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“NOVEDOSOS ANALOGOS DE LA
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Solicitante: DIATIDE, INC.

CARLOS R. OLARTE, mayor de edad y vecino de Bogot4, identificado tal como
aparece al pie de mi firma en mi caricter de apoderado de la sociedad solicitante,
respetuosamente presento junto con este escrito las Copias Certificadas de las Solicitudes
de Patente No. 09/397,792 y No. 60/151,001, de las cuales se reivindica prioridad en la
presente solicitud, asf como la traduccién al espafiol de sus respectivos Capitulos
Reivindicatorios.

Atentamente,

: TE
C.C. No. 79.782.747 de Bogoti
T.P. 74.295

Anexos: Copias Certificadas de los Documentos de Prioridad.
Traduccién de los Cepitulos Reivindicatorios de los Documentos de
Prioridad.
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REIVINDICACIONES

1. Un compuesto que comprende un péptido que se enlaza al receptor de
somatostastina que tiene una férmula

ciclo-B'-B%B%B*-C-A
donde B' es Phe, Tyr, Nal, Ain, o un derivado sustituido de éstos;

B2 es Trp o un derivado sustituido del mismo;

B’ es Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps 0 un derivado
sustituido de los mismos;

B* es Thr, Ser, Val, Phe, lle, Abu, Nie, Leu, Nva o Alb;
C es un L- a -aminoaciio;

A es un N-alquil- a -aminoacido o un alquil- a -aminoacido N-
sustituido,

donde A comprende una cadena lateral seleccionada del grupo
que consiste de un alquilo substituido, un alqueniio substituido, y
un arilo substituido;

donde A y C estan unidos de manera covalente a través de un
término amino de A o un término carboxilo de C para formar un
péptido ciclico.

2. El compuesto de la reivindicacion 1, donde A es un N-meti- a-

aminodcido.

3. El compuesto de la reivindicacién 2, donde A esta seleccionado entre el
grupo consistente en (N-CH3)Cys, (N-CHs)Hcy, (N-CHa)Tyr, (N-CHa)Tty y
(N-CH3)Tyr{CH2CH2SH).

4. El compuesto de la reivindicacién 3, donde A esta seleccionado entre el
grupo consistente en (N-CHs)Cys, (N-CHs)Hcy y (N-CHj3)Tyr y C esta
seleccionado entre el grupo consistente en L-metionina, L-fenilalanina y
un derivado sustituido de L-fenilalanina.

5. El compuesto de la reivindicacién 4, donde A esta seleccionado entre el
grupo consistente en (N-CH3)Cys y (N-CHa)Hcy y C esta seleccionado



10.

11.

12.

entre el grupo consistente en L-metionina, L-fenilalanina y un derivado
sustituido de |-fenilalanina.

El compuesto de la reivindicacién 5, donde A es (N-CH3)Hcy y C es L-
fenilalanina.

El compuesto de la reivindicacién 1 que tiene la férmula:

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHa)Hcy

El compuesto de la reivindicacién 1, donde a una cadena lateral de A
estd unido de manera covalente a un quelante o un ligante de metal
radioactivo.

El compuesto de la reivindicacién 8, donde el quelante tiene la férmula:
p-Dap.Xaa.Cys.Zaa
donde Xaa es un L- a -aminoacido y
Zaa es un ac-aminoécido, una amida de a-aminoacido, un éter
aminoetflico,

un p-aminol o un péptido que contiene de dos a diez a-
aminoacidos,

teniendo dicho péptido un a-aminoacido, una amida de a-

aminoacido
de terminal carboxilo, un éter aminoetllico o un p-aminol.

El compuesto de la reivindicacién 8, donde el quelante esta seleccionado
entre el grupo consistente en acido 1,4,7,10-tetraazaciclododecano-1,4,7-
triacético, cido 1,4,7,10- tetraazaciclododecano-1,4-7-10-tetraacético, un
derivado sustituido de &cido 1.4,7,10-tetraazaciclododecano-1,4,7-
tdacético y un derivado sustituidko de acido 1,4,7,10-tetra-
azaciclododecano-1,4,7,10-tetraacético.

El compuesto de la reivindicacién 8, donde el ligante es una fraccién de
hidrazino-nicotinamida.

Un compuesto que tiene la formula
ciclo-B'-B%-B%-B*C(N-CHa)Hcy-X
donde B! es Phe, Tyr, Nal, Ain o un derivado sustituido de éstos;



B2 s Trp o un derivado sustituido de éste;

B? es Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps o un derivado
sustituido de éstos;

B* es Thr, Ser, Val, Phe, lle, Abu, Nie, Leu, Nva o Alb;

C es L-metionina, L-fenilalanina, o un derivado sustituido de L-
fenilalanina;

X es un H, un quelante o un ligante de metal radioactivo;

donde B' y (N-CH3)Hcy estin unidos de manera covalents, a través de
un término amino de B' y un término carboxilo de (N-CHs)Hcy para
formar un péptido clclico y X esta unido al resto (N-CHs)Hcy a través de
un atomo de azufre &e cadena lateral.

13. El compuesto de la reivindicacion 12, donde X es un quelante que tiene
una férmula:

p-Dap.Xaa.Cys.Zaa
donde Xaa es un L- a -aminoéacido, y

Zaa es un aminodacido, una amida de aminoacido, un éter
aminoetllico, un

p-aminol, o un péptido que contiene de dos a diez aminoécidos,

teniendo dicho péptido un aminoécido de carboxilo terminal, una
amida

de aminoécido, un éter aminoetilico o un g-aminol.

14. El compuesto de la reivindicacién 13, donde Xaa esté seleccionado entre

el grupo consistente en serina, acldo diaminobutirico, histidina, arginina,

tirosina, iodotirosina, bromotirosina, clorotirosina, O-alquil-tirosina, donde
alquilo representa de C; a Cs-alquilo, hidroxiltirosina, aminotirosina,
fenilalanina, 4-fluorfenilalanina, 4-clorofenilalanina, 4-bromofenilalanina,
4-iodofenilalanina, 4-nitrofenilalanina, 4-aminofenilalanina, N*-R-4-
aminofenilalanina, N*R, N*-R'4-aminofenilalanina o 3-R'-4-amino-
fenilalanina, donde R es de C4 a Cs-alquilo y R’ esta seleccionado entre
el grupo consistente en H, de C, a C4-alquilo, amino, hidroxil, NH-alquilo,
donde alquilo representa de C; a Cs-alquilo, NH-acilo, O-alquilo, donde

=



15.

16.

17.

18.

19.

20.

alquilo representa de C; a C4-alquilo, O-acilo, S-alquilo, donde alquilo
representa de C, a Cy-alquilo, SO-alquilo y SOz-alquilo, donde alquilo
representa de Cy a Cs-alquilo, SO3H, COzH, COz-alquilo, donde alquilo
representa de C; a Cs-alquilo y CONH-alquilo, donde alquilo representa
de C, a Cs-alquilo.

El compuesto de la reivindicacidbn 12, donde X es una fraccién de
hidrazino-nicotinamida. '

El compuesto de la reivindicacion 12, donde X es un quelante
seleccionado entre el grupo consistente en acido 1,4,7.10-
tetraazaciclododecano-1,4,7-triacético, acido 14,7,10-
tetraazaciclododecano-1,4,7,10-tetraacético, un derivado sustituido de
acido 1,4,7,10-tetraazaciclododecano-1,4,7-triacético o un derivado
sustituido de acido 1,4,7,10-tetraazaciclododecano-1,4,7,10-tetraacético.

Un radiofdrmaco que comprende el compuesto de cualquiera de las
reivindicaciones de 1 a 16 y un radiois6topo seleccionado entre el grupo
consistente en un radionucléido emisor a, un radionucleido emisor B, un

radionucleido emisor p-fy ., un radionucleido emisor de positrones y un
radionucleido emisor .

El radiofarmaco de la reivindicacién 17, donde el radicistopo esta

seleccionado entre el grupo consistente en ®Ga, ¥Ga, Cu, ¥sc, ''In,
®mTc, *Re, ™Re, #'2Bi, 2°Bi, ®Y, *Cu, '¥sm, *"Tc, "®Ho, *Ra y
25h¢.

E! radiofarmaco de la reivindicacion 17, donde el radioisétopo esta
seleccionado entre el grupo consistente en '8F, 125, 131] 123 y 211p¢

Un compuesto que tiene una férmula seleccionada entre el grupo
consistente en:

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHy)Hy(CH,CO-b-Dap-Tyr-Cys-Thr(oh));

ciclo-Tyr-D-Trp-Lys-Thr-Pha{N-CHz)Hcy(CH,CO-b-Dap-Phe(4-F)-Cys-
Thr{ol)); '

ciclo-Tyr-D-Trp-Lys-Thr-Phe(N-CHz)Hcy(CH2CO-b-Dap-Phe(4-NH2)-Cys-
Thr-Ser);

ciclo-Tyr-D-Trp-Lys-Thr-Phe(N-CHa)Hcy(CH.CO-b-Dap-Dab-Cys-Thr);

1
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ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH2CO-b-Dap-Phe(4-NH2)-
Cys-Thr) - A

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-Cl{3)Hcy(CH,CO-b-Dap-Phe(4-NH2)-
Cys-Thr{ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHa)Hcy(CH-CO-Gly-Gly-Cys-Lys-
Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHz)Hcy(CH.CO-b-Dap-His-Cys-Thr{ol));
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH.CO-b-Dap-Arg-Cys-Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH>-CO-b-Dap-Gly-Cys-Lys-
NH2);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CHCO- b -Dap-Ser-Cys-
Thr(o));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHz)Hcy-(CH2CO-b-Dap-Dab-Cys-
Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHz)Hcy(CH,CO-b-Dap Gly-Cys-Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH,CO-b-Dap-Dab-Cys-
Ser(ol)); '

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CHzCO-Gly-Gly-Cys-Lys-NHz):
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH2CO-Gly-Gly-Cys-Arg-NHo);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CH3)Hcy(CH2CO-Ser-Ser-Cys-Lys-NHy),
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH,CO-Ser-Ser-Cys-Arg-NHz).

ciclo-Tyr-D-Trp-Lys-Thr-Pha-(N-CHz)Hcy(CH,CO-Ser-Ser-Cys-Lys-
Thr(ol});

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH,CO-Ser-Ser-Cys-Dap-NHa);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHs)Hcy(CH,CO-Ser-Ser-Cys-
NH(CHzCHzO)zCHzCHzNHz):

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CH3)Hcy(CH2CO-b-Dap-Ser-Cys-Thr-
NH(CH2CH20).CH2CHaNH,);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH>CO-Gly-Lys-Cys-NHz);
ciclo-Tyr-D-Trp-Lys-Thr-Phe(N-CH3)Hcy(CH,CO-Ser-Lys-Cys-NHa);
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22.

23.

24,

25.

26
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ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CHzCO-Lys-Gly-Cys-NHz);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH,CO-Ser-Dab-Cys-Ser(ol)); )é
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH.CO-Ser-Dap-Cys-NHz);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH.CO-Gly-Gly-Cys-His-NHo2);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH.CO-Gly-Gly-Phe(4-NHz)-
NH2);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH2CO-b-Dap-Om-Cys-
Thr(ol)); -

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH-CO-b-Dap-Dap-Cys-
Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Pha-(N-CHa)Hcy(CH;CO-b-Dap-Lys-Cys-Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH,CO-Ser-Ser-Cys-
NHCH2CH20CH2CH2NH2);

ciclo-Tyr-D-Trp-Lys-Thr-Phe(N-CHa)Hcy(CH2CO-b-Dap-Lys-Cys-NHz);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH2C0-d-Om-Gly-Cys-NHz) y
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHs)Hcy(CH2CO-Thr-Gly-Gly-Cys-NHz).

Un radiofAirmaco que comprende el compuesto de la reivindicacion 20 y
un radiois6topo seleccionado entre el grupo consistente en ®™Tc, '*Re,
1!8Re 21ZBi y z1aBi_

Un compuesto que tiene una férmula:

Ciclo-Tyr-D-Trp-Lys-Thr-Pha-{N-CHa)Hcy(CH.CO-b-Dap-Phe(4-NHz)-.
Cys-Thr-Ser).

Un radiofdrmaco que comprende el compuesto de la reivindicacion 22 y

%mTe.

Un radiofdrmaco que comprende el compuesto de la reivindicacion 22 y
185Re.

Un complejo de ®™Tc y un compuesto que tiene la formula:

ciclo-Tyr-D-Trp-Lys-Thr-Pha-(N-CHa)Hcy(CH,CO-b-Dap-Phe{4-NHz)-Cys-
Thr-Ser).

. Un complejo de '®Re o "®Re y un compuesto que tiene la fdrmula:



ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa3)Hcy(CH.CO-b-Dap-Phe(4-NH;)-Cys-
Thr-Ser).

27. Un equipo para elabora'r una preparacion radiofarmacéutica,
comprendiendo dicho equipo un vial sellado que contiene una cantidad
predeterminada del compuesto de cualquiera de las reivindicaciones de 1
a 16 y una cantidad suficiente de un agente reductor para marcar el
compuesto con ®™Tc, '*Re 6 ®Re.

28. Un equipo para elaborar una preparacion radiofarmacéutica,
comprendiendo dicho equipo un vial sellado que contiene una cantidad
predeterminada del compuesto de la reivindicacién 20 y una cantidad
suficiente de agente reductor para marcar el compuesto con ®™Tc, '®Re
6 '®Re.

29. Un equipo para elaborar una preparacion radiofarmacéutica, conteniendo
dicho equipo un vial sellado que contiene una cantidad predeterminada
del compuesto de la reivindicacién 22 y una cantidad suficiente de un
agente reductor para marcar el compuesto con ®™Tc, '%Re ¢ 1%Re.

30. Un equipo que comprende un vial sellado que contiene una cantidad
predeterminada del compuesto de cualquiera de las reivindicaciones de 1
a 16.

31. Un equipo que comprende un vial sellado que contiene una cantidad
predeterminada del compuesto de la reivindicacion 20.

32. Un equipo que comprende un vial sellado que contiene una cantidad
predeterminada del compuesto de la reivindicacion 22.

33. Un método para visualizar la imagen de un sitio dentro del cuerpo de un
mamifero que comprende los pasos de:

a) marcar radioactivamente el compuesto de cualquiera de Ias
reivindicaciones de 1 a 16, con ®™Tc;

b) administrar al cuerpo una cantidad eficaz para diagnéstico, del
compuesto marcado radioactivamente; y

c) detectar el ®Tc acumulado en el sitio.

34. Un método de visualizar una imagen de un sitio dentro del cuerpo de un
mamifero que comprende los pasos de:



35.

a) marcar radioactivamenta el compuesto de la reivindicacién 20 con

W re:

b) administrar al cuerpo una cantidad eficaz para diagnostico del
compuesto marcado radioactivamente; y

c) detectar el ®"Tc acumulado en el sitio.

Un método para visualizar una imagen de un sitio dentro del cuerpo de
un mamifero que comprende los pasos de:

a) administrar una cantidad eficaz para diagnéstico del radiofarmaco de
la reivindicacién 23 al cuerpo; y

c) detectar el ®™Tc acumulado en el sitio.

36.Un método para tratar un animal que padece una enfermedad de

37.

38.

responsabilidad de la somatostatina, mhpmndiendo los pasos de:

a) marcar radioactivamente el compuesto de cualquiera de las
reivindicaciones de 1 a 16 con '®Re, '®Re, 2'2Bj, 213Bi, ®Y, 8sm,
4730' ﬂGa' ul'l'ch. ﬂ?cu' 1“Ho' mRB' mAc. 1BF' 125Il 131|' 123| 6 211At: y

b) administrar al animal una cantidad terapéuticamente eficaz del
compuesto marcado radioactivamente. '

Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina, que comprende los pasos de:

a) marcar radioactivamente el compuesto de la reivindicacion 20 con
158Re’ 1BﬂRe' 21ZBi o 21aBi: y

b) administrar al animal una cantidad terapéuticamente eficaz del
compuesto marcado radioactivamente.

