Such formulations
may be conveniently prepared by dissolving solid active
ingredient in water to produce an aqueous solution, and
rendering said solution sterile and isotonic with the
blood of the recipient. The formulations may be pre-
dicted in unit - or in multipurpose containers, for exam-
ple sealed ampoules or vials.

—
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Formulations suitable for nasal administration
wherein the carrier is a solid include a coarse powder
having a article size for example in the range 20 to 500
microns which is administered in the manner in which
snuff is taken, i.e. by rapid inhalation through the nasal
passage from a container of the powder held close up to
the nose. It should be understood that in addition to the
aforementioned ingredients the formulations of this
invention may include one or more additional ingredi-
ents such as diluents, buffers, flavouring agents, binders,
surface active agents, thickeners, lubricants, preserva-
tives (including anti-oxidants) and the like.

Where the formulation, for human or for veterinary
use, is presented in unit dosage form, for example those
unit dosage forms specifically mentioned above, each
unit thereof conveniently contains the active ingredient
(as above defined) in an amount in the range 0.125 pug.
to 2g., preferably 1.25 pg. to 200 mg. and optionally
12.5 pg. to 20 mg. (all weights calculated with reference
to the peptide base).

It will be appreciated from the foregoing that what
we will claim may comprise any novel feature described
herein, principally and not exclusively, for example:

(a) The peptides of formula (I) as hereinabove defined
together with their salts, esters, amides, N-alkylamides
and N,N-dialkylamides and acid addition salts thereof.

(b) Methods as described herein above for the prepa-
ration of the peptides of formula (I) and their deriva-
tives recited in (a) above and acid addition salts thereof.

(c) Pharmaceutical formulations comprising a peptide
of formula (I), a pharmacologically and pharmaceuti-
cally acceptable salt, ester, amide, N-alkylamide or
N,N-dialkylamide thereof or a pharmacologically and
pharmaceutically acceptable acid addition salt thereof
together with an acceptable carrier therefor.

(d) Methods for the preparation of the pharmaceuti-
cal formulations defined in (c) above.

(e) A method for the treatment of a mammal for a
condition wherein an agent with a morphine-like effect
is indicated, comprising the administration to the mam-
mal of a treatment effective non-toxic amount of a pep-
tide of formula (I), a pharmacologically and pharma-
ceutically acceptable salt, ester, amide, N-alkylamide or
N,N-dialkylamide thereof or a pharmacologically and
pharmaceutically acceptable acid addition salt thereof.

(f) A method according to (e) above for the treatment

of a condition selected from those specifically identified

hereinabove under (1), (2), (3), (4), (5) or (6).

The following Examples serve to illustrate the pres-
ent invention but should not be construed as in any way
providing a limitation thereof. All temperatures are in
degrees Celsius.

Experimental Section
The following abbreviations are used throughout

HOBT 1-hydroxybenzotriazole
DCCI dicyclohexylcarbodiimide
DCU dicyclohexylurea

NMM N-methylmorpholine
DMF diethylformamide

Pr isopropanol

Pr;0 diisopropyol ether

pe petroleum ether

EtOAc ethyl acetate

z benzyloxycarbonyl

Bu tertiary butyl

BOC tertiary butyloxycarbonyl
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benzyl

Bzl

Peptides were examined by tlc on Merck silicagel 5 .
plates with the following solvent systems:

(1) methylethylketone

(2) n-butanol:acetic acid:water (3:1:1)

(3) chloroform:methanol:32% acetic acid (12:9:4)

(4) chloroform:methanol:880 ammonia (12:9:4)

(5) ethylacetate:n-butanol:acetic acid:water (1:1:1:1)

(6) chloroform:methanol (8:1)

All amino acids were of the L-configuration unless
otherwise stated.

Optical rotations were determined on a Bendix NPL 15
automatic polarimeter.

The amino acid compositions of peptide hydrolysates
(6N.HCI at 110° for 24 hours in evacuated sealed tubes)
were determined with a Beckman-Spinco Model 120C
amino acid analyser or with a Rank Chromostak amino 20
acid analyser.

The following general procedures were used
throughout the syntheses of the peptides.

(a) Couplings were carried out in DMF and were medi-
ated by DCCI.

(b) Amino acid ester hydrochlorides were converted to
the free by addition of a tertiary base, either triethyl-
amine or N-methyl morpholine.

(c) HOBT was added at the coupling stage when frag-
ment condensation involved a peptide having an opti- 30
cally active carboxy terminal amino acid e.g. cou-
pling with BOC.Tyr.D-Ala.Gly.Phe.OH.

(d) Couplings were allowed to proceed for 24 hours in
the cold room at +4° C.

After coupling, purification was effected by washing 35
with acid and base to remove unchanged reactants.

(f) Alkaline saponifications were carried out in aqueous
methanol with an autotitrator at pH 11.5 to 12.0 with
N.NaOH.

(g8) Benzyloxycarbonyl protecting groups were re- 40
moved by hydrogenolysis in methanol/acetic acid
with 10% palladium on charcoal.

(h) The resulting acetate salts from the above hydrogen-
olysis were converted to the corresponding hydro-
chlorides by an addition of methanolic hydrogen 45
chloride.

(i) Benzyl protecting were removed by hydrogenolysis
in methanol with 10% palladium on charcoal.

(§) Tertiary butyl and tertiary butyloxycarbonyl pro-
tecting groups were removed with N-hydrogen chlo- 50
ride in acetic acid, in the presence of anisole to act as
a scavenger. Cleavage was allowed to proceed for 60
to 90 minutes.

OBu protecting groups on the alcoholic functions of
threonine and serine were removed with trifluoroace- 55
tic acid containing 10% water, cleavage being al-
lowed to proceed for 90 minutes.

10
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(1) The final peptides were isolated as their hydrochlo-
rides and were lyophilised from aqueous solution.

Reference Preparation 1
BOC.Tyr.Gly.Gly.Phe.OH

This was prepared according to the scheme set out in
Table 1, wherein the various protecting groups have the
following identities:

Z:benzyloxycarbonyl

Me:methyl

BOC:t-butyloxycarbonyl

All couplings were carried out in dimethylformamide
using dicyclohexylcarbodiimide, the reaction mixtures
being stirred at 4° C. for a minimum of 24 hours.

The peptide methyl esters (1), (5) were saponified in
solution in methanol-water (3:1 v/v) by addition of 2N
aqueous sodium hydroxide at pH 11.5 (pH stat). The
protecting group Z was cleaved from the protected
tripeptide (3) by hydrogenolysis in methanol in the
presence of 10% palladium on charcoal catlyst.

Characterising data are set out in Table 2 wherein Rf
refers to thin layer chromatography using Merck silica
gel and the solvent systems indicated.

TABLE 1
Tyr Gly | Gly Phe
|
Z.Gly.OHH.Gly.OMe
z.Gly—— Gly.oMe
!
z.Gly—2—Gly.oH H.Phe.OMe
|
z.6ly—E— gy Phe.OMe
BOC.Tyr.OH H.Gly—ﬁ'l—-cly — Phe.OMe
BOC. Tyr——t— Gly-—iél)——aly -— Phe.OMe
BOC.Tyr—— Gly—(é!)—Gly — Phe.OH

Reference Preparation 2
BOC.Tyr.Gly.Gly.Phe.OH

By the process described in R.P. 1 the compound (4)
was prepared and coupled with fully protected tyrosine
(Bzl is a benzyl group) as set out in Table 3 to give the
protected tetrapeptide (9). This was saponified in the
manner described in R.P. 1 to give (10) from which the
group Bzl was cleaved by hydrogenolysis in methanol
in the presence of 10% palladium on charcoal catalyst.

