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THERAPEUTIC PEPTIDE DERIVATIVES
Backaround of the Invention
This invention relates to therapeutic peptides.

Several attempts have been made to prolong the
activity of biologically active peptides. For example,
peptides have been chemically modified by synthetically
adding sugar moieties to increase the period during which
the peptide is active (Sandoz, WO 88/02756; Sandoz, WO
89/09786; DE 3910667 Al, EPO 0O 374 089 A2 (1990); and
Breipohl, U.S. Patent No. 4,861,755 (1989)). The
addition of cationic anchors (EPO 0 363 589 A2 (1990))
and lipid moieties (Whittaker, WO 91/09837; Jung, U.S.
Patent No. 4,837,303 (1989)) has also been used to
increase the lifetime of the peptide.

e _Inve

In general, the present invention provides
derivatives of biologically active peptides which contain
one or more substituents separately bonded to an amino
group located on the N-terminal end or a side chain of
the peptide moiety. In this modified form, the
derivatives have more potent and prolonged biological
activity than the corresponding unmodified peptide.

The peptide derivatives are advantageous in that
they are inexpensive, highly biocompatible, lack
deleterious side effects, and are compatible with
different forms of therapeutic administration. . In
particular, many of the derivatives which have
somatostatin as the peptide moiety have improved greatly
improved potency and selectivity compared to unmodified
somatostatin.

In one aspect, the invention features a peptide
derivative containing a biologically active peptide
noiety and at least one substituent attached to the
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peptide moiety; the substituent is selected from the
group including Compounds I, II, and III, where Compound
I is:

where:
R, is O, S, or NRg, where Rg is H or (C;-C¢) alkyl;
each R; and Ry, independently, is H, (CHy) ,ORg, or
CH(OR,)CH,0Rg, where Ry is H or (C,~C,)acyl,
and each R; and Rg, independently, is H, (C,-
C4) acyl, or C(Rg) (Ryg), where each Ry and
R;g, independently, is H or (C;-Cg) alkyl;
or each R, and R, is =CHCH,OR,,, wherein in R,,,
each R; and R,, independently, is H or (C,-C,)
acyl, and m is an integer between 1
and 5, inclusive; and
one of Ry or Ry is (CH,),R;, or (CHy) ,CH(OH)R;,,
where R,, is CO, CH,, or SO,, and n is an
integer between 1 and 5, inclusive; and the
remaining Ry or R, is H, (C,-Cg)hydroxyalkyl,
or (C,-C4) acyl; and

Compound II is:

Rl3"O-CH2
Ry 4=0-CH,;-C-(CH3) 4~Ry4-R;7-(CH;y) 1Ry
RlS-O- Hz )

where:
each R,;, R;, and R;q, independently, is H or (C,-
C2q)
acyl;
R;¢ is NH or absent;
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R, is CO, O, or absent;
R;g is CO, CH,, SO,, or absent; and
m is an integer between 1 and 5, inclusive; and n

is an integer between 0 and 5, inclusive; and
Compound III is:

CH,)

m
Ry9=Ryo—Ra1- 22‘R23T>\R24—(CH2)p-R2S—(CH2)q-R25
(CH2 n

where:
Ryg9 is H, NH,, an aromatic functional group, OH,
(C1-C¢) hydroxyalkyl, H(R;y4) (Ryg) , SO3H, or
absent where each R,; and R,g, independently,
is H or (C,-C¢) alkyl;

Ryo is O or absent;

Ry; is (C;-Cg)alkyl or absent;

R,, is N, CH, O, or C;

-Ry3~ 1is (C;-Cg)alkyl or absent;

R,q is N, CH, or C;

R, is NH, O, or absent;

Ryg is s0,, CO, CH,, or absent;

m is an integer between 0 and 5, inclusive;

n is an integer between 0 and 5, inclusive;

p is an integer between 0 and 5, inclusive; and

q is an integer between 0 and 5, inclusive.

In Compounds I, II and III the peptide moiety is
attached to each of the substituents by a CO-N, CH,-N, or
S0,~N bond between the substituent and a nitrogen atom of
the N-terminus or a side chain of said peptide moiety.
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In preferred embodiments, -R,;- is (C;-Cg)alkyl;
Ry; is N, C or CH; and Ry, is C. Alternatively, R,, is 0O;
Rjgs Ry, Ry;, and -Ry3~ are absent; and the sum of m and n
is 3, 4, or 5.

In other preferred embodiments of the invention,
the substituent is Compound I; in this embodiment, Ry, is
preferably CH, or SO,. Alternatively, the substituent may
be Compound II, in which case R;4 is preferably CH, or
SO,; Ry3, Ry,u, and R;g are H; and Ry, is absent. 1In
particularly preferred embodiments, the substituent is
(HOCH, ) ;C-NH~- (CH) ,~80, or (HOCH,),C~CH,.

In still other embodiments of the invention, the
substituent is Compound III; preferably, in this
embodiment, -R,3- is absent and at least one of R,, and
Ry, is N. Alternatively, both Ry, and R,, may be N,

In other embodiments, the substituent is one of:

)

HO(CH,), - N N - (CH,)CO-

and

S

Preferably, the peptide moiety is gselected from
the group including: somatostatin, bombesin, calcitonin,
calcitonin gene related peptide (CGRP), amylin,
parathyroid hormone (PTH), gastrin releasing peptide
(GRP), melanocyte stimulating hormone (MSH),
adrenocorticotrophic hormone (ACTH), parathyroid related
peptide (PTHrP), luteinizing hormone-releasing hormone
(LHRH) , growth hormone releasing factor (GHRF), growth
hormone releasing peptide (GHRP), cholecystokinin (CCK),
glucagon, Bradykinin, glucagon-like peptide (GLP),
gastrin, enkephalin, neuromedins, endothelin, substance
P, neuropeptide Y (NPY), peptide YY (PYY), vasoactive
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intestinal peptide (VIP), guanylin, pituitary adenylate
cyclase activating polypeptide (PACAP), beta-cell tropin,
adrenomedulin, and derivatives, fragments, and analogs
thereof.

The peptide moiety is preferably somatostatin or a
derivative, fragment, or analog thereof. Most
preferably, the somatostatin analog is one of: H-D-Phe-
c[Cys-Tyr-D-Trp-Lys—~Abu~Cys]-Thr-NH,, H-D-Phe-c[Cys-Tyr-
D-Trp-Lys-Thr-Cys]}-Nal-NH,, and H-D-Nal-c([Cys-Tyr-D-Trp-
Lys-Val-Cys]-Thr-NH,. Alternatively, the peptide moiety
is bombesin or a derivative, fragment or analog thereof.

In still other preferred embodiments, the peptide
derivative is one of:

7\

HO(CHy) 5~ N‘ /N - (CH5}CO- D-Phe-c (Cys-Tyr-D-Trp-Lys-Abu-Cys| —Thr-NH2
N,

and

/N
HO(CH) - N /N - (GHy) 530, - O-Phe-c{Cys-Tyr-O-Trp-Lys-Abu-Cys | -Thr-dH,

In another aspect, the invention provides a
dimeric peptide derivative containing two biologically
active peptide moieties, and at least one substituent
attached to each of the peptide mcieties. The
substituent is selected from the group consisting of
compounds IV and V, where compound IV has a generic
structure equivalent to compound I, and compound V has a
generic structure equivalent to compound III. In the
dimer, each of the peptide moieties is attached to the
substituents by a CO-N, CH,-N, or S0,~N bond between the
substituent and a nitrogen atom of the N-terminus or a
side chain of one of the peptide moieties.

In yet another aspect, the invention provides a
method for treating a disease, such as cancer, in a
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patient; the method includes the step of administering to
the patient a therapeutic amount of the peptide
derivatives described herein. In preferred embodiments,
the peptide moiety used in the treatment is somatostatin.

By "biologically active", as used herein, is meant
a naturally occurring, recombinant, and synthetic peptide
having physiological or therapeutic activity. 1In
general, this term covers all derivatives, fragqments, and
analogs of biologically active peptides which exhibit a
gualitatively similar or opposite effect to that of the
unmodified peptide.

Brief Description of the Drawings

Fig. 1 is a graph of two growth curves of AR42J
cells in the presence of different somatostatin
derivatives.

Description of the Preferred Embodiments

Peptide Derivatives

In general, peptide derivatives of the invention
contain two separate components: 1) a biologically active
peptide; and, 2) at least one substituent having the
structure of Compounds I, II, and III. Peptide
derivatives made according to the methods described
herein include the following compounds.

Compoun - e ivatives
?". ) o 2
N0 -
a ,
2. .:':../ R: =
’ \ ) ?'—NH—R.9CH(CHi(CHZ)“—j ‘ar
R40 O- (Chz) nC-{{OE-i)R1 Z—NH-:- -~ e 3
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wherein R,, R,, Ry, R3, Ry, Ry, and n are as defined
herein, and NH-P’ is the biologically active peptide
moiety. In these embodiments, the NH group is located on
the N-terminal end or sida2 chain of the peptide and P’
represents the remainder of the peptide.