Un método para tratar un animal que sufre una enfermedad caracterizada
por la regulacibn que aumenta la actividad de los receptores de
somatostatina, que comprende los pasos de:

a) marcar radioactivamente el compuesto de la reivindicacién 20 con
1“Re 1UBRB 21zBi 02138i. y

b) administrar al animal una cantidad terapéuticamente eficaz del
compuesto marcado radioactivamente.



398. Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina, que comprende el paso de:

administrar una cantidad terapéuticamente eficaz del radiofdrmaco de ia
reivindicacion 24 al animal.

40. Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina que comprende el paso de
administrar una cantidad terapéuticamente eficaz del compuesto de
cualquiera de las reivindicaciones de 1 a 16 al animal.

41.Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina que comprende el paso de
administrar una cantidad terapéuticamente eficaz del compuesto de la
reivindicacién 20 al animal.

42. Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina, que comprende el paso de
administrar una cantidad terapéuticamente eficaz del compuesto de la
reivindicacion 22 al animal.

43. Un método para tratar un tumor en un mamifero, que comprende los
pasos de:

a) combinar una primera alicuota del compuesto de cualquiera de las
reivindicaciones de 1 a 16 con ®™Tc para formar un agente de
diagnéstico;

b) administrar una cantidad eficaz para diagndstico del agente de
diagnéstico al mamifero;

c) detectar el ®™Tc acumulado en el mamifero, detectando asl la
presencia de un tumor que expresa el SSTR;

d) combinar una segunda allcuota de dicho compuesto con un
radioisotopo citotoxico para formar un agente radioterapéutico; y

e) administrar una cantidad terapéuticamente eficaz del agente
radioterapéutico al mamifero.

44, Un método para tratar un tumor en un mamifero, que comprende {os
pasos de:

PALT



45.

a) combinar una primera alicuota del compuesto de la reivindicacién 20
con **™T¢ para formar un agente de diagndstico;

b) administrar una cantidad eficaz para diagnéstico del agente de
diagnéstico al mamifero;

c) detectar el ®™Tc acumulado en el mamifero, detectando asl la
presencia de un tumor que expresa el SSTR;

d) combinar una segunda alicuota de dicho compuesto con un
radioisdtopo citotoxico para formar un agente radioterapéutico; y

e) administrar una cantidad terapéuticamente eficaz del agente
radioterapéutico al mamifero. .

Un método para tratar un tumor en un mamifero, que comprende los
pasos de:

a) combinar una primera alicuota de un compuesto que tiene una
férmula:

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHa)Hcy(CH.CO-b-Dap-Phe(4-NHo)-
Cys-Thr-Ser)
con ®™T¢ para formar un agente de diagnéstico;

b) administrar una cantidad eficaz para diagnéstico del agente de
diagnéstico al mamifero;

c) detectar el ®Tc acumulado en el mamifero, detectando as! la
presencia de un fumor que expresa el SSTR;

d) combinar una segunda allcuota de dicho compuestc con un
radiois6topo para formar un agente radioterapéutico; y

e) administrar una cantidad terapéuticamente eficaz del agente
radioterapéutico al mamifero.
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NOVEL SOMATOSTATIN ANALOGS

This application relates to the field of cancer imaging and therapy using novel
somatostatin analogs.

BACKGROUND OF THE INVENTION

Cancer is a leading canse of morbidity and mortality in developed countries. For
example, approximately 1.4 million new cases of cancer and more then 0.5 million cancer
deaths were reported in the U.S. in 1996. In 1995, the total annunal cost of cancer care in
the U.S., including direct and indirect costs, was estimated to be more than $96 billion.

A great need exists for improved diagnostic and therapeutic tools to allow carly detection
and safe, cost-effective treatment of cancer.

Many tumars express receptors for the peptide hormone somatastatin. n
particular, neuroendocrine tumors such as pituitery adenomas, pheochromocytomas,
paragangliomas, some medullary thyroid carcinomas, and some small cell lung cancess
express somstostatin receptors (SSTRs). In addition, cells of nervous system tomors such
as astrocytomas and meningiomas display SSTRs on their surfaces. SSTR expression has
ulso been foumd in human breast tumors, malignant lymphomas, and renal cell
carcinomas, and some prostate tamors may be characterized by SSTR expression.

Binding studies performed with radiolabeled or iodinated somatostatin and its
analogs have jdentifiod five SSTR subtypes (SSTR;.5). The SSTR-bearing tumors
described above expreas SSTR; and SSTRs most frequently, with SSTRs and SSTR,
occurring less frequently, according to most authors. One group reports that SSTR; is
expressed at very high levels in almost all human tumors (Virgolini (1997) Ewr. J. Clin.
Invest. 27, 793-800). There is genoral agreement that most tumors typically express more
than ope SSTR sobtype, and thet varying densities of SSTRs may be expreased in the
cells contained within a particular tamor. The availability of cloned SSTR subtype genes
has allowed somatostatin analogs to be characterized by their affinities for SSTR,.5, and
these studies have revealed considerable varishility in SSTR subtype specificity among
somatostatin analogs, as described in Raynor, ef al. (1993) Molecudar Pharmacol. 43,
838-844 and in Patel, et al. (1997) TEM 8, 398-404.

BBLE2806G" TOOYSTDS

%C\'ﬁ

o



B&La280" T90T5T05

qzaa

Until recently, three somatostatin analogs have been commercislly available.
Octreotide (Sandostatin®) binds to SSTRz, SSTR;, and SSTR, and is marketed in the
U.S, and Europe for treatment of acromegaly and control of symptoms associated with .
vipomas and metastatic carcinoid tumors. Lanreotide (Somatnline™) has a SSTR subtype ﬁ
profile similar to that of octreotide and is approved in scveral European countries for the
same indications as octreotide. A radiolabeled form of octreotide, !''In-pentetreotide
("'"In-DTPA- D-Phe'-octreotide ar ' In-OctreoScan®) has been approved in the U.S. and

Recently the U.S. Food and Drug Administration approved a new
radiopharmaceutical, NeoTect™, a *To-labeled form of the novel somatostatin analog
depreotide (P829), for sale as an imaging agent. Blum, et al., (1999) Chest 115, 224-232,
describes the use of ™ Tc-depreotide for evaluation of solitary putmonary nodules of the
lung. #*Tc-lsbeled depreotide has also been studied as an imaging agent for other
somatostatin-receptor bearing tumors. For example, Handmaker (1998) J. Nucl. Med 39,
315P describes a comparison of ™ Te-depreotide and " Tc-sestamibi for diagnosis of
breast cancer. Depreotide is described in commeonly assigned copending allowed USSN
08/592,323; in USSN 08/253,973; and in WO 95/00553 and WO 95/33497.

A large body of Literature exists relating to clinical uses of uniabelod octreotide
and lanreotide. For example, as summarized in Lamberts, ef al. (1996) New England J.
of Med. 334, 246-254, octreotide has been investigated for use in treating thyrotropin-
secreting pituitary adenomas, nonsecretory pitnitary adenomas, and corticotropin- ,
secreting pituitary adenomas such as bronchial and thymic carcinoids, medullary thyroid
carcinamas md pancreatic islet cell tumaors, but not those not associsted with Cushing’s
discasc. Lamberts, eral discloses that in general, octreotide treatment only occasionally
resulted in transient inhibition of tumor growth. Lamberts, ef al. further discloses that
octreotide has also been studied for use in gastrointestinal and pancreatic diseases, with
variable resuits: for example, octreotide was not effective in treating bleeding from
peptic ulcars, but was effective in controlling bleeding from esophageal varices.
Lamberts, et al. describes octreotide as being ineffective in the treatment of acute

" pancreatitis, but efficacious in reducing finid production by pancreatic fistulas and

pseudocysts. Clinical trials of octreotide for treatment of watery diarrhea in AIDS
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paticnts were also described in Lamberts, efal Octreotide has also been studied as an

anti-engiogenic agent, as summarized in Woltering, et al. (1997) Investigational New

Drugs 15, 77-86. Lanreotide has been applied to surgical wounds induced in tumor- _
implanted mice to study its effect on wound-induced acceleration of tumor growth, and ﬁ
its use has been suggested as an endocrine antisecretogogue in cytoreductive cancer

treatment, in Bogden, et al. (1997) Brit. J. Cancer 75, 1021-1027.

Despite the commercial availability of octreotide, lanreotide, and pentetreotide, a
large number of somatostatin analogs have been proposed for use as imaging and/or
therapeutic ageats to detect and/or treat cancer and other somatostatin-responsive discase
states. Patel, et al., supra, discloses the need for second geperation somatostatin analogs
which bind mare selectively, ie., with higher affinity, to SSTRs generally and to SSTR
subtypes, in particular to SSTR;, SSTR;, and SSTR,. Higher affinity analogs far SSTR;
and SSTRy are also desirable, so that lower dosages of somatostatin analogs may be
administered to obtain a clinical response.

_ Second generation somatostatin analogs are described, for example, in commonly
asgigned U.S.Pat.Nos. 5,620,675; 5,716,596; 5,783,170; 5,814,298; 5,820,845,
5,833,942; 5,843,401; 5,871,711; 5,932,189; allowed USSNs 08/592,323; 08/586,670;
08/776,160; 09/039,062; 09/039,116; 05/042,224 and 09/042,315; and copending USSNs
08/092,355 and 08/931,095. U.S Pat.No. 5,597,894 discloses somatostatin analogs
containing additional N-teominal amino acids. U.S.Pat.Nos. 4,310,518 and 4,486,415 and
EP 143 307 and EP 222 578 disclose cyclic hexapoptide somatostatin analogs which are
cyclized through peptide linkages. U.S.Pat.No. 5,708,135 discloses somatostatin analogs
which are cyclized through a disulfide bond between the N-texminal residus and the C-
terminal residue. U.S.Pat.No. 5,776,894 discloses somatostatin peptides havinga
chelating group covalently linked to an N-terminal amino group. U.S.Pat No. 5,770,687
U.S.Pat.No. 5,830,431 discloses radiolabeled somatostatin analogs having carboxyl
termini in the carboxylic acid form. EP 714 911 disclogses DOTA-conjugated octreotide
analogs. WO 96/37239 discloses *®Re-lsbeled vapreotide. WO 97/01579 discloses
cyclic hexapeptide somstostatin analogs having a chelating group attached to a side chain
amino group of a designated amino acid. BEven in light of the large number of second
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geocration somatostatin analogs which has been proposed, research continues for
somatostatin analogs with improved binding properties.

Radiolabeled forms of octreotide and lanreotide have been investigated for use as
radiotherapeutic agents in preclinical and clinical studies. For example, Anderson, ef al
(1996) J. Nucl. Med. 37, 128P-129P, discloses a study of #Cu-labeled TETA-octreotide
2s a radiotherapentic in a tumor-bearing rat model. Stolz, et al (1996) Digestion 57
(suppl. 1) 17-21, discloses **Y-DTPA-benzyl-acetamido-D-Phe', Tyr’-octreotide ina
tumor-bearing mouse model. Otic, ez al. (1997) Eur. J. Nucl. Med. 24, 792-795,
discloses use of ™Y-labeled DOTA- D-Phe', Tyr’-octreotide to treat metastatic
neurcendocrine disease in one buman patient. Kreaning, et al. (1994) Annals of N.Y.
Acad. Sci. 733, pp. 496-506, describes radiotherapy of a patient with a neuroendocrine
tumer using therapeutic doses of '!'In-DTPA-D-Phe-octreotide. Delong, et al. (1998)
Int. J. Cancer 7S, 406-411, discloses a preclinical cormparison of {DTPA }-octreotide,
{DTPA, Tyr'}-octreotide, and {DOTA, Tyr*}-octreotide labeled with '''In and Y.
Breeman, f al. (1998) Eur. J. Nucl. Med. 25, 182-186, describes & camparison of ''In-
DTPA-RC-160 (vapreotide) and *'In-DTPA-octreotide for somatostatin receptor
scintigraphy in humans. WO 98/41540 discloses DOTA-lanreotide for labeling with
My, ©y, Sy, ™8Gg, 6!y, and 'Sm.  Virgolini, et al. (1998) J. Nucl. Med. 39, 1928-
1936, describes biodistribution of *!'In-DOTA-lanreotide in humans. Leimer, et al
(1998) J. NucL Med. 39, 2090-2094, describes treatment of a metastatic carcinoma in a
human patient using **Y-DOTA-lanreotide. Preliminary data indicate that when labeled
with a radionuclide having sufficiently energetic emissions, octreotide and lanreotide
may bo effective antitumor agents for somatostatin receptor-bearing tamors.

A frequently observed phenomenon with radiolabeled peptides ia retention in a
non-target organ mch as kidney, liver, or sploen. When short-lived, relatively low energy
isotopes sach as ™ Tc are employed, kidney retention generally does not present a
clinical problem. However, use of peptides labeled with isotopes having higher energies
and/or longer half-lives, such as those proposed fior use in radiotherapy, conld result in an
unacceptably high radiation dose to the non-target organ. Indeed, Breeman, et al., supra,
concludes that the high kidney, liver, spleen, and lung background of '"'In-DTPA-
vapreotide rendered the compound unsuitablo for scintigraphy. Retention of radiolabeled
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peptides in non-target organs limits the amount of radioattivity which can be

Bernard, et al. (1997) J. Nucl Med. 38, 1929-1933 discloses that significant
amounts of ''!In-DTPA-octreotide and **Y-DOTA-octreotide accumulate in the renal
parenchyma when administered to normal rats. Bass, ef al. (1998) Bioconjugate Chem. 9,
192-200, discloses that ' In-DTPA-octreotide is retained in liver and kidney of normal
and tumor-bearing rats. Virgolini, ef al., supra, discloses that at 24 hours post-injection,
"';n-DOTA-lanreotide is retained in human liver to about the same extent as *''In-
DTP::-D-Phe'-octreotide (about 3.2 % injected doss); in spieen to a smaller extent (about
1.2 % injected dose for ' 'In-DOTA-lanreotide compared to about 3 % injected dose for
M DTPA-D-Phe'-octreotide); and in kidney to a smaller extent (about 2.5 % injected
dose for ' ln-DOTA-Ianreotide compared to about 3.7 % injected dose for ' In-DTPA-
D-Phe’-octreotide). Leimex, et al., supra, reports Y kidney doses of 1.98-2.43
mGy/MBq and spleen doses of 1.68-3.35 mGy/MBq in the patient treated with four
cycles of "Y-DOTA-lanreotide treatment.

Several approaches have been suggested to minimize the accumulation of
radiolabeled peptides in non-target organs. Use of D- or L-lysine to reduce renal uptake
of antibodies and/or peptides is disclosed in U.S.Pat.Nos. 5,380,513; 5,648,059; and
5,843,894, Stolz, et al. (1998) Eur. J. Nucl. Med. 25, 668-674, discusses use of kidney-
specific cleavable linkers to enhance excretion of diolabeled peptides but suggests
using prior injection of L-lysine to lower the kidney radiation dose resulting from
administration of ®*Y-DOTA- D-Phe', Tyr’-octreotide. Bemard, ef al, supra, teaches that
bigh doses of L-lysine may result in toxicity and suggests use of D-lysine to reduce
sccumulation of *'En-DTPA-octreotide and %Y-DOTA-octreotide in kidneys. _
Hammond, et al. (1993) Brit. Cancer J. 67, 1437-1439, teaches infusion of a mixture of
lysine and arginine to prevent kidney uptaks of ! 'In-pentetreotide in buman patients.