Rf*

Crystallisation

M.p.’C. Solvent ¢ Elemental anaylsis

) 0658

@ 059

(3)  040b

66~67 EtAc/p.e.

Ci3H15N205
req.: C,55.7; H,5.7; N,10.0
Found C,55.8; H,5.9; N,10.3
Ci2H14N;05
req.: C,54.1; H,5.3; N,10.5
Found C,54.3; H,5.6; N,10.4
C22Ha5N306

180 ag. EtOH

58 Ethyl acetate/
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14

Crystallisation

R* Mp.°C Solvent ¢

Elemental anaylsis

diisopropy! ether

req: C,61.8; H,5.9; N, 9.8

Found C,61.6; H,5.8; N, 9.6

@YH.C) 0.77° 1823 Methanol/ Ci4H0CIN30O4
isopropanol req: ¢,51.0; H,6.1; N,12.8
Found C,51.3; H,6.3; N,12.6
(%) 033
©) 0.8
*Solvent

%n.butanol; acetic acid; water (3:1:1)
bmethylethyl ketone

‘chloroform; methanol; 32% acetic acid (12:9:4)
¢ p.e.: petroleum ether

EtAc: ethyl acetate

EtOH: ethanol
TABLE 3
Tyr Gly Gly Phe
OBzl
soc. |TyroH  HA-Gly—& Gly Phe.OMe
(i)le
BOC. [Tyr cly—2— | aiy Phe.OMe
clm'zl
BOC. |Tyr Gly -2 | Gy Phe.OH
BOC. |Tyr cly —9— | aiy Phe.OH
M.p. and
crystallisation
Rf* solvent Elemental analysis
©) 0.83
0.340
(10) 0.704 138.2° C. C24HagN4Og req.:
0.06° EtAc C, 64.56; H, 6.33;
N, 8.86
Found:
C, 64.42; H, 6.46;
N, 8.55%

"Solvent (a) n-butanol; acetic acid; water (3:1:1)
(b) methyl ethyl ketone

Characterising data for the intermediates (9) and (10)
are as given in Table 3, wherein Rf refers to thin layer
chromatography using Merck silica gel and the solvent
systems indicated.

Examples 1 to 3

20

25

30
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OH (Reference Preparations 1 and 2) with a suitably
carboxy-protected amino acid derivative H-X7-OR

Tyr Gly Gly Phe X7
BOC | Tyr Gly ~— | Gly — | PheOH H.{X".OR
BOC | Tyr — | Gly —2— | Gly — | Phe XT.OR

| 1yr — |Gty =~ | gly — | Phe X7.0H

—OR could be conveniently chosen from such residues
as —OMe; —OEt; OBu; —OBzl; OBzl(p-NOy)etc.
depending on the ultimate choice of the manner of de-
protection. With —OMe and —OEt, the carboxyl
group could be liberated by aikaline saponification;
with —OBU*by mild acidolysis e.g. with trifluoroacetic
acid or N-hydrogen chioride in acetic acid; with
—OBzl or —OBzl(p—NO3y) by hydrogenolysis.

Step (A)

The general method of preparation of BOC.Tyr.Gly.-
Gly.Phe.X”.OR X7=Gly, Ala, Val R=Me
BOC.Tyr.Gly.Gly.Phe.OH (092 mmol.), HCI
H.X7.OMe (e.g. glycine methyl ester hydrochloride
(0.92 mmol.) and HOBT (1.84 mmol.) were dissolved in
DMF(5 ml.) and NMF (0.92 mmol.) added. The mixture
was cooled to —10C. and DCCI (0.92 mmol.) added.
The solution was allowed to warm slowly to ambient
temperature and stirred overnight. The DCU was fil-
tered, washed with a little DMF and the filtrate evapo-
rated in vacuo. The residue was dissolved in ethyl ace-
tate and washed successively 5% aq. NaHCO3; H20;

Peptides of formula: H.Tyr.Gly.Gly.Phe.X".OH 50 59 citric acid; H2O. The solution was dried (MgSOa),
Peptides of this formula were prepared by condens-  evaporated and the residue crystallised from an appro-
ing the protected tetrapeptide BOC.Tyr.Gly.Gly.Phe-  priate solvent.
m.p.
(cryst. Amino Acid
X’ solvent) Rf [alp?® Elemental Analysis  Analysis
Gly 108-110° 0973 +1.37° C30H3gNs00.H0:
MeOH/ 0.95% (C = 0.5, MeOH)  C, 57.05; Gly (3.08);
EtOAc/pe  0.85° H, 6.50; Tyr (1.00);
N, 11.09 Phe (1.05)
Found:
C, 57.02;
H, 6.6
N, 10.64%
Ala 115-117° 0875 —8.81° C31H4N3Og:
EtOAc 0.95%  (C =05, in MeOH) C, 59.32; Gly (1.98);
H, 6.58; Ala (1.09);
N, 11.16 Tyr (1.00);

Phe (1.03)
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m.p.
(cryst. Amino Acid
X7 solvent) Rf [alp?s Elemental Analysis  Analysis
Found:
C, 59.19;
H, 7.06;
N, 10.74%
Vval 150-151° 0973 ~6.08° C13H45NsOq:
Pi/EtOAc/ 0955  (C = 0.5,in MeOH) C, 60.44; Gly (1.97.);
Pr;0 H, 692 Val (0.94);
N, 10.68 Try (1.00);
Phe (0.999)
Found:
C, 59.94;
H, 7.0%
N, 10.37%
Step (B) -continued
The general method of preparation of BOC.Tyr.Gly.- 20 X’ RE Elemental Analysis
Gly.Phe. X7.0H X7=Gly,Ala,Val ppt. from EtOAc 0.66‘;; C, 57.05;
The protected pentapepetide BOC.Tyr.Gly.Gly.- with Pr;0 087 g 1?(5)2;
Phe.X.OMe was dissolved in methanol (6ml.), water Found:
(3ml.) was added and the pH maintained at 11.5 to 12.0 C.5720
with N.NaOH until the theoretical amount of alkali had 25 H, 6.43;
been added. The solution was concentrated in vacuo to . N, 10.67%
remove methanol, diluted with water. Traces of insolu- Val  Amorphous 088 . CaHasNsOo:
ble material were filtered, the solution extracted with fv‘;:ilf;‘:m EtOAc g'ggs; g 5%3%;_
ethyl acetate to remove any residual ester and the aque- ) Found:
ous phase brought to pH3 with 0.7M citric acid solu- 30 C, 59.98;
tion. The precipitated peptide was extracted into ethyl H, 6.50%
acetate. The extract was washed with water, dried with
MgSO4 and concentrated in vacuo.
Step (C)
<7 Rf Elemental Analysis 3 The general method of preparation of H.Tyr.Gly.Gly.-
7 -
Gly  Amorphous 084  CyoHyNsOo.Hy0: FPhe.X'.OH HCL.=Gly,Ala, Val
4, To the pentapeptide BOC.Tyr.Gly.Gly.Phe.X”.0H
ppt. from EtOAc 0.74%; C, 56.40; . . .
with pe 0.835 H, 632 (100 mg.) was added 1.0N hydrogen chloride in acetic
N, 11.34 0 acid (5 ml.) and anisole (1 ml.). After stirring at ambient
Found: temperature for 90 mins. the solvents were removed in
C, 56.33; vacuo. Trituration of the residue with dry ether gave an
g' 1?‘8.}.;% amorphous solid. The product was dissolved in water,
Ala  Amorphous 0.80% c’mH'HNzoglﬂzo: filtered and lyophilised to provide the hydrochloride

salt of the peptide as a white solid.