Compoun -based Derivatives

Rl3"0"'CH2
Rl4-0"CH2 -C- ( CHz ) m"'Rls"Rl-" (CHz) n‘Rla-NH-p !
RIS-O-Cﬂz

wherein R;i, Ry4, Ry, Rygs Ryy, Rjg, m, n, and NH-
P’ are as defined herein.

Compound -Based Derivatives
(CHZ o

/

R19=Ry0-Rp1-Ryp = Rza = Ryg~Rys~(CHy) p~Ryg~NH-P'

Neawy”

(CHy )Y

wherein Ryg, Ryg, Ry3s Raas Ry3s Ryy, Rpg, Ryg, m,
n, p, and NH-P’ are as defined herein.

In addition to the structures shown above,
compounds made according to the invention include peptide
derivatives containing two or more substituents attached
to one peptide moiety. These embodiments of the
invention are derivatives of biologically active peptides
which have more than one free amino group, e.g., a lysine
residue.

The invention also provides dimeric peptide
derivatives containing two peptide moieties bound to a
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single substitueﬁt, e.g., two Bradykinin analogs bound to
a substituent of Compound V.

The peptide derivatives of the invention are
derivatives of biologically active peptides selected from
the following group: somatostatin, bombesin, calcitonin,
calcitonin gene related peptide (CGRP), amylin,
parathyroid hormone (PTH), gastrin releasing peptide
(GRP), melanocyte stimulating hormone (MSH),
adrenocorticotrophic hormone (ACTH), parathyroid related
peptide (PTHrP), luteinizing hormone-releasing hormone
(LHRH), growth hormone releasing factor (GRF), growth
hormone releasing peptide (GHRP), cholecystokinin (CCK),
glucagon, bradykinin, glucagon-like peptide (GLP),
gastrin, enkephalin, neuromedins, endothelin, substance
P, neuropeptide Y (NPY), peptide YY (PYY), vasocactive
intestinal peptide (VIP), guanylin, pituitary adenylate
cyclase activating polypeptide (PACAP), beta-cell tropin,
adrenomedulin, or derivatives, fragments, or analogs of
any of the foregoing.

In especially preferred embodiments, the peptide
meoiety is somatostatin or a derivative, fragment, or
analog of somatostatin. Somatostatin analogs which can
be used in accordance with the present invention include,
but are not limited to the following compounds:

H-D-g-Nal-Cys~Tyr-D-Trp-Lys-Thr-Cys-Thr-NH,;

H-D-Phe-Cys-Phe~D-Trp-~Lys-Thr-Cys-g-~Nal-NH,;

H-~D-Phe-Cys-Tyr-D-Trp~Lys-Thr-Cys-g~Nal-NH,;

H-D-g~Nal-Cys~-Phe-D-Trp-Lys—-Thr-Cys-Thr~NH,;

H-D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Pen-Thr-NH,;

H-D-Phe-Cys-Phe-D-Trp-Lys~Thr-Pen-Thr-NH,;

H~-D-Phe~Cys-Tyr-D-Trp-Lys-Thr-Pen~Thr;

H-D-~Phe-~Cys-Phe~-D-Trp-Lys-Thr-Pen~Thr;

H-Gly-Pen-Phe~D-Trp~-Lys-Thr-Cys~Thr;

H-Phe-Pen-Tyr-D-Trp-Lys-Thr-Cys-Thr;

H-Phe-Pen-Phe~-D-Trp-Lys-Thr-Pen-Thr;
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H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-ol;
H-D-Phe-Cys—-Phe-D-Trp~-Lys-Thr-Cys-Thr-NH,;
H-D~Trp-Cys—-Tyr-D-Trp-Lys-Val-Cys-Thr-NH,;
H-D-Trp-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-NH,;
H-D~Phe-Cys-Tyr-D-Trp~Lys-Val-Cys-Thr-NH,;
H-D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Trp-NH,;
H-D-Phe~Cys-Tyr-D-Trp-Lys-Val-Cys-Thr-NH,;
Ac-D-Phe-Lys'-Tyr-D-Trp-Lys-Val-Asp-Thr-NH,
Ac-hArg(Et),~Gly-Cys-Phe~D-Trp-Lys-Thr-Cys-

Thr-NH,;
Ac-D-hArg(Et),-Gly~-Cys-Phe-D~Trp-Lys-Thr-Cys-Thr-
NH,;

Ac-D~-hArg(Bu) -Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-
NH,;

Ac-D-hArg(Et),~Cys-Phe-D-Trp~Lys-Thr-Cys-Thr-NH,;
Ac-L-hArg(Et) ;,~Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-NH,;
Ac-D-hArg (CH,CFj) ,~Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-

Ac-D-hArg(CH,CF;) ,~Gly-Cys~Phe-D-Trp~Lys-Thr-Cys-

Ac-D~hArg(CH,CF4) ,~-Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-

Phe=~NH,;

Ac-D-hArg(CH,CF;) ,-Gly~-Cys~Phe~D-Trp~Lys~Thr-Cys-

Thr-NHEt;

Ac~-L-hArg(CH,~CF,) ;~Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-
Thr-NH,;

Ac-D-hArg(CH,CF;) ,~Gly-Cys-Phe-D-Trp-Lys (Me) -Thr-

Cys-Thr-NH,;

Ac-D-hArg(CH,CF;) ,-Gly-Cys-Phe-D-Trp-Lys(Me) -Thr-

Cys-Thr-NHEt;

Ac~-hArg(CH;, hexyl)-Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-
Thr-NH,;

H-hArg(hexyl,) -Gly-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-

NH,;
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Ac-D-hArngt)2—Gly-Cys—Phe—D—Trp—Lys-Thr—Cys~Thr-
NHEL;
Ac-D-hArg(Et),-Gly~Cys-Phe-D-Trp~Lys-Thr-Cys-Phe~
NH,;
Propionyl-D~hArg(Et),~Gly-Cys~Phe~D-Trp-Lys(iPr)-
Thr-Cys-Thr-NH,;
Ac-D-8-Nal-Gly-Cys-Phe-D~-Trp-Lys-Thr-Cys-Gly-
hArg(Et) ,-NHy;
Ac~-D-Lys(iPr)-Gly-Cys-Phe-D-Trp~-Lys~-Thr-Cys-Thr-
NH,;

Ac-D-hArg (CH,CF;) ,~D-hArg(CH,CF3) ,~Gly-Cys~Phe-D-
Trp-

Lys-Thr-Cys-Thr-NH,;

Ac-D-hArg (CH,CF;) ,~D~hArg (CH,CF;) ,-Gly-Cys-Phe-
D-Trp-Lys~-Thr-Cys-Phe~NH,;
Ac-D-hArg(Et},-D-hArg(Et),-Gly-Cys-Phe~D-Trp-Lys-
Thr-Cys-Thr-NH,;
Ac-Cys-Lys—~-Asn-4-Cl-Phe~Phe~-D-Trp-Lys-~-Thr-Phe-~
Thr-Ser-D-Cys=NH,;
Bmp-Tyr-D-Trp-Lys-Val~Cys~Thr-NH,;
Bmp-Tyr-D-Trp~Lys-Val~Cys~Phe~NH,;
Bmp-Tyr-D-Trp-Lys-Val-Cys-p-Cl-Phe~NH,;
Bmp-Tyr-D-Trp~Lys-~Val-Cys-g-Nal~NH,
H-D-8~Nal-Cys-Tyr-D-Trp-Lys-Val-Cys-Thr-NH,;
H-D-Phe~Cys~Tyr~D-Trp-Lys-Abu~Cys-Thr-NH,;
H-D-Phe-Cys-Tyr-D-Trp-Lys~Abu~Cys-g-Nal~NH,;
H-pentafluoro-D~Phe-Cys~-Tyr-D-Trp-Lys-Val-Cys~-Thr-
NH,; '
Ac~D-8-Nal-Cys-pentaflucro-Phe~-D-Trp~Lys~Val-Cys-
Thr-NH,;
H~D-g-Nal-Cys-Tyr-D~Trp-Lys-Val-Cys-f-Nal-NH,;
H~D-Phe-Cys-Tyr-D-Trp~Lys-Val-Cys~fg-Nal~-NH,;
H-D-8-Nal-Cys-Tyr-D-Trp-Lys-Abu~Cys-Thr-NH,;
H-D-p-Cl-Phe-Cys~Tyr-D-Trp-Lys-Abu-Cys-Thr~NH,;
Ac~-D-p-Cl-Phe~Cys-Tyr-D-Trp-Lys-Abu-~Cys-Thr-NH,;
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H~D-Phe-Cys-f-Nal-D-Trp-Lys-Val-Cys-Thr-NH,;
H-D~Phe-Cys-Tyr-D-Trp-Lys=-Cys-Thr-NH,;

cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cycloe
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo
cyclo

