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PHENYLALANINE ANALOGS OF BOMBESIN

FIELD OF INVENTION
This invention relates to novel phenylalanine analogs
of Bombesin which are potentially useful as
pharmaceuticals.

BACKGROUND OF INVENTION
Bombesin (ID#2) is a 14 amino acid peptide, originally
isolated from the skin of the frog Bombina bombina.
Bombesin is also structurally related to a number of other
peptides including Gastrin Releasing Peptide (ID$1), and
Litorin (ID#3) (See Sequence Identification).

Bombesin is known to have a range of effects including
stimulation of the nervous system, reduction of renal blood
flow, secretion of pituitary hormones, growth promotion,
memory retention, induction of myoelectric and contractile
activity of intestinal myocytes, induction of gastric and
pancreatic secretion, and bolster the immune system. There

- has been considerable interest in modulating these

activities in the design and development of bombesin
analogs as possible mimics or inhibitors of bombesin action
in the body.
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The bombesin-dependent responses occur through a class
of high-affinity (KD=1lnm) cell surface receptors that bind
bombesin. Binding of bombesin to its cell surface receptor
elicits cell mitogenic responses in a number of tissues.
The mitogenic response has been demonstrated in a number of
cell types including Swiss 3T3 embryo fibroblast cells,
human bronchial epithelial cells, human small cell lung
carcinoma cells, rat gastrin cells , and rat pancreatic
cells. Similarly, bombesin induction of gastric and
pancreatic secretions, important for digestive functions,
occur through the receptors found on cells of pancreatic
(B-Cells) and intestinal gastrin cells (G-cells).

Binding of bombesin to its extracellular receptor
evokes a number of intracellular signals including
activation of G-proteins, which in turn activates
phospholipase C (PLC). PLC in turn converts
phosphatidylinositol phosphate (PI) into inositol 1,4,5,-
triphosphate (IP3) and diacylglycerol (DAG). 1IP3 and DAG
are believed to be intracellular signals for cellular
mediated events.

- Structure-activity studies indicate that receptor-
binding generally requires a peptide ligand containing an
amidated C-terminus, and generally the presence of the last
eight amino acids. Recent work has concentrated on
modifying the carboxy terminal (C-terminal) region of
bombesin to selectively modulate the receptor interaction
utilizing a variety of different types of C-terminal
modified analogs. These modifications have included, for
example, incorporation of D-amino acids, non-peptide bonds,
amide, and ester modifications. These alterations have
given rise to certain peptides having improved
characteristics.
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The applicants have prepared linear peptide analogs of
the natural bombesin containing dehydrophenylalanine. The
applicants have demonstrated that these analogs act at the
bombesin receptor and elicit or prevent required
intracellular signals for cellular response of bombesin.
The peptide analogs of this invention potentially possess 7
significant antimitotic and/or anti-secretory activity and
therefore may allow for a scientifically interesting and
therapeutically significant adjunct to growth therapy
and/or the treatment of digestive disorders. Moreover, the
presence of the modified phenylalanine functionalities may
provide for enhanced potency and extended duration of
action.

SUMMARY OF THE INVENTION
Claimed are peptide derivatives of the formula 1 and 2

given below:
Peptides of formula 1 are of the structure
Glp-Gln-Trp-Ala-Val-Gly-A;-Phe*-Az-Y (formula 1)

wherein;

A; 1is His, Leu, His-Leu, or a bond;

Phe* is a modified phenylalanine derivate selected from
the group consisting of phe, AZPhe, and AEPhe
wherein said modified phenylalanine derivatives may
be further substituted by a C;-C4 alkyl group at
the alpha nitrogen of said modified phenylalanine
derivative;

A, 1is Phe, Leu, Phe-Leu, or a bond; and

Y is a carboxy terminal substituent selected from OH,
(C1-Cg) alkoxyester, carboxamide, mono or di (C;-Cg)
alkyl amide, mono or di (C;-Cg) alkylamine, (C1-Ca)
thioalkylether; or
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said compounds of formula 1 are pharmaceutically acceptable

salt thereof.

Peptides of formula 2 are of the structure

X-A3-Phe*-A4-Gln-Trp-Ala-Val-Gly-His-Leu-Y (formula 2)

wherein;
A3

is Glp, or a bond;

Phe* is a modified phenylalanine derivate selected from

the group consisting of phe, A%*Phe, and AEPhe
wherein said modified phenylalanine derivatives may
be further substituted by a C;-C4 alkyl group at
the alpha nitrogen of said modified phenylalanine
derivative;

is Gly or a bond; '

is an amino terminal substituent selected from
hydrogen, one or two alkyl groups frbm 1l to 8
carbon atoms, one or two acyl groups of from 2 to 8
carbon atoms, carbobenzyloxy or t-butyloxy
carbonyl; unless the amino terminal acid is Glp and
thereby X is omitted;

is a carboxy terminal substituent selected from OH,
(C1-Cg) alkoxyester, carboxamide, mono or di (C;-Cg)
alkyl amide, mono or di (C;-Cg) alkylamine, (C1-Cyg)
thioalkylether; or

said compounds of formula 1 are pharmaceutically acceptable

salt thereof.

It is understood that preferred derivatives of formula
I and II are contained within the groupings and maybe

elected to form subgroupings containing those elected
substituents to be preferred derivatives of formula I and

II.
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DETATILED DESCRIPTION OF THE INVENTION

The following common abbreviations of; (1) amino acids

and their three letter codes,

(2) modified phenylalanines

and their structures, and (3) terminal amino and carboxy

substituents used throughout this specification:

(1): THE AMINO ACIDS AND THEIR THREE LETTER CODE
L-AMINO ACIDS

Ala
Arg
Asn
Asp
Cys
Gly
Glu
Val
Gln
His

Ile

Leu
Lys
Phe
Met
Pro
Ser
Thr
Trp
Tyr

alanine
arginine
asparagine
aspartic acid
cysteine
glycine
glutamic acid
valine
glutamine
histidine
isoleucine
leucine
lysine
phenylalanine
methionine
proline
serine
threonine
tryptophan
tyrosine

D-AMINO ACIDS

ala
arg
asn
asp
cys

glu
val
gln
his
ile
leu
lys
phe
met
pro
ser
thr
trp
tyr

D-alanine
D-arginine
D-asparagine
D-aspartic acid
D-cysteine

D-glutamic acid
D-valine
D-glutamine
D-histidine
D-isoleucine
D-leucine
D-lysine
D-phenylalanine
D-methionine
D-proline
D-serine
D-threonine
D-tryptophan
D-tyrosine
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(2): MODIFIED PHENYLALANINES AND THEIR STRUCTURES

AEphe R\ /

N *> Ry1=H, or C4-C4 alkyl

AZpPhe

R\ ” R1=H,oré1-C4 alkyl

(3): AMINO AND CARBOXY TERMINAL ACID SUBSTITUENTS
Ac - acetyl '
Azt - azetidine-2-carboxylate
Cin - cinnamoyl
DhCin - 3,4-dihydrocinnamoyl
Glt - glutaryl
Mal - maleyl
Oac - 8-aminooctanoic acid
Oct - n-octane
Suc - succinyl
Glt - glutaryl
Tfa - trifluoroacetyl
# - C-terminal amide

BOMBESIN PEPTIDES
As many as 13 bombesin-like peptides have been isolated

from amphibian sources, one from avian proventriculus, and
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5 or 6 from mammalian tissues. The bombesin peptides may
be divided into 3 subfamilies on the basis of their primary
structure, their pharmacological activity, and their '
receptor affinity. The bombesin subfamily is characterized
by the C-terminal tetrapeptide —Gly-His-Leu-Met-NH,, the
litorin/ranatensin subfamily by the tetrapeptide ~-Gly-His-
Phe-Met-NH, and the phyllolitorin subfamily by the
tetrapeptide —Gly-Ser-Phe(Leu)~-Met-NH,.

Present within the bombesin subfamily are the gastrin-
releasing peptides (GRPs) of mammalian origin. Human,
porcine, and canine GRPs differ from each other in the N-
terminal dodecapeptide, but have an identical carboxy amino
acid sequences (residues 13- -27). Moreover, the C-terminal
decapeptide of the mammalian GRPs is identical to the C-
terminal decapeptide of frog bombesin, with only the
difference of having a His residue substituted for the Gln
residue at position 8 from the C-terminus. A mammalian
peptide present within the litorin/ranatensin-like family
is neuromedin B.