Although infusion of amino acids reduces kidney uptaks of radiolabeled
somatostatin analogs, the potential exists that the infused amino acids may themselves
result in toxicity. In addition, currently thege are no commercially available amino acid
infosates with sufficiently high concentrations of lysine to effectively reduce kidney
mﬁn&wmm.Ammmmﬂma.
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radiolabeled somatostatin analog would allow administration of a higher radiation dose,
and thus more effective tumor ablation would be expected.
Thus a need remains for novel somatostatin analogs with improved affinity for
SSTRs and improved pharmacokinetic properties. g
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SUMMARY OF THE INVENTION

The present inventors have designed novel SSTR pharmacophores which are
strocturally distinct from all previously known somatostatin analogs. The novel 2-»4
pharmacophores of the invention exhibit high affinity for SSTRs and consequently bigh I

tumor uptake. The inventors have also discovered novel metal ion chelators, which when
covalently linked to the pharmacophores of the inveation result in a decrease in kidney,
spleen, gastrointestinal tract, and/or liver reteation, thus enhancing the utility of
pharmacophores for use with cytotoxic radicisotopes. In addition, the combination of the
novel chelators of the invention with the novel pharmacoph.c.es disclosed herein results
in high tamor uptake of the pharmacophore. The somatostatin analogs of the invention
may be administered to treat somatostatin-responsive disease states, and in addition may
be labeled with a radioisotope for use as diagnostic or therapeutic agents.
In one embodiment, the invention provides a compound comprising a
somatostatin receptor-binding peptide having a formmila
oyclo-B'-B-B’-B*-C-A
wherein B! is Phe, Tyr, Nal, Ain, or a substituted derivative thereof;

B2 is Trp or a substituted derivative thereof;

B3 is Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a

substituted derivative thereof '

B* is Thr, Sex, Val, Phe, Iie, Abu, Nie, Leu, Nva, ar Aib;

C is a0 L-x-amino acid;

A is an N-alkyl-ac-amino acid or an N-substituted alkyl-g-amino

acid, wherein A comprises a sidechain selected from the groop

congisting of a substituted alkyl, a substituted alkenyl, and a

substitated aryl; )
wherein B! and A are covalently linked throngh an amino terminus of B' and a carboxyl
termimus of A to form a cyclic peptide. In accordance with the invention, the A residue
may be linked to a metal chelator through a sidechain nitrogen, carbon, sulfur, ar oxygen
atom, The compounds of the invention are characterized by molecular weights of less than
about 10,000 daltons.
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In another embodiment, the invention provides a compound comprising a
somatostatin receptor-binding peptide having a formula
cyclo-B'-B*-B’-B*-C{N-CH)Hcy(X)
wherein B! is Phe, Tyr, Nal, Ain, or a substituted derivative thereof;
B? is Trp or a substitated dexivative thereof:
B’isLy;.l-ﬂy,Adum.A.mf.Aec.Apc.Aes,Aplorl
substituted derivative thereof;
B* is Thr, Ser, Val, Phe, Iie, Abu, Nie, Leu, Nva, or Aib;
C i an L-a-amino aciui;
X is a H or a metal chelator;
wherein B! and (N-CHy)Hcy are covalently linked through an amino terminus of B' and a
carboxyl terminus of (N-CHy)Hcy to form a cyclic peptide. In accordance with the
invention, X is linked to the (N-CH,)Hcy residoe throngh the Hey sidechain salfor atom.
In another embodiment, the invention provides a novel peptide chelator having a
formula:
~$-DapXaa.Cyz.Zaa
wherein Xaa is an L-a-amino scid, and
Zas js an a-amino acid, an o-amino acid amide, an aminoethylether, a p-
aminol, or a péptide containing from two to ten a-amino acids, said
peptide having a carboxyl terminal a-amino acid, a-amine acid amide,
aminoethylether, or B-aminol. '
In another embodiment, the invention provides a radiopharmaceutical comprising
a compound of the invention and & radioisotope which may be a y-emitter for imaging
purposes, or altematively, an a-emitter or a B-emitter for therapeutic purposes.

In another embodiment, the invention provides a kit comprising a sealed vial

conteining a predetermined quantity of a compound of the invention. The sealed vial
may optionally contsin a sufficient amount of a reducing agent to label the compound
with #*Tc, "®Re, or ""Re.

In yct another embodiment, the inveation provides a method of imaging a sits
within & mammalian body, comprising the steps of radiolabeling ® compound of the
inveation with a-suitable y-emitting radioisotope; administering an-effective dingnostic
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amount of the radiolabeled compound to the body, and detecting the radioisotope
accumulated at the site. |

The invention also provides a method of treating an animal suffering a
somatostatin-responsive disease, comprising the steps of radiolabeling a compound of the
invention with an a-emitting or a J-emitting radioisotope, and sdministering a
therapeutically effective amount of the radiolabeled compound to the animal.

The diagnostic and therapeutic methods of the invention may be combined to treat
an SSTR-bearing tumor in @ mammal, wherein a first aliquot of a compound of the
invention is labeled with a y-cmitting radicisotope and used for diagnostic imaging, and if
accumulation of the y-emitting radioisotope is observed, a second aliquot of the same
compound or a pharmacologically similar compound is labeled with a cytotoxic
radioisotope and administered to the mammal to effect tumor ablation.
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DETAILED DESCRIPTION OF THE INVENTION

The patent and scientific literature referenced herein establish the knowledge
available to those with skill in the art. The issued U.S. patents and allowed applications
ars hereby incorporated by reference.

The novel pharmacophores of the invention bind with high affinity to SSTRs, and
when covalently linked to the novel metal chelators of the invention, demonstrate high
tumor uptake and, in addition, accunrulate in liver, spleen, and/or kidney to a lower extent
than known somatostatin analogs. The preferred compounds of the invention demonstrate
improved properties such as subnenomolar affinity for SSTRs, high tumor uptake, and/or
minimal kidney and/or gastrointestinal tract accumulation when radiolabeled.

The novel compounds of the invention may be used in uniabeled or labeled form
to ireat any somatostatin-responsive discase state. In general, somatostatin-responsive
disease states are characterized by expression or over-expression of SSTRs. Exemplary
somatostatin-responsive disease states include, without limitation, endocrine tumors such
as those described supra, gastrointestinal tract tomaors, breast carcinoma, small cell
carcinoma of the lung, lymphoma, nearoblastoma, peptide hypersecretion from functional
endocrine tumors of the gastroenteropancreatic axis, growth hormone hypersecretion in
acromegaly, disbetic retmopathy, gut hypersecretion and increased motility in the
dumping syndrome, pancreatic and gastrointestinal tract fistulas, complications following
pancreatic surgery, increased portal pressure and variceal bleeding associated with

As set forth above, the novel pharmacophare of the invention is embodied as a
compound having the formula

wherein B! is Pho, Tyr, Nal, Ain, or a substituted derivative thereof:
B? is Trp or a substituted derivative thereof;
B* is Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a
substituted derivative thereof;
B* is Thr, Sex, Val, Phe, Ile, Abu, Nle, Leu, Nva, or Aib;
Cis an L-a-amino acid;

10
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A is an N-alkyl-a-amino acid or ai N-substituted alkyl-a-amino
acid, wherein A compriscs a sidechain selected from the group
consisting of a substituted alkyl, a substitated alkenyl, and a
substituted aryl;

wherein B! and A arc covalently linked through an amino terminus of B' and a
carbaxyl termitms of A to form a cyclic peptide. In the formula set forth sbove,
"substituted” is intended to include such substitutions as H, amino, hydroxyl, N-aikyl
wherein alkyi represents C; to C¢ alkyl, N, N-dialkyl wherein alkyl represents C; to Cy
alkyl, N-aryl, N-acyl, O-alkyl wherein alkyl represents C; to Cy alkyl, O-aryl, O-acyl, S-
alkyl wherein alkyl represents C; to C, alkyl, S-aryl, and the like. In accordance with the
invention, the amino acids set forth above may be in the D- or L- configuration.

Preferably, B! is L-Phe or L-Tyr; B? is D-Trp; B? is L-Lys; and B* is L-Thror L-
Val, and A is 2o N-methyl-a-amino acid. More prefarably, A is selected from the group
consisting of (N-CH,)Cys, (N-CHy)Hey, (N-CH3) Tyr, (N-CHy)Tty, and (N-
CH,)Tyr(CH,CH,SH). Most prefcrably, A is (N-CH)Tyr, (N-CH,)Cys, or (N-CH,)Hcy.
When A is (N-CH,)Tyr, (N-CH,)Cys, or (N-CH,)Hey, C is preferably L-methicnine, L-
phenylalanine, or a substituted derivative of L-phenyialanine. More preferably, A is (N-
CH,)Cys or (N-CH,)Hcy and C is L-methionine, L-phenylalanine, or a substitated derivative
of L-phenylalanine. Most preferably, A is (N-CH,)Hcy and C is L-phenylalanine. In a most
preferred embodiment, the pharmacophore of the invention has the formulx:

cyclo-Iyr-D-Trp-Lys-Thr-Fhe-(N-CH)Hecy .

The use of the term "cyclo™ and underlining of amino acids herein is intended to
indicate that the poptide is cyclized by formation of an amide linkage between the
substituted or unsubstituted amine group of the first wnderlined amino acid and the carbaxyl
group of the last underlined amino acid. Use of smaller font indicates that the chemical
symbol for an atom is intended rather than a one-letter amino acid code,

All nammally-oocurring amino acids may be referenced herein in abbreviated form,
using standard one-letter or three-letter codes (which can be found in G. Zubay,
Biochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) p.33). In addition, as used
berzin, the following amino acids and smino acid analogues are inEnded to be represcated
by the following sbbreviations: Hcy is homocystzine; Hhc is bomohomocysteine (3-

11
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mercaptopropylglycine); Pen is penicillamine; Aib is aminoisobutyric acid; Nal is 2-
naphthyialanine; Aca is 6-aminocaproic acid; Ain is 2-aminoindan-2-carboxylic acid; Hly is
homolysine; Achxa is 4-amino-cyclohexylalanine; Amf is 4-aminomethyl-phenylalanine;
Acc is S-(2-aminoethyl)cysteine; Apc is S<(3-aminopropyl) cysteine; Aes s O-(2-
aminoethyl)serine; Aps is O-(3-aminopropyl)scrine; Abu is 2-aminobutyric acid; Nva is
norvaline; Fp is D-phenylalanine; Wp is D-tryptopban; Yp is D-tyrosine; Cpa is L-{4-
chlorophenyl) alanine; Thp is 4-emino-tetrahydrothiopyran-4-carboxylic acid; D-Nal is D-2-
naphthylalanine; Dpg is dipcopylglycine; Nle is noreucine; (N-CH)Cys is N-methyl-
cysteine; (N-CHy)Hcy is N-methyl-homocysteine; (N-CHy)Tyr is N-methyl-tyrosine; (N-
CH)JTty is N-methyl-thiotyrosine (Le.,, N-methyl-4-mercaptophenylalanine); (N-
CHy)TYI(CH:.CH;SH) is N-methyl-O-2-mercaptocthyl tyrosine; Thr(OH) is threoninol
residue (wherein the carboxyl group of the amino acid is reduced to & primary alcohol,
Wmmmmumdmadamm
Droceeding e e Pentid ogjurn, pp. 1020-21); Ser(ol) is serinol;
Asp(ol) is aspartinol; Glu(ol) is ghitarinol; Gin(ol) is giutaminol; Asn(ol) is asparaginol;
Phe(4-F) is 4-fluoro-phenylalanine; Phe(4-NB,) is 4-amino-phenyalanine; e-Lys represents
a covalent linkage via the g-amino group on the sidechain of a lysine residue; 8-Om
represeuts an omithine residue in which the 8-amino group is covalently linked to the
carboxy] group of the adjacent-amino acid to form a peptide bond; y-Dab represents a 2.4-
disminobutyric acid residue in which the y-amino group is covalently linked to the carboxyl
group of the adjacent amino acid to form a peptide bond; B-Dap represents’ a 23-
disminopropionic acid residoe in which the B-amino group is covalently linked to the
carboxyl gronp of the adjacent amino acid to form a peptide bond. When a combination of
one-jetter codes is used with the abbreviations set forth above, the abbrsviation is set off by
periods.

In accondance with the present invention, a “subastituted derivative” of an amino acid
includes such substitutions as amino, hydroxyl, N-alkyl wherein alkyl represents C) to Cy
alkyl, N-aryl, N-acyl, O-alkyl wherein alkyl represents C, to Cy alkyl, O-aryl, O-acyl, S-
alkyl wherein alkyl represents C; to C4 alkyl, S-aryl. When applied to amino acids that
contein a sidechain aromatic ring, the term also encompasses 0-, m-, and p- substitutions
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o
including but not limited to o-amino, m-amino, p-amino, amino, o-trydroxyl, m-hydroxyl, p- \
hydroxyl, and the like.

The invention is also embodicd as a compound having the formula: ﬁ
cyclo-3'-B- B B*-C(N.cH)Hev(X) (ogl

wherein B! is Phe, Tyr, Nal, Ain, or a substitated derivative thereof;

B? is Trp or  substituted derivative thereof;

B’ is Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a

substituted derivative thereof:

B! is Thr, Ses; Val, Phe, Tle, Abu, Nle, Len, Nva, or Aib;

C is L-methionine, L-phenylalanine, or a substituted derivative of

L-phenylalanine;

X is H or a metsl chelator;
wherein B! and (N-Ci5,)Hcy arc covalently linked through an amino terminus of B and &
carboxyl terminus of (N-CH;)Hcy to form a cyclic peptide. In accordance with the
invention, X is linked to the (N-CH,)Hcy residue through the Hey sidechain sulfur atom.
The amino acids in the formula sct forth above may be in the D- or L- configuration. In
this embodiment, B! is preferably L-Phe or L-Tyr; B? is preferably D-Trp; B’ is
preferably L-Lys; and B* is preferably L-Thr or L-Val.

In accordance with the invention, apy metal chelator may be employed as substitnent
X. For example, the compounds of the invention may comprise a metal jon chelator having
*a formula:

Cpzp)*<(2)-Clogp)*
where (pgp)® is hydrogen or a thiol protecting group and (as) is any a- or f-amino acid not
comprising a thiol group. In a preferred embodiment, the amino acid is glycine. Methods
for making such & metal ion chelator are set forth in U.S.Pat.Nos. 5,654.272; 5,681,541;
5,788,960; and 5,811,394,

Altematively, the compound of the invention may comprise a mstal ion chelator
capable of forming an electrically nentral complex with the metal jon, as set forth in
U.SPatNos. 5,720934; 5776428; 5,780,007, and 5922303; in allowed USSNs
08/467,791, 08/170,299; and 07/871,282. Such chelators include, but are not limited to:
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/N CO—(amino lcid)—cysl.l'wine-CO-—
g) b

wherein X’ = H or a protecting group;
(amino acid) = any amino acid;

—HN—cysieine —(amino acid)—NH—CH, N |
sxX . X

wherein X' = H or a protecting group;
(amino acid) = any amino acid;

NH/(CR).\

N-A-CO-peptide

o

J-(PEP)' J‘(Psp)’
wherzin each R is independently H, CHs or CHy; each (pgp)® is independently a thiol
protecting group or H; m, n and p arc independently 2 or 3; A is linear C-Cg alkyl,

substituted linear C,-C; alkyl, cyclic Cs-Cy alkyl, substituted cyclic C3-Cy alkyl, aryl,
substituted aryl, or a combination thereof; and

o
lowt  dowr

wherein each R is independently H, CHy or C;Hs; m, n and p are independently 2 or 3; A is
lincar C,-Cy alkyl, substituted linear C;-Ca alkyl, cyclic C3-Cq alkyl, substituted cyclic Cy-
Cs alkyl, aryl, snbstitated aryl, or a cambination thereof: V is H or CO-poptide; R’ is H or
peptide; provided that when V is H, R’ is peptide and when R’ is H, V is CO-

14
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pharmacophore. In accordance with the invention, the substinted derivatives in the
bisamine, bisthiol farmulas are defined as st forth above.
Altematively, the compound of the invention may comprise a metal ion chelator
having a formmla selected from the group consisting of:
diethylenetriaminepentancetic acid (DTPA);
a derivative of DTPA baving a formnla
(HOOCCH2);N(CR2YCR2)N(CH2COOH)CRa)(CR 22N(CH;COOH),;
where each R is independently H, C; to C, alkyl, or aryl and one R is covalently linked to a
bivaleat linker; - -
ethylencdiaminetetraacetic acid (EDTA);
a derivative of EDTA having a formula
(HOOCCH:);N(CR2)(CRN(CH,COOH);
where each R is independently H, C; to C4 alkyl, or aryl and one R is covalenily linked to &
bivalent linker;
1,4,7,10-tetranzacyclododecanctetraacetic acid and derivatives thereof such as those
set forth in U.S Pat.Nos. 4, 923,985; 5,053,503; 5,428,154; WO 94727977, EP 512 661; and
the like;
a metal jon chelator having a formmla:

e
<
\(cm)./
wheze n is an integer that is 2 or 3 and where each R is independently H, C; to Cy alkyl, or
aryl end ane R is covalently linked to the peptide;
and desferrioxamine,
In addition to the chelators set forth above, the sommtostatin receptor-binding
peptides of the invention may be covalently linked to radiometal binding ligand such as a

ligands and co-ligands are disclosed, for example, in U.S.PatNos. 5,300,278; 5,350,837;

15
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5,589,576; 5.679,778; and 5,879,659, and im Spies, ef al* Technetium, Rhenium and Other
Metals in Chemistry and Nuclear Medicine, Nicolini, et al, cds., SGEditoriali (Padua,
1999) pp. 101-108 and 687-690.