(Pro-Phe-D-Trp-N-Me-Lys-Thr-Phe) ;
(Pro-Phe-D-Trp-N-Me-Lys-Thr-Phe) ;
(Pro-Phe-D-Trp-Lys-~-Thr-N-Me-Phe) ;
(N~Me-Ala-Tyr-D-Trp-Lys-Thr-Phe) ;
(Pro-Tyr-D-Trp-Lys~Thr-Phe) ;
(Pro-Phe-D~Trp-Lys-Thr-Phe) ;
{Pro-Phe~L~-Trp-Lys~-Thr-Phe) ;
(Pro~-Phe-D~-Trp(F)-Lys-Thr-Phe) ;
(Pro-Phe-Trp(F)-Lys-Thr-Phe) ;
(Pro-Phe-D-Trp-Lys-Ser-Phe) ;
(Pro-Phe-D-Trp~Lys-Thr-p~Cl-Phe);
(D-Ala-N-Me-D-Phe-D-Thr-D-Lys-Trp-D-Phe) ;
(D-Ala-N-Me-D-Phe-D-Val~-Lys-D~-Trp-D-Phe) ;
(b-Ala-N-Me-D-Phe~-D-Thr-Lys-D-Trp-D-Phe) ;
(D-Abu-N-Me-D~-Phe-D-Val-Lys-D~-Trp-D-Tyr) ;
(N-Me-Ala-Tyr-D-Trp~Lys-Val-Phe);
{Pro-Tyr-~-D-Trp-4-Amphe-Thr-Phe) ;
(Pro-Phe~-D-~-Trp-4-Amphe-Thr-Phe) ;
(N-Me-Ala-Tyr-D-Trp~-4-Amphe-Thr-Phe) ;
(Asn-Phe-Phe-D-Trp~Lys~-Thr-Phe-Gaba) ;
(Asn-Phe-Phe~-D-Trp~Lys~-Thr-Phe-Gaba-Gaba) ;
({Asn-Phe-D-Trp-Lys-Thr-Phe) ;
(2sn-Phe-Phe-D-Trp-Lys-Thr~Phe~NH(CH,) ,CO) ;
(Asn-Phe-Phe~-D-Trp-Lys-Thr-Phe-£f-Ala);
{Asn-Phe~-Phe~D-Trp~-Lys-Thr-Phe-D~-Glu} ~0OH;
(Phe-Phe~-D-Trp-Lys-Thr-Phe) ;
(Phe-Phe-D~Trp~-Lys-Thr-Phe-Gly);
(Phe-Phe-D-Trp-Lys-Thr-Phe~Gaba) ;
(Asn-Phe-Phe~-D~Trp-Lys-Thr-Phe-Gly) ;
(Asn-Phe~-Phe-D~-Trp(F)-Lys-Thr-Phe~Gaba) ;
(Asn-Phe-Phe-D-Trp(NO,) ~-Lys~-Thr-Phe~Gaba) ;
(Asn-Phe-Phe-Trp(Br)~Lys-Thr-Phe~Gaba) ;
(Asn-Phe-=Phe-D-Trp-Lys-Thr-Phe(I)~Gaba) ;
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cyclo (Asn~-Phe-Phe~D-Trp-Lys-Thr-Tyr (But)-Gaba);

cycle (Bmp~Lys—-Asn-Phe-Phe-D-Trp-Lys-Thr-Phe-Thr-

Pro-Cys)-0OH;

cycle (Bmp-Lys-Asn-Phe-Phe-D-Trp~-Lys~-Thr-Phe-Thr-

Pro-Cys)-0H;

cyclo (Bmp-Lys-Asn-Phe-Phe-D-Trp~Lys-Thr-Phe-Thr-

Tpo-Cys) -0OH;

cyclo (Bmp-Lys-Asn-Phe-~Phe-D-Trp-Lys-Thr-Phe-Thr-

MeLeu-Cys)-0H;

cyclo (Phe-Phe-D-Trp-Lys-Thr-Phe-Phe-Gaba);

cyclo (Phe-Phe-D-Trp-Lys-Thr-Phe-D-Phe-Gaba);

cyclo (Phe-Phe~D-Trp(SF)-Lys-Thr-Phe-Phe-Gaba);

cyclo (Asn-Phe-Phe-D-Trp-Lys (Ac)-Thr-Phe-NH-

(CH,) 3=CO) ;

cyclo (Lys-Phe~Phe~D-Trp-Lys-Thr-Phe-Gaba);

cyclo (Lys-Phe~Phe~D-Trp-Lys-Thr-Phe-Gaba); and

cyclo (Orn-Phe-~Phe~D-Trp-Lys-Thr-Phe-Gaba)
where Lys™ indicates an amide bridge formed between Lys®
and Asp. |

The peptide compounds listed above are described
in the following references, each of which is
incorpocrated herein by reference:

EP Application No. P5 164 EU; Van Binst, G. et al.
Peptide Research 5:8 (1992); Horvath, A. et al. Abstract,
"Conformations of Somatostatin Analogs Having Anti-tumor
Activity", 22nd European Peptide Symposium, September 13-
19, 1992, Interlaken, Switzerland; PCT Application WO
91/09056 (1991); EP Application 0 363 589 A2 (1990); EP
Application 0 203 031 A2 (1986); U.S. Patent Nos.
4,904,642; 4,871,717; 4,853,371; 4,725,577; 4,684,620;
4,650,787; 4,603,120; 4,585,755; 4,522,813; 4,486,415;
4,485,101; 4,435,385; 4,395,403; 4,369,179; 4,360,516;
4,358,439; 4,328,214; 4,316,890; 4,310,518; 4,291,022;
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4,238,481; 4,235,886; 4,224,190; 4,211,693; 4,190,648;
4,146,612; and 4,133,782.

In the somatostatin analogs listed above, each
amino acid residue has the structure of NH-C(R)H-CO-, in
which R is the side chain; lines between amino acid
residues represent peptide bonds which join the amino
acids. When the amino acid residue is optically active,
it is the L~form configuration that is intended unless
the D-form is expressly designated. When two Cys
residues are present in the peptide, a disulfide bridge
is formed between the two moieties. This bond, however,
is not shown in the listed residues.

Additionally preferred somatostatin analogs of the
invention are of the following formula:

AN
4

wherein A, is a D- or L-isomer of g-Nal, Trp, B-pyridyl-
Ala, Phe, substituted Phe, or deleted; and each A, and a,,
independently, is Cys, Asp, or Lys. These moieties are
covalently linked to each other via a disulfide bridge or
an amide bridge. In addition, A, is f-Nal, Phe, or o-,
m-, or p-substituted X-Phe where X is a halogen, OH, NH,,
NO, or C,_3 alkyl; Ag is Val, Thr, Ser, Ala, Phe, g-Nal,
Abu, Ile, Nle, or Nva; and Ag is Phe, Thr, Tyr, Trp, Ser,
B-Nal, an alcohol group, or deleted; each R; and R,,
independently, is H, lower acyl or lower alkyl; and Ry is
OH, NH,, or deleted. Preferably, when one of A, and A, is
Cys, the other is also Cys; when Ag is an alpha-amino
alcohol, R, is deleted; and when neither of A, and A, is
Cys, A, is different from A,.

Al"Az "'Aa"'D"Trp-LYS-As"A7"A8"'R3

R
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Especially preferred somatostatin analogs of this

embodiment are:
Me~-D~-Phe~-Cys-Tyr-Tyr-D~Trp-Lys-Val-Cys~Thr-NH,;
H-D-Nal-Cys-Tyr-D-Trp-Lys~Thr~-Cys-Nal-NH,;
H-D-Nal-Cys-Tyr-D-Trp-Lys-Thr-Cys-Thr-NH,;
H-D-Phe-Cys-Tyr-D-Trp-Lys-Abu-Cys-Thr-NH,;
H-D-Phe-Cys-Tyr-D-Trp~Lys~-Thr-Cys~-Nal~NH,; and
H-D-Phe~-Cys-Tyr-D-Trp-Lys-Thr~Cys~Thr-ol.

In other embodiments, linear somatostatin analogs
of the invention have the following structure:

Ry

N
e

R,

1 2 3 6 7 8
Al-a2-A3-D~Trp-Lys-aS-a7-a8-R,

wherein Al is a D- or L- isomer of Ala, Leu, Ile,
Val, Nle, Thr, Ser, g-Nal, f-pyridyl-Ala, Trp, Phe, 2,4-
dichloro-Phe, pentafluoro-Phe, p-X-~Phe, or o-X-Phe,
wherein X is CH,, Cl, Br, F, OH, OCH; or NO,;

A% is Ala, Leu, Ile, Val, Nle, Phe, B-Nal,
pyridyl-Ala, Trp, 2,4-dichloro-Phe, pentafluoro-Phe, o-X-
Phe, or p-X-Phe, wherein X is CHy, C1l, Br, F, OH, OCH; or
NO,;

A% is pyridyl-Ala, Trp, Phe, B-Nal, 2,4-dichloro-
Phe, pentafluoro-Phe, o-X-Phe, or p-X-Phe, wherein X is
CH;, Cl, Br, F, OH, OCH; or NO,;

AS is Val, Ala, Leu, Ile, Nle, Thr, Abu, or Ser;