A Seguence Identification of some of the sequence
variations of bombesin is included prior to the claims:
e.g. Bombesin (ID#2), Gastrin Releasing Peptide (ID#1),
Litorin (ID#3).

Herein, the term "bombesin or natural variant thereof"
includes all subfamilies and natural variants of bombesin
[See Falconieri, et.al. Regulatory Peptides, 21, 1-11, 3,
(1988), for a listing of known Bombesin related peptides
and is incorporated herein by reference] including
sequences related to GRP, and litorin and the like. The

~term "variations thereof" for substituents A1, Az, A3, A4,

as defined optionally includes 1-5 amino acids of bombesin
or related variants contiguous with a consecutive region of
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internal amino acids unless it is a bond or unless the amino
or carboxy terminal acid is a cyclic derivative and thereby
the sequence of 1-5 amino acids is omitted.

Amino Acids & Modifications
Herein, as is customary, the structure of peptides when

written is such that the amino terminal end appears on the
left side of the page and the carboxy terminal end appears
on the right side of the page.

An alkyl group of 1-8 carbon atoms and the alkyl

~ portion of an alkoxy group is taken to include straight,

branched, or cyclic alkyl groups, for example, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
pentyl, isopentyl, sec-pentyl, cyclopentyl, hexyl,
isohexyl, cyclohexyl and cyclopentylmethyl, heptyl,
octyl(oét), and 8-aminooctanoic acid(Aoc). An acyl group
of from 2 to 8 carbon atoms is taken to include straight,
branched, cyclic, and saturated and unsaturated acyl groups
having 1 or 2 carbonyl moieties per group, for example,
acetyl(Ac), azetidine-2-carboxylate(Azt), benzoyl,
succinyl, cinnamoyl(Cin), 3,4-dihydrocinnamoyl(DhCin),
maleyl(Mal), palmityl, lauryl, octanoyl, and glutaryl(Glt).
Both alkyl and acyl substituents are taken to include those
groups with halogen substituents, where a halogen group is
a fluoro, chloro, bromo, or iodo, for example,
trifluoroacetyl(Tfa). Cyclic derivatives of N-terminal
amino acid residues include pyroglutamic acid (pGlu) and
homoserine lactone (Hse).

An alkyl group of 1-4 carbon atoms and the alkyl
portion of an alkoxy group is taken to include straight and
branched alkyl groups, for example, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl,
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The naturally occurring amino acids, with the exception
of glycine, contain a chiral carbon atom. Unless otherwise
specifically indicated, the optically active amino acids,
referred to herein, are of the L-configuration (See Amino
Acids and Their Letter Codes found herein). However, any
of the amino acids of the A;, Az, A3, A4 group can be
specifically designated to be either the of the D- or L-
configuration. The amino acids of Aj-A4 may be further
designated to consist of the naturally occurring amino
acids which are glycine, alanine, valine, leucine,isoleu-
cine, serine, methionine, threonine, phenylalanine,
tyrosine, tryptophan, cysteine, proline, histidine, aspar-
tic acid, asparagine, glutamic acid, glutamine, arginine,
ornithine, and lyr :e. Also included would be the D-
isomers of the na; rally occurring amino acids; D-alanine,
D-valine, D-leﬁcine, D-isoleucine, D-serine, D-methionine,
D-threonine, D-phenylalanine, D-tyrosine, D-tryptophan, D-
cysteine, D-proline, D-histidine, D-aspartic acid, D-
asparagine, D-glutamic acid, D-glutamine, and D-arginine.
As indicated earlier, D amino acids may be represented by
the first letter of their 3 letter or 1 letter code being a
lower case letter; i.e for D-Alanine (D-Ala, ala, or a); D-
Phenylalanine (D-Phe, phe, or f).

Groups of amino acids can be defined by certain charge
characteristics. There are two general characteristics of
side chains: nonpolar and polar. The nonpolar residues are
made up of these groups: the hydrophobic residues which

" include those with (1) aliphatic hydrocarbon side chains:

Gly, Ala, Val, Leu, Ile, Nle, and Pro; (2) the aromatic
group Phe and Trp, and (3) the pseudohydrocarbon, Met. The
polar amino acids are made up three groups: (1) the acidic
hydrophobic residues Asp, Glu, and Tyr; (2) the neutral
residues with the hydroxyl-containing residues, Ser and
Thr; the amides, Asn and Gln; the aromatics, Tyr and Trp;
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the sulfhydryl, Cys, and small structurally accommodating
amino acids Ala and Gly; and (3) basic hydrophobic residues
His, Lys, and Arg.

Y designates the chemical group(s) that may be utilized
to substitute or modify the terminal amino acid unless the
terminal substituent is given a cyclized group or of
formula 2, the Y is omitted. Further, a given ¥
substituent is understood to be bonded through the carbonyl
of the amino acid (CO-Y). Therefore, Y may be a carboxy
terminal acid (-OH), C;-Cg alkoxyester, carboxamide, mono or
di C;-Cg alkylester, C3;-Cg alkylamine, or C;-Cs4
thioalkylether, or a pharmaceutically acceptable salt in
addition or in conf.:ction with any of the substituents.

The polypeptides of formula 1 can form pharmaceutically
acceptable salts with any nontoxic, organic or inorganic
acid. Illustrativé inorganic acids which form suitable
salts include hydrochloric, hydrobromic, sulfuric and
phosphoric acid and acid metal salts such as sodium
monohydrogen orthophosphate and potassium hydrogen sulfate.
Illustrative organic acids which form suitable salts
include the mono, di, and tricarboxylic acids.

Illustrative of such acids are, for example, acetic,
glycolic, lactic, pyruvic, malonic, succinic, glutaric,
fumaric, malic, tartariec, citric, ascorbic, maleic, hydro-
xymaleic, benzoic, hydroxybenzoic, phenylacetic, cinnamic,
salicylic, 2-phenoxybenzoic, and sulfonic acids such as
methane sulfonic acid and 2-hydroxyethane sulfonic acid.
Salts of the carboxy terminal amino acid moiety include the
nontoxic carboxylic acid salts formed with any suitable
inorganic or organic bases. 1Illustratively, these salts
include those of alkali metals, as for example, sodium and
potassium; alkaline earth metals, such as calcium and
magnesium; light metals of Group IIIA including aluminum;
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“and organic primary, secondary, and tertiary amines, as for
example, trialkylamines, including triethylamine, procaine,
dibenzylamine, l-ethenamine, N,N'-dibenzylethylenediamine,
dihydroabietylamine, N-(lower)alkylpiperidine, and any

‘5 other suitable amine.

General Synthesis of Peptides:
The peptides of formula 1 of this invention can be

prepared by a variety of procedures readily known to those
10 skilled in the art. Such procedures include the solid

phase sequential and block synthesis, gene cloning, and

combinations of th&se techniques.' The solid phase

sequential procedure can be performed using a combination

of established solution phase and automated methods known
15 in the art.

Peptides of formula 1 having an amide functionality,
wherein Y is an amino substituent, traditionally have the
carboxy terminal amino acid attached to a methylbenzhydryi—

20 amine type resin. Preparation of peptides with an amide
functionality is known to those skilled in the art.

As is known in the art of solid phase peptide

synthesis, many of the amino acids bear functionalities

25 requiring protection during synthesis. The use and
selection of the appropriate protecting group will depend
upon the amino acid to be protected and the presence of
other protected amino acid residues on the peptide.
Generally, the selection of such a side chain protecting

30 group requires that it must be one which is not removed by
cleavage during cleavage of the protecting group of the a-
amino moiety. For example, suitable side chain protecting
groups for lysine are benzyloxycarbonyl and substituted
benzyloxycarbonyl, said substituent being selected from

35 halo (e.g., chloro, bromo, fluoro) and nitro (e.g., 2-
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chlorobenzyloxycarbonyl, p-nitrobenzyloxy-carbonyl, 3,4-
dichlorobenzyloxycarbonyl), tosyl, t-amyloxycarbonyl, t-
butyloxycarbonyl, and diisopropylmethoxycarbonyl. The
alcoholic hydroxyl group of threonine and serine can be
protected with an acetyl, benzoyl, tert-butyl, trityl,
benzyl, 2,6-dichlorobenzyl, or benzyloxycarbonyl group.
The preferred protecting group is benzyl. The selection
and use of appropriate protecting groups for each peptide
is within the ability of those skilled in the art.