Amino Acid
Ex. X’ Rf [alp?5  Elemental Analysis Analysis
1 Gly Amouphous 0.823; +27.9° Ci3H29NsO7HCLHLO:
(HCl) (lyophilised) 0.63%  (C = 0.18, C, 50.97; Gly (3.02);
0.60% in MeOH) H, 5.91; Try (1.0)
N, 12.93 Phe (0.99)
Found:
C, 51.09;
H, 6.19;
N, 12.54%
2 Ala  Amorphous  0.53% +223°  Cy4H3)Ns07.HCLH;0:
(HCl) (lyophilised) 0.58% (C =02, C,51.85; Gly (1.95);
0.67°  in MeOH) H, 6.1%; Ala (1.01);
N, 12.60 Tyr (1.00);
Phe (0.98)
Found:
C, 52.14;
H, 6.20;
N, 12.10%
3 Val  Amorphous 0.80% +31.7 C77H35N507.HCL2H50:
(HCl) (yophilised) 0.67%  (C =0.1, C,52.80; Gly (2.1);
0.795  in MeOH) H, 6.52; Val (1.02)
N, 11.40 Tyr (1.00);
Phe (1.05)

Found:
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Amino Acid
Ex. X' Rf [a]lp?®  Elemental Analysis Analysis
C, 52.89;
H, 645
N, 11.26%

The following peptides were prepared, with the cha-
racteristing data respectively shown therefor, accord-
ing to standard procedures in peptide chemistry analo-
gous to those set out in the foregoing Examples and
Reference Preparations. C-Terminal derivatives are
indicated according to convention, that is to say:

—OMe methyl ester
—NH; amide
—NHEt ethylamide

In Example 10, BOC.Tyr.Gly.Gly.Tyr.Leu.OBu was
dissolved in methanol/methylene dichloride containing
a few drops of borontrifluoride etherate. An excess of
an ethereal solution of diazomethane was added and the
solution allowed to stand at ambient temperature until
its reaction with Pauly’s reagent was negative. The
solution was evaporated and the BOC and Bu protect-
ing groups removed from the residual solid by means of
N-hydrogen chloride in acetic acid in the presence of
anisole in the normal manner. The peptide hydrochlo-

15

ride was isolated as a colourless amorphous powder
after lyophilisation from aqueous solution.

In Example 21, the product peptide was purified by
chromatography on a column of silica gel (Merck) by
elution with n-butanol: acetic acid: water (3:1:1). The
Pauly-positive fractions with Rf: 0.442 were combined,
evaporated in vacuo and the residue lypophilised from
aqueous solution. )

The peptide base of Example 105 was prepared by
reduction of the compound H.Tyr.Gly.Gly.Phe.-
Leu.OMe: the reducing agent was lithium aluminium
hydride but other equivalent agents, common in the art,
could also be used.

The peptide bases of Examples 111 and 112 were
prepared by (a) preparing Z-leucineamide from the
protected amino acid; (b) converting the amide to the
nitrile (phosphorus oxychloride); (c) preparing the pro-
tected leucine tetrazole by reacting the nitrile with
hydrazoic acid; (d) deprotecting the leucyl amino func-
tion by hydrogenolysis (10% palladium on charcoal);
(e) assembling the pentapeptide in the customary man-
ner. :

Ex. No. Compound Rf [a)**p (in methanol)
4 H.Tyr.D-Ala.Gly.Phe.Leu.OH HCl 0.632 +19.8° (c = 0.5)
5(a) H.Tyr.D-Ala.Gly.Phe.Met.OH HCI 0.622; 0.603 +17.2° (c = 0.5)
5(b) H.Tyr.D-Ala.Gly.Phe.Met.OMe 0.67%; 0.70° +10.4° (c = 0.5)
6 H.Tyr.D-Ala.Ala.Phe.Leu.OH HCI 0.65%; 0.564 +1.68° (¢ = 0.5)
7 H.Tyr.Gly.Gly.Tyr.Leu.OH HC! 0.47%; 0.503 +24.4° (¢ = 0.54)
8 H.Phe.Gly.Gly. Tyr.Leu.OH HCI 0.55%; 0.57¢ +26.45° (c = 0.54)
9 Me 0.58% 0.624 +21.77° (c = 0.5)

H.Tyr.Gly.Gly.Phe.Leu.OH HC!
10 Me Me 0.642; 0.923 +21.0° (c = 0.51)