A7 is Ala, Leu, Ile, Val, Nle, Phe, g-Nal,
pyridyl-Ala, Trp, 2,4-dichloro-Phe, pentafluoro-Phe, o-X-
Phe, or p-X-Phe, wherein X is CH,, Cl, Br, F, OH, OCH; or
NO,;
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A8 is a D~ or L-isomer of Ala, Leu, Ile, Val, Nle,
Thr, Ser, Phe, B~Nal, pyridyl-ala, Trp, 2,4-dichloro-Phe,
pentafluoro-Phe, p~-X-Phe, or o-X-Phe, wherein X is CH,,
Cl, Br, F, OH, OCH; or NO,, or an alcohol thereof; and
each R; and R,, independently, is H, lower acyl or
lower alkyl; and R; is OH, NH,, or deleted. Preferably,
at least one of Al and A% and one of A? and A7 must be an
aromatic amino acid; and when A% is an alcohol, R; is
deleted. Additionally, Al, a2, A7 and A® cannot all be
aromatic amino acids. Particularly preferred analogs of
this aspect of the invention include:
H-D-Phe-p~chloro-Phe~-Tyr-D-Trp~Lys-Thr-Phe-Thr-
NH,;
H~D~Phe-p~NO,-Phe-Tyr-D-Trp-Lys-Val-Phe-Thr-NH,;
H~-D-Nal-p-chloro-Phe-Tyr-D-Trp-Lys-Val-Phe-Thr-
NH,;
H-D~Phe~-Phe~Phe~D-Trp-Lys~Thr-Phe~Thr-NH,;
H-D-Phe-Phe-Tyr-D-Trp-Lys-Val-Phe-Thr-NH,;
H-D-Phe-p-chloro-Phe-Tyr-D-Trp-Lys-Val-Phe-Thr-
NH,; and
H~-D-Phe-Ala~-Tyr-D-Trp-Lys-Val-Ala-D-f-Nal-NH,.

In still other preferred embodiments, the peptide
moiety is bombesin or a derivative, fragment, or analog
of bombesin. Bombesin analogs which can be used to
practice the present invention include, but are not
limited to, Neuromedin C, Neuromedin B, litorin, and
gastrin-releasing peptide (GRP), which has the following
amino acid sequence:

H-Ala-Pro-vVal-Ser-Val-Gly-Gly-Gly-Thr-Val~Leu-

Ala-Lys-Met-Tyr-Pro-Arg-Gly-Asn-His-

Trp-Ala-Val-Gly-His- Leu-Met-NH,

Other bombesin analogs which may be used in the
present invention include compounds described in the
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following references, the contents of which are
incorporated herein by reference:
Coy et al. Peptides, Proceedings of the

Eleventh Amer. Peptide Symposium, Ed. by Rivier et al.
ESCOM, pp. 65-67 (1990); Wang et al. J. Biol. Chem.
265:15695 (1990); Mahmoud et al. Cancer Research 51:1798
(1991); Wang et al. Biochemistry 29:616 (1990); Heimbrook
et al., "Synthetic Peptides: Approaches to Biological
Problems", UCLA Symposium on Mol. and Cell. Biol. New
Series, Vol. 86, ed. Tam and Kaiser; Martinez et al., J.
Med. Chem. 28:1874 (1985); Gargosky et al., Biochem. J.
247:427 (1987); Dubreuil et al., Drug Design and
Delivery, Vol 2:49, Harwood Academic Publishers, GB
(1987); Heikkila et al., J. Biol. Chem. 262:16456
{1987); Caranikas et al., J. Med. Chem. 25:1313 (1982);
Saeed et al., Peptides 10:597 (1989); Rosell et al.,
Trends in Pharmacological Sciences 3:211 (1982); Lundberg
et al., Proc. Nat. Aca. Sci. 80:1120, (1983); Engberg et
al., Nature 293:222 (1984); Mizrahi et al., Euro. J.
Pharma. 82:101 (1982); Leander et al., Nature 294:467
{1981); Woll et al., Biochem. Biophys. Res. Comm. 155:359
(1988); Rivier et al., Biochem. 17:1766 (1978); Cuttitta
et al., Cancer Surveys 4:707 (1985); Aumelas et al., Int.
J. Peptide Res. 30:596 (1987); Szepeshazi. et al., Cancer
Research 51:5980 (1991); Jensen, et al. Trends Pharmacol.
Sci. 12:13 (1991); U.S. Patent Nos. 5,028,692; 4,943,561;
4,207,311; 5,068,222; 5,081,107; 5,084,555; EP
Application Nos. 0 315 367 A2 (1989); 0 434 979 Al
(1991); 0O 468 497 A2 (1992); O 313 158 A2 (1989); 0 339
193 Al (1989); PCT Applications Nos. WO 90701037 (1980);
90/02545 (1992); and UK Application GB 1 231 051 A
{1990).

The peptides of the invention can be provided in
the form of pharmaceutically acceptable salts. Examples
of preferred salts are those with therapeutically
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acceptable organic acids, e.g., acetic, lactic, maleic,
citric, malic, ascorbic, succinic, benzoic, salicylic,
methanesulfonic, toluenesulfonic, or pamoic acid, as well
as polymeric acids such as tannic acid or carboxymethyl
cellulose, and salts with inorganic acids such as
hydrohalic acids, including hydrochloric acid, sulfuric
acid, and phosphoric acid.

gynthesis of Compounds

The syntheses of Compounds I, II and III are now
described.

The following abbreviations are used in describing
syntheses of compounds according to the present

invention:

Nal: naphthylalanine (1 or 2)

Abu: alpha-aminobutyric acid

D: dextrorotatory

L: levorotatory

HOAC: acetic acid

BOP: benzotriazol-l-yloxytris(dimethylamino)
phosphonium hexafluoro-phosphate

BOC: tert-butyloxycarbonyl

DCC: dicyclohexyl carbodiimide

EDC: 1-(3-dimethylaminopropyl) -3~
ethylcarbodiimide

DEPC: diethylcyanophosphonate

DMF: dimethylformamide

CH,CL,: dichloromethane

MeOH: methanol

EtOH: ethanol

DIEA: N,N-diisopropylethylamine

HOBT: 1-hydroxybenzotriazole
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HBTU: O-Benzotriazol-i-yl,N,N,N’ N/~
tetramethyluronium hexafluorophosphate

THF: Tetrahydrofuran

TFA: Trifluorocacetic Acid

Starting materials and intermediates for Compounds
I, II, and II are commercially available. Alternatively,
the starting materials can be easily prepared by methods
which are well known and included in the literature. For
example, the chemistry of ascorbic acid-related
derivatives can be found in J. Chem. Soc., Perkin Trans.
1:1220 (1974); Carbohvd. Res., 67:127 (1978); Yakugaku
Zasshi, 86:376 (1966); U.S. Pat. No. 4,552,888; J. Med.
Chem., 31:793 (1988); ibid. 34:2152 (1991);and, 35:1618
(1992}, the contents of which are incorporated herein by
reference. The chemistry for tris-related derivatives
can be found in Arch. Bjiochem. Biophy, 96, 653 (1962},
Biochem., 5 467 (1966), the contents of which are also
incorporated herein by reference.

S8ynthesis of Peptide Derivatives

In a general sense, the coupling of Compounds I,
II, or III to an appropriate free amino group of a
protected amino acid or peptide can be achieved according
to well-known methods employed for peptide synthesis
(e.g., DCC, DCC-HOBT, DIC-HOBT PPA, EDC-HOBT, DEPT, BOP,
HBTU) using a base (e.g. DIEA) in an inert solvent (e.q.
DMF, THF or CH,Cl, ethyl acetate or combination thereof).
Deblocking of protected groups may also be carried out by
well-known methods (e.g., removal of the group by the
addition of acid or base, TFA, dioxan-HCl, ammonia,
NaOMe, piperidine). 1In most cases, the reaction
temperature should range from -30°C to room temperature.

In general, the first step of the synthesis

involves the reaction between an epoxide and a free amino
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group of a protected amino acid or peptide; complexation
and deprotection can be achieved utilizing well-known
methods, such as those described in McManus, et al.,
Synth. Communications 3, 177 ‘1973), the contents of

which are incorporated herein by reference. Following
synthesis, purification of the intermediates and prbducts
can be achieved by conventional methods such as
chromatography or HPLC. The identification of the
compounds may be determined by conventional techniques
such as NMR, amino acid analysis, and mass spectrometry.
The following Examples illustrate the preferred
methods for forming the compounds of the invention.

xample 1 - Svnthesis of Somatostatin Derivatives

The following somatostatin derivative, also
referred to herein as BIM-23118, was synthesized in
accordance with the invention:

T,rOH
{
o] V O {
\__j?rz/\\OH
HO O~ (CHy) 3C0-D-Nal-c {Cys-Tyzr-D-Trp-Lys-¥2l-Cys | -Thr-NH,
Example - 3-0- o arbonylmeth -2.5,6~
triac - i id

Acetic anhydride (6 ml) was added dropwise to a
solution of 3-0-(benzyloxycarbonylmethyl)-ascorbic acid
(2.2 g) in pyridine (30 ml); the mixture was then stirred
overnight at room temperature. Pyridine was evaporated
under reduced pressure leaving a residue which was then
partitioned between ethyl acetate and 1N HCl. The ethyl
acetate layer was washed with 1N HCl, and then water.
After drying (MgSO,), the ethyl acetate was evaporated
under reduced pressure; traces of pyridine and acetic
anhydride which still remained were removed by multiple
co~evaporations with toluene. The resulting 3-0-
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(Benzyloxycarbonyimethyl)-2,S,G—triacetyl-ascorbic acid
was dried under vacuum to yield a viscous gel which
remained in the residue (2.4 g). TLC (silica gel:
CHCl;/acetone ([9:1], Rf=0.52).