More preferably, the compounds of the invention comprise & monoamine, diamide,
single thiol containing metal ion cheletor such as those set forth in commonly assigned
copending USSN 08/253,973. Exemplary of sach metal ion chelators are chelators having

the formulae:
HFI

(Q% el

(:&&. .;.,Njgi 3,

wherein n, m and p are each integers that are independently 0 or 1; each R’ is independently

" H, lower alkyl, C;-C, hydroxyalkyl, or C-Cy alkoxyalkyl, and each R is independently H or

R", where R" is a substinsted C;-C; alkyl not comprising a thiol group, a ansubstituted C,-
C; alkyl, an mschetituted pheayl, or & substituted pheayl not comprising a thiol group, and
one R or R’ is L?, where L? is a bivalent Linker moiety linking the metal chelator to the
peptide and wherein when one R’ is L2, NR’; is an amine. In this embodiment, L may be a
C1-Cs linear alkyl group, a branched chain alkyl group, a cyclic alkyl group, a carboxylic
ester, a carbaxamide, a sulfonamide, an ether, a thioether, an amine, an alkene, an alkyne, 2
1,2-linked, optionally substituted, benzens ring, a 1,3-linked, optionally substituted, benzene
:ing.ll.ﬂhbd.op&mlﬂymll!imd,bmerh&ormmoﬁd,uamﬁmﬁm
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thereof. In this embodiment, R” may be a C;-C; linesr alkyl group; a branched alkyl group;
a cyclic alkyl group; a-CiOC:-, -CoNHC,- or -C(SC;- group, where q and r are integers cach
independeatly 1 to 5 wherein the sum of q + r is not greater than 6; (Cy-Cg) alkyl-X, where
X is a hydroxyl group, a sunbstituted amine, & guenidine, an amidine, a substitated thiol
group, or a carbaxylic acid, ester, phosphate, or sulfate group; a phenyl group or s phenyl
group substituted with a halogen, a hydroxyl group, a substituted amine, a guanidine group,
an amidine group, a substituted thiol, an ether, a phosphate, a sulfate; an indole group; a C;-
Cs heterocyclic group containing 1 to 3 nitrogen, oXygen or sulfur atoms, or a combination
thereof. In accordsnce with the invention, the substituted derivatives in the moncamine,
diamide, thiol-containing chelator formmlae are defined as st forth above.

Most preferably, the compounds of the invention comprise & metal ion chelator
comprising & single thiol-containing group of foromila:

A-CZ(B)-(CRR))-X

wherein A is H, HOOC-, HNOC-, -NHOC-, -00C—, R4NOC-, ar R%; B is H, SH,
—NHR", -N(R%)- or R%; Z is H or R% X is SH, -NHR®, -N(R%)-or R% R", R®, R® apd R® are
independently H, strnight chain C,-Cy alkyl, branched chain C;-Cy alkyl, or cyclic Cx-Cy
alkyl; nis O, 1 or 2; R® is C;-Cy alkyl, an amino acid, or a peptide comprising 2 to about 10
amino cids; and: (1) where B is -NHR" or -N(R")-, X is SH and n is 1 or 2; (2) where X is
~NHR® ar -N(R%)-, B is SH and n is 1 or 2; (3) where B is H or R?, A is HOOC-, HNOC-,
-NHOC-, or -O0C~, X is SH and n is O or 1; (4) where A is H or R%, then where B is SH,
X is -NHR® or -N(R%- and where X is SH, B is -NHR® or -N(R%- mnd n is 1 or 2; (5)
where X is Hor R, A is HOOC-, HANOC-, -NHOC-, or —-00C- and B is SH; (6) where Z
is methyl, X is methyl, A is HOOC-, HaNOC-, -NHOC, or ~O0C-~and B is SHand n is
0; and (7) where B is SH, X is not SH and where X is SH, B is not SH.

hmdamﬁﬂ:ﬁehmﬁuuamlimddmamnpﬂﬁnglinghm

R'-CO~(amino acid)'-(amino acid)*-Z!

wherein (amino acid)' and (amino acid)? are each independently any primary a- or f-amino
acid that does not comprise a thiol group, Z' is sclected from the group consisting of
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mercaptopropylamine, 2-mercapio-2-methylpropylamine, ind 3-mercapiopropylamine, and
R! is lower (C'-C*) alkyl, or R'-CO is an amino acid, a peptide, or (as)-peptide;
wherein when Z' is cysteine, homocysteine, isocysteine or penicillamine, Z' comprises a
carbonyl group covaleatly linked to a hydroxyl group, a NR’R® group, wherein each of R
and R* are independently H, a bond, lower (C'-CY) alkyl, an amino acid or a peptide
comprising from 2 to 10 amino acids.

Alternatively, a metal jon chelator comprising a single thiol-containing group may
have the formmula:

Y-(amino acid)’-(amino acid)!-NHR?

wherein (amino acid)’! and (amino acid)? are each independently any primary a- or p-amino
acid that does not comprise a thiol group Y is sciected from the group consisting of cysteine,
homocysteine, isocysteine, penicillamine, 2-mercaptoacetate, 2-mercaptopropionats, 2-
mercapto-2-methylpropionate, 3-mercaptopropionate, and R? is H, a bond, lower (C'-CY
alkyl, and NHR? is an amino acid, a peptide, or (aa)-peptide;
wherein when Y is cysteine, homocysteine, isocysteine or penicillamine, Y comprises an
amino group covalently linked to —H, an amino acid, a peptide, or (aa)-peptide.

For example, suitable metal ion chelators may have any of the following formmulae:

(amino acid)'-(amino acid)* cystcine-,

(amino acid)'-(amino acid)’-isocysteine-,

(smino acid)'-(amino acid)™homocysteine-,

(amino acid)'-(amino acid)*-penicillamine-,

(amino acid)’-(amino acid)*-2-mercaptoethylamine-,

(amino acid)'-(amino acid)’-2-mercaptopropylamine-,

(amino acid)'-(amino acid)”-2-mercapto-2-methylpropylamine-,

(amino acid)’-(amino acid)’-3-mercaptopropylamine-,
wherein the chelator is attached to either  peptide or a Linker group via a covalent bond with
the carboxyl terminus of the chelator or a side chain on ons of the amino acid groups.

Other snitahje metal jon chelators include those selected from the group consisting
of:

~cysteine-(amino acid)-{(c,f- or B,y-diamino acid);

-isocysteine-(amino acid)-(cr,p- or p,y-diemino acid);

18
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-homocysteine-(amino acid)-(c,B- or §,y-dismino acid);

-penicillamine-(amino acid)-(c,p- or B,y-diamino acid);

2-mercaptoacetic acid-(amino acid)-{a.B- or B.y-diamino acid);

2- or 3-mercaptopropionic acid-(amino acid)-{a.f- ar §,y-diamino acid);

2-mercapto-2-methylpropionic acid-(amino acid)-(a,p- or B,y-diamino acid);
wherein the metal ion chelator is attached to either a peptide or a linker group viz a covalent
bond with the amino terminus of the chelator or a side chein on one of the amino acid
ETOupS. -

Any naturally occurring, modified, substited, or altered a- or B-amino acid not
contajning a thiol group may be used in the single-thiol chelators of the invention. As used
herein, the term * modified, substituted, or altered - or p-emino acid™ includes, without
limitation, any of the amino acids identified above. Preferably, the a~ or f-amino acid does
not comprise more than sixteen carbon atoms.

The most preferred novel chelators of the invention have the formula:

p-DapXaa.CysZaa
wherein Xaa is an L-a-amino acid
Zaa is an a-amino acid, an a-amino acid amide, an aminoethylether, a f-
aminol, or a peptide containing from two to ten a-amino acids, said
peptide having a carbaxyl terminal a-amino acid, a-amino acid amide,
aminoethylether, or f-aminol. .
Homologs of f-Dap may also be employed in the novel chelators of the invention.

Suitable L-a-emino acids for substitution as Xsa in the novel chelator of the
tyrosines such es halotyrosine; hydroxyityrosine; aminotyrosine; substitated phenrylalanines
such as o0-, m- or p-halophenylalanine; o-, m- or p-aminophenylalanine, wherein the amino
luhaﬁunmtmybelpﬂm:y.mdny.nttﬂﬁuyamim;o-.m-u‘p-
hydroxylphenylalanine; o-, m- or p-O-alkylphenyaianine wherein alkyl represents C, to
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Ca alkyl; 0-, m- or p-O-acylphenylalanine: o-, m- ar p-S-dlkylphenylalanine wherein alkyl
represents C; to C, alkyl; and the like. '

In a preferred embodiment, Xaa is an L-a-amino acid such as serine, diaminobutyric
acid, arginine, histidine, tyrosine, or a substituted phenylalonine. More preferably, Xaa is an
aromatic an L-a-amino acid such ss tyrosine, a substiuted tyrosine residoe such as
iodotyrosine, bromotyrosine, chlorotyrosine, O-elkyl-tyrosine where alkyl represents C, to
G, akyl, hydroxyhtyrosine, aminotyrosine, and the like, or a substituted phenylalanine
residue. Most preferably, Xaa is a substinted phenylalanine residue wherein the
substitutions inclnde halogen, amino, hydroxyl, NH-slkyl wherein alkyl represeats C, to C,
alkyl, NH-acyl, O-alkyl wherein alkyl represents C, to C, alkyl, O-acyl, S-akkyl whemin
alky] represents C, to C, alkyl, SO-alkyl and SO;-alkyl whesein alkyl represcats C, to C,
alkyl, SOH, COH, CO-alkyl wherein alkyl rcpreseats C, to C, alkyl, CONH-alkyl
wherein alkyl represents C, o C, alkyl Specific embodiments of such substituted
phenylalsnine remidues inclode 4-finorophenylalanine, 4-chlorophenylalanine, 4-
bromophenylalanine, 4-iodophenylalanine, 4-nitrophenylalanine, 4-aminophenylalanine, N'-
R-4-aminophenylalanine, N*-R, N*-R'-4-aminophenytalanine, or 3-R'-4-aminophenylalanine
where R is C, to C, alkyl and R’ is selected from the group consisting of H, C, to C, alkyl
amino, hydraxyl, NH-alkyl whercin alkyl represents C, to C, alkyl, NH-acyl, O-alkyl
wherein alkyl represents C, to.C, alkyl, O-acyl, S-aikyl wherein alkyl represents C, to C,
alkyl, SO-alky! and SO,~alkyl wherein alkyl represents C, to C, alkyl, SOH, COH, CO,-
alkyl wherein alky! represents C, to C, alkyl, CONH-alkyl wherein alky] represents C, to C,
alkyl.. The stractures of exemplary most prefirred substituted phenylalanine residues fo
use in the chelstors of the invention are set forth below.

fg "‘ *‘g vg ) ‘.ié N;h

Hi=F QB I

where R and R’ are each independently H, a straight chain C, to C, alkyl group, a branched
chain C, to C, alkyl group, or an ary] group. Jn accordance with the invention, the carboxyl
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terminal amino acid of the chelators of the invention maybe in carboxylic acid form or in
amidated form, or altematively, in the form of & §-aminol.

The novel chelntors of the invention have the properties of increasing the tumor
uptake of the pharmacophore for SSTRs and enhancing kidney clearance of the radiolabeled
peptide. Consequently, the novel chelators of the invention minimize retention of
radiolabeled peptide in non-target tissues.

Specific embodiments of the compounds of the invention include the following
peptides.
eyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hoy(CHCO-B-Dap-Tyr-C,s-Thr(ol))
eyelo-Tyr-D-Trp-Lys-Thr-Phie { N.CH)Hey(CH,co--Dap-Phe(4+-F)-Cys-Thr(oD))
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CHy)Hev(CH,CO-B-Dap-Phe(4-NH,)-Cys-Thr-Ser)
eyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-C)Hcy(CH,CO- B-Dap-Dsb-Cys-Thr)
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hcv(CH,C0-B-Dap-Phe(4-NH;)-Cys-Thr)
cyclo-Tyr-D-Tep-Lye-Thr-Phe-{ N-CH)Hey(CH,CO-B-Dap-Phe(4-Ni)-Cys-Thi(ol))
cyclo-Tyr-D-Trp-Lys-The-Phe-( N-CHy)Hey(CH,C0-B-Dap-His-Cys-Thr(ol))
eyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-C Hov(CH,CO-B-Dap-Arg-Cys-Thr(ol))
cyclo-Typ-p-Trp-Lys-Thr-Phe{ N-CE)Hcy(CH.CO-B-Dap-Gly-Cys-Lys-Ni,)
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CHy)Hey(CH,CO-B-Dap-Ser-Cys-Thr(ol))
cyclo-Tyr-D-Tro-Lvs-Thr-Phe-{ N-CHy) Hey(CHCO-B-Dap-Dab-Cys-Thr(ol))
cyclo-Tyr-D-Tip-Lys-Thr-Phe-( N-CHy) Hey(CHCO-B-Dap-Gly-Cys-Thr(oD))
WMWM&D@-DMMOD)

cyclo-Tyi-D-Tip-Lys-Thr-Phe-( N-CHy)\Hey(CH,C0-Gly-Gly-Cys-His-NH,)
cyelo-Tyr-D-Trp-Lve-Thr-Phe-{ N-CH,)Hcy(CH,C0-Gly-Gly-Cys-Phe(4-NH)-NH,)
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH,)Hey(CH,CO-B-Dap-Om-Cys-Thr(al))
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hcy(CH,CO-§-Dap-Dap-Cys-Thr(cl))
cyclo-Tyx-D-Tip-Lvs-Thr-Phe-{ N-CH\Hcy(CH,CO-$-Dap-Lys-Cys-Thr(ol))
cyclo-Xyr-D-Trp-Lyvs-Thr-Phe-{ N-CH)Hcy(CR/C0-Ser-Ser-Cys-NHCH,CHOCH;CH,NH,)
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cyclo-Tyr-D-Trp-Lys-Thr-Pbe-{ N-CRy) Hoy(CH,CO-B-Dap-Lys-Cys-Nit)
cyeclo-Tyr-D-Trp-Lys- Thr-Phe-( N-CH) Hey(CH,CO-5-Om-Gly-Cys-NH,)
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CHy)Hcy(CH,CO-Thr-Gly-Gly-Cys-NH,)