H.Tyr.Gly.Gly.Tyr.Leu.OH
it H.Tyr.Gly.D-Ala.Phe.Leu.OH HCl 0.602; 0.903; 0.63% +3667° c=1)
12 H.Tyr.Ala.D-Ala.Phe.Len.OH HCl 0.60%; 0.943; 0.55¢ +643° c=1)
13 H.Tyr.Gly.Gly.Phe.Met. Thr.OH HCI 0.721; 0.653; 0.60%; 0.60°
14 H.Tyr.D-Ala.Gly.Phe. Met. Thr.OH HC! 0.101; 0.49%; 0.684 +12.46° (c = 0.52)
15 H.Arg Tyr.Gly.Gly.Phe.Leu.OH 2HCI 0.38%; 0.614 +17.7° (c = 0.52)
16 H.Tyr.Ala.D-Ala.Phe. Met.OMe HCI 0.582; 0.973; 0.88% —3.66° (c = 0.2)
17 H.Tyr.Gly.D-Ala.Phe.Met.OMe HCI 0.612; 0.983; 0.854 +30.19° (c = 0.2)
18 H.Tyr.Ala.D-Ala.Phe. Met.OH HCI 0.582; 0.543; 0.614 +4.22° (¢ = 1)
19 H.Tyr.Gly.D-Ala.Phe. Met.OH HCl 0.502; 0.55% 0.56% +3419°c=1)
20 H.Arg.Tyr.Gly.Gly.Phe.Leu. Thr.OH 2HCI 0.162; 0.323; 0.514 +1.63° (¢ = 0.5)
21 H.Tyr.D-Ala.Gly.Phe.Pro.OH HCI 0.442 —1.52° (¢ = 0.51)
22 H.Tyr.D-Ala.D-Ala.Phe.Leu.OH HCI 0.68%; 0.93%; 0.934 +43.71°c = 1)
23 H.Tyr.D-Ala.Gly.Leu.Leu.OH HCl 0.68%; 0.74%; 0.88*4 —443° (c = 0.5)
24 H.Tyr.Ile.Asn.Met.Leu.OH 0.572; 0.83% —13.5°(c = 0.2)
25 H.Tyr.Ala.Gly.Phe.Leu.OH HCI 0.55%; 0.843; 0.86% —1.35°(@=1)
26 H.Tyr.Gly.Gly.Phe.Nle.OH HCl 0.582; 0.85%; 0.86% +24.44° (c = 0.4)
27 H.Tyr.D-Leun.Gly.Phe.Leu.OH HCI 0.851; 0.86% 0.793 +17.3° (c = 0.2)
28 H.Tyr.Ala.,Ala.Phe.Leu.OH HCl 0.76!; 0.62%; 0.743 —33.6° (c = 0.6)
29 H.Tyr.Gly.Pro.Phe.Leu.OH HCl 0.76!; 0.68%; 0.753 —30.0° (c = 0.5)
30 H.Tyr.D-Ala.gly.D-Phe.Leu.OH HCI 0.57%; 0.863 +27.2° (c = 0.5)
31 H.Tyr.Gly.Gly.Phe.D-Leu.OH HCl 0.71%; 0.49% 0.793 +28.7° (c = 0.4)
32 H.Tyr.Gly.Gly.D-Phe.Leu.OH HCI 0.512; 0.853; 0.48% +24.5° (c = 0.52)
33 H.Tyr.Gly.Gly.Phe.Ile.OH HCI 0.76!; 0.85%; 0.653 +22.7° (¢ = 0.6)
34 H.Tyr.D-Ala.Gly.C-Phenylglycyl.Leu.OH HCl 0.64%; 0.85° +43.7° (c = 0.48)
35 H.Phe.D-Ala.Gly.Phe.Leu.OH HCI 0.662; 0.933 +21.2° (¢ = 0.52)
6 H.Tyr.D-Ala.Sar.Phe.Leu.OMe HCl 0.64% 0.90% +3.69° (¢ = 0.4)
37 H.Tyr.Gly.Ala.Phe.Leu.OH HCl 0.622; 0.863; 0.63% —1207 =1
38 H.Tyr.D-Ala.Gly.Phe. Thr.OH HC! 0.50%; 0.514 +19.8° (c = 0.51)
39 H.Tyr.D-Ala.Asn.Phe.Leu.OH HCl 0.55; 0.89%; 0.69* +6.26° (c = 0.49)
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Ex. No. Compound Rf [a)?®p (in methanol)

40 H.Tyr.D-Ala Gly.Phe.D-Leu.OMe HCl 0.63%; 0.924 +39.6° (¢ = 0.51)
41 H.Tyr.D-Ala.Gly.Phe.D-Leu.OH HCI 0.57%; 0.933; 0.82¢ +31.5° (c = 0.53)
42 Ac 0.60%; 0.943; 0.85% +14.6° c = 0.5)

H.Tyr.D-Ala.Gly.Phe.Leu.OH HCl

Ac

—Tyr— = O%-acetyltyrosyl
43 H.Tyr.D-Ala.Sar.Phe.Len.OH HCI 0.582; 0.854 +9.89° (c = 1)
44 H.Tyr.D-Ala.Gly.Phe.Lew.Thr.OH HCI 0.552; 0.933; 0.72¢ +5.13° (c = 0.5)
45 H.MeTyr.Gly.Gly.Phe.Leu.OH HCl 0.57%; 0.64%; 0.64% +25.5° (c = 0.5)
46 H.Tyr.D-Ala.Gly.Phe.Nle.OH HCI 0.62%; 0.68% +23.2" (c = 1.0)
47 H.Tyr.Gly.Sar.Phe.Leu.OMe HCI 0.562; 0.70%; 0.90* +10.2° (c = 0.4)
48 H.D-Tyr.D-Ala.Gly.Phe.Leu.OH HCI 0.55%; 0.683 —20.7* (¢ = 0.5)
49 H.D-Tyr.D-Ala.Gly.Phe.D-Leu.OH HCI 0.57% 0.623; 0.504 —4.51° (c = 0.5)
50 H.Tyr.Gly.Sar.Phe.Leu.OH HCI 0.592; 0.80%; 0.68* +17.1° (¢ = 1.0)
51 H.Tyr.D-Ala.Gly.Phe.D-Leu. Thr.OH HCI 0.512; 0.663; 0.55% +51.5° (c = 0.52)
52 H.Tyr.D-Ala.Gly.Phe.D-Met.OH HCl 0.552; 0.673; 0.58%; 0.825 +31.0° (c = 0.51)
53 H.Tyr.Pro.Gly.Phe.Leu.OH HCI 0.923; 0.76%; 0.66° —8.6° (c = 0.2)
54 H.Tyr.D-Ala.Gly.Phe.D-Met. Thr.OH HCl 0.61%; 0.763 +47.8° (c = 0.51)
55 H.Tyr.Sar.Gly.Phe.Lew.OH HCl 0.72% 0.914; 0.542 +20.8° (¢ = 1.0)
56 H.Me Tyr.D-Ala.Gly.Phe.Leu.OH 0.90% 0.853; 0.522
57 H.Tyr.Gly.D-Pro.Phe.Leu.OH HCl 0.89%; 0.823; 0.59% +55.0° (¢ = 1.0)
58 H.Tyr.D-Ala.D-Pro.Phe.Leu.OH sodium salt 0.74% 0.813; 0.742 +43.2° (c = 1.0)
59 H.MeTyr.Gly.Gly.Phe.Leu.OMe HC! 0.984; 0.993; 0.482 +18.1° (c = 0.4)
60 H.MeTyr.D-Ala.Gly.Phe.Leu.OMe HCI 0.91% 0.893; 0.632
61 H.Tyr.D-MeAla.Gly.Phe.D-Leu.OMe HCI 0.91%; 0.853; 0.60% +61.3° (c = 0.39)
62 H.Tyr.D-MeAla.Gly.Phe.D-Leu.OH HCI 0.68% 0.723; 0.622 +49.9° (c = 0.45)
63 H.Tyr.D-Ala.Gly.,Phe.Leu.OMe HCI 0.95% 0.953; 0.632 +11.6° (c = 0.44)
64 H.Tyr.D-Ala.Gly.Phe.D-Met.OMe HCl 0.94% 0.933; 0.572 +37.8° (c = 0.38)
65 H.D-Tyr.Gly.Gly.Phe.Leu.OH HCl 0.582 —39.0° (c = 1.0)
66 H.MeTyr.D-Ala.Gly.Phe.D-Leu.OH HCI 0.55%; 0.813; 0.824 +409°(c = 1)
67 H.MeTyr.D-Ala.Gly.Phe.D-Leu.OMe HCI 0.522; 0.903; 0.924 +547 (= 1)
68 H.DOPA.Gly.Gly.Phe.Leu.OH HCI 0.492: 0.853 +13.8° (c = 0.4)