- 3-0- bo eth -2,5,6=-triace -

asc ic_aci

A slurry of Pd-C (100 mg) in water (2 ml) was
added to a solution of 3-0-(benzyloxycarbonylmethyl)-
2,5,6~-triacetyl-ascorbic acid (2.4 g) in ethanol (30 ml),
and the suspension was shaken under hydrogen (17 psi) for
six hours. The catalyst was then removed by filtration
through a celite pad and the filtrate evaporated under
reduced pressure to yield 3-0-(carboxymethyl)-2,5,6-
triacetyl-ascorbic acid. TLC (silica gel: CHCl,/MeOH/HOAcC
{9:1:0.1], Rf=0.2).

xample 1.3 - 6-0-]Isopro ideneascorbic acij

Acetylchloride (0.67 ml)was added to a rapidly
stirred suspension of ascorbic acid (8.0 g) in acetone
(80 ml) and the mixture was stirred at room temperature
overnight. The precipitate was collected by filtration,
washed with ethyl acetate, and dried at reduced pressure
to afford 8.29 g of 5,6-0-Isopropylideneascorbic acid as
a colorless solid. TLC (silica gel: CHCl,;/MeOH/HOAC
{3:1:0.1], Rf=0.54).

- 3-0- rbo o] =5,6—-

. 1id - bj id

A solution of 5,6-isopropylidene ascorbic acid
(2.0 g) in 10 ml DMF was added dropwise to a suspension
of NaH (0.44 g of 50% mineral oil NaH dispersion washed
with hexane several times) in 5 ml DMF. After gas
evolution ceased, a solution of 1.43 ml ethyl 4-
bromobutyrate in 5 ml DMF was added dropwise and the
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mixture was stirréd at room temperature overnight.
Sclvent was evaporated at reduced pressure and the
resultant residue was chromatographed on silica gel (55
g) using CHCl;/MeOH (19:1) as an eluant. Appropriate
fractions were pocled and solvents removed at reduced
pressure to yield a viscous residue containing 3-0-
(Ethoxycarbonylpropyl) -5, 6-isopropylidene-ascorbic acid
(1.1 g).

Example 1.5 - 3-0-(carboxypropvl})-5,6-isopropvlidene
ascorbic acid

4.6 ml of 2N-NaOH was added to a solution of 3-0-
(ethyoxycarbonylpropyl)-5,6-isopropylidene-ascorbic acid
(1.02 g) in 15 ml EtOH. After ocne hour, most of the
ethanol was removed at reduced pressure and the residue
was diluted with water (10 ml), and acidified with dil-
HCL (pH 3). The solution was then saturated with NacCl
and extracted several times with ethyl acetate; the
pooled extracts were then dried using MgsSO,. Solvent was
evaporated at reduced pressure to yield a viscous residue
containing 3-0-(carboxypropyl)-5,6~isopropylidene
ascorbic acid (0.84 g). TLC: (Silica gel:
CHCl,/MeOH/HOAC ({5:1:0.1], Rf=0.55).

Thr-NH,
A solution of di-tertbutyl dicarbonate (0.36 g) in
10 ml DMF was added dropwise to a solution of D-Nal~-
c(Cys-Tyr-D-Trp-Lys~Val-Cys]-Thr-NH, acetate (2 g, BIM-
23014) in 45 ml DMF. After two hours at room
temperature, solvent was removed under reduced pressure
to yield a residue which was then chromatographed on
silica gel (150 g) using CHCl;/MeOH(9:1) as an eluant.
Appropriate fractions were pooled and solvents removed
under reduced pressure to yield a residue containing D-
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Nal-c(Cys-Tyr-D-Trp-Lys (BOC) -Val-Cys]-Thr-NH, (1.45 g).
TLC (silica gel: CHCl,;/MeOH (3:1], Rf=0.52).
ample 1.7 =~

—~~

0.2 ml diisopropylethylamine was added to a
solution of D-Nal-Cyclo-{Cys~Tyr-D-Trp~Lys(BOC)-Val-Cys]-
Thr-NH, (300 mg), 3-0-(carboxypropyl)-5,6-isopropylidene
ascorbic acid (56 mg) and HBTU (113 mg) in 5 ml DMF. The
mixture was then stirred at room temperature overnight,
and solvent was removed under reduced pressure. The
residue was partitioned between a mixture of ethyl
acetate/MeOH and a saturated aqueous NaCl soclution, and
the ethyl acetate layer was washed with saturated aqueous
NaCl, then saturated aqueous NaHCO,;, and then dried
(Mgs0,) . Solvent was evaporated under reduced pressure,
and the residue was subjected to preparative TLC using a
CHCl,;/MeOH (8:1) mixture as a developing solvent. The
appropriate UV-positive zone was isolated and extracted
with CHCl,/MeOH. Solvents were removed at reduced
pressure to yield the above-identified product (0.20 q).
TLC (silica gel: CHc;3/HeOH[5:l), Rf=0.54).

E - _Remov OC_Grou

The ascorbic acid derivative containing D-Nal-
c(Cys-Tyr-D-Trp-Lys(BOC)-Val-Cys]~-Thr-NH, (95 mg) shown
above was treated with 25% TFA in CHCl; for 45 min. at
room temperature. Volatile substances were removed under
reduced pressure to yield a dried residue which was
purified using Vydac C;g HPLC and CH;CN/0.1% aqueous TFA.
The final yield was 90 mg (FAB-MS (m/e) 1341).

2 OERINCDRE PSS Sl 500 3-E5 W =t U o o =1 S73-K 1S I L R sy ot s O

-,
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- Other Embodiments

The following somatostatin derivatives were also

synthesized in an analogous manner:

__CH
5 O\\///\\
. OH
K4 \.
HO O~CH«—CO-D-Nal—:(Cys—-;r-D-T::-Lys-Val-Cys}—Thr-NH2
BIM-23135
o=
o o‘\//z:/
3\g_‘\—“" -THp-C0-I-2n2-1 [CYz-Tyr-D-Trr-Lys-Abu-Cys] -Thz-NHy
- BIM-23181
oH
e
7 2H
=2 SN
- O-CH,-CZ-CT-Phe-c{Cys-Tur-D-Tro-Lys-Thr-Cys: -liai-Ha
N\ BIM-23183
-4
Xam - esis of BIM-23107

The following somatostatin derivative, also
referred to as BIM-23107, was synthesized in accordance
tc the invention. :
(AcQO~CH,) 3~C~NH-CO-(CH;) ,~CO-D~-Nal-c(Cys-Tyr-D-Trp-Lys-
Val-Cys]~-Thr-NH,

Exgmglg 2 ' 1 = ‘ AQO‘CHz)__3’C-NH“CO- {CHzl_z"CQ"D-!!a l-gl Q!S"
Iyr-D-Trp-Lys (BOC) ~Val-Cys1-Thr-NH,

0.03 ml DIEA was added to an ice-cooled solution
of 2-N-(succinyl)amino-2-(acetoxymethyl)-1,3-propanediol



- 24 -

diacetate (823 mg)'and HBTU (92 mg) in 2 ml of DMF. After
stirring at 0-5° C for 30 minutes, a solution of D-Nal=-
c{Cys-Tyr-D-Trp-Lys(BOC)-Val~Cys}-Thr-NH, (100 mg) in 2
ml DMF, containing 0.03 ml DIEA, was added. The mixture
was first stirred at 0-5° C for one hour and then stirred
at room temperature overnight. The solvent was removed
at reduced pressure to yield a dried residue which was
partitioned between ethyl acetate and aqueous saturated
NaCl, and the EtOAc layer washed with aqueous 5% NaHCoO,
and finally aqueous saturated NaCl; the resulting
solution was then dried using MgsSQ,. The solvent was
evaporated under reduced pressure leaving a residue
containing (AcO-CH,);-C~NH-CO-(CH,),-CO-D~Nal-c[Cys~-Tyr-D-
Trp-Lys (BOC)-Val-Cys]-~Thr-NH, (0.14 gm). TLC (Silica Gel
: CHCl;/MeOH/HOAc = 4:1:0.1, Rf=0.82).

Example 2.2 - Removal of BOC group

30 mg of the above-identified compound was treated
with 50% TFA in CHCl,; for 45 minutes at room temperature;
volatile substances were then removed at reduced pressure
to yield a residue. Traces of TFA were co-evaporated
with ethanol several times and the residue was titrated
with ether and then dried to yield 30 mg of the product
(30 mg). TLC (Silica gel: CHCl,;/MeOH/HOAc = 3:1:1,
Rf=0.24).

- e nbodime
The following somatostatin derivatives were also
synthesized in an analogous manner.