Preferred compounds of the invention exhibit high affinity for SSTRs, as indicated in
Example 5. In accordance with the invention, high affinity for SSTRs is defined as less than
about 25 nanomolar affinity for SSTRs as measured in a SSTR binding affinity assay such
as the assay set forth in Example 5. More preferred compounds of the inveation are
characterized by high sffinity for SSTRs, as indicatei in Example 5, snd by high tumor
uptake, as indicated in Example 6. As defined harein, high tumor uptake means a percent
injected doso (% ID) of ™™Tc per gram tumor (% ID/g), in the nude mouse/rat ARA2J
xenograft model described in Examplc 6, of grester than about 4. Most prefenrcd
embodiments of the compounds of the invention have a tumor uptake greater than about 15
% ID/g and a kidney uptake less than about 7 % JD/g to about 9 % ID/g; or altematively a
tumor uptake greater than about 10 % IDVg, a kidncy uptake less than about 7 % IDJ/g to
about 9 % ID/g, and a gastrointestinal tract uptake less than about 5 % ID/g to about 7 %
IIVg. Exemplary most prefeqred compounds of the invention include:

cyclo-Tyr-D-Txp-Lys-Thr-Phe-( N-CH.)Hey(CH,CO-§-Dup-Tyr-Cys-Thr(ol))
cyclo-Tyz-D-Tip-Lys-Thr-Phe-( N-CH)Fcy(CH,C0-B-Dap-Phe(4-F)-Cys-Thr(ol))
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hey(CH,CO-f-Dap-Phe(4-NH,)-Cys-Thr-Ser)
cyclo-Tyr-D-Tip-Lya-Tht-Phe-{ N-GHy)Hey(CH,CO-P-Dap-Phe{4-NH,)-Cys-Thr)
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH ) Hey(CH,.CO-B-Dap-Phe(4-NH,)-Cys-Thr(ol))
cycio-Tyr-D-Trp-Lys-Thr-Fhe-{ N-CH)Hcy(CH,CO-B-Dap-Dab-Cys-Thr(ol))

Methods for making the compounds of the invention, and in particalar those
comyrising the metal ion chelators of the most preferred embodiment arc sct forth in -+~ -
U.SPat.Nos. 5,443 815; 5,807,537; 5,814,297; and 5,866,097; in aliowed USSN
08/253,678; and in USSNis 08/236,402; 08/253,973; and 08/582,134. As disclosed therein,
the compounds of the invention may be made using a commercially available peptide
synthesizer, Example 1 sets forth an exemplary method of making an embodiment of the
pharmacophare of the present invention. Other embodiments of the novel pharmacophare
are made using similar methods. Example 2 sets forth an exemplary method of making an
embodiment of the novel chelator of the invention.
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In accordance with the invention, the A residue may be linked to a metal chelator
through a sidechain nitrogen, sulfur, or oxygen atom of the A residne. Linkage may be
direct or through intervening atoms or amino acid residues. In a preferred embodiment,
the linkage is throngh —CH,CO-. Such linkages may be accomplished via the alkylation of
these atoms with moictics containing reactive electrophiles such as alky] halides. These
atoms may also be reacted with chelators containing isocyanates, isothiocyanates, or
activated carboxylic esters. An appropriately protected A residue may also be linked to a
metal chelator through a sidechain carbon by forming a Wittig or Emmons-Homer
reagent on the sidechain and reacting this with sn aldehydo fanctionality on an
appropriately protected chelator. The resulting double bond linkage can be left as is or
subsequently reduced to yield saturated hydrocarbon linkage. Example 3 sets forth an
exemplary method of attaching a chelator through a sidechain sulfur atom of an (N-CHy)Hcy
residue of the pharmacophore.

Those of skill will recognize that most metal ions may be chelated to the above-
mentioned metal jon chelators and ligand/coligand radiometal binding moictics. Any meta)
ion capable of generating a signal may be chelated to the pharmacophore of the
invention, thus forming a metal ion complex with the compound of the invention.
Suitable metat jons include radioactive metal ions, fluorescent metal jons, paramagnetic
metal ions, heavy metals, rare earth ions suitable for use in computerized tomography,
and the like. Radioactive metal jons or radionuclides aro preferred. More preferably, y-
emitting radionnclides such as ¥Cu, “Ga, "'In, and *™Te¢; f-emitting radionuclides such
as Y, "®Re, or "Ho; fi/y emitting radiomuclides such as “Cu, ““Sc, “Sm, or '“Re;
positron-cmitting radiomuclides such as “Ga, **Tc, *Cu, or a-emitting radionnclides
such as 21Bi, 23gj, ®5Ac, ®Ra arc used in the methods of the invention. Most -
preferably, ®Tc, "®Re and/or '*Re are nsed in the methods of the invention.

Those of skill will recognize that the pharmacophores and compounds of the
invention may be labeled with radioisotopes of halogens, such as 'L, '), '2f, '*F, and
1At, through a tyrosine residoe which may be added to the pharmacophare of to the
compound using known methods, or using other known methods such as Bolton-Huonter
reagent, chloramine T, and the like.
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The compounds of the invention may also be complexed with non-radioactive
metals, such as ReO, using methods similar o those set forth below. Table 4 indicates
that compounds of the invention cffectively inhibit binding of '**I-Tyr''-somatostatin- 14
when complexed with ReO.

Complexes of the invention may be fonned using known methods. For example, a
salt of ™ T¢ pertechnetate, '®Re perrhenate, or '%Re perrhenate may be reacted with the
compound in the presence of a reducing agent such as dithionite jon, stannous jon, or ferrous
ion. In this method, the most preferred reducing agent is stannous chloride. Altematively,
complexes and chelates may be farmed by ligand exchange, wherein the compound of the
invention is reacted with a pre-formed labile complex of *®°Tc, '®*Re, or "*Re and another
eo:mpmmdknuw_nlsamferligmd. In this process, any transfer ligand may be used, for
example, tartrate, citrate, gluconats, glucoheptonate, mannitol, and the Like. Exemplary
methods for labeling the compounds of the invention with ®*Tc and '®Re are set forth in
Example 4. In general, an appropriate quantity of a reagent of the invention is introduced
into a vial containing a redncing agent, such as stannous chloride, in an amount sufficient to
label the reagent with ™®Tc, '™Re, or ®Re. Generally, more reducing agent is required to
effect labeling with '™Re or *Re than is required to effect labeling with **Tc.

The compounds of the invention may be supplied in the form of a pyrogen-free,
parcaterally acceptable pharmacentical composition, which may be an aquecus solution
or & lyophilizate for reconstitution. The preparation of such pharmaccutical
compositions, having due regard to pH, isotonicity, stability, and the like, is within the
skill in the art. The pharmaceutical composition of the invention may include
pharmaceutically ecceptable diluents, such as, for example, Sodium Chloride Injection
and Ringer's Injection. For administration to humans, the composition may be _
administered in autologous serum or plasma. Supplementary active compounds may also
be co-administered with the somatostatin analog, in accordance with the invention.

The pharmacentical compositions of the invention may optionally conmtain a
stabilizer such as gentisic acid as set forth in U.SPatNos. 4,232,000; 4,233,284;
4,497,744, 5,384,113, and/or ascorbic acid as disclosed in U.S.PatNos. 5,393,512 and
5,011,676, in WO 97/28181 apd in WO 98/33531. Alternatively, hydroquinons
stabilizers such as those disclosed in U.S.PatNo. 4,229,427 may be added to the
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complexes of the invention. Other compounds such as reductic acid, erythorbic acid, p-
aminobenzoic acid, 4-hydraxybenzoic acid, nicotinic acid, nicotinamide, 2,5-dibydroxy-
1,4-benzenedisulfonic acid, tartaric acid, inosiml, and the like, may also be added to
stabilize the complexes of the invention.

The invention is also embodied in a kit for preparing radiometal-labeled reagents for
use as radiopharmaceuticals. The kit of the invention comprises a sealed vial containing a
predetermined quantity of the compound of the invention, and optionally, when the
radiometal is ™ Tc, "™Re, or "™Re, a reducing agent. Stabilizers such as gentisic acid
and/or ascorbic acid or any of the stabilizers described above may also be included in kits
intended far "™Re or "™Re mdiolabeling. An sppropriate amount of a transfer ligand as
described above (such as tartrate, citrate, gluconate, gincoheptanate or mannitol, for
example) can also be included in the kit The kit may also contain conventional
pharmaceutical adjunct matesials such as, for example, pharmacentically acceptable salts to
adjust the osmotic pressure, buffers, preservatives, additional vials, and the like. The kit may
also contain instructions for radiolzbeling The components of the kit may be in liquid,
frozen or dry form. In a preferred embodiment, kit components are provided in lyophilized
form.

The kit of the invention may also be embodicd in a form suitahle for diagnostic
imaging ar as a therapentic agent using a radicisotope of a halogen, including *F, A, '
and I, and preferably 'L In this embodiment, the kit comprises a sealed vial conteining a
predetermimed quantity of & compound of the invention which may be modified to a form
capeble of being radiolsbeled with an iodine isotope, using known methods as described
radioactivity using the kit of this embodiment are as described herein for technetium and

thenium-Iabeled reagents for scintigmphic and therapeutic uscs.

The compounds of the invention may be used in radiolabeled or unlabeled form to
diagnose or treat any somatostatin-responsive diseasc state. The compounds of the
inveption are particulardy useful for diagnosis and/or treatment of tumors mich as
neuroendocrine tumors, for exemple, pitnitary adenomas, pheochromocytomas,
paragangliomas, SSTR-expressing medullary thyroid carcinomas, SSTR-expressing small
cell and other lung cancers, astrocytomas, melanomas, meningiomas, breast tumors,
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malignant lymphomas, renal cell carcinomas, SSTR-expressing prostate tumors, and the
like. The compounds of the investion may also be used to diagnose of to treat conditions
in which angiogenesis and concomitant upregulation of SSTRs occurs, as described in
Woltering, et al., supra. As set forth in commonly assigned allowed USSN 08/976,995,
the compounds of the invention are useful in imaging and treating conditions of high
cellular proliferation in the cardiovascular system. Such conditions include, for example,
atherosclerosis and cellular proliferation occurring in arteries after invasive procedures
such as angioplasty.

Prefersbly, radiolsbeled complexes of the compounds of the invention arc used
for such diagnoses and treatments. Radiolabeled embodiments of the compounds of the
invention may be used in radioisotope guided surgery, as described in WO 93/18797 and
in Woltering, et al (1994) Surgery 116, 1139-1147. In a preferred embodiment, a
complex of a y-emitiing radionaclide such as *Tc and a compound of the invention is
used to diagnose an SSTR-expressing tumor, and subsequently, a complex of B-emitting
radionuclide such as '™Ro or '%Re with the compound is used to treat the tumor.

For disgnostic purposes, an effective diagnostic amount of the diagnostic or
radiodiagnostic agent of the invention is administered, preferably intravenously. An
effective diagnostic amount is defined as the amount of diagnostic or radiodiagnostic agent
necessary to effect localization and detection of the label in viwo using conventional
methodologies such as magnetic resonance, computerized tomography, gamma
scintigraphy, SPECT, PET, and the Lke. .

For diagnosis using scintigraphic imaging, preferably, *™Tc-labeled compounds
of the invention are administered in a single unit injectable dose. The ™ Tc-labeled
compounds provided by the invention may be administered intravenously in_any
conventional medinm for Intravenous injection such as an aqueous saline medium, or in
blood plasma medium. Generally, the unit dose to be administered has & radioactivity of
about 0.01 mCi to about 100 mC3, proferably 1 mCi to 50 mCi. The solution to be
injected at unit dosage is from sbout 0.01 mL to about 10 ml.. After intravenous
administration, imaging in vivo can take place in a matter of a few minutes. However,
imaging can taks place, if desired, hours or even longer after the radiolabeled compound
is injected into a patient. In most instances, a sufficiont amount of the administered dose
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will accumulate in the area to be imaged within sbout 0.1 of an hour to permit the taking
of scintiphows. Any conventional method of scintigraphic imeging for diagnostic
purposes can be utilized in accordance with this invention.

When the radiolabeled compounds of the invention are used for therapeutic
purposes, they ere radiolaheled with a therapeutically effective amount of a cytotoxic
radinisotope, preferably **Re. In accordance with the invention, a therapeutically effective
amount of a cytotoxic radicisotope mesns the total amount of each active component of the
pharmaceutical composition or method that is sufficient o show a meaningful patient
benefit, ie., a redoction in the incidence or severity of symptoms attributed to the
somarostatin-responsive disease staie, as compared to that expected for a comparable group
of patients not receiving the radiotherapeutic agent of the invention. When applied to an
individua] active ingredient administered alone, the term refers 10 that ingredient alone.
When applied to a combinstion, the term refers lo combined amounts of the active
ingredients that result in the therapeutic effect, whether administered in combinstion,
serially, or simultanecusly. For the purposes of this invention, radiotherapy encompasses
sny therapeutic offect ranging from pain pallistion to tumor eblation or remission of
symptoms associated with the particular somatostatin-responsive disease being treated.

When used for radiotherapy, a complex of the compound of the invention and a
cytotoxic radicisotope is administered to & mammal, including a buman patient, in need of
treatment for a somatostatin-fesponsive disease. In the radiotherapeutic method of the
invention, an amount of cytotoxic radicisotope from about S mCi to about 200 mCi.may be
administered via any siitsble clinical route, preferbly by intravenous injection or by

_ intratmoral injection. The radiotherapeutic complex of the invention may optionally be

administered in combination with a chemotherapeutic drug such as tamoxifen, cisplatin,
taxot, and the lis.

‘When unlabeled compound is used for themapy of a somatostatin-responsive disease
state, administration of the compound is preferably parenteral, and more preferably
intravenous. The amount of unlabeled compound administered for therspy of a
somatostatin-responsive disease will depend upon the nature and severity of the condition
being treated, and upon the nature of prior treatments which the patient has undergone.
Uhmndy,ﬂ:eaﬂmdmg;ﬁymmvnﬂdmdnhmmtofmdwﬂhwhmhmm
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each individual patient. Initially, the aftending physician -will administer low doses of the
compound and observe the patient’s response. Larger doses of the compound may be
administered until the optimal therapeutic effect is obtained for the patient, and at that point
the dosage is not increased further. Tt is contemplated that the dosage of unlabeled
compound administered in the therapeutic method of the invention should be in the range of
about 0.1 pg to about 100 mg compound per kg body weight. More preferably, the dosage
of unlabeled compound administered in the therapeutic method of the invention is in the
range of about 0.1 pg to about 100 pg compound per kg body weight The unlabeled
compound of the invention may also optionally be administered in combination with a
chemotherapeutic drug.

The duration of therapy, whether with a radiopharmaceutical comprising a
compound of the invention or with an unlabeled compound of the invention, will vary,
depending on the severity of the discase being trested and the condition and idiosyncratic
response of each individual patient. It is contemplated that the duration of each
administration of the radiopharmaceutical of the invention will be in the range of sbout one
to about 120 minntes of continuous intravenous administration. It is contemplated that the
duration of each administration of the unlabeled compound of the invention will be in the
range of about aope to sbout 120 minutes of continuous intravenous admipistration.
Ultimately the attending physician will decide on the appropriate duration of intravenous
therapy using the Iabeled or unlabeled compounds of the invention, whether administered
alone or in combination with other drugs.