DOPA = 3,4-dihydroxyphenylalanyl
69 H.Tyr.MeAla.Gly.Phe.D-Len.OH HCl 0.51%; 0.883; 0.79* +17° (¢ = 1.0)
70 H.Tyr.D-Ala.Gly.Phe.D-Leu.D-Thr.OH HCl 0.5 +48.9° (c = 0.5)
71 H.D-Tyr.Gly.Gly.Phe.Leu.OMe HCl 0.632%; 0.973; 0.93* —42.7° (c = 0.1)
7 H.Tyr.MeAla.Gly.Phe.D-Leu.OMe HC! 0.592 +9.03° (c = 0.2)
73 H.Tyr.D-Ala.Gly.Phe.D-Leu.NHEt HCI 0.612; 0.93%; 0.61° +46.5° (c = 0.5)
74 H.MeTyr.D-Ala.Gly.Phe.D-Leu.NHEt HCI 0.58% 0.923; 0.964 +50.0° (c = 1)
75 Me-MeTyr.D-Ala.Gly.Phe.Leu.OH acetate 0.542; 0.623; 0.66% +39.2° (c = 0.4)
76 Me-MeTyr.Gly.Gly. Tyr.Leu.OH acetato 0.352; 0.633; 0.87* +31.3° (c = 0.4)
77 Me-MeTyr.Gly.Ala.Phe.Leu.OH HCI 0.552; 0.66%; 0.80% +38.2° (c = 1.0)
78 Me-MeTyr.Gly.Gly.Phe.Leu.OH HCI 0.452; 0.653; 0.58% +524° (c = 1.0)
79 Me-MeTyr.D-Ala.Gly.Phe.Leu.OMe HCI 0.452; 0.653; 0.58% +52.4° (c = 1.0)
80 Me-MeTyr.Gly.Gly.Phe.Leu.OMe HCI 0.38%; 0.923; 0.96*
81 Me-MeTyr.D-Ala.Gly.Phe.D-Leu.OH HCl 0.40%; 0.86; 0,784 +62.4° (c = 1.0)
82 Me-McTyr.D-Ala.Gly.Phe. D Leu.OMe HCl 0.41%; 0.75% 0.96* +66.4° (c = 1.0)
83 Me-D-MeTyr.Gly.Gly.Phe.Leu.OH HCI 0.36% 0.893; 0.60° —67.4° (c = 0.5)
84 Me-MeTyr.D-MeAla.Gly.Phe.D-Leu.OH HCI 0.33%; 0.76%; 0.814 4584 (c = 0.2)
85 H.Tyr.Gly.Gly.Phe.Leu.Tyr.Gly.OH HCI 0.86%; 0.84% ~4.79" (c = 0.1)
86 H.Tyr.D-Ala.Gly.His.Leu.OH 2HCI 0.262; 0.473; 0.524 +20.8° (¢ = 1.0)
87 H.Tyr.D-Ala.Gly.Phe.D-Leu.Phe.Gly.OH HCI 0.632 +13.4° (c = 0.5)
88 H.Tyr.Gly.Gly.Phe.Met(0).OH HCI 0.18%; 0.56%; 0.514 +18.7" (c = 0.2)
89 H.Tyr.D-Ala.Gly.Phe.D-Leu.Lys.Lys.OH 0.443; 0.384 +12.0° (c = 0.5)
90 H.Tyr.D-Trp.Gly.Phe.Len.OH sodium salt 0.762; 0.843 —4.72° (c = 1.0)
91 ?.c 0.72% 0.675 +35.6° (c = 0.5)

H.Tyr.D-Ala.Gly.Phe.D-Leu. Tyr.OH
92 H.Tyr.D-Trp.Gly.Phe.D-Leu.OH HCl 0.762 +16.58D2)*
93 H.Tyr.D-Ala.Gly.Phe.D-Leu.p-chlorophenyl 0.75%; 0.695 +38.9° (¢ = 0.5)
94 H.Tyr.D-Ala.Gly.Phe(4Cl).D-Leu.OH HCl 0.4244 —4.56° (c = 0.2)
95 Me 0.552; 0.933; 0.79* +284° (c = 0.1)

H.Tyr.Gly.Gly. Tyr.Ley.OH HCI
96 H.Tyr.D-Ala.Gly.Phe(4Cl).D-Leu.OMe HCl 0.655 +36.5° (c = 0.5)
97 H.Tyr.Gly.Gly.Phe.D-Len.OMe HCI 0.525 +40.0° (c = 0.5)
98 H.MeTyr.D-Ala. Gly Phe.D-Leu.NH;HCI 0.562 +507° (c = 1)
99 H.Tyr.Gly.,Gly.Phe.D-Met.OMe HCl 0.623; 0.64° +43.7° (c = 0.5)
100 H.Tyr.Gly.Gly.Phe.D-Met.OH HCI 0.55% 0.51° +38.3° (¢ = 0.5)
101 H.MeTyr.D-Ala.Gly.Phe.D-Met.OMe HCl 0.62%; 0.75%; 0.924 +59.4° (¢ = 0.12)
102 H.Tyr.Asn.Gly.Phe.D-Met.OH 0.52%; 0.5334 —11.8° (c = 0.52)
103 H.Tyr.Asn.Gly.Phe.D-Leu.OH 0.482; 0.5834 —21.0° (c = 0.5)
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-continued
Ex. No. Compound Rf [a]?p (in methanol)
104 Me-MeTyr.MeAla.Gly.Phe.D-Len.OH HCI 0.43%; 0.483 +13.8° (¢ = 0.)
105 H.Tyr.Gly.Gly.Phe.O-acetylleucinol HCI . 0.813; 0.84%; 0.685
—O-acetylleucinol = —NH.CH(CH;.CH(CH3);).CH2.0.CO.CH3
106 H.Tyr.Gly.Gly.Phe.leucinol HCl 0.813; 0.75%; 0.685
-leucinol = —NH.CH(CH3.CH(CH3);).CH;.0H
107 H.Tyr.Ala(aMe).Gly.Phe.D-Leu.OH HC! 0.552; 0.773%; 0.59* +25.4° (c = 0.52)
-Ala(aMe)- = —NH.C(CH3)2.CO—
108 H.Tyr.Ala (@Me).Gly.Phe.D-Leu.OMe HCl 0.70%; 0.893; 0.954 +28.5" (c = 0.5)
109 H.BHomoTyr.Gly.Gly.Phe.Leu.OH HCI 0.53%; 0.633; 0.52¢ ~3.14° (c = 0.5)
110 H.Tyr.D-Ala.Gly.Phe.D-SHomoLeu.OH HCI 0.581; 0.823; 0.49% +10.7° (c = 0.5)
111 H.Tyr.D-Ala.Gly.Phe.Leu-tetrazole HC1 0.60%; 0.923; 0.96¢ +482° (¢ = 0.1)
112 H.Tyr.D-Ala.Gly.Phe.D-Leu-tetrazole HCI 0.60%; 0.90°; 0.944 +39.7° (¢ = 0.1)
('?H(Cﬂs)z
CH;
—Leu-tetrazole = —NH—CH—ﬁ IIIH
N N
\ 7
N
113 H.DOPA.D-Ala.Gly.Phe.D-Leu.OH HCI 0.56% 0,723 +29.9° (¢ = 0.1)
114 H.D-DOPA.D-Ala.Gly.Phe.D-Leu.OH HCl 0.582; 0.683 +9.8° (c = 0.1)
115 H.MeTyr.D-Ala.Gly.Phe.D-Met. NHEt HCI 0.592; 0.843; 0.90% +59.7°c=1)
116 H.MeTyr.D-Ala.Gly.Phe.D-Met.OH HCI 0.52% 0.713; 0.694 +3H7 =10
117 H.MeTyr.D-Ala.Gly.Phe.D-Met.NH; HC1 0.52%; 0.723; 0.85% +489°(c=1)
118 H.Phe(4Cl).D-Ala.Gly.Phe.D-Leu.OH acetate 0.65%4; 0.45%4 —0.78° (¢ = 0.2)
119 H.Tyr.D-Ala.Gly.Phe(4Cl).D-Leu.NHEt HC] 0.63%; 0.6834; 0.68° +40.7° (c = 0.5)
120 Me 0.622; 0.96%; 0.156 +189°(c = 1)
H.Tyr.Gly.Gly.Tyr.Leu.OMe HC1
*In glacial acetic acid
*3A: chloroform:methanol:32% acetic acid (120:90:5)
4A: chloroform:methanol:.880 ammonia (120:90:5)
Pharamecutical Formulations 35 -continued
Magnesium Stearate 5-mg