The a-amino protecting group employed with each amino
acid introduced into the polypeptide sequence may be any
such protecting group known to the art. Among the classes
of a-amino protecting groups contemplated are (1) acyl type
protecting groups such as: formyl, trifluoroacetyl,
phthalyl, toluenesulfonyl (tosyl), benzenesulfonyl, nitro-
phenylsulfenyl, tritylsulfenyl, o-nitrophenoxyacetyl, and
a-chlorobutyryl; (2) aromatic urethane type protecting
groups such as benzyloxycarbonyl and substituted
benzyloxycarbonyl, such as p-chlorobenzyloxycarbonyl, p-
nitrobenzylcarbonyl, p-bromobenzyloxycarbonyl, p-
methoxybenzyloxycarbonyl, 1l-(p-biphenylyl)-l-methylethoxy-
carbonyl, a-dimethyl-3,5-dimethoxybenzyloxycarbonyl, and
benzhydryloxycarbonyl; (3) aliphatic urethane protecting
groups such as tert-~butyloxy-carbonyl (Boc), diisopropyl-
methoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, and
allyloxycarbonyl; (4) cycloalkyl urethane type protecting
groups such as cyclopentyloxycarbonyl, adamantyloxy-
carbonyl, and cyclohexyloxycarbonyl; (5) thiourethane type
protecting groups such as phenylthiocarbonyl; (6) alkyl
type protecting groups such as triphenylmethyl (trityl) and
benzyl; and (7) trialkylsilane groups such as
trimethylsilane. The preferred a-amino protecting group is
tert-butyloxycarbonyl (Boc).



WO 93/16105 PCT/US93/00183

10

15

20

25

30

35

-13-

The extension of the peptide sequence was done using
standard methodology and that of the manufacturer and that
known by people skilled in the art. Extension of the
peptide chain, by coupling activated amino acids, is known
for both L and D isomers of amino acids and is generally
accomplished with coupling agents known to those skilled in
the art.

The selection of an appropriate coupling reagent is
within the skill of the art. A particularly suitable
coupling reagent where the amino acid to be added is Gln,
Asn or Arg is N,N'-diisopropylcarbodiimide and l-hydroxy- .
benzotriazole. The use of these reagents prevents nitrile
and lactam formation. Other coupling agents are (1) carbo-
diimides (e.g., N,N'-dicyclohexylcarbodiimide and N-ethyl-
N'-(Tdimethylaminopropylcarbod@imide); (2) cyanamides
(e.g., N,N-dibenzylcyanamide); (3) ketenimines; (4)
isoxazolium salts (e.g., N-ethyl-5-phenyl-isoxazolium-3'-
sulfonate; (5) monocyclic nitrogen containing heterocyclic
amides of aromatic character containing one through four
nitrogens in the ring such as imidazolides, pyrazolides,
and 1,2,4-triazolides. Specific heterocyclic amides that
are useful include N,N'-carbonyldiimidazole and N,N-
carbonyl-di-1,2,4-triazole; (6) alkoxylated acetylene
(e.g., ethoxyacetylene); (7) reagents which form a mixed
anhydride with the carboxyl moiety of the amino acid (e.g.,
ethylchloroformate and isobutylchloroformate) or the
symmetrical anhydride of the amino acid to be coupled

. (e.g., Boc-Ala-0O-Ala-Boc), (8) nitrogen containing

heterocyclic compounds having a hydroxy group on one ring
nitrogen (e.g., N-hydroxyphthalimide, N-hydroxysuccinimide,
and l-hydroxybenzotriazole), and (9) diphenyl
phosphorylazide. Other activating reagents and their use
in peptide coupling are described by Kapoor, J. Pharm.
Sci., 59, pp. 1-27 (1970). Applicants prefer the use of
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the symmetrical anhydride as a coupling reagent for all
amino acids except Arg, Asn, and Gln.

Each protected amino acid or amino acid sequence is
introduced into the solid phase reactor in about a fourfold
excess and the coupling is carried out in a medium of
dimethylformamide: methylene chloride (1l:1) or in
dimethylformamide alone, or preferably methylene chloride
alone. In cases where incomplete coupling occurs, the
coupling procedure is repeated before removal of the a-
amino protecting group, prior to the coupling of the next
amino acid in the solid phase reactor. The success of the
coupling reaction at each stage of the synthesis is
monitored by the ninhydrin reaction as described by E.
Kaiser et al, Analyt. Biochem. 34, 595 (1970).

After completion of coupliné of the sequence either the
Boc protecting group was left in place or it was removed
and the N-terminal amino group alkylated or acylated using
those methods known in the art. After the desired N-
terminus is formed then displacement of the protecting
groups and removal of the peptide from the resin is
accomplished using a hydrogen fluoride solution, as known
in the art.

An important aspect of the present invention is the
incorporation of analogs of phenylalanine into the
structure of formula I. Generally the phenylalanine

‘analogs (Phe*) are incorporated into the peptide chain as

(1) protected phenylalanine analogs Phe*. Phe* is used
generically to refer to those groups and subgroups
containing a modified phenylalanine include (1) Aj;-Phe* and
A3-Phe* dipeptide analogs, (2) Phe*-A; and Phe*-A4 dipeptide
analogs, or (3) A;-Phe*-A; tripeptide analogs. Methods for
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synthesizing these compounds is disclosed below in Reaction
Scheme I.

Synthesis of Protected Phe* Analogs (Rj=H)
Compounds of formula I may incorporate subunits of

formula I in the sequence having modified phenylalanine
analogs (Phe*): (1) A;-Phe* or A3-Phe* dipeptide analogs
(collectively herein A-Phe*) (2) Phe*-A; or Phe*-A,
dipeptide analogs (collectively herein A- Phe*-A), or (3)
A1-Phe*-A; or A3-Phe*-A4 tripeptide analogs (collectively
herein A-Phe*-A) according to reaction scheme I, wherein R1
is selected to be hydrogen.
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REACTION SCHEME |

(0] o]
1 I
5 Ry-CH-C-OH + HaN-CH-C-0-CH,CH3
R2  Formula3 canbe HO-C-H
A1, A3, or a-amino
protecting groups _
Formula 3 N !
10
Formula 4
STEP 1: COUPLING
0 0
I 'H
15 | R1-CH-C-NH-CH-C-OCH»CH3
R,  HO-C-H
Formula 5
20
STEP 2: CYCLIZATION
0
e OZ
25 1- r —< )
\ Formula 6
R2
(A-APhe)
30 STEP 3: RING OPENING l
0 0
! I
R4-CH-C-NH-C-C Formula 7
| i
35
LY

@ (A-AZPhe)
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Compounds of formula 3 may either be a defined A; or A;
amino acid, wherein the amino acid contains the required
protecting groups, for synthesis of the subunit structure
A-Phe*. 1If compounds of formula 3 represents a protected
amino acid, R; and R; are such to form a suitably protected
A} or A3 amino acid for synthesis. Alternatively, compounds
of formula 3 can be a suitable a-amino protecting group for

 the compounds of formula 4 to form subunits of the

structure Phe*. Consistent with subunits of Phe* are
compounds wherein A3 is a bond to an amino terminal
protecting group X, wherein R; and Ry group are such to form
a suitably defined protecting group. If the formula 3
compound is an amino protecting group, such a-carbonyl
subtituents include appropriate protected amino acid as the
t-butyleoxycaronyl-amino acids, or a-amino protecting groups
acetyl, propyl, or ?he like.

A prefered ester of formula 4 is the D,L-3-phenylserine
(D,L-BPhSer)ethyl ester as shown, but may be preformed with
other suitably acid protecting groups. Similarly, as a
preferred embodiment, D,L-Phe may be the salt of the amide
(not shown). A preferred salt is the p-toluenesulfonate of
the D,L-3-phenylserine alkyl ester.