(HO-CH,) 3~C~-NH-CO- (CH,) ,-CO-D-Nal~-c[Cys-Tyr-D-Trp-Lys-Val-
Cys]-Thr-NH,
BIM=-23108
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(HO-CH,) 3~C-NH-CO~ (CH,) ,~CO~D-Phe-c[Cys~Tyr-D-Trp-Lys-Thr~
CYS ] -Nal“mz
BIM-23167

(HO-CH,) 3~C~NH~CO=~ (CH,) ,=CO~D~-Phe~c(Cys~Tyr-D-Trp-Lys-Abu-
Cys]-Thr-NH,
BIM-23173

(HO-CH,) 3=C-NH-CH,~CO~-D~Phe~c[Cys-Tyr~-D-Trp-Lys~-Thr-Cys]-
Nal-NH2
BIM-23179

(HO-CH,) 3~C~NH~CH,~CO-D~Phe~-c[Cys~Tyr-D-Trp-Lys-Abu-Cys] -
Thr"NH2
BIM=-23182

Example 3 - Synthesis of BIM=-23201

The following somatostatin derivative, also.
referred to as (BIM=-23201), was synthesized in accordance
with the present invention.

(HO-CH,) 3-C~CH,~D-Phe~-c[Cys-Tyr-D-Trp-Lys~Thr-Cys]~Nal-NH,

Eximnlﬁ—l&l—z-iﬂgzﬁﬁzl3=92932:Q:EQQZELQXEZEXIZQZIIEZLXEZ
Thr-Cys]-Nal-NH,_ |

Two grams of 3A molecular sieve followed by
NaCNBH; (36 mg) were added portion-wise in 15 minute
increments to a solution of D-Phe-c[Cys Tyr (OBt)-D-Trp-
Lys (BOC) -Thr (OBt) Cys] Nal-NH, (250 mg) and tris
(acetoxymethyl)acetaldehyde (120 mg) obtained by
oxidation of triacetyl penta-erythritol with pyridinium
dichromate or DMSO/oxalyl chloride/triethylamine) in
methanol (10 ml) containing 10% acetic acid. The mixture
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was then stirred at room temperature for 30 minutes and
heated for 4 hours. After filtration, the residue was
partitioned between ethyl acetate and water. The ethyl
acetate layer was washed with water, then aqueous NaHCO,,
and then dried (MgsO4). The solvent was evaporated under
reduced pressure to yield a residue (0.4 g) which was
then dissolved in methanol (5 ml), treated with a
NaOMe/MeOH solution (pH 10), stirred for 1 hour and
finally neutralized with 1 N HCl to pH 5-6. After
evaporation of solvent, the residue was dissolved in 90%
agqueous TFA (5 ml) and stirred for 30 minutes. Volatiles
were removed at reduced pressure and traces of TFA and
water in the resulting residue were removed by co-
evaporation with alcohol (2x). The residue was drieqd,
then titrated with ether, and finally purified by HPLC
using conditions similar to those described earlier, to
yield 41 mg of (HO~CH,);-C-CH,~D-Phe-c[Cys-Tyr-D-Trp~Lys-
Thr-Cys]-Nal-NH, as a colorless solid. MS (m/e) 1262.8.

xa e 3.2 - Othe bodiments
The following somatostatin derivative, also
referred to as BIM-23195, was synthesized in an analogous
manner.

(Ho~-CH,) 3C-CH,~D-Phe-C[Cys~Tyr-D-Trp-Lys~Abu-Cys]~Thr-NH,
BIM-23195

am - i - 7
The following somatostatin derivative, also
referred to as BIM-23197, was synthesized in accordance
with the invention.

/N

HO(CHZ)z—q\—_ﬂ/y-(CHZ)ZSOZ—D-Phe-c[Cys-Tyr-D-Trp—Lyu-Abu-
Cys]-Thr-NH,
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Exanple 4.1 - z-aﬁomoethanesulfony; Chloride

Na 2-Bromoethanesulfonate (4.0 g) was treated with
PClg; (11.8 g) while cooling in an ice bath. After
reaching the liquid phase, the solution was heated at 90-
120 ‘C for 1.5 hours in oil, cooled to room temperature,
poured into 50 g of crushed ice, and then stirred for 15
min. The mixture was extracted with CH,Cl, (3 x 30 ml)
and combined extracts were washed with H,0 (2 x), 5%
NaHCO; (2 x), and H,0 (2 Xx) again. Drying over anhydrous
MgsO, and distillation under reduced pressure gave 2-
bromoethanesulfonyl chloride as a colorless liquid (1.95
g, 42-44 °'C/1 mm Hg).

Example 4.2 - Br-(CH,),=S0, =D-Phe=-c{Cys-Tyr(tBu)-D-Trp-
oc)=-Abu-Cysi~ Bu) - ~cyclopro =l-me -
ethvyl

A solution of 2-bromoethane sulfonyl chloride (30
mg) in DMF (1 ml) was added dropwise to a solution of H-
D-Phe-c[Cys~-Tyr (tBu) -D-Trp~-Lys (Boc) ~Abu-Cys]-Thr (tBu) - (1~
cyclopropyl-l-methyl)-~ethyl (150 mg) and DIEA (55 mg) in
DMF (2 ml) under N, at 0°C. The reaction mixture was
stirred at 0-% 'C for 3 hours; solvent was then removed
under reduced pressure. The residue was dissolved in
ethyl acetate and washed with 5% citric acid (2 x), 5%
NaHCO, (2 x) and brine (2 x). The solution was then
dried over aﬁhydrous MgsO,, filtered, and condensed to
dryness under reduced pressure. The product was further
purified by a short silica gel column eluted with ethyl
acetate. Fractions containing the product were pooled
and the solvent was removed under reduced pressure,
giving 105 mg of Br-(CH,),-S0O, -D~Phe-c[Cys-Tyr(tBu)-D-
Trp-Lys (Boc) -Abu~Cys]~Thr (tBu) ~-NH({1l-cyclopropyl-1-
methyl)-ethyl as a slightly yellow solid. (Silica gel,
CHC1,/MeOH/HOAC (9:1:0.1), Rf=0.36).



Example 4,3 -
HO[CH-‘,_)_Z—N N- CHZJ_Z-SOZ-D—Phe-g[QzB-er(tBu)-D-‘!‘gg—Lxs(Bog]-Abg-

Cyal-Thr{tBu)-NH{l-cyclopropyl-l-methvl)-ethvl

A solution of Br-(CH,),-50,-D-Phe-c[Cys-Tyr(tBu)~-
D~Trp-Lys (Boc) -Abu~Cys]-Thr (tBu) -NH(1l-cyclopropyl-1i~
methyl)-ethyl (100 mg) and 2-hydroxyethylpiperazine (55
mg) in 2 ml of 1-propanol was refluxed under N, for 2.5
hours. The solution was then coocled to room temperature,
and the solvent was removed under reduced pressure. The
residue was then dissolved in ethyl acetate containing 5%
MeOH and washed with brine (3 x). Finally, the solution
was dried over anhydrous MgSQO,, filtered and condensed to
dryness under reduced pressure, resulting in 110 mg of
the above-identified solid. Without further
purification, this compound was used directly in the next
step.

Example 4.4 =~

HO{CH>) oz N=(CH5) 550520~ = = ol ? Dt = = =Thr-
N/

110 mg of the protected somatostatin derivative
obtained in the previous step was dissolved in 10 ml of
90% TFA aqueous solution, and stirred at room temperature
under N, for one hour. TFA and H,0 were removed under
reduced pressure, and the residue was titrated with cold
ether (3 x 10 ml). A slightly yellow solid was obtained;
this material was further purified on preparative reverse
phase HPLC, eluting with: 1) a NH,OAc aqueous solution;
and, 2) an HOAc aqueous solution. Lyophilization of the
pooled fractions containing the above-identified product
gave a white solid. (18 mg. ESI~MS, ((m+l)/e) 1252.7).
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Example 4.5 - other Embodiments
The following somatostatin derivatives were also
synthesized in an analogous manner:

—

/ N\

HO(CH,),~N N-{CH,)-CO-D-Phe~c{Cys-Tyr~D~Trp~Lys-Abu~Cys) -'rhr-lmz

/N

HO(CH,) ,~N N-(CH,) -CO-D~Phe-¢(Cys~Tyr-D~Trp-Lys-Thr-Cys l-Nal-NHZ

BIM-231391
{ HO—-CH, ) yC~NH~ (CHZ) z-soz-D-Phe-c [Cys~-Tyr-D-Trp~-Lys~Abu-Cys|} -Thr-—N‘Hz
BIM-23196
/ \

HO-(CH,) ,~0~(CH,),~N N-(CH,) ~CO~-D~Phe-c[Cys-Tyr-D-Trp-Lys-Abu~Cys 1-
\—vs Thr-NR
2

-23202

xam - i besi ivatives

The following bombesin derivative, also referred
to as BIM-26333, was synthesized in an analogous manner
as described above:

_—CH
i
0 !
O:§(/ \7//«\
_ CH

/=N

HO 0-CGHy-CHy ~CHy -CC-D-Phe~-Gln~-Trp~-Ala~val -Gly-Hig~Lay~ Leu-NH,



- 30 -

Other pepéide derivatives of the invention can be
synthesized in an analogous manner, using synthetic
modifications known in the art.