(A) Tablet Formulation (20 mg/tablet)

Compound of formula (I) 20 mg
Lactose 76 mg
Maize Starch 10 mg
Gelatin 2 mg
Magnesium Stearate 2 mg

Mix together the compound of formula (I), Lactose
and Maize Starch. Granulate with a solution of the
Gelatin dissolved in water. Dry the granules, add the
Magnesium Stearate and compress to produce tablets,
110 mg per tablet.

(B) Suppository (5 mg/product)
Compound of formula (I) 250 mg
Suppository Base (Massa
Esterinum C) to 100 g

Melt the suppository base at 40° C. Gradually incor-
porate the compound of formula (I) in fine powder form
and mix until homogeneous. Pour into suitable moulds,
2 g per mould, and allow to set.

Massa Esterinum C is a commercially available sup-
pository base consisting of a mixture of mono, di, and
triglycerides of saturated vegetable fatty acids. It is
marketed by Henkel International, Dusseldorf.

(C) Pessary (5 mg/product)
Compound of formula (I) 5 mg
Lactose 400 mg
Povidone 5 mg

50

55

65

Mix together the compound of formula (I) and Lac-
tose. Granulate with a solution of Povidone in 50%
aqueous ethanol. Dry the granules add the Magnesium
Stearate and compress on suitably shaped punches, 415
mg per pessary.

(D) Freeze-dried Injection 100 mg/vial

Compound of formula (I)
Water for Injections to

100 mg
2.0 ml

Dissolve the compound of formula (I) in the Water
for Injections. Sterilise the solution by passage through
a membrane filter, 0.2 um pore size, filtrate in a sterile
receiver. Fill into sterile glass vials, 2 ml/vial under
aseptic conditions and freeze-dry. Close the vials with
sterile rubber closures secured with an aluminium seal.

The injection is reconstituted prior to administration
by the addition of a convenient volume of Water for
Injections or sterile saline solution.

In the foregoing, the weight of the compound of
formula (I) is in each instance calculated with reference
to the peptide base.

EXAMPLE

The compounds were examined for their ability to
inhibit neurally evoked contractions of the isolated
mouse vas deferens preparation (method of Hughes et
al, Brain Research, 88 (1975) 296, using pulses at 0.1 Hz).
The concentration of the test compound in the organ
bath was successively increased at intervals of ten con-
tractions until either the contractions had decreased to
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less than 30% of the resting contraction height or the
final bath concentration of the test compound had
reached a minimum of 10—4M.

Reversal of the inhibition of the contractions was
effected for morphine and each test compound by addi-
tion to the bath, before the final washout, of the known
narcotic antagonist naloxone (1-N-allyl-7,8 -dihydro-14-
hydroxynormorphinone).

The heights of the five contractions that immediately
preceded the addition of the first “dose” of test com-
pound were measured and their mean calculated. The
resultant mean contraction associated with a particular
bath concentration of test compound was calculated
from the heights of the 6th, 7th, 8th, 9th and 10th con-
tractions after the addition of the appropriate “dose” of
test compound, i.e. the five contractions that immedi-
ately preceded the subsequent “dose” or washout.

The mean control contraction height and the concen-
tration-related mean contraction heights were used to
compute the constants in an equation based on the
Langmuir Adsorption Isotherm which defined the dose
respomnse curve:

Cl+ C2-C3-x
1+ C3.x

where

y=contraction (mm)

x=dose

Cl=maximum predicted contraction of tissue

C2=minimum predicted contraction of tissue

C3=absolute potency

For each test compound the D50 was calculated,
defined as the dose giving the response that is halfway
between the maximum response and the minimum con-
traction of the tissue.

Potency relative to morphine was calculated from the
following formula:

RP=antilog[logDSO(MORPHINE) - logD5XTEST
COMPOUND)]

Generally at least two cumulative dose response
curves were constructed and a mean D50 calculated.
The significance of the difference between the D50
values for morphine and the test compound was as-
sessed by Student’s T-test using the logDD50 values.

The results are as shown in the following table:

Compound of Mean D50 Relative Potency
Ex. No. x10—5 (Morphine)
Morphine 0.466 1.0

4 0.00174 267

5(a) 0.00203 229

5(b) 0.00495 94

14 0.00203 229

What we claim is:
1. A peptide of formula (I):

R—(Xp—(X3)—X3—X*—X5—X6-XT—(X-
8—(X%)—R! ®

or a salt, ester, amide, N-alkylamide or N,N-dialkyla-
mide thereof, or an acid addition salt thereof, wherein
X! and X2 are the same or different and each is the
radical of a basic amino acid (D or L);
X3is a D or L radical having the formula:
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R2—(CH3),.(CH)5.CH.CO—

wherein R2 is phenyl or 1,4-cyclohexadien-l-yl, a is
0,1o0or2,bis0or 1, one of W and W!is a group
-NR3and the other is hydrogen, provided that W is
always —NR3— when b is 0 and that when R2 is
1,4-cyclohexadienl-yl a is always 1 and b is always
0, where R3 is hydrogen or a group selected from
alkyl, alkenyl, alkynyl, carboxyalkyl, carboxyalke-
nyl and carboxyalkynyl, and where R2is optionally
substituted by one or more groups each selected
from hydroxy, alkoxy, alkanoyloxy, alkyl, nitro,
trifluoromethyl, amino, N-alkylamino, halogen,
N,N-dialkylamino and benzyloxy wherein the
phenyl ring is optionally substituted by one or
more groups each selected from hydroxy, alkoxy,
alkanoyloxy, halogen, alkyl, nitro, trifluoromethyl,
amino, N-alkylamino and N,N-dialkylamino;

X4and X5 are the same or different and each is glycyl
or a D or L radical selected from C-propargylgly-
cyl, alanyl, a-alkyl alanyl, 8-alanyl, valyl, norvalyl,
leucyl, isoleucyl, norleucyl, prolyl, hydroxyprolyl,
tryptophyl, asparaginyl and glutaminyl, where
each of said radicals is optionally N2-substituted
with an alkyl group;

X6 is selected from glycyl, a D or L radical selected
from methionyl, leucyl, isoleucyl, norleucyl, valyl,
norvalyl, prolyl, hydroxyprolyl, alanyl and histi-
dyl, and the values recited hereinabove for X3;