The first step in the reaction scheme I is to couple
compounds of formula 3 and formula 4. Amide bond formation
between the compounds of formula 3 and 4 may be made using
a number of suitable coupling reagents known in the art to
form the compounds of formula 5. One such coupling agent is
isobutyl chloroformate.

The second step in the reaction sequence is the
cyclization of compound of formula 5. Azalactonization of
A-DL-BPhSer is afforded using the Bergmann method. A
suitable employment of the Bergmann procedure employs
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concomitant dehydration of the azylactonized phenylserine
residue of formula 5. Upon cyclization through
azlactonization the dehydroamino acid containing a double
bond is introduced stereoselectively to the AZ
configuration.

The third step in the reaction is ring opening of the
azalactone. This is accomplished by nucleophilic attack of
the cyclized carbonyl of the ring. Here this strategy can
be employed to provide a suitable carboxy terminal
protected dedrophenylalalanine (Aphe) or can be employed to
form amide bonds to one or more adjoining amino acids,
wherein the a-amino group of the subsequent amino acid
provides a suitable nucleophile for ring opening of the
azalactone. This later strategy can be used to synthesize
compounds of Phe*-2 subunits A-Phe*-A tripeptide subunits
for incorporz<«ion iﬁto the given peptide sequence.

The fourth step is isolation of phe* peptides having a
modified phenylalanine selected in the A% configquration.
Following isolation of the desired phe* configured peptides,
the Azphe peptide can be either coupled to the resin
support for synthesis of a formula I peptide or,
alternatively can be incorporated into a previously
synthesized peptide sequence to give compounds of formula
II.

Alternatively, before the phe* peptide is incorporated
with other subunits of the peptide sequence the AE
conformer maybe formed by photoisomerization and/or the
amino nitrogen of phe* maybe alkylated.

Phe* peptide subunits may be joined to other subunits
of the peptide sequence by either incorporating theiphe*
peptide directly onto a resin support for additional
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synthesis, or as a subunit later in the synthesis on a
solid support. Alternatively, multiple amino acid
subgroups may be coupled by the solution phase methodology
or in combination with solid phase methodology.

The Phe* the alpha protecting group can be removed
using any suitable procedure such as by using trifluoro-
acetic acid in methylene chloride, trifluoroacetic acid
alone, or HCl in dioxane. The deprotection is carried out
at a temperature of between 0°C and room temperature.

Other standard cleaving reagents and conditions for removal
of specific a-amino protecting groups may be used. After
removal of the a-amino protecting group the other amino
protected amino aC.iS are coupled step-wise in the desired
order as previous. set forth. Similarly the carboxy
protecting group of the phe* subpeptide unit may be removed
and incorporated to an appropriately deprotected subunit.

If the Phe* subunit is desired to be incorporated as
part of the sequence, as in formula II peptide, the carboky
protecting group can be removed, and subsequently coupled ,
to an existing sequence using a suitable coupling reagent.-'»j

After the desired amino acid-sequence has been
obtained, the peptide is removed from the resin. This can
be done by hydrolysis such as by treatment of the resin
bound polypeptide with an amino acid alcohol and acetic
acid in dichloromethane (DCM). Protecting groups can also
be removed by other procedures well known in the art.
Typically protecting group removal is done after the
peptide chain synthesis is complete but the protecting
groups can be removed at any other appropriate time.
Purification of peptides is principally accomplished
through preparative reverse phase high performance liquid
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chromatography and those techniques known to those skilled
in the art.

Synthesis of Protected Phe* Analogs (R;=C,-Cg)
Compounds of this invention also include those Phe*

derivatives that have C;-C4 modification of the alpha amino
group.

Reaction Scheme II shows the making the compounds of
formula 7A, wherein Rgq is methyl, ethyl, propyl, butyl, or
like alkyl substituent of 1-4 carbon atoms of the alpha
nitrogen of a given modified phenylalanine.
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REACTION SCHEME 1l

v

o

[
Boc-NH-CH-C-N H-C-C"-OCHg

0o

)

CH3sl, K2CO3, 18-CROWN-6

N
Nl N

I
Boc-NH-CH-C-N-C-C-OCH3

chs

<

R-NH-CH-C

i
o)

1. TFA, CHCl,
2. Ac-D-Phe-Gin-Trp-Ala-Val-Gly-His-OH,
DPPA

\\‘ﬂ /‘
?-N-C-L-OCH3

R =Ac-D-Phe-Gin-Trp-Ala-Val-Gly-His-
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Alkylations can be performed by using suitable alkyl
halides. Specifically, compounds of formula 7 wherein R is
hydrogen can be subjected to a subseqguent reaction with an
alkyl halide to produce the modified dipeptide of formula
7A. Whown is reaction with methyl iodide, wherein the
subsequent R4 group is methyl. Other desired alkyated
derivatives of Cl-C4 may be formed using the corresponding
alkylated halides.

According to Reaction scheme II a formula 7 peptide can
be alkylated by reacting with a Cl1-C4 alkyl halide. Shown
in reaction scheme II is Boc-Leu-A%*-(CH3)Phe-OMe synthesized
by reacting Boc-Leu-A%?-Phe-OMe with methyliodide in a
solution of potassium carbonate in the presence of 18-
crown-6. The methylated peptide Boc-Leu-A%-Phe-OMe is then
reacted with the penta-peptide block Ac-D-Phe-Gln-Trp-Ala-
Val-Gly-His~-OH after deprotection of the Boc protecting
group. '

Alternatively one can perform reductive alkylation of a
phe* peptide after its incorporation into a larger peptide
sequence because of the selectivity of the alkylation
reaction. Alkylation of the peptide may suitably be
employed to synthesize those analogs of formula II having R;
as a C1-C4 alkyl.

Photoisomerization of a 7 or 7A peptide is shown in
reaction scheme III.
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1. TFA, CHxCl;
2. Ac-D-Phe-Gin-Trp-Ala-Val-Gly-His-OH,
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R-NH-CH-C-NH-C-C-OCHs
Il
Formula 7A 0

25 A
hv
]
: N\
Formula | \

R-NH-CH-C-NH-C-C-OCH3
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Specifically shown is Boc-Leu-A?-Phe-OMe photoisomerized
to a isomeric mixture of the A% and AF configuration.
Photoisomerization is done by placing the 7 or 7A peptide
in a favorable light transducing solvent. A preferred
solvent is DMF/MeOH. The peptide solution is then
irradiated in a photolysis reaction chamber with suitable
filtering. A light power source with a Mercury arc lamp is
used to irradiated the sample. The reaction was sampled at
different intervals to determine the ideal time and
strength of irradiation by monitoring the reaction by
analytical RP/HPLC. Each isomer is able to be isolated by
preparative RP/HPLC and their structures confirmed
analytically.

THERAPEUTIC USE
The ability of the peptide @erivatives of this

invention to act as agonists or antagonist of Bombesin can
be demonstrated by the ability of such peptides to compete
with radiciodinated bombesin/GRP for mammalian bombesin/GRP
receptors using the method of Fanger, et al., Reg. Pept.
32: 241-251, 1991, and by the ability of such compounds to
stimulate bombesin induced phosphatidylinositol turnover
using the method of Fanger, et al., Reg. Pept 32: 241-251,
1991. Because the subject compounds interact with the
bombesin receptor, knowledge of their agonism or antagonism
of receptor responses allows one to indicated potential
modes of therapy as known in the art bombesin acting
compounds.

Stimulation/Inhibition of Digestion

Specific pharmacological effects of bombesin analogs to
stimulate digestion have been elicited by systemic
injection. For example, intravenous injection of bombesin
analogs is able to stimulate gastric acid secretion
[reviewed in Walsh, J., Annu. Rev. Physiol. 50, 41-63,
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(1988)]. Both peripheral and central administration of
bombesin peptides delays the gastric emptying while also
stimulating gastrointestinal smooth muscles in vitro. It
has also been demonstrated, for example, exogenous
administration of bombesin induces the release of both
gastrin and somatostatin in isolated vascularly perfused
rat stomachs. Similarly guinea pig atrium longitudinal
muscle strips directly stimulate the frequency of
spontaneous contractions and direct the contraction of the
muscularis mucosase of the colon. However, it is to be
noted that these effects may not occur if their adminis-
tration is to the brain or spinal cord. The applicants use
of the peptide to stimulate digestion are, therefore,
useful when those effects are consistent with the necessary
mechanisms of digestion and are consistent with peripheral
administration (i.e., not being injected into the brain or
spinal cord).