Results of Assays of Test Peptides
xample 6 - Binding Assays

In order to demonstrate the binding affinity of
somatostatin (SRIF) analogs to the somatostatin receptor,
the purified compounds described above were tested in
somatostatin binding assays involving measurements of the
in vitro inhibition of the binding of [125I-Tyrll}srIF-14
to rat AR42J pancreas nmembranes. As indicated in Table
I, purified somatostatin analoegs of this invention
demonstrated high binding affinities to these receptors.
Additionally, the molecular weight, determined by mass
spectrometry and estimated from the molecular structure,
is listed in the table for each somatostatin derivative.

Similarly, the purified bombesin analog described
above was tested in a bombesin binding assay. The
binding assay consisted of measurements of the jn vitro
inhibition of the binding of [25I-Tyrll] bombesin to rat
AR42J pancreas membranes; from the assay, the binding
affinity of the bombesin analog to the GRP receptor was
determined to be about 21 nM.

xample 7 - o) (o] e (G bition Assa

Groups of five male Sprague Dawley rats (each
having a weight between 250-300 g) were injected s.c.
with a somatostatin derivative or saline. Thirty minutes
prior to the selected post-drug time periods shown in
table Ii (2 hours, 4 hours, 6 hours, 8 hours), rats were
anesthetized with Nembutal i.p. (50 mg/kg). Fifteen
minutes following anesthesia, an aliquot of blood was
withdrawn by cardiac puncture over heparin to measure
basal GH. Additionally, a s.c. injection of D-Ala2-GRF
(10 pg/kg) was given. Fifteen minutes later, blood was



- - 31 -

-

withdrawn to quantitate the stimulated GH, which was
measured in plasma using a radioimmunocassay supplied by
NIADDKD. The percentage of GH inhibition was calculated
from differences obtained between basal and stimulated GH
values,

Table II shows the effect of various purified
somatostatin analogs as a function of time. The efficacy
of D-Phe-c[Cys-Tyr-D-Trp-Lys-Thr-Cys]-Nal-NH, (BIM-23060)
in inhibiting growth hormone in rats is compared with
other somatostatin derivatives (BIM-23167, BIM-23179, and
BIM-23181) of the invention. All derivatives demonstrate
a surprising prolonged duration of action which decreases
in a time-dependent fashion.

Additional experiments were conducted on D~Phe-
c(Cys-Tyr-D-Trp-Lys-Abu~Cys]-Thr-NH,, a somatostatin
analog, and BIM-23190, BIM-23195 and BIM-23197, to
determine the EDgy; (i.e., the concentration of each
compound required to inhibit fifty percent of growth
hormone release after a specified time) of the respective
compound. Experiments were conducted at a dose range of
between 25 ug/kg and 0.25 ug/kg. Table III shows the
surprising improvement of the somatostatin derivatives
over the unmodified peptide at the various time
intervals, indicating the time~dependent inhibition of
stimulated GH release by the compounds of the invention.

The purified somatostatin analogs described above
were also tested for activity against rapidly
proliferating cells. Table IV describes the effect of
these peptides on the growth of AR42J rat pancreas tumor
cells. Unlike natural somatostatin, the derivatives of
the invention demonstrate substantial anti~-proliferative
activity. Referring now to Fig. 1, both BIM-23014C (a
somatostatin analog) and BIM-23118 (a derivative of BIM-
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23014) inhibit the growth of AR42J rat pancreas tumor
cells in a concentration-dependent fashion, with BIM-
23118 being the more effective of the two compounds.

Both compounds inhibit tumor cell growth to a greater
extent than unmodified somatostatin analogs at equivalent

concentrations.
Example 9 -~ Thymidine Uptake Assay

In this assay, stock cultures of Swiss 373 cells
are grown in Dulbecco’s Modified Eagles Medium (DMEM) and
supplemented with 10% fetal calf serum in a humidified
atmosphere of 10% CO, and 90% air at 37°C. Cells were
then seeded into 24-well cluster trays and used four days
after the last change of medium. In order to arrest
cells in the G1/G0 phase of the cell cycle, the a serum~
free DMEM was used 24 hours prior to the thymidine uptake
assay; cells were then washed twice with 1 ml aliquots of
DMEM (-serum, 0.5 uM) and [methyl-3H) thymidine
(20Ci/mmole, New England Nuclear). Bombesin derivatives
were initially tested at 0.001, 0.01, 0.1, 1, 10, 100,
100 nM. After 28 hours at 37°C, [methyl-3H] thymidine
incorporation into acid-insoluble pools was assayed as
follows. Cells were first washed twice with ice-cold
0.9% NaCl (1 ml aliquotsj; acid-soluble radioactivity was
then removed by 30-minute incubation at 40°C with 5%
trichloroacetic acid (TCA). The cultures were-then
washed once (1 ml) with 95% ethanol and solubilized by a
30-minute incubation with 1 ml of 0.1N NaOH. The
solubilized material was transferred to vials containing
10 ml ScintA (Packard), and the radiocactivity determined
by liquid scintillation spectrometry. This assay
demonstrates the ability of the bombesin derivatives to
stimulate thymidine uptake into the cells. The EC;, was
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calculated to be 0.48 nm, thus demonstrating that the
bombesin derivatives of the invention are potent
simulators of thymidine uptake.

Methods of Use _

The peptide derivatives of the invention may be
administered to a mammal, particularly a human, in one of
the traditional modes (e.g., orally, parenterally,
transdermally, or transmucosally), in a sustained-release
formulation using a biodegradable, biocompatible polymer,
or by on-site delivery (e.g., in the case of an anti-
cancer bombesin or somatostatin derivatives, to the
lungs) using micelles, gels and liposomes. Dosages are
generally the same as those currently used for
therapeutic peptides in humans. _

Additionally, the peptide derivatives of the
invention are suitable for the improved treatment of
diseases which are susceptible to treatment by the
corresponding unmodified peptide. 1In particular, the
somatostatin derivatives described above are suitable for
the treatment of cancer, acromegaly, pancreatitis, trauma
induced proliferation, diabetes, diabetic retinopathy,
restenosis following angioplasty, AIDS, neurogenic
inflammation, arteritis, and gastrointestinal problems
including diarrhea.



TABLE I-IN VITRO BINDING AFFINITIES AND MOLECULAR WEIGHTS
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OF SOMATOSTATIN PEPTIDE DERIVATIVES

MW rest MW cace IC5p nM
SRIF - 14 - - 0.17
SRIF - 28 - - 0.23
BIM - 23107 1340.4 1340.40 0.30
BIM - 23118 1313.5 1313.52 0.30
BIM - 23135 1426.2 1426.64 2.52
BIM - 23158 1299.6 1299.54 0.33
BIM - 23167 1347.6 1347.55 0.09
BIM - 23173 1235.5 1235.46 0.11
BIM -~ 23179 1305.9 1305.55 0.12
BIM - 23181 1435.0 1434.62 0.28
BIM - 23182 1193.8 1193.42 0.12
BIM - 23183 1323.0 1322.49 0.22
BIM - 23190 1202.8 1202.47 0.20
BIM - 23191 1314.9 1314.61 0.08
BIM -~ 23195 1150.8 1150.39 0.08
BIM -~ 23196 1243.7 1243.50 0.09
BIM - 23197 1252.7 1252.55 0.29
BIM - 23201 1262.8 1262.53 0.14
BIM - 23202 1247.0 1246.53 0.18

SUBSTITUTE SHEET (RULE 26)
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TABLE II-INHIBITION OF STIMULATED GROWTH HORMONE RELEASE
IN RATS BY SOMATOSTATIN PEPTIDE DERIVATIVES

INHIBITION (PERCENTILE CONTROL) 25 uG/KG

2 Hours 4 Hours 6 Hours 8 Hours
BIM-23060 86.39 64.96 47.62 38.18
BIM-23167 92.67 79.54 59.72 50.14
BIM-23179 92.79 63.85 67.78 68.26
BIM-23181 99.24 77.07 60.56 56.12

TABLE III-INHIBITION OF STIMULATED GROWTH HORMONE RELEASE
IN RATS BY SOMATOSTATIN PEPTIDE DERIVATIVES ADMINISTERED
S.cC.

ED 50 (ug/kqg)

——— ==
2 Hours 4 Hours 6 Hours 8 Hours
BIM-23023 0.48 1.11 2.26 4.32
BIM-23190 0.68 0.57 0.76 1.04
BIM-23195 | 1.19 | 3.3 2.08 3.23
BIM-23197 1.01 Q.59 1.14 1.59
e

SUBSTITUTE SHEET (RULE 26)
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TABLE IV-ANTIPROﬂIFERATIVE ACTIVITY OF
SOMATOSTATIN PEPTIDE DERIVATIVES

CELL GROWTH (PERCENT OF CONTROL)?
- SRIF - 14 91.3
SRIF - 28 98.0
BIM~-23014C 74.1
BIM-23107 67.5
BIM~23109 72.1
BIM-23118 61.0
BIM-23135 62.9
BIM-23167 60.2
BIM-23173 67.9
BIM-23181 69.1
BIM-23182 68.7
BIM-23183 69.1
BIM-23195 69.2
BIM~23197 66.4
S———

! concentration 100 nM, AR42J Rat Pancreas Tumor Cells
after 8 days.