The following examples arc shown by way of illustration and not by way of
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EXAMPLE1 °
Solid-Phase Synthesis of Protected Pharmacophore

Step 1. Fmoc-Lys{Boc)-Thr(tBu)-CITrt Resin. 2-chlorotrityl resin-supported O-t-butyl-
threonine (2.5 g, 1.1 mmol/g, 2.75 mmol) was placed in peptide synthesis vessel and washed
twice for 5 minutes with 30 mL. N-methylpyrolidinone (NMP) with gentle agitation of the
resin by argon gas. A small aliquot of resin was removed for ninhydrin analysis (as a control)
and the resin washed with NMP (30 mL x 1 min). In a separate flask, N-a-Fmoc-N-s-Boc-
lysine (3.22 g, 6.88 mmol) and 2-{0-(7-azabenzotrizol-1-y1}-1,1,3,3-tetramethyluronium
hexafluorophosphate (HATU reagent) (2.56 g, 6.74 mmol) were dissolved in 30 mL of NMP.
N,N-diisopropylethylamine (DIEA: 2.40 mL, 13.76 mmol) was added to the protected lysine
solution. The flask was swirled for 1 minute and the contents added to the peptide synthesis
veasel containing the resin-supported amino acid. The resin was agitated with & gentle
stream of argon for 2.0 hrs. The solution was drained and the resin washed sequentially with
NMP (3 x 30 mL x 1 min) and dichloromethane (DCM: 3 x 30 mL x 1 min). Ninhydrin
analyzis performed on a small portion of resin indicated that the reaction was complete.

Step 2. Fmoc-D-Trp(Boc)-Lys(Boc)-Thr(tBu)-CiTrt Resin. The resin-supported peptide from
Step 1 was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10 minntes followed by
treatment with 20% piperidine in NMP (30 ml.) for 15 minutes. The resin was sequentially
washed with NMP (3 x 30 mL. x 1 min) and DCM (3 x 30 mL x 1 min). A small aliquot of
resin was removed for ninbrydrin analysis (as a control) and the resin washed with NMP (30
mL). In a separate flask, N-a-Fmoc-N-in-Boc-D-tryptophan (3.62 g, 6.88 mmol) and HATU
reageat (2.56 g, 6.74 mmol) were dissolved in 30 mL of NMP. DIEA (240 mlL, 13.76
mmol) was added to the protected tryptophan solution. The flask was swirled for 1 minute
and the conteats added to the peptide synthesis vessel containing the resin-supported peptide.
The resin was agitatad with a gentle stream of argon for 2.0 hrs. The solution was drained
and the resin washed sequentially with NMP (3 x 30 mL x 1 min) end DCM (3x30mLx 1
min). Ninhydrin snalysis performed on a small portion of resin indicated that the reaction
was complete.

I
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Step 3. Fmoc-Tyr(tBu)-D-Trp{Boc)-Lys(Boc)-Thr(tBu)-ClTrt Resin. The resin-supported
peptide from Step 2 was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10
minutes followed by treatment with 20% piperidine in NMP (30 mL) for 15 minutes. The ,ﬁ<
resin was sequentially washed with NMP (3 x 30 mL x 1 min) and DCM (3x30 mL x 1 iy
min). A small aliquot of resin was removed for ninhydrin analysis (as a control) and the

resin washed with NMP (30 mL). In a separate flask, N-a-Fmoc-O-r-butyl-tyrosine (3.16 g,

6.88 mmol) and HATU reagent (2.56 g, 6.74 mmol) were dissolved in 30 mL of NMP.

DIEA (2.40 mL, 13.76 mmol) was added to the protected tyrosine solution. The flask was

swirled for 1 minute and the contents added +3 the peptide synthesis vessel containing the

resin-supported peptide. The resin was agitated with a gentls stream of argon for 2.0 hrs.

The solution was drained and the resin washed sequentially with NMP (3 x 30 mL x 1 min)

and DCM (3 x 30 mL x 1 min). Ninhydrin analysis performed on a small portion of resin

indicated that the reaction was complets.

Step 4. H-Hey(Trt)-Tyr(tBu)-D-Trp(Boc)-Lys(Boc)-Thr{tBu)-CITrt Resin. The resin-
supported peptide was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10 minutes
followed by treatment with 20% piperidine in NMP (30 mL) for 15 minutes. The resin was
sequentially washed with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1 ruin). A small
alicquot of resin was removed for ninhydrin analysis (2 a control) and the resin washed with
NMP (30 mL). In a separate flask, N-a-Fmoc-S-trityl-homocysteine (3.16 g, 6.88 mmol)
and HATU reagent (2.56 g, 6.74 mmol) were dissolved in 30 mL of NMP. DIEA (240 mL,
13.76 mmof) was added to the protected homocysteine solution. The flask was swirled for 1
mismte and the contents added to the peptide synthesis vessel containing the resin-supported
peptide. The resin was agitated with a gentle stream of argon for 2.0 hrs. The solution was
drained and the resin washed sequentially with NMP (3 x 30 mL x 1 min) and DCM (3 x 30
mL x 1 min). Ninhydrin analysis performed on a small portion of resin indicated that the
reaction was complete. The resin was treated with 5% piperidine in 1:1 NMP/DCM (30 mL)
for 10 minutes followed by treatment with 20% piperidine in NMP (30 mL) for 15 minutes.
The resin was soquantially washed with NMP (3 x 30 mL x 1 min) end DCM (3 x 30 mL x 1
min). A small aliquot of resin was removed for ninhydrin anslysis (as a control). A small
portion of resin was also removed for HPLC analysis which was performed as follows: the
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resin portion (~ 1-3 mg) was treated with 250 uL. of 1:4 1,1,1,3,3,3-bexafluoro-2-propancl
(HFIPAY DCM for 5 min. An aliquot (15 L) of the cleavage mixture was diluted with 150
uL of 0.1% (v/v) TFA in 9:1 (v/v) acetonitrile/water. The solution was analyzed by C18
reversed-phase analytical HPLC as outlined in HPLC Method 1.

HPLC Method 1:
Column: Vydac C18,4.6 mm x 150 mm
Solvent A: 0.1% (v/v) TFA in water
Solvent B: 0.1% (v/v) TFA-in 9:1 (viv) acetonitrile/water
Gradient: 50% - 100% B/A over 20 min, 100% B over S min
Flow Rate: 1.2 mL/min
Injection Volume: 10 pL
Detection: UV (220 nm)

The chromatogram resulting from the HPLC analysis of the cleaved protected peptide
exhibited only one peak with a retention time of 18.7 minutes.

Step 5. 2-NOy-PASOy-Hey(Trt)-Tyr(tBu)-D-Trp{Boc)-Lys(Boc)- Thr(tBu)-CITrs Resin. The
resin-supported peptide from Siep 4 was washed with anhydrons DCM (30 L x 1 min),
suspended in anhydrons DCM (30 mL x 1 min), and treated with 2,4,6-collidine (182 mL,
13.8 mmol). 2-Nitrobenzeaesulfonyl chloride (1.52 g, 6.9 mmol) in 20 mL of DCM was
added and the reaction gently sgitated with argon gas for 14 hours. The reaction solution
was drained and the resin washad with DCM (2 x 30 mL x 1 min), NMP (2 x 30 mL x 1 min)
and DCM (3 x 30 mL x 1 miti). A smal! sample of resin was removod, treated with HFIPA,
end analyzed by HPLC as before (HPLC Method 1). The peak of peptide free N-terminal
amine at 18.7 minutes was absent and was replaced by a peak at 21.6 minates, representing
the sulfonated peptide. '

Step 6. H-(N-CH,)Hey(Trt)-Tyr(tBu)-D-Trp{Boc)-Lys(Boc)-Thr(tBu)-CITrs Resin. The resin-
supported peptide was washed with NMP (2 x 30 mL x 1 min), anhydrous DMF (1 x 30 mL
X 1 min), and transferred with the aid of 40 ml. of anhydrous DMF to a dry 100 mL round
bottom flask equipped with a stir bar. 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimidof 1,2-
a}pyrimidine (MTBD, 0.79 mL, 5.5 mmol) was added and the resin suspension was stirred

%
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for 15 minutes (green color) under an atmosphere of argon. The resin was treated with
iodomethane (0.26 mL, 4.13 mmol) and stirred for 5 hours under an atmosphere of argon.
The suspension was transferred back to the peptide synthesis vessel and the reaction solution
was drained off. The resin was washed with NMP (3 x 30 mL x 1 min) and DCM (3 x 30
mL x 1 min). A small sample of resin was removed, treated with 1:4 HFIPA/DCM, and the
progress of the reaction was monitored by HPLC as before (HPLC Method 1). This
chromatogram resulting from this HPLC apalysis indicated that the reaction was >90%
complete, with the N-methylated peptide exhibiting a reteation time of 22.1 minutes. The
resin was treated with NMP (30 mL)omuhiE-gz-mcapmethanol(BME.o.SBmL.s.zs --
mmol) and 1,8-diazabicyclo(5.4.0}undec-7-ene (DBU, 1.23 mL, 8.25 mmol) for 15 minutes.
The solution was drained and the resin washed with NMP (3 x 30 mL x 1 min) and DCM (3
x 30 mL x 1 min). A small sample of resin was removed, treated with 1:4 HFIPA/DCM, and
the progress of the reaction was monitored by HPLC as before (HPLC Method 1). The
chromatogram resulting from this HPLC analysis indicated that removal of the sulfonyl
group was >30% complete with the desulfonated peptide exhijbiting a retention time of 18.5
minntes.

Step 7. H-Phe-(N-CH3)Hcy(Trt)-Tyr(tBu)-D-Trp(Boc)-Lys(Boc)-Thr(tBu)-OH. N-Fmoc-
phenylalanine (3.20 g. 8.25 mmol) and HATU reagent (3.14 g, 8.25 mmol) were dissolved in
30 mL of NMP. DIEA (2.40 mL, 13.76 mmol) was added to the protected phenylalanine
solution. The flask was swirled for 1 minute and the contents added to the peptide synthesis
vessel containing the resin-supported peptide. The resin was agitated with a pentle stream of
argon for 5 hrs. The solution was drained and the resin washed sequentially with NMP (3 x
30 mL x 1 min) and DCM (3 x 30 mL x { min). A small sample of resin was removed,
treatod with 1:4 HFIPA/DCM, and the progress of the reaction wes monitored by HPLC
(HPLC Method 1). The chromatogram resulting from this HPLC analysis indicated that the
coupling of phenylalanine was >90% complets, with the coupled peptide exhibiting a
retention time of 25.1 minutes. The resin was treated with 5% piperidine in 1:1 NMP/DCM
(30 mL) for 10 minutes followed by treatment with 20% piperidine in NMP (30 mL) for 15
minutes. The resin was sequentially washed with NMP (3 x 30 mL x 1 min) and DCM (3 x
30 mL x 1 min). The protected poptide was cleaved from the resin by treating the resin-
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supported peptide with 1:4 hexafluorcisopropanol/DCM €2 x 50 mL x 10 min). The resin
was washed with DCM (4 x 30 mL x 5 min). The cleavage solutions and DCM washes were

combined and the solvents removed in vacuo on a rotary evaporator. The resulting foam was _
dried under high vacuum ovemight to yield 4.23 g of crude product as an orange foam. The _g
crude linear protected hexapeptide product was analyzed by HPLC (HPLC Method 1). The

chromatogram resulting from this analyzis exhibited predominantly one peak with a retention

time of 19.8 minutes.

Step 8. cyclo-{Tyr-D-Trp-Lys-Thr-Phe-{N-CHJHcy ). Crude lincar protected hexapeptide
(4.23 g; 2.99 mmol, 2.75 mmol assumed) was dissolved in 100 mL of anhydrous DMF.
DIEA (0.48 mL, 2.75 mmol) was added followed by the addition of HATU reagent (1.05 g,
2.75 mmol). An aliquot (15 pL) of the reaction mixture was removed and diluted with 150
uL of 0.1% (v/v) TFA in 9:1 (v/v) acetonitrile/water. The solution was analyzed by C18
reversed-phase enalytical HPLC (HPLC Method 1). Stirring was continued at room
temperatare while following the progress of the reaction by HPLC. Afier 2 hours the
cyclization was judged complete, with the disappearance of starting material (retention time
= 19.9 min) and the appearance of product (retention time = 23.8 min). A solution of
trifluoroacetic acid (TFA: 212 pl, 2.75 pmol) in H20 (20 mlL) was added and the solvents
were removed by concentrating the reaction mixture on a rotary evaporator under high
vacuum. The crude cyclic protected product was treated with DCM (30 mL) and the
resulting suspension allowed to stand for 30 min. The solids were filtered off and washed
with DCM (10 mL). The combined fltrates were treated with triisopropylsilane (1 mL),
ethanedithiol (1 mL) and a solution of 1:20 HoO/TFA (40 mL). After 1 hour the deprotection
mixture was concentrated in vacuo and dissolved in 0.1% (v/v) TFA in 9:1 (v/v)
acetonitrile/water (B buffer, 40 mL). This solution was diluted with 0.1% (v/v) TFA in HeO
(A buffer, 100 mL). The resulting suspension was filtered through a pad of diatomaceous
earth which was subsequently washed with 209% B/A. The combined filtrate was split into
four 40 ml portions and each portion was individually applied to a preparative HPLC column
equilibrated in 15 % B/A. The column was eluted with 15% to 28% B/A over 5 min and
28% to 33% B/A over 25 mimites. Fractions were collected and analyzed by HPLC method
2.
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HPLC Method 2:
Column: Vydac C18, 4.6 mm x 250 mm
Solvent A: 0.1% (viv) TFA in water
Solvent B: 0.1% (v/v) TFA in 9:1 (v/v) acetonitrile/water
Gradient: 30% - 35% B/A over 20 min, 100% B over 5 min
Flow Ratex 1.2 mL/min
Injection Volume: 50 uL
Detection: UV (220 nm)

Fractions containing product with 2 > 95% purity by peak integration were combined and the
acctonitrile was removed on a rotary cvaporator. The resulting aqueous solution was frozen
and lyophilived to yield cyclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHyHcy as a white powder (510
mg). Analysis of the product by clectrospray mass spectrometry (ESMS) confirmed the
expected product. The expected exact molecular weight for cyclo-Tyx-D-Trp-Lys-Thr-Phe-
(N-CH)Hcy (CaaHsgNgO3S)) was 856.4 daltons. The observed ESMS MH' peak was 857

daltons.
The structure of the novel pharmacophore is set forth below.

9Fy
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EXAMPLE2 -
Synthesis of Chloroacetylated Peptidyl Chelator Precursor
The synthesis of a representative chloroacetylated peptidyl chelator precursor
(CICHCo-B-Dap(Boc) Dab(Boc)-Cys(Trt)- Thr(tBu)(ol)} is described below. Q

Step 1. H-Cys(Trt)-Thr(tBu)ol)-CITr1. 2-Chlorotrityl resin-supported O-t-butyl-threoninal
(4.6 g, 0.6 mmol/g, 2.76 mmol) was placed in peptide synthesis vessel and washed twice for
5 minutes with NMP (30 mL) with gentle agitation of the resin by argon gas. A small aliquot
of resin was requved for ninhydrin analysis (as a contol) and the resin washed with NMP
(30 mL x 1 min). In a separate flask, N-Fmoc-S-trityl cysteine (4.03 g, 6.88 mmol) and
HATU reagent (2.56 g, 6.74 mmol) were dissolved in 30 mL of NMP. 2,4,6-Collidine (1.82
mL, 13.76 mmol) was added to the protected cysteine solution followed by immediate
addition of the activated cysteine solution to the peptide synthesis vessel containing the resin-
supported amino acid. The resin was agitated with a gentle stream of argon for 2.0 hrs. The
sohition was drained and the resin washed sequentially with NMP (3 x 30 mL x 1 min) and
DCM (3 x 30 L x 1 min). Ninhydrin analysis performed on a small portion of resin
indicated that the reaction was complete. The resin was treated with 5% piperidine in 1:1
NMP/DCM (30 mL) for 10 minntes followed by treatment with 20% piperidine in NMP (30
mL) for 15 minutes. The resin.was sequentially washed with NMP (3 x 30 mL x 1 min) and
DCM (3 x 30 mL x 1 min). A small aliquot of resin was removed for ninhydrin analysis (as
a control) and the resin washed with NMP (30 mL).