The natural history of peptic ulcer disease is one of

‘recurrent exacerbations and remissions. As a result,

ulcerative diseases should be treated as a chronic
disorder. Peptic (esophageal, gastric, and duodenal)
ulcers occur in areas of the gastrointestinal tract éxposéd
to acid and pepsin. The compounds of the present invention
which are antagonists of the bombesin receptor may be
useful in the treatment of gastrointestinal and/or
pancreatic ulcers and may be effective in resultant
hypersecretions occurring from the pancreas and/or stomach,
particularly hydrochloric acid and pepsin. As such,
compounds of this invention may serve as an appropriate

-intervention to treat ulcers.

Stimulation/Inhibition of Growth
Binding of Bombesin to its cell surface receptor

elicits cell mitogenic responses in a number of tissues.
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The initial demonstration that the bombesin peptides could
function as mitogens was demonstrated on Swiss 3T3 murine
embryonal fibroblasts [Rozengurt and Sinnett-Smith, BBRC
140, 379-385 (1983)]. Later studies by Represa [Represa
J.J., et. al. Development 102, 87-96 (1988)] showed that
bombesin could reactivate cell division and development in
growth-arrested ocular vesicles. Similar increases in the
clonal growth rate and colony-forming efficiency were
observed by Willey et. al. 1984 for GRP and GRP analogs
[Willey, J.C., et al., Exp. Cell Res.. 153, 245-248
(1984)]. A number of groups have observed the presence of
high-affinity receptors for bombesin/GRP in a number of
human small cell lung carcinomal cell lines and showed
bombesin could elevate levels of thymidine incorporation
with peptides added to the media [See Weber et al., J.
Clin. Invest 75, 306-309 (1985); Carney, et al., Cancer
Res.. 47, 821-825, (1987)]. A measurable effect on gastrin
cells in the antral mucosa of the rat stomach were noted by
Lehy [Lehy et. al., Gastroenterology, 84, 914-919 (1983)]
following the administration of bombesin. Chronic
treatment with bombesin has also been shown to induce a
dose-dependent pancreatic cell hypertrophy (Lhoste et al.
1985a). The applicants use of the peptide to stimulate
growth, are therefore, useful when those effects are
consistent with the necessary mechanisms of growth and are
consistent with the effects seen with peripheral
administration.

Use of bombesin antagonist in cancer therapy is
indicated for the treatment of small cell lung carcinomas
(SCLC) and prostatic carcinomas and prevention of a variety
of other cancer conditions. Those experienced in this
field are readily aware of the circumstances requiring
cancer therapy.
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As used herein, the term "tumor tissue" means both
benign and malignant tumors or neoplasms and inecludes
melanomas, lymphomas, leukemias, and sarcomas.

Illustrative examples of tumor tissues are: cutaneous such
as malignant melanomas and mycosis fungoides; hematologic
tumors such as leukemias, for example, acute lymphoblastie,
acute myelocytic, or chronic myelocytic leukemia; lymphomas
such as Hodgkin's disease or malignant lymphoma;
gynecologic tumors such as ovarian and uterine tumors;
urologic tumors such as those of the prostate, bladder, or
testis; soft tissue sarcomas, Oosseus, or non-osseous
sarcomas, and breast tumors; tumors of the pituitary,
thyroid, and adrenal cortex; gastrointestinal tumors such
as those of the esophagus, Stomach, intestine, and colon;
pancreatic and hepatic tumors; laryngeae papillomestasas;
and lung tumors.

The term "controlling the-growth" and the concept of
treating a cancer means slowing, interrupting, arresting,
or stopping the growth and metastases of a rapidly
proliferating tumor in a warm blooded animal; it being
understood that treatment in a warm blooded animal does not
generally provide a "cure" for the tumor in the sense that
necessarily the tumor tissue is destroyed or totally
eliminated.

Therapeutic Administration

The appropriate dose of a peptide derivative of this
invention when used in the treatment of patient in need
thereof is from 0.2 mg/kg to 250 mg/kg of patient body
weight per day depending on other factors involving the

particular patient and the peptide derivative selected.

The suitable dose for a particular patient can be readily
determined. Preferably from 1 to 4 daily doses would be
administered typically with from 5 mg to 100 mg of active
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compound per dose. The amount of a peptide of this
invention required can be readily determined by those
skilled in the art.

The term "patient" used herein is taken to mean mammals
such as primates, including humans, sheep, horses, cattle,
pigs, dogs, cats, rats, and mice.

Although some of the peptide derivatives may survive
passage through the gut following oral administration,
applicants prefer non-oral administration, for example,
subcutaneous, intravenous, intramuscular, or intraperi-
toneal; administration by depot injection; by implant
preparation; or by application to the mucous membranes,
such as, that of the nose, throat, and bronchial tubes, for
example, in an aerosol can contain a peptide derivative of
this inventic« in a.spray or dry powder form.

For parenteral administration the compounds may be
administered as injectable dosages of a solution or sus-
pension of the compound in a physiologically acceptable
diluent with a pharmaceutical carrier which can be a
sterile liquid such as water and oils with or without the
addition of a surfactant and other pharmaceutically
acceptable adjuvants. Illustrative of oils which can be
employed in thesé preparations are those of petroleum,
animal, vegetable, or synthetic origin, for example, peanut
oil, soybean oil, and mineral oil. In general, water,
saline, aqueous dextrose and related sugar solutions,
ethanol, and glycols such as propylene glycol or
polyethylene glycol are preferred liquid carriers, parti-
cularly for injectable solutions.
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EXAMPLES

This invention is illustrated by the following
nonlimiting examples.

EXAMPLE 1
p-toluenesulfonate D,L-3-phenylserine ethyl ester (1).
An ethanol solution (50 ml) of p~toluenesulfonic acid
(0.067 mol, 12.7g) and D,L-3-phenylserine (Aldrich)(6.0 g,
0.033 mol) was refluxed for 24h. The solvent was removed

and the resulting residue repeatedly washed with ether
yielding a white sciid (12.8 g, yield 95%) Rg(A) 0.63; m.p.
165-167°.

tert-Butyloxycarbonyl-leucyl D,L-phenylserine (2).

A solution of Boc-leucine (1.7 g, 7.5 mol) in 30 ml of
dry tetrahydrofuran was cooled to -5°C and N-

methylmorpholine (0.99 g, 8.9 mol) and isobutyl

chloroformate (1.0 g, 7.5 mol) were added and stirred for
lh. A solution of 1 (3.0 g, 7.5 mol) in 10 ml of
dioxane/water (7:3) containing triethylamine (0.909 g, 8.9
mol) was prepared. The mixture was stirred for 3 h, water
added and the tetrahydrofuran evaporated. The resulting
0il was extracted with EtOAc and subjected to a normal
workup yielding an oil (2.9 g, 0.007 mol, yield 94%) judged
to be homogeneous on TLC (Rg(A) 0.91, Rg(B) 0.70). The
ester was dissolved in 20 ml of methanol and 20 ml of 1N
sodium hydroxide added. The mixture was stirred for 3h
then concentrated invacuo. The aqueous solution was acidified
with 4N hydrochloric acid while stirring on ice and the
solution extracted with EtOAc. The pooled extracts were

 washed with saturated sodium chloride, dried over sodium
sulfate and evaporated invacuo to yield a white solid which

was recrystallized from EtOAc/hexane (2.7g, 95% yield), Rg
(A) 0.79, R¢ (B) 0.83, m.p. 75-78°.
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Azlactone of Boc-Leu-A%Phe (3).
A solution of 2 (2.3 g, 6 mol) and sodium acetate (0.5

g) in 6 ml of acetic anhydride was stirred at room
temperature for 8 h. The reaction was evaporated to
dryness invacuo. The resulting residue was stirred with
EtOAc (60 ml) and water (20 ml), and the water layer
separated from the EtOAc. The EtOAc extract was subjected
to a normal workup and the resulting white solid
recrystallized from ether/hexane, (yield 1.86 g, 90%); Rg¢
(A) 0.88, Rf (B) 0.66; m.p. 118-120°C;

Boc-Leu-A*Phe-OMe (4).