What is claimed is:
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1. A peptide derivative comprising:
a biologically active peptide moiety, and
at least one substituent attached to said peptide
moiety, wherein said substituent is selected from the
' group consisting of Compounds I, II and III, wherein
Compound I is: '

wherein
Ry is 0, S, or NRg, wherein Rg is H or (C,-Cg)
alkyl;
each R; and R,, independently, is H, (CH,),ORg, or
CH(OR4)CH,0Rg, wherein Rg is H or (C,-C;)acyl,
and each R, and Rg, independently, is H, (C,-
C,;) acyl, or C(Rg) (Ryg), wherein each Ry and
R,or independently, is H or (C;-C4) alkyl;
or each R; and R, is =CHCH,0R;,, wherein in R; and
R, independently, R;; is H or (C,-C,) acyl,
and m is an integer between 1 and 5,
inclusive; and
‘one of Ry or R, is (CH,),R;; or (CH,),CH(OH)R,,,
wherein R,, is CO, CH,, or SO,, and n is an
integer between 1 and 5, inclusive;
and the remaining R; or R, is H, (Cy-
Cg) hydroxyalkyl, or (C,-Cq) acyl;
and

This Sheet Has Been Replaced

L




-8 - N 00 AR T

Compound II is:
R13-0-CH2

Ry 4~0-CHy=C—=(CHy) n~Ry6-Ry7~ (CHy) ,~Ryg
Ry5~0-CH;

wherein:
each Ry3, Ry4 and R;5, independently, is H or (C,-
Coy) acyl;
Ry is NH or absent;
R,; is CO, O, or absent;
R,g is CO, CH,, SO,, or absent;
m is an integer between 1 and 5, inclusive;
n is an integer between 0 and 5, inclusive; and

Compound III is:
(mz)m
Ry9=R20~R21-Ra37Ra3 ~Rgy~ (CHy) p=Rys= (CHy) g=Ryg

(CHy )
wherein:

Ry9 is H, NH,, an aromatic functional group, OH,
(C;-Cg)hydroxyalkyl, H(Ryq) (Rag),
SO3H, or absent; wherein each R,y and R,g,
independently, is H or (C;-Cg) alkyl;

Ryg is O or absent;

Ry is (Cy~Cg)alkyl or absent;

Ry, is N, O, C, or CH;

-R,3~ is (C;~Cg)alkyl or absent;

R,y is N, CH, or C;

R, is NH, O, or absent;

R,¢ is S0O,, CO, CH,, or absent;

Sheet Has Been Replaced
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and 5, inclusive;
and 5, inclusive;
and 5, inclusive; and

is an integer between
is an integer between

T 3 H
o o o

is an integer between
q is an integer between 0 and 5 inclusive;
wherein said peptide moiety is attached to each of
said substituents by a CO-N, CH,-N, or S0,-N bond between
said substituent and a nitrogen atom of the N-terminus or
a side chain of said peptide moiety.

2. The peptide derivative of claim 1, wherein
said substituent is Compound I.

3. The peptide derivative of claim 2, wherein
R;, is CH, or sO0,.

4. The peptide derivative of claim 1, wherein
said substituent is Compound II.

5. The peptide derivative of claim 4, wherein
R;g is CH, or SO,.

6. The peptide derivative of claim 5, wherein
Rj3¢s Ry4, and Rys are H, and R,, is absent.

7. The peptide derivative of claim 6, wherein
said substituent is (HOCH,);C-NH-(CH),~S0, or (HOCH,),C-
CH,.

8. The peptide derivative of claim 1, wherein
said substituent is Compound III.

9. The peptide derivative of claim 8, wherein
-Ry3~ is (Cy-Cg)alkyl; Ry, is N, C, or CH; and Ry, is C.

is Sheet Has Been Replaced
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10. The peptide derivative of claim 8, wherein
R,; is 0; R;g9, Ryg, Ry;, and =Ry3- are absent; and the sunm
of m and n is 3, 4, or 5.

11. The peptide derivative of claim 8, wherein
-R;3- is absent.

12. The peptide derivative of claim 11, wherein
at least one of Ry, and Ry4 is N.

13. The peptide derivative of claim 12, wherein
both R,, and R,4 are N.

14. The peptide derivative of claim 13, wherein
said substituent is one of:

HO (CH,) ,~N N ~(CH,),S0,~
22\ / 272°V2

and
\‘-/

15. The peptide derivative of claim 1, wherein
said peptide moiety is selected from the group consisting
of: somatostatin, bombesin, calcitonin, calcitonin gene
related peptide (CGRP), amylin, parathyroid hormone
(PTH) , gastrin releasing peptide (GRP) , melanocyte
stimulating hormone (MSH), adrenocorticotrophic hormone
(ACTH), parathyroid related peptide (PTHrP), luteinizing
hormone~releasing hormone (LHRH), growth hormone
releasing factor (GHRF), growth hormone releasing peptide
(GHRP), cholecystokinin (CCK), glucagon, Bradykinin,
glucagon-like peptide (GLP), gastrin, enkephalin,
neuromedins, endothelin, substance P, neuropeptide Y
(NPY), peptide YY (PYY), vasoactive intestinal peptide
(VIP), gquanylin, pituitary adenylate cyclase activating
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polypeptide (PACAP), beta-cell tropin, adrenomedulin, and
derivatives, fragments, and analogs thereof.
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16. The peptide derivative of claim 15, wherein
said peptide mojety is somatostatin or a derivative,
fragment, or analog thereof.

17. The peptide derivative of claim 16, wherein
said somatostatin analog is one of: H-D-Phe-c[Cys-Tyr-D-
Trp~-Lys-Abu-Cys]-Thr-NH,, H-D-Phe-c[Cys-Tyr-D-Trp-Lys-
Thr-Cys]-Nal-NH,, and H-D-Nal-c(Cys-Tyr-D-Trp~-Lys-Val-
Cys]-Thr-NH,.

18. The peptide derivative of clgim 15, wherein
said peptide moiety is bombesin or a derivative, fragment
or analog thereof.

19. The peptide derivative of claim 1, wherein
said peptide derivative is one of:

HO(CH,) 5~ -( cnz }CO~D=Phe~c[Cys~-Tyr~D~Trp-Lys-Abu-~Cys) -Thr-lmz .
and
HO(CH,) 2"4 ={CH,),S0,~D~-Phe-c[Cys~Tyr~D-Trp-Lys-Abu-Cys] -Thr-NH,

20. A dimeric peptide derivative, comprising:
two biologically active peptide moieties, and
at least one substituent attached to one of said
peptide moieties, wherein said substituent is one of
Compounds IV and V, wherein Compound IV is:
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wherein :
Ry is 0, s, or NRg, wherein Ry is H or (C;-Cq)
alkyl;
each R; and R,, independently, is H, (CH,),OR¢, or
CH(OR,)CH,0Rg, wherein Rg is H or (C,-C;)acyl, and
each R, and Ry, independently, is H, (Cy~-Cy) acyl,
or C(Rg) (Ryg) , Wherein each Ry and R,,,
independently, is H or (C,~Cg) alkyl;
or each R; and R, is =CHCH,OR;,, wherein R;; in R; and
R,, independently, is H or (C,-C;) acyl, and
m is an integer between 1 and 5, inclusive; and
each Ry or Ry, independently, is (CH,),R;, or
(CH,) ,CH(OH)R,,, wherein Ry, is CO, CH,, or 50,5,
and n is an integer between 1 and 5, inclusive; and,

Compound V is:
(CHZ m
R19=Ry0~Rp;~Rp3~Rp3 =Rpq={(CHy) p=Ry5~(CHj) o~Ry¢

(CHZ)n

wherein: )
R;9 is SO,, CO, or CHy;
Ryg is O or absent; .
Ry; is (Cy-Cg)alkyl or absent;
R,, is N, CH, O, or C;
-R,3- is (C;-Cg)alkyl or absent;
Ryy is N, CH, or C;
R,s is NH, O, or absent;
R,¢ is so,, CO, CH,, or absent;
m is an integer between 0 and 5, inclusive;
n is an integer between 0 and 5, inclusive;
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p is an integer between 0 and 5, inclusive;

g is an integer between 0 and 5, inclusive; and
wherein at least one of said peptide moieties is
attached to each of said substituents by a CO-N, CH,-N,

or S0,-N bond between said substituent and a nitrogen
atom of either the N-terminus or a side chain of one of
said peptide moieties.

21. The dimeric peptide derivative of claim 20,
wherein -R,3- is (C;-Cg)alkyl; Ry, is N, C or CH; and R,,
is C.

22. The dimeric peptide derivative of claim 20,
wherein R,, is O; R;g, Ry, Ry; and -R,3~ are absent; and
the sum of m and n is 3, 4, or 5.

23. A method of treating a disease of a patient,
comprising the step of administering to said patient a
therapeutic amount of the peptide derivative of claim 1.

24. The method of claim 23, wherein said peptide
moiety is somatostatin or an analog thereof.

25. The method of claim 23, wherein said disease
is cancer.

is Sheet Has Been Replaced

TR