Step 2. H-Dab{Boc)-Cys(Trt}-Thr(tBu)ol)-CiTrt. N-a-Fmoc-N-y-Boc-2,4-(S)-
diaminobutyric acid (3.03 g, 6.88 mmal) and HATU reageat (2.56 g, 6.74 mmol) were
dissolved in 30 mL of NMP. DIEA (2.40 mL, 13.76 mmol) was added to the protected
diaminobutyric acid solution. The flask was swirled for 1 minute and the contents added to
the peptide synthesis vesscl containing the resin-supported peptide from Step 1. The resin
was agitated with a gentle stream of argon for 2.0 hrs. The solution was drained and the resin
washed sequentially with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1 min).
Ninhydrin analysis performed on a smatl portion of resin indicated that the reaction was
complete, The resin was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10
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minutes followed by treatment with 20% piperidine in NMP (30 mL) for 15 mimutes. The
resin was sequentially washed with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1
min). A small aliquot of resin was removed for ninhydrin analysis (as a control) and the ﬁ
resin washed with NMP (30 mL).

Step 3. H-f-Dap{Boc)-Dab(Boc)-Cys(Trt)-Thr(tBu)(ol)-CiTr1. N-o-Boc-N-B-Fmoc-2,3-
(S)-diaminopropionic acid (2.93 g, 6.88 mmol) and HATU reagent (2.56 g, 6.74 mmol) were
dissolved in 30 mL of NMP. DIEA (2.40 mL, 13.76 mmol) was added to the protected
tyrosine solution. The flask was swirled for 1 minute and the contents added to the peptide
synthesis vessel containing the resin-supported peptide from Step 2. The resin was agitated
with a gentle stream of argon for 2.0 hrs. The solution was drained and the resin washed
sequentially with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1 min). Ninhydrin
enalysis performed on a small portion of resin indicated that the reaction was complete. The
resin-supported peptide was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10
minutes followed by treatment with 20% piperidine in NMP (30 mL) for 15 minutes. The
resin was sequentially washed with NMP (3 x 30 mL. x 1 min) and DCM (3x30mLx ]
min). A small aliquot of resin was removed for ninhydrin analysis (as a control) and the
resin washed with NMP (30 mL).

Step 4. CICH;CO-f-Dap(Boc)-Dab{Boc)-Cys(Trt)-Thr(tBu)ol). Chloroacetic acid (0.65
mg, 6.88 mmol) was dissolved in 20 mL of NMP and a solution of 1:1 HBTU reagent/HOBt
in DMF (0.45 M) (15.0 mL, 6.74 mmol) was added, followed by the addition of DIEA (2.40
mL, 13.76 mmol). The flask was swirled for 1 minute and the contents added to the peptide
synthesis vessel containing the resin-sopported amino acid from Step 3. The resin was
agitated with a gentle stroam of argon for 1.0 hrs. The solution was drained and the resin
washed sequentially with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1 min).
Ninhydrin analysis performed on a smell portion of resin indicated that the reaction was
complete. The resin-supported peptide was treated with 1% TFA (v/v) in DCM (60.mL, 7.79
mmol of TFA) for 15 mimutes. The cleavage solution was filtered off and DIEA (2.7 mL,
15.6 mmol) was added to the cleavage solntion. The resin was washed with DCM (3 x 60
oL x 3 min) and the washes added to the solution of cleaved peptide. The volatiles were
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removed in vacuo on & rotary evaporator. The crude protected peptide was dissolved in 0.1% \,L
(v/v) TFA in 9:1 (v/v) scetonitrile/water (60 mL). The solution was divided into two equal
fractions that were individually applied to a preparative HPLC column equilibrated in 0.1%

(v/v) TPA in 1:1 (VA) acetonitrile/water. The column was eluted with 50% to 100% B/A

over 25 mimrtes and fractions containing product (retention time = 16.4 min using HPLC

- method 1) with & purity of greater than 90% by peak integration were combined. A majority

of the acetonitrile was removed on a rotary evaporator and the resuiting aqueouns suspension
frozen and lyophilized to yield product as a white solid (970 mg). Analysis of the product by
ESMS confirmed the expected product. The expected exact molecular weight £:r CICH,00-B-
Dap(Boc)-Dab(Boc)-Cys(Trt)-Thr(tBu)(ol) (CesHesNeO10SCly) was 968.5 daltons. The
observed ESMS MH' peak was 969 daltons.

EXAMPLE 3
Synthesis of Pharmacophore-Chelator Conjugate
The reaction between the somatostatin receptor-binding pharmacophore cyclo-Tyr-D-
Trp-Lys-Thr-Phe-{N-CHi,)Hey and the peptidyl chelator precarsor ICH;CO-B-Dap(Boc)-
Dab{Boc)-Cys(Trt)-Thr(tBu)(ol) to produce a pharmacophore-chelator conjugate of the
invention is described below. -

Step 1. cyclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CH{)Hcy(CH CO-f-Dap(Boc)-Dab{Boc}-Cys(Trt)-
Thr(tBu)(ol)). cyclo-Tyr-D-Trp-Lys-Thr-Phe-(N-Ci5,)Hey triftuoroacetate (30 mg, 30.9 pumol)
and Ci,CO--Dap(Bac)-Dab(Boc)-Cys(Trt)-Thr(tBu)ol) (36 mg, 37 umol) were dissolved in
DMF (3.0 mL) under an atmosphere of argon. To this solution was sdded a carbonate buffer
solution (0.15 M, pH = 10.0, 20 mL). The reaction mixture was stirred under an atmosphere
of argon ovemnight. 0.1% (v/v) TFA in water (Buffer A, 20 mL) was added and the volatiles
were removed in vacuo on a rotary evaporator to yield the crade protected conjugate as a
solid.

Step 2. cyclo-Tyr-D-Trp-Lys-Thr-Phe-{)¢ CH,)Hcy(CH;CO- f-Dap-Dab-Cys-Thr(ol)). The
crude protected canjugate produced in Step 1 was treated with a mixture of 55:40:2.5:1.5:1
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TRA/DCMAwaterfriisopropylsilane/cthanedithiol (10 mL) for 1.5 hours. The deprotection \@
mixture was diluted with cold ether (200 mL). This resulting precipitate was filtered off in a

sintered plass funne] and washed with cold ether (2 x 20 mL) to yield crude product as an (.
off-white solid. The crude product was dissolved in a 1:1 mixture of 0.1% (v/v) TFA in 9:1 g
(v/v) acetonitrile/water (B buffer)/A buffer (5 mL) and diluted with A buffer (20 mL). The
resulting solution was applied to a preparative HPLC column which had been equilibrated in
A buffer. The column was eluted with a gradient of 20% to 35% B/A over 25 minutes. The
fractions were analyzed by HPLC using HPLC method 3.

HPLC Method 3:
Column: Vydac C18, 4.6 mm x 250 mm
Solvent A: 0.1% (v/v) TFA in water
Solvent B: 0.1% (v/v) TFA in 9:1 (v/v) acetonitrile/water
Gradient: 20% - 50% B/A over 20 min, 100% B over 5 min
Flow Rate: 1.2 mL/min
Injection Volume: 50 uL
Detection: UV (220 nm)

Fractions containing pure product (retention time = 10.0 min) with a purity of greater than
95% by peak integration were combined and the acetonitrile removed on a rotary evaparator.
The resulting aqueous solution was frozen and lyophilized to yicld a white powder (32 mg).
Analysis of the product by ESMS confirmed the expected product. The expected exact
molecular weight for cyclo-Tyr-D-Trp-Lys-Thr-Phe-(N CB,) Hey(CH/CO-f-Dap-Dab-Cys-
Thr(ol))} (CeoliaeN1401457) was 1290.6 daltons. The observed ESMS MH' peak was 1292
daltons.
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Table 1 ]
Compound MW ESMS
{avg) | M|
{eyclo-YWoKTE, (N-ChplHcy(CH,CO.B-Dap.YC. T(ol) 1354.6| 1356
cyclo-YWpKTE.(N-CHplHcy(CHyCO.B-Dap.F(4-Nts).CT 1367.61 1368
cycio-YWpKTF.(N-CHHey(CH,CO.B-Dap.F(4-NiHy).CTS 1454.6] 1455
loyelo-YWoKTF .(N-chplHey(cH,CO.B-Dap.F(4-F).C.T{ol)) 1356.6| 1357
YWpKTF. Hey(CH,CO.B-Dap.F{4-NHy).C.T(oD) 1343.6] 1354
cyclo-YWKTF.(N-CH)Hoy(CH,CO.B-Dap.HC.T(ol)) 1328.5] 1320
cycio-YWoKTE (NCiiglHoy(CHCo.B-Dap.RC. T{ol)) 1346.6) 1348
[cyolo-YWoKTE (N-CHa}Hey(CH,CO.B-Dap.GCK. amide) 1288.5| 1289
cyclo-YWoKTE (N-C)Hcy(CH:CO.B-Dap.SC.T(ol)) 1278.6] 1279
cyclo-YWoKTF. (N-CH)Hey(CH,CO.3-Dap.Dab.C.T(ol)) 1201.6| 1292
cyclo-YWKTF (N-CH)Hcy(CH,CO.B-Dap.Dab.C.S(ol)) 1277.5] 1278
YWoKTF SSC. 1322.6] 1823
cyeio-YWpKTF (N-CHy)Hoy(CH,CO.GKC.amide) 1202.5{ 1203
cycio-YWoKTE (NCHaHcy(CH,CO.B-Dap.Om.C.T(ol)) 1305.6| 1306
cycio-YWpKTF (N-CHHey(CH,C0.SKC.amida) 1232.5]| 1233
|cycio-YWoKTF (N-CH)Hey(CH,CO.B-Dap.KC.T(ol)) 1319.6] 1320
cycio-YWoKTE (N-CHp)Hov(CH,CO.SSCK.amide) 1319.6, 1820
YWoKTF (N-CHa)Hey{CHCO.SSCN 1278.5] 1279
cycio-YWKTE (N-CH)Hev(CH.CO.SSCR.amide) 1346.6] 1348
Cyalo-YWKTF {N-CHHCV(CH,CO KGC.amide) 1202.5] 1203
cyelo-YWnKTF (N-CHo)Hey(CH,CO.B-Dap.KC.amide) 1230,6] 1231
lcyclo-YWoKTF (N-CH)Hov(CH.CO.GGCR.amide) 1286.6] 1288
cyolo-YWRKTF (N-CHa)Hey(CH.CO.B-Dap.GC.T(oh) 1248.6] 1249
{cyclo-YWoKTF (N-Cti)Hoy(CH.CO.S.Dab.C.S(of) 1278.5| 1279
oyelo-YWRKTF (N-CHHov(CHCO.8-Dap.Dap.C.T(oh) 1277.5] 1278
[cyclo-YWoKTE (N-CHHcy(CH:CO.S Dap.C.amide) 1190.5] 1191,
cyolo-YWoKTF (N-CHHov(CH.CO.SSC.Dap.amide) 1277.5] 1278
| cycio-YWoKTF (N-CHIHoy(CH,CO.SSCK.T(oD) 1407.7 | 1408
cyeio-YWoKTF (N-CH)Hov(CH,CO. TGGC.amids) 1232.5| 1255
cyclo{N-CHa): EWKITE (n-CtilHev(cHyCo.8-Dap.KC.T(ol) 1318.6] 1320
.8-Om.GC.amide)] 1188.5] 1211
cyclo-YWoKTF (N-CHa)Hoy(CH.CO.GGCH.amide) 1268.5] 1269
cyclo-YWoKTF (N-CHaHey{CH.CO.GGC.Fa-Niy).amide) 1263.5] 1294
{oycio-YWoKTF (N-CH)Hcy(CH.CO.B-Dap.Dap.CT.amide) 1305.6] 1306
cyclo-YWoKTF (N-CHy HoW{CH.CO.SSCT.NH(CHCHORCHCHINM)  [1422.6] 1423
(M+Na")
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RADIOLABELING OF COMPOUNDS OF THE INVENTION

A.  Placebo Vial Method for Radiolabeling with **Tc

. Approximately 100 pug of each compound as 100 pl of a 1 mg/mL TFA salt
solution digsolved in 0.9% saline was added to a “'placebo vial”, containing lyophilized 5
mg sodium glucoheptonate dihydrate, 50 ug stannous chloride dihydrate, and 100 pg
disodium edetatc dihydrate. The vial was then-reconstituted with sodium pertechnetate
$wTe (15 to 25 mCi) and saline such that the total volume was 1.1 mL. Following
reconstitution, the vials werc incubated ar 100°C in a water bath for 10-12 minutes.

The purity of the *®Tc-labeled compound was detarmined by reverse-phase
analytical HPLC using the following conditions: a Zorbax 300SB C18, 4 p, 4.6 mm x
250 mm analytical column was loaded with each radiolabeled compound, and the
compound eluted at a solvent flow rate equal to 1.2 mL/min. Gradient ejution was
performed using a linear gradient of 20-50% Solvent B/Solvent A (Solvent A is 0.1%
(viv) trifluoroacetic acid {TFA) in water and Saolvent B is 0.1% (v/v) TFA in 90/10 (v/v)
acetonitrile/water) over 20 minutes; followed by a linear gradient of 50-100% Solvent
B/Solvent A over four minutes and 100% Saolvent B/Solvent A for three minutes (Method
1).

Redioactive components were detected in the HPLC method using an in-line
radiometric detector linked to a computerized data collection and analysis system (Waters
Millenium). *™*Tc-glucoheptonate, ¥ Tc-edetate, and ¥ Tc-pertechnetate elute between
one and four minutes under these conditions, whereas the #®Tc-labeled compounds
cluted after a much greater time. The radiochemical purity (as determined by the % area
of the main *™T¢ product poaks) was > 80%.

The purity of the **Tc-labaled compound was also determined by TLC quality
control analysis. The radiclabeled peptide samples were spotted at the origin of each of
two Gelman ITLC-SQ strips. One strip each was developed in saturated saline (SAS)
and 1:1 (v:v) methanol:1 M apmonium acetate (MAM) and allowed to dry. The SAS
strips were cut at Rf 0.75 and the MAM strip was cut &t Rf 0.40. The portions of the
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strips were counted for radioactivity in a dose calibrator, and the percent activity of the
top and bottom portions of each strip calculated, The radiochemical purity of each
sample was calculated as follows:

Purity by TLC = % bottom (SAS) - % bottom (MAM)
The radiochemical purity by TLC was > 90%.