Ring opening of Boc-Leu-A%-Phe-Azlactone was
accomplished by placing 0.7105g (1.9 moles) of the peptide
and 0.023g (.19 moles) of DMAP in 30-40 ml of methanol for
approximately 12 hours. The reaction was worked up in

ethyl acetate with acid and base washes to yield a white
solid. The residue was recrystallized from ethyl acetate
hexane (yield 0.70g); Rf (EtOAc:Hexane 1:1) 0.48, R¢
(EtoAc:Hexane:Acetone, 2:1:1) 0.77, Re(t~-BuOH:HoAC:H20,
2:1:1) 0.89, m.p. 1820C (uncorrected Gallenkamp).

Ac-D-Phe-Gln-Trp-Ala-Val-Gly~His-Leu-A%Phe-OMe (5).
T-Boc-Leu-A*Phe~ was mixed in 30 ml CH;Clp:TFA (1:0.75;
v/v). The solvent was removed to give H-Leu-A%Phe-Ome.
This residue was triturated from ether and isolated as a
white solid. This was then reacted with Ac-D-Phe-Gln-Trp-
Ala-Val-Gly-His-OH (36 mg) in 20ml DMF, adjusting the pH to
7.0 with diisopropylethylamine (DIEA) and adding
diphenylphosphorylazide (DPPA;9 microliters). The
deprotected Compound 4 was added to the reaction mixture at

0°C and allowed to react overnight. The reaction mixture
was then evaporated of DMF and the resulting mixture
purified on Reverse Phase High Performance Liquid
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Chromatography (RP-HPLC). FAB-MS confirmed the desired
mass of the product. BAmino acid analysis was used to
confirm the amino acid composition of the product was as

expected.

Ac-D-Phe-Gln-Trp-Ala-Val-Gly-His-Leu-AEPhe-OMe (6).
The incorporation of dehydro-z-phenylalanine was

accomplished through preparation of T-Boc-Leu-AZPhe-OMe via
the Bergmann method. Sequence elongation to give the
desired analog was accomplished with solution phase
fragment coupling. Photoisomerization to the AF was
accomplished with Ac-D-Phe-Gln-Trp-Ala-Val-Gly-His-Leu-
A%ZPhe-OMe. The A% compound (10.0mg) was dissolved in 300ml
DMF/MeOH (1:1, v/v) and irradiated in a photolysis reaction
chamber (Ace Glass). A Hanovia power source was employed
with a Mercury arc lamp adapted with a pyrex glass sleeve
filter to filter uv light below 300nm. The reaction
chamber was water-cooled while stirring. The reaction was
sampled at 3.5 and 5 hours while monitoring by analytical
RP/HPLC. The reaction solution was then concentrated by
rotary evaporation and purified by preparative RP/HPLC.

The lyophilizate fractions were then analyzed by FAB/Ms and
amino acid analysis confirming desired compounds.

Other examples synthesized by these type of procedures
include:
(Ac-D-Phel, Leu8,AZPhe?)litorin-OMe
(Ac-D-Phel, Leu8, N(Me)AZPhe9)1litorin-OMe
(Ac-D-Phel, Leu8 N(Et )AZPhe9)1litorin-OMe
(Ac-D-Phel, Leu8 AEPhe9)1itorin-OMe
(Ac-D-Phel, D-AIab, Leu8, N(Me)AZPhe9)1itorin-OMe

Compounds that could be made by these procedures

include:
Glp-Gln-Trp-Ala-Val-Gly-A?Phe-Phe-Leu-0OH.
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Glp-Gln-Trp-Ala-Val-Gly-His-Leu—-A%Phe-OMe.
Glp-Gln-Trp-Ala-Val-Gly-His-Leu-N(CH3)A%Phe-OMe.
Nea-acetyl-D-Phe~Gln-Trp-Ala-Val-His-AEphe. .
Ne-acetyl-A%*Phe-Gly-Gln-Trp-Ala-Val-Gly-His-Leu.

EXAMPLE 2
BINDING TO THE BOMBESIN RECEPTOR AS DEMONSTRATED BY
IODINATED GRP
The pancreas from one or more mice were pooled and
homogenized in 50 mM HEPES (pH 7.4) containing 120 mM NacCl,
5 mM KCl, and protease inhibitors (1 pg/ml aprotinin,

leupeptin, pepstatin; 4 pg/ml bacitracin, antipain,
bestatin; 100 pM PMSF; 1 mM EDTA) at 4°C and centrifuged at
37,500 X g for 15 minutes. The pellet was resuspended in
50 mM HEPES (pH 7.4) containing 10 mM EDTA, 300 mM KCl, and
protease inhibitors, and then incubated for 30 minutes at
4°C. The suspension was centrifuged as abové and the
pellet was washed two times in 50 mM HEPES (pH 7.4)
containing 0.8 pg/ml thiorphan and protease inhibitors, and
again centrifuged. The tissue was then resuspended in
incubation buffer (1 ml per 4 mg pancreas) and incubated
for 15 minutes at room temperature, then 250 pul were added
to each assay tube to commence the assay. The assay tubes
contained incubation buffer consisting of 50 mM HEPES (pH
7.4), 0.5% BSA, protease inhibitors, 2 mM MnCl,, 0.8 pg/ml
thiorphan, 1 pM somatostatin, and concentrations of 125I-GRP
and peptides as needed in a final volume of 500 pl. The
assay was allowed to proceed to equilibrium for 90 minutes
at room temperature. After this time, the contents of each
tube were rapidly filtered over Whatman GF/B filters
presoaked in 0.1% polyethyleneimine and the tubes and
filters were rapidly washed three times with ice-cold 50 mM
HEPES (pH 7.4). Filter-bound radioactivity was quantitated
in a gamma counter. Competition of iodinated GRP binding
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by test compounds or standards was expressed as a
percentage of 125I-GRP binding in the absence of peptide.
Affinity and maximal binding were calculated with LIGAND
(Biosoft, Cambridge, UK).

EXAMPLE 3
EFFECT OF ANALOGS ON THE BOMBESIN RECEPTOR AS DEMONSTRATED
BY PHOSPHATIDYLINOSITOL TURNOVER
Pancrea from mice were chopped at 350 um with a tissue

chopper and pooled in Krebs-Hepes buffer [118 mM NaCl, 1.2
mM KpPO4, 4.7 mM KC1l, 1.2 mM MgSO4, 1.0mM CaCla, 11.7 mM
glucose, 20 mM Hepes (pH 7.4)]. The chopped tissue was
washed once with oxygenated Krebs-Hepes, then incubated for
30 minutes in 37°C oxygenated Krebs-Hepes buffer with fresh
buffer after 15 minutes. The tissue was then incubated in
this buffer containing 200 uCi of [3H]inositol at’ 37°C for 1
hour. The tissue was then washed twice and incubated for

another 30 minutes in oxygenated Krebs-Hepes (containing 10
mM Li+) at 37°C and with fresh buffer change after 15
minutes. Portions of the tissue mass (approximately 10 mg
per assay tube) were then placed in Li+ buffer with protease
inhibitors (40 pg/ml bacitracin, 4 pg/ml leupeptin, 4 pg/ml
chymostatin, 0.8 pg/ml thiorphan), 0.1% BSA, and 0.1-1000
pM peptide. After 60 minutes at room temperature, the
phosphatidylinositol turnover was terminated by the
addition of 940 ul chloroform:methanol (1:2), followed by
310 ul chloroform, followed by 310 ul water. Each tube was
then vortexed three times for 5 seconds each time and then
centrifuged at 2500 x g for 8 minutes to separate the
phases. 50 ul of the bottom phase (chloroform) was
withdrawn from each tube and placed in a counting vial,
dried, and counted in scintillation fluid. 900 ul of the
top (aqueous) phase was then mixed with 2.1 ml water and
loaded onto a 0.5 ml Biorad AG-1X8 (formate) ion exchange
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column. The material on the columns was washed in order
with: 1) 10 ml of water 2) 5 ml of 5 mM disodium
tetraborate/60 mM sodium formate 3) 10 ml of 1 M ammonium
formate in 0.1 M formic acid. The final (third) wash was
collected and one ml was mixed with 14 ml of Bio-Safe or E-
Colume scintillant and counted. The ratio of these counts
(total inositol phosphates) to the corresponding organic
phase counts (inositol incorporated into the tissue) was
then calculated for each sample. The ratios in the
presence of test compound and/or standards were then
compared to the ratios for control tubes {i.e., no
stimulating agonist). The abilities of test compounds to
stimulate phosphatidylinositol turnover were determined
with the aid of a computer program.