X7is a D or L radical selected from seryl, homoseryl,
O-alkyl seryl, O-alkyl homoseryl, threonyl, O-alkyl
threonyl, methionyl sulphoxide, methionyl sul-
phone, B-homovalyl, homoleucyl, 8-homoleucyl,
S-methylhomocysteinyl, = homomethionyl, B-
homomethionyl and the values recited hereinabove
for X6,

X8 is selected from the radical of a basic amino acid
(D or L) and a D or L radical selected from seryl,
threonyl, phenylalanyl and tyrosyl;

X9is selected from glycyl, the radical of a basic amino
acid (D or L), and a D or L radical selected from
seryl and threonyl;

R is selected from hydrogen, aralkyl, alkyl, alkenyl,
alkynyl, carboxyalkyl, carboxyalkenyl and carbox-
yalkynyl;

Rl represents the hydroxyl of the 1-carboxyl group of
the C-terminal amino acid residue or a group, re-
placing said 1-carboxyl group, selected from
—CH;0R*, where R4is hydrogen or alkanoyl, and
Stetrazolyl optionally substituted in the 1- or 2-
position with a group selected from alkyl and ben-
zyl; and

m, n, p and g are each selected from 0 and 1, except for
the peptides of the formula:

H—X3—Gly—Gly—X¢—X7—0H

and their salts, esters, amides, N-alkylmmides and

N,N-dialkylamides and acid addition salts thereof,

wherein X7 is selected from L-leucyl and L-meth-

ionyl and either X3 is selected from L-tyrosyl and

L-3,5-diiodotyrosyl and X6 is L-phenylalanyl, or

X3 is L-tyrosyl and X6 is L-d4-chlorophenylalanyl.
2. A peptide according to claim 1 of formula:
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R—X3.D—Ala.Gly.L—Phe. X7 —R!
or a salt, ester, amide, N-alkylamide or N,N-dialkyla-
mide thereof, or an acid addition salt thereof, wherein

R and R! are as defined in formula (I);

X3 is L-tyrosyl or N-methyl-L-tyrosyl; and

X7 is D-leucyl or D-methionyl.

3. A pharmacologically and pharmaceutically accept-
able salt or acid addition salt of a peptide or derivative
thereof according to claim 1.

4. A pharmaceutical formulation comprising a pep-
tide of formula (I):

R—(X (X)) p—X3—X4—X5—X6—XT—(X-
H—X)—R! @)

or a pharmacologically and pharmaceutically accept-
able salt, ester, amide, N-alkylamide or N,N-dialkyla-
mide thereof, or a pharmacologically and pharmaceuti-
cally acceptable acid salt thereof, together with an ac-
ceptable carrier therefor, wherein

X! and X2 are the same or different and each is the

radical of a basic amino acid (D or L);
X3is a D or L radical having the formula:

[
R2—(CH3),.(CH)5.CH.CO~

wherein R2 is phenyl or 1,4-cyclohexadien-1-yl, a is
0,1or2,bis0or 1, one of W and W!is a group
—NR3 and the other is hydrogen, provided that W
is always —NR3— when b is 0 and that when R?is
1,4-cyclohexadienl-yl a is always 1 and b is always
0, where R3 is hydrogen or a group selected from
alkyl, alkenyl, alkynyl, carboxyalkyl, carboxyalke-
nyl and carboxyalkynyl, and where R2is optionally
substituted by one or more groups each selected
from hydroxy, alkoxy, alkanoyloxy, alkyl, nitro,
trifluoromethyl, amino, N-alkylamino, halogen,
N-,N-dialkylamino and benzyloxy wherein the
phenyl ring is optionally substituted by one or
more groups each selected from hydroxy, alkoxy,
alkanoyloxy, halogen, aikyl, nitro, trifluoromethyl,
amino, N-alkylamino and N,N-dialkylamino;

X#4and X3 are the same or different and each is glycyl
or a D or L radical selected from C-propargylgly-
cyl, alanyl, a-alkyl alanyl, 8-alanyl, valyl, norvalyl,
leucyl, isoleucyl, norleucyl, prolyl, hydroxyprolyl,
tryptophyl, asparaginyl and glutaminyl, where
each of said radicals is optionally NZ2-substituted
with an alkyl group;

X6 is selected from glycyl, a D or L radical selected
from methionyl, leucyl, isoleucyl, norleucyl, valyl,
norvalyl, prolyl, hydroxyprolyl, alanyl and histi-
dyl, and the values recited hereinabove for X3;

X7is a D or L radical selected from seryl, homoseryl,
O-alkyl seryl, O-alkyl homoseryl, threonyl, O-alkyl
threonyl, methionyl sulphoxide, methionyl sul-
phone, B-homovalyl, homoleucyl, 8-homoleucyl,
S-methylhomocysteinyl, homomethionyl, 8-homo-
ethionyl and the values recited hereinabove for X$;

X8 is selected from the radical of a basic amino acid
(D or L) and a D or L radical selected from seryl,
threonyl, phenylalanyl and tyrosyl;

X9is selected from glycyl, the radical of a basic amino
acid (D or L), and a D or L radical selected from
seryl and threonyl;
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R is selected from hydrogen, aralkyl, alkyl, alkenyl,
alkynyl, carboxyalkyl, carboxyalkenyl and carbox-
yalkynyl;

Rlrepresents the hydroxyl of the 1-carboxyl group of
the C-terminal amino acid residue or a group, re-
placing said 1-carboxyl group, selected from
—CH,0R4, where R4is hydrogen or alkanoyl, and
5-tetrazolyl optionally substituted in the 1- or 2-
position with a group selected from alkyl and ben-
zyl; and

m, n, p and q are each selected from O and 1, except for
the peptides of the formula:

H-X3-Gly-Gly-X5-X"-0H

and their salts, esters, amides, N-alkylamides and
N,N-dialkylamides and acid addition salts thereof,
wherein X7 is selected from L-leucyl and L-meth-
ionyl and either X3 is selected from L-tyrosyl and
L-3,5-diiodotyrosyl and X% is L-phenylalanyl, or
X3 is L-tyrosyl and X6 is L-4-chlorophenylalanyl.
5. The formulation of claim 4 wherein the peptide is
of the formula:

H. __(xl)m —(XZ),,—X3—X4—X5—X6—X7—(X"
8)p—(X)—OH

wherein

X! and X2 are the same or different and each is the
radical of a basic amino acid (D or L);

X3 is selected from phenylalanyl (D or L) and C-
phenylglycyl (D or L), where each of said groups
is optionally N2-substituted with an alkyl group
and is optionally substituted in the 3- and/or 4-
position of the phenyl ring by a group(s) each se-
lected from hydroxy, alkoxy, acyloxy and ben-
zyloxy;

X4is selected from glycyl, alanyl (D or L), valyl D or
L), norvalyl (D or L), leucyl (D or L), isoleucyl (D
or L), norleucyl (D or L), prolyl (D or L) and
hydroxyprolyl (D or L), where each of said groups
is optionally N2-substituted with an alkyl group;

X5 is selected from asparaginyl (D or L), glutaminyl
(D or L), where each of said groups is optionally
N2.substituted with an alkyl group, and the values
recited hereinabove for X4;

X6 is selected from methionyl (D or L),leucyl (D or -
L), isoleucyl (D or L), norleucyl (D or L), valyl (D
or L), norvalyl (D or L), prolyl (D or L), hydroxy-
prolyl (D or L), glycyl, alanyl (D or L) and the
values recited hereinabove for X3;

X7 is selected from methionyl (D or L), seryl (D or
L), threonyl (D or L), leucyl (D or L), iscleucyl (D
or L), norleucyl (D or L), valyl (D or L), norvalyl
(D or L), prolyl (D or L), hydroxyprolyl (D or L),
glycyl, allanyl (D or L) and the values recited
hereinabove for X3;

X8 and X° are the same or different and each is se-
lected from seryl (D or L) and threonyl (D or L);
and

m, n, p and q are each selected from 0 and 1,

provided that, when m, n, p and q are all 0 and X3, X4,
X5 and X6 are respectively tyrosyl, glycyl, glycyl
and phenylalanyl, then X7 is other than methionyl
or leucyl.