Listed below in Table 1 are results of the some
experiments for receptor affinity (Kd) and PI turnover for
the bombesin analogs synthesized.
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TABLE 1
Dissociation Constants and Efficacy of
Dehydrophenylalanine-containing Litorin Analogs

Analog Kd (nM) Agonist Antagonist
| Gastin Releasing Peptide 007 + -
Il Bombesin 015 + -
Il Litorin 0.075 + -

IV (Ac-D-Phel, Leu8,AZPhe9) litorin-OMe  1.18 (+) +
V (Ac-D-Phel, Leu8, N(Me)AZPhe9) litorin-OMe (+) N.D. N.D.
VI (Ac-D-Phe1, Leu8,N(Et)AZPhe9) litorin-OMe (+) N.D. N.D
VIl (Ac-D-Phel, Leu8.AEPhe9) litorin-OMe  18.56 (+) (-)
VIl (Ac-D-Phe1, D-Ala$, Leu8, N(Me)AZPhe9)

litorin-OMe 6533 + -
IX (Phe8 W[CHS0,]Leud litorin 9.9 (-) +

Positive and negative agonist or antagonist activity is
indicated by a + or - sign respectively. Plus and minus
signs with parenthesis indicate preliminary results from
testing.

Table 1 The peptides listed were tested in both a
competitive binding and PI-turnover assay in mouse
pancreas as described in Methods. Analog IV binds with
highest affinity. IV is an antagonist, but as seen in FIG.
2 has partial agonist activity. The AE conformer is an
agonist with weaker receptor affinity than the AZ. N-
alkylation of the AZPhe residue appears to yield an
agonist (VIII). These are contrasted with a previously
reported pseudopeptide antagonist (IX) containing a
backbone substitution at the penultimate amide bond.
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(vi)

(viii)

{ix)

(i)

(ii)
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

APPLICANT: Edwards, Judson V
Fanger, Bradford D

TITLE OF INVENTION: Phenylalanine Analogs of Bombesin
NUMBER OF SEQUENCES: 12

CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Marion Merrell Dow Inc.
(B) STREET: 2110 East Galbraith Rd.
(C) CITY: Cincinnati P. O. Box 156300
(D) STATE: Ohio
(E) COUNTRY: USA
(F) 2IP: 45215-6300

COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0, Version §1.25

CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US
(B) FILING DATE:

(C) CLASSIFICATION:

ATTORNEY/AGENT INFORMATION:
(A) NAME: Collier, Kenneth J
(B) REGISTRATION NUMBER: 34,982
(C) REFERENCE/DOCKET NUMBER: M01614 US

TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (513) 948-7834
(B) TELEFAX: (513) 948-7961
(C) TELEX: 214320

(2) INFORMATION FOR SEQ ID NO:1:

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

MOLECULE TYPE: protein
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(ix) FEATURE:

(2)

(A) NAME/KEY: Modified-site

(B) LOCATION: 27

(D) OTHER INFORMATION: /note= "Amidation of methionine at
carboxy end"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1..27
(D) OTHER INFORMATION: /note= "Human gastric releasing
peptide (human GRP)"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Val Pro Leu Pro Ala Gly Gly Gly Thr Val Leu Thr Lys Met Tyr Pro
1 5 10 15

Arg Gly Asn His Trp Ala Val Gly His Leu Xaa
20 25

INFORMATION FOR SE.' iD NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1
(D) OTHER INFORMATION: /note=."Xaa ispyrrolidone
carboxylic acig"

{(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 14
(D) OTHER INFORMATION: /note= "Amidation of methionine at
carboxy end"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1..14
(D) OTHER INFORMATION: /note= "Amphibian bombesin"

e
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

PCT/US93/00183

Xaa Gln Arg Leu Gly Asn Gln Trp Ala Val Gly His Leu Xaa

1 5
(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(ix) FEATURE:

(A) NAME/KEY: Modified-site
(B) LOCATION: 1

10

(D) OTHER INFORMATION: /note= "Xaa is pyrrolidone

carboxvlic acid"

(ix) FEATURE: '
(A) NAME/KEY: sodified-site
(B) LOCATION: 9

(D) OTHER INFORMATION: /note= "Amidation of methionine at

carboxy end"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1..9

(D) OTHER INFORMATION: /note= "Amphibian litorin"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Xaa Gln Trp Ala Val Gly His Phe Xaa

1 5
(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(ix) FEATURE:

(A) NAME/REY: Modified-site
(B) LOCATION: 1

(D) OTHER INFORMATION: /note= "Ac-D-Phe"
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(ix) FEATURE: .
(A) NAME/KEY: Modified-site
(B) LOCATION: 9

PCT/US93/00183

(D) OTHER INFORMATION: /note= "Delta z-Phe-OMe"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Xaa Gln Trp Ala Val Gly His Leu Xaa
1 5

INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(ix) FEATURE:
(A) NAME/KEY: Peptide
(B) LOCATION: 1
(D) OTHER INFORMATICY: /note= "Ac-D-Phe"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 9

(D) OTHER INFORMATION: /note= "N(Me), delta z-Phe-OMe"

. (xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

(2)

Xaa Gln Trp Ala Val Gly His Leu Xaa
1 5

INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Ac-D-Phe"
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(ix) FEATURE: A
(A) NAME/KEY: Modified-site
(B) LOCATION: 9
(D) OTHER INFORMATION: /note= “"N(Et), delta z-Phe-OMe"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Xaa Gln Trp Ala Val Gly His Leu Xaa
1 5

(2) INFORMATION FOR SEQ ID NO:7:

10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY" linear

(ii) MOLECULE TYPE: peptide

15 (ix) FEATURE:

(A) NAME/KEY: Modified-site
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= ®“Ac-D-Phe"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
20 (B) LOCATION: 9
(D) OTHER INFORMATION: /note= "Delta z-Phe-OMe"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Xaa Gln Trp Ala Val Gly His Leu Xaa

25 1 5
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
30

(ii) MOLECULE TYPE: peptide

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1

35 (D) OTHER INFORMATION: /note= "Ac-D-Phe"



WO 93/16105 PCT/US93/00183

10

- 15

20

25

30

35

-4]1-

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 6
(D) OTHER INFORMATION: /note= "D-Ala"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 9
(D) OTHER INFORMATION: /note= "N(Me), delta z-Phe-OMe"

(xi) SEQUENCE DESCRIfTION: SEQ ID NO:8:

Xaa Gln Trp Ala Val Xaa His Leu Xaa
1 5.

(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(ix) FEATURE:
) (A) NAME/KEY: Modified-site
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Glp"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 7
(D) OTHER INFORMATION: /note= "Delta z-Phe"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Xaa Gln Trp Ala Val Gly Xaa Phe Leu
1 5

‘(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
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(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Glp"

(ix) FEATURE:

3 (A) NAME/KEY: Modified-site
(B) LOCATION: 9
(D) OTHER INFORMATION: /note= "“Delta z-Phe-OMe"
(xi) SEQUENCE DESCRI?TION: SEQ ID NO:10:
10 Xaa Gln Trp Ala Val Gly His Leu Xaa

1 5
(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
15 (B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(ix) FEATURE:
' (A) NAME/KEY: Modified-site
20 (B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Glp"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 9
(D) OTBER INFORMATION: /note= "N(CH3)delta z-Phe-OMe"

25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:
Xaa Gln Trp Ala Val Gly His Leu Xaa
1 5
(2) INFORMATION FOR SEQ ID NO:12:
30

(i) SEQUENCE CEARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
35




WO 93/16105 PCT/US93/00183
-43-

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Xaa Gly Gln Thr Ala Val Gly His Leu
1 5
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WHAT IS CLAIMED IS:

1.

wherein;

Ay

Claimed are peptides of the formula 1:

Glp-Gln-Trp-Ala-Val-Gly-A;-Phe*-A;-Y (formula 1)

is His, Leu, His-Leu, or a bond;

Phe*is a modified phenylalanine derivate selected from

Az

the group consisting of phe, A?Phe, and AFphe
wherein said modified phenylalanine deriviates may
be further sustituted by hydrogen or a C;-C4 alkyl
group at the alpha nitrogen of said modified
phenylalanine derivative;

is Phe, Leu, Phe-Leu, or a bond; and

is a carboxy terminal substituent selected from OH,
(C1~C§) alkoxyester, carboxamide, mono ot di (C;-Cg)
alkyl amide, mono or di (C;-Cg) alkylamine, (C3-Ca)
thioalkylether; or

said compounds of formula 1 are pharmaceutically acceptable
salt thereof.