6. A method for the treatment of a mammal for a

condition wherein an agent with a morphine-like effect
is indicated comprising the administration to the mam-
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mal of a treatment-effective, non-toxic amount of a

peptide of formula (I):

R—(X)m— (XD p—X3— X=X 5= X6 X T (X-
s)p—(xg)r—Rl @

or a pharmacologically and pharmaceutically accept-

able salt, ester, amide, N-alkylamide or N,N-dialkyla-

mide thereof, or a pharmacologically and pharmaceuti-

cally acceptable acid addition salt thereof, wherein

X! and X2 are the same or different and each is the
radical of a basic amino acid (D or L);

X3is a D or L radical having the formula:

wl
| |
R2~~(CH2)4.(CH);.CH.CO—

w

wherein R2is phenyl or 1,4-cyclohexadien-l-yl, a is
0,1or2,bisOor 1, one of W and W!is a group
-NR3and the other is hydrogen, provided that W is
always —NR3— when b is 0 and that when R2is
1,4-cyclohexadienl-yl a is always 1 and b is always
0, where R3 is hydrogen or a group selected from
alkyl, alkenyl, alkynyl, carboxyalkyl, carboxyalke-
nyl and carboxyalkynyl, and where R2is optionally
substituted by one or more groups each selected
from hydroxy, alkoxy, alkanoyloxy, alkyl, nitro,
trifluoromethyl, amino, N-alkylamino, halogen,
N,N-dialkylamino and benzyloxy wherein the
phenyl ring is optionally substituted by on or more
groups each selected from hydroxy, alkoxy, al-
kanoyloxy, halogen, alkyl, nitro, trifluoromethyl,
amino, N-alkylamino and N,N-dialkylamino;

X4and XS5 are the same or different and each is glycyl
or a D or L radical selected from C-proparglycgly-
cyl, alanyl, aalkyl alanyl, B-alanyl, valyl, norvalyl,
leucyl, isoleucyl, norleucyl, prolyl, hydroxyprolyl,
tryptophyl, asparaginyl and glutaminyl, where
each of said radicals is optionally N2-substituted
with an alkyl group;

X6 is selected from glycyl, a D or L radical selected
from methionyl, leucyl, isoleucyl, norleucyl, valyl,
norvalyl, prolyl, hydroxyprolyl, alanyl and histi-
dyl, and the values recited hereinabove for X3;

X7is a D or L radical selected from seryl, homoseryl,
0O-alkyl seryl, 0-alkyl homoseryl, threonyl, 0-alkyl
threonyl, methionyl sulphoxide, methionyl sul-
phone, S-homovalyl, homoleucyl, 8-homoleucyl,
S-methylhomocysteinyl, = homomethionyl, j-
homomethionyl and the values recited hereinabove
for X6;

X8 is selected from the radical of a basic amino acid
(D or L) and a D or L radical selected from seryl,
threonyl, phenylalanyl and tyrosyl;

X?%1is selected from glycyl, the radical of a basic amino
acid (D or L), and a D or L radical selected from
seryl and threonyl;

R is selected from hydrogen, aralkyl, alkyl, alkenyl,
alkynyl, carboxyalkyl, carboxyalkenyl and carbox-
yalkynyl;

R! represents the hydroxyl of the 1-carboxyl group of
the C-terminal amino acid residue or a group, re-
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placing said 1-carboxyl group, selected from
—CH;0R#, where R4is hydrogen or alkanoyl, and
5-tetrzolyl optionally substituted in the 1- or 2-posi-
tion with a group selected from alkyl and benzyl;
and

m,n,p and q are each selected from 0 and 1, except for
the peptides of the formula:

H—X3—Gly—Gly—X6—X"—OH

and their salts, esters, amides, N-alkylamides and

N,N-dialkylamides and acid addition salts thereof,

wherein X7 is selected from L-leucyl and L-meth-

ionyl and either X3 is selected from L-tyroslyl and

L-3,5-diiodotyrosyl and X6 is L-phenylalanyl, or

X3 is L-tyrosyl and X6 is L-4-chlorophenylalanyl.
7. The method of claim 6 wherein the peptide is of the

formula:

H _(xl)m_(x2)n__x3_-_x4_x5__x6_x7_(x.
8)—(XNg—OH

wherein

X1 and X2 are the same or different and each is the
radical of a basic amino acid (D or L);

X3 is selected from phenylalanyl (D or L) and C-
phenylglycyl (D or L), where each of said groups
is optionally N2-substituted with an alkyl group
and is optionally substituted in the 3- and/or 4-
position of the phenyl ring by a group(s) each se-
lected from hydroxy, alkoxy, acyloxy and ben-
zyloxy;

X4 is selected from glycyl, alanyl (D or L), valyl (D
or L), norvalyl (D or L), leucyl (D or L), isoleucyl
(D or L), norleucyl (D or L), prolyl (D or L) and
hydroxyprolyl (D or L), where each of said groups
is optionally N2-substituted with an alkyl group;

X5 is selected from asparaginyl (D or L), glutaminyl
(D or L), where each of said groups is optionally
N2-substituted with an alkyl group, and the values
recited hereinabove for X4;

X6 is selected from methionyl (D or L), leucyl (D or
L), isoleucyl (D or L), norleucyl (D or L), valyl (D
or L), norvalyl (D or L), prolyl (D or L), hydroxy-
prolyl (D or L), glycyl, alanyl (D or L) and the
values recited hereinabove for X3;

X7 is selected from methionyl (D or L), seryl (D or
L), threonyl (D or L), leucyl (D or L), isoleucyl (D
or L), norleucyl (D or L), valyl (D or L), norvalyl
(D or L), prolyl (D or L), hydroxyprolyl (D or L),
glycyl, alanyl (D or L) and the values recited here-
inabove for X3;

X8 and X9 are the same or different and each is se-
lected from seryl (D or L) and threonyl (D or L);
and

m, n, p and q are each selected from 0 or 1;

provided that, when m, n, p and q are all 0 and X3, X4,
X5 and X6 are respectively tyrosyl, glycyl, glycyl
and phenylalanyl, then X7 is other than methionyl
or leucyl.

8. The method of claim 6 wherein the mammal is

mai.
* * x x %