2.

Claimed are peptides of formula 2:

X~-A3-Phe*-RA4-Gln-Trp-Ala-Val-Gly-His-Leu-Y (formula 2)

wherein;

Aj

is Glp, or a bond;

Phe* is a modified phenylalanine derivate selected from

the group consisting of phe, AZPhe, and AEprhe
wherein said modified phenylalanine deriviates may
be further sustituted by hydrogen or a C;-C4 alkyl
group at the alpha nitrogen of said modified
phenylalanine derivative;
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Agy 1is Gly or a bond;

X is an amino terminal substituent selected from
hydrogen, one or two alkyl groups from 1 to 8
carbon atoms, one or two acyl groups of from 2 to 8
carbon atoms, carbobenzyloxy or t-butyloxy
carbonyl; unless the amino terminal acid is Glp and
thereby X is omitted;

Y is a carboxy terminal substituent selected from OH,
(C1~Cg) alkoxyester, carboxamide, mono or di (C;-Cg)
alkyl amide, mono or di (C;-Cg) alkylamine, (C1-Cy)
thioalkylether; or ‘

said compounds of formula 1 are pharmaceutically acceptable
salt thereof.

3. A peptide of Claim 1 or 2 which may be a pharmaceu-'
tically acceptable salt thereof or a pharmaceutical
composition which utilizes a pharmaceutically acceptable
carrier. ‘ :

4. A method of stimulating digestion in a patient in
need thereof, which comprises administering to the patient
an effective amount of a peptide of one of claims 1 or 2.

5. A method of decreasing food intake in a patient in
need thereof which comprises administering to the patient
an effective amount of a peptide derivative of one of
claims 1 or 2.

6. A method of stimulating growth of organ tissues,
wherein tissues of lung, pancreatic, or intestinal origin,
in a patient in need thereof which comprises administering
to the patient an effective amount of a peptide derivative

of one of claims 1 or 2.



PCT/US93/00183

WO 93/16105
_46_
7. A process for preparing a peptide derivative of
formula 1:

10

15

20

25

30

35

Glp-Gln-Trp-Ala-Val-Gly-A;-Phe*-As-Y (formula 1)

comprising the steps of;

a)

b)

c)

using a resin with a suitably bound C-terminal

protected A;-Phe*-A;-Y peptide wherein:

A

is His, Leu, His-Leu, or a bond;

Phe* is a modified phenylalanine derivate selected from

Az

the group consisting of phe, A%Phe, and AEPhe
wherein said modified phenylalanine derivatives may
be further substituted by hydrogen or a C;-C4 alkyl
group at the alpha nitrogen of said modified
phenylalanine derivative;

is Phe, Leu, Phe-Leu, or a bond; and

is a aﬁrboxy.terminal substituent selected from OH, .
(C1-Cg) alkoxy ester, carboxamide, mono or di (Ci~
Cg) alkyl amide, mono or di (C;-Cg) alkylamine, (C;-
C4) thioalkylether;

sequentially coupling the subsequent protected alpha

amino acids of the sequence Glp-Gln-Trp-Ala-Val-Gly of

formula 1 to said resin of step (a); and

removing said protecting groups and resin from the

peptide of step (b) and purifying said peptide of

formula 1.
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8. A process for preparing a peptide derivative of

formula 2:

X-A3-Phe*-RA4-Gln-Trp-Ala-Val-Gly-His-Leu-Y (formula 2)

comprising the steps of;

a)

b)

c)

using a resin with a suitably bound C-terminal

protected Leu derivative and sequentially coupling

protected alpha amino acids to achieve the protected
amino acid sequence of Gln-Trp-Ala-Val-Gly-His-Leu-Y
bound to said resin;

coupling a suitably A3-Phe*-A4- protected peptide to the

resin of step (a) wherein;

A3 1is Glp, : a bond;

Phe* is a modi:’ :d phenylalanine derivate selected from
the groﬁp consisting of phe, AZPhe, and AEphe
wherein said modified phenylalanine derivatives may
be further substituted by hydrogen or a C;-Cs4 alkyl
group at the alpha nitrogen of said modified

_ phenylalanine derivative;

By 1is Gly or a bond;

X is an amino terminal substituent selected from
hydrogen, one or two alkyl groups from 1 to 8
carbon atoms, one or two acyl groups of from 2 to 8
carbon atoms, carbobenzyloxy or t-butyloxy
carbonyl; unless the amino terminal acid is Glp and
thereby X is omitted;

Y is a carboxy terminal substituent selected from OH,
(C1-Cg) alkoxyester, carboxamide, mono or di (Ci-Cg)
alkyl amide, mono or di (C;-Cg) alkylamine, (C;-Cy)
thioalkylether; and

removing said protecting groups and resin from said

peptide of step (b) and purifying said peptide of

formula 1.
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9. A peptide derivative or a pharmaceutically
acceptable salt thereof according to any one of claims 1 or
2 for use as a pharmaceutically active substance.

10. Use of a peptide of claims 1 or 2 for the
preparation of a pharmaceutical formulation for
simultaneous, separate or sequential use for stimulating
digestion in a patient in need thereof.

11. Use of a peptide of claims 1 or 2 for the
preparation of a pharmaceutical formulation for
simultaneous, separate or sequential use for decreasing food
intake in a patient in need thereof.

12, Use of a pe"ide of claims 1 or 2 for the
preparation of a.pharmaceutical formulation for
simultaneous, separate or sequential use for stimulating
growth onorgan tissues selected from tissues of lung,
pancreatic, or intestinal origin, in a patient in need
thereof.

13. Use of a peptide of claims 1 or 2 for the
manufacture of a medicament for stimulating digestion in a
patient in need thereof. '

14. Use of a peptide of claims 1 or 2 for the
manufacture of a medicament for for decreasing food intake
in a patient in need thereof.

15. Use of a peptide of claims 1 or 2 for the
manufacture of a medicament for stimulating growth of organ
tissues selected from tissues of lung, pancreatic, or
intestinal origin in a patient in need thereof.
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AMENDED CLAIMS
[received by International Bureau on 22 June 1993 (22.06.93)
original claims 4-6 amended;
other claims unchanged (1 page)]

.
3

Ay 1is Gly or a bond;
X is an amino terminal substituent selected from
hydrogen, one or two alkyl groups from 1 to 8
carbon atoms, one or two acyl groups of from 2 to 8
carbon atoms, carbobenzyloxy or t-butyloxy
carbonyl; unless the amino terminal acid is Glp and
thereby X is omitted; ,
Y is a carboxy terminal substituent selected from OH,
(C1-Cg) alkoxyester, carboxamide, mono or di (C;-Cg)
alkyl amide, mono or di (C;-Cg) alkylamine, (C1-Cq) .
thioalkylether; or
said compounds of formula 1 are pharmaceutically acceptable
salt thereof.

3.. A peptide of Claim 1 or 2 which may be a pharmaceu-
tically acceptable salt thereof or a pharmaceutical
composition which utilizes a pharmaceutically acceptable
carrier.

4. Use of a peptide as in claim 1 or 2 as a medicament
for stimulating digestion by administering an effective

- amount of said peptide to a patient in need thereof.

5. Use of a peptide as in claim 1 or 2 as a medicament
for decreasing food intake by administering an effective
amount of said peptide to a patient in need thereof.

6. Use of a peptide as in claim 1 or 2 as a medicament
for stimulating growth of lung, pancreatic, or intestinal
tissues by administering an effective amount of said
peptide to a patient in need thereof.
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