41
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Table 2
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Radiochemical Purity Date—"-Tc
Compound RCP | RCP
HPLC | TLC
cycio-YWoKTE.(N.CHi)Hey(CH,CO.B-Dap. YC.T{ol) 87 | 98
cyelo-YWoITF (N-CHIHGY(CHyCO.B-Dap. F(4-NH,).CT 83 | 67
oyclo- WLICTE.(N Gt Ho(CHecO.f D Flé ). CTS 88 | 63
cycio-YWoKTF.(N-Ci)Hey(CHCO.B-Dap. F(4-F).C. T(ol) 86 | 99
gpl_o-Yan'F (LG'_HHEI( CHyCO.B-Dap.F(4-NH,).C.T{ol) 88 | 98
eyclo-YWoKTE (N-CHolHey(cH,CO.f-Dap. HC.T{ol)) 92 96
gml_mwwo p-Dap.RC.T(al)) 50 | 96
cyelo-YWoKTE (N.CHa)Hey(CH,CO.6-Dap. GCI.amide) 82 | 92
cyelo-YWoTF. (N-Chy)Hoy(Ct;CO.-Dap.SG. T(ol) g2 | 96
cyclo-YWpKTE (N.CHp)Hey(CtiCO.B-Dap.Dab.C.T(ol)) 90 | 94
oyelo-YWoKTE.(N-Gi)Hoy(CH,CO.B-Dap.Dab.C.S(ol)) 88 | 98
oyeto YWoKTF (N-CHIHCY(CHCO.SSC.NH( 83 | 85
cyeio-YWoKTF (-Gt Hev(CHeCO.GKC.amide) 83 | o7
oyclo- YWoKTE (N-Chy)Hey(CryC0.8-Dap.Om.C.T(of) 86 [ 97
cycio- YWoITF (N-CHy)Hov(CH,C0.SKC.amide) - | @
oyclo- YWoICTF (-Gt Hoy(CHCO. B-Dap.KC.T(oh) 82 | o7
YWoKTF CH,C0.SSCK.amide) 94 28
YWpKTF (N Hey(CH,CO.SSC.N 76" 92
cycio- YWoKTF (N-CH Hov(CH,CO.SSCR.amide) B7 | 95
cyclo- YWoKTE (N-Cty)Fey(oHC0. KGC.amide) 87 | 98
oycio YWoKTF (N-CHJHCY(CHCO.B-Dap.KC.amide)_ 88 | 96
cyeio YWKTF (t-CH)Hey(CH,CO.GGCR.amide) 88 | 07
oycio- YWoKTE (K-Ci)Hoy(CHecO.B-Dap.GC.T(ol)) 92 | 85
cycio- YWpKTF (N-CHa)Hey(CHyCO.8.Dab.C.S(ol)) - 96
cyolo- YWKTF (Ci)Hy(CH,CO.B-Dap.Dap.C.T(ol) - | 68
oyclo- YWoKTF (N-GH)HCY(CH,CO.S.Dap.C.amide) -_| 86
oyclo- YWoKTF (N-Ctb)Hcy(CH0.SSC.Dap.amide) - | %2
cyelo- YWoKTF (-cviy) Hey(GHyCO-SSCK T(oh) o1 | o8
oyclo- YWoKTF (N-Chi)Hev(cH,C0.TGGC.amide) 95 | 98
eyoio:(iy.otto} FWoKTF (N-chilHov(Creco.B-Dap.KC.T(ol) 80 | 65
[cyelo- YWoKTF (N.CH)Hey(CH,CO.5-Om.GC.amids)] 75 | 90
cyeio- YWoKTE (N-ChplHoy(CH,CO.GGCH.amide) es_| 99
[eyclo- YWoKTF (N-CH)Hey(CH,C0.GAC.F(4-NH,).amide) 82" | 92
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a1
B.  Method for Radiolabeling with *Re

A compound of the invention having the stracture set forth below was

radiolabeled with "**Re using the following procedure.

Thr
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Ty Cn Ser
In the specification and the claims, this compound is represented as
cyclo-Tyr-D-Trp-L: CH,CO-B-Dep-Phe(4-NHo)-Cys-Thr-Ser)
and in the tabics of the examples the compound is represented as
cyclo-YW KTF.(N-CH Hcy(CH,C0.p-Dap F(4-NR,).CTS).

Shielding adequate for protection against f-radiation, y-radiation, and x-ray
exposure must be positioned between the reaction vessels and the person performing the
labeling. The trifluoroacetate salt of the peptide (70 pug) was formmiated with 25 mg
Sodium ¢-D-Glucoheptonate Dihydrate, 850 pg Tin (I} Chloside Dibydrate ACS, 100 pg
Bdetate Disodium USP, and Water for Injection USP g.5. to 1.0 mL, adjusted to pH 7.4 £
0.1 with sodium hydroxide snd/or hydrochloric acid and lyophilized. The lyophilized
formulation was reconstituted with 1 mL '*Re elnats from a **W/'®™Re-generator in
0.9% Sodium Chlaride Jnjection USP. The reconstituted formulation was incubated for
15 minntes in a boiling water bath. Four mL. of a saline solution coptaining 20 mg
gentisic acid (as the sodixm salt, monohydrate) snd 10 mg ascorbic acid was added and
the solution allowed to cool for 15 minutes at room temperature. The cooled solntion was
filtered though a 0.22 micron filter into a sterile, preferably evacuated, nitrogen-filled
vial.

The "“Re-labeled peptide is stable (> 90% radiochemical purity by TLC and >
85% radiochemical purity by HPLC) for at least 3 hours after preparation, when stored at
TOOm temperature.
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EXAMPLE 5
SSTR AFFINITIES OF COMPOUNDS OF THE INVENTION

[**I-Tyr""] somatostatin-14 ([***T]SST-14) was obtained from Amersham. /é
Unlabeled somatostatin-14 was purchased either from BACHEM (Torrance, CA) or from
Sigma Chemical Co. (St. Louis, MO). Protease inhibitors, leupeptin, aprotinin,
bacitracin, and benzamidine and other reagents were obtained from Sigma. Protease
inhibitors were prepared in dimethylsulfoxide (DMSO) at a concentration 500 x higher
than the final assay concentration. The prepeszJ protease solution was stored at —20°C
and diluted with the buffer solution before use.

Membrane preparations used in these studies were prepared from two commexcially
available tumor cell lines, the human small cell lung cancer cell line, NCI-H69, and the rat
pancreatic tumor cell line, AR42J, obtained from American Type Culture Collection (ATCC)
(Mamsus VA). NCI-H69 cells were maintained by serial passage in RPMI 1640 with 10%
fotal calf serum. AR42)] cclls were maintained in F-12K medium containing 20% fetal calf
serum. Cells in culture flagks were incubated at 37°C with 5% CO, in air atmosphere
following the recommendations of the “Product Sheet™ from ATCC.

Cultured cells were first detached from plates with phosphate-buffered saline, pH
7.4, containing 2 mM EDTA, and centrifuged at 1,500 x g for 10 min. Cells were then
resuspended in 5-10 mL of the homogenization buffer (1 mM sodium bicarbonate, pH
7.4, 1 mM EDTA, 1 mM EGTA, 2.5 mM DTT, 5 pg/mL leupeptin, 5 pg/mL aprotinin,

100 pg/mL bacitracin, 100 pug/ml. benzamidine) for 10 min on ice. The cells were lysed
for 30 sec twice in a polytron with a setting at 5. The lysate was centrifoged at 1,000x g
for 10 min at 4°C. The supematant was centrifaged at 40,000 x g for 20 min at 4°C. This
step was repeated twice with the homogenization buffer in the absence of protease
inhibitors. The pellet was then resuspended at 1-5 mg membrane protein/mL in 25 mM
Tris, pH 7.4 without the addition of protease inhibitors and the membranes were stored at
-80°C before use. Membrane protein concentration was determined spectroscopically
using the bicinchonic acid (BCA) protein assay kit (Pierce Chemical Inc. (Rockford, IL).

All (")SST-14 binding assays were performed in 0.5 ml. binding buffer
hiningSOmM_I-[E!’ES,pH?.S. 10 mM MgCla, 0.25% BSA (w/v) containing protease
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inhibitors (same as above) and incubated at 37°C for 45 minutes. After incubation,
samples were kept at 4°C and rupidly filtered under vacuum through a Whatman GF/B
glass fiber filter with a 12-well harvester (Skatron Instruments Inc., Sterling, VA). The
filter was washed for 9 scconds with cold 50 mM HEPES, pH 7.5, 10 mM MgCl,, 0.25%
BSA (w/v). Thirty-five pmole of ('*TISST-14 from Amersham was used in cach tube.
Peptides were solubilized in DMSO and serially diluted with DMSO. Five uL of peptide
in DMSO was used to obtain the final concentration. DMSO (5 pl) was added to the
tube without the addition of any peptide or nnlabeled SST-14, o that cach tube contained
1% DMSO. Non-specific binding was defined as the binding of ['**]JSST-14 which was
not displaceable with an excess of unlsbeled SST-14 at a concentration of 1 x 106 M.
The bound ['Z*I]SST-14 without or with excess unlabeled SST-14 (1 x 105 M) was
defined as total binding and nonspecific binding, respectively. The difference between
tota! and nonspecific binding was defined as specific binding. The percent inhibition (%
Inh) by peptide was expressed as _

% Inh = (total binding — total binding in the preseace of peptide)/specific binding x 100%

Inclusion of protease inhibitors in homogenizing medium as well as assay buffer
is essential to maintxin the integrity of both [*Z[JSST-14 and somarostatin analogs for the
receptor binding assay and to obtain optimal specific binding. The highest specific
binding was obscrved whea MgCla (10 mM) was included. Membranes were finally
resuspended in a sodium-free medium and receptor binding assays were performed in the
absence of sodium ions. '

The potency of the compounds of the inveation in inhibiting the binding of
[**'I)SST-14 to isolated membrancs was cxpressed as the ICso, defined as the
concentration of compound inhibiting by 50% the specific binding. Binding isotherms,
indicated that many compounds bound to two classes of receptors. ICyp values were
calculated from the data by a computerized nonlinear, least squares curve-fitting program
sssuming two classes of receptor binding sites (GraphPad Prism, GraphPad Software,
Inc., Sen Diego, CA).

\4 o
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Table 3
ICsy Values for Uncomplexed Compounds
Compound NCI-H69

| cyclo- YWoRT EN-CILLHcy, 2.10x10°
| cyelo-YWoKV E(N-CH)Hey, 210x10°
| eyclo-XWoKTE (¥-Cii:) Hey(CH,Co TGGC. amide) 1632107 [243x 107
|_cyclo YWoR TR (N-CHLLHEY(CH,C0.8-0.GC. amido) 29X 10"
|_cyclo-YWopKTE(N.cHy)Hev(CH,co.A-Dap KC.T(ol) 346x10" [234x 107
| cyelo-Y W KT (N-CELIHeY(CH,CO.SSC.NH(CH,CH,0), CH.CHNH,) 452107 [>10%
| cyelo- YW RIEMCHIHCy(CH,CO.B-Dap.Dap.C.T(ol) 4492107 [ 468x107
| cyelo-XWKTEQN.CHJHCV(CH,CO.-Dap.Dab, C-T(ol) 6423107 _|>10°_
|_cyelo YW KIE.MN-GIHev(CHCOB Dap.0.CT(ol) S05x10" | 744x 107
w-wm.w) 402107 | <10”

JF(4-NH,).C.T(ol))] SO1Ix10° |<I0™
_'-J’C_Wﬂ‘ﬁﬂd) 1572107 | <107
_m_w c1,c0.p-Dap. HC.T(ol) BS1al

CO.B-DapDab.C.S(ol 1.08x 1

Wﬂ&)
|_cyelo- YW KTEN.CHLHev(CH,C0.B-Dsp. Dab.CT) 1255107 | 125x107
|_eyelo- YW KTF.(N-CHHev(Ci1.CO.B-Dap. F(4-NIL).CT) G410 | 64T 10" |
|_cyclo-YW KTEN.ClL Hev(CH.CO.B-Dap F(4-NH,).CTS) 201x107 |891x107
|_cyclo- YW KIE(N-CHIHeY(CH,00.8-Dap.F(4-NiL).CT-S(ol)) 3R 10" [IEx10" |

(¥
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“Table 4
ICy Values for Rhenium-Complexed Compounds
Compoand NCI-H69
|_eyelo-YWoKIE (N-CH)HEY(CH,C0.5-0.GC amide) (ReO) 383x10% |1.62x 107
|_cyclo- YWolIE(N-Cth).Hev(CH,CO. TGGC.amide) (ReO) 371x > 10°
eyclo- YWoKTF.(N-Cih) Hey(CH.00. TGGC.amide) (ReO) 3.88x 10 >10°
|_exelo- YWoKTEMN-CH.) Hev(CH,C0.GOCH. amide)(Re0) 8.16x10° |>10°
| cyclo- YWRKIE(NCHh). Hey(CH,CO SSCK. amide)(ReO) 155x 10~ _[> 107
|_cyclo- YWoRTE(N-CHi) Hev(CH,CO. KGC.amids}ReO, o-N) 500x 10 | 191x10
|_cyelo- YW olTE.(N.CH. Hev(C,C0.KGC.amide ReO, o-N) 509x 107 |2.47x107
| eyclo- XWoKIE.(N-C3a). Hey(CH,C0.B-Dap GCK amido)ReO, r.t. 12.3) 430x 1077 |5.07x10°
|_cyelo- YWoKTE.MN-CH) Hev(CB,co.8-Dup. GCK amids)(ReO, r.t. 12.8), 331x10™ [> 107
|_eyelo- YWoKIE.(N.CHi. Hev(CR,C0.6-Dap. KC-T(ol) (Re0), 64Tx 107 [>10%
JL‘*WMS_QC_TL@&QL TALx 107 1> 167
o- YWoKIF.(N-CH , 115x10" [1.88x1
' ! Re0)_ 499x 10" [1.58x107
mwcapo sscx umde)(RnO) S.15x 10 |>10°_ o
" eyelo~ YWoKTF.QN-CHa) Hev(CR,cO.GGCR.amide)(ReO) 6.18x10° | LI8x 10
.GGCK amide)(Re0) 143%10°_(>10°
eyelo- YWoKTF.(N-Cii) Hev(CR.CO.B-Dap. KC.amide)(ReO) 850x 1 318X 10" |
| cyelo- YWpKTE.(-Coh) Hov(CH,c0.8-Dap KC.amide)(R<0) 8B 107 <107
[ cyclo- YWKTF,(v-Chh) He v(CB,C0.GGC.F(4-NH))(ReO) 2B 10" [2.73x107
" cyclo- YWoKTF (v-ctia) Hov(CR,CO.SKC.amide)(ReO) 270 10° [ 1.26x10°
_cyclo- XWpRTE(N.CHa) Hev(CH,CO.SSC.Dap.amide)(ReO) 6.91x 107" ]6.76x 107
‘Wﬁw&lﬂx&l 3.12x 10" [1.56x107
|_eyelo- YWolCTE.Gv-Chi) Hev(Crco.8-Dap.Dap C.T(o) (ReO) 351 1077 [5.36x 10°
Wym EOTx 10 | 13710
[ oyelo- YWoKTF.(N-Cih) Hey(Ci,C0 SSC.NH(CH,CH,0) CHCHNA)ReD) | 489x 107 | 2.17 2107~ |
4
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Tabled
ICyp Values for Rbentum-Complexed Compounds
Compound NCI-HG9
| cyclo- YWoKTR.(N-ch) Hev(CH,c0.8-Dap.Q.C.T(ol) (ReO) 475x 107 [1.41x10°
| cyelo- YWoKTF (N-Cti), Hey(CH,C0.3-DapDab.C.T(ol) (ReO) 43X 10" | 102x 10
|_cyclo- YWoKTE,(N-Cii). Hey(CH,C0.5-Dap F(4-NH).CT(oD)(Re0). 122x 10 [430x 107
| eyclo- YWoRLE (¥ G} Hoy(CH,CO.8-Dap.S.C-T(o(Re0). 5.13x 1077|263 167
|_cyelo Y WoRTE(N-CH) Hey(CH,cO.B-Dap. HC. T(ol) ReO 223x10™ | 6.03x 10°
|_cyclo- YWoKTR.ON-CH,). Hey(CH,0.8-Dap.GC.T{al) ReO 222x 10" |3.29x 107
_cyelo- YWoKTEN-ClLHCY(CH,C0.3-DapDab.C.S(ol) ReO 200x 10" 12.67x 10°
| cyclo- YWoKTE.ON-Cih) Hev(CH:00.8 Dab.C.S(ol) ReO 1.55x10° | 1.14x 107
| cyelo- YWoICTE, (N-CH). Fey(CH,C0. B-Dap F(4-NI,).CT.S(ol)) ReO 6.02x W_N"' 413x 107
| cyclo- YWoKTE, (N-CHs) Hev(C11,C0.8-Dap. F(4-Nit).CTS) ReO 227x 10" 11.47x 10"
| cyelo- YWoKTE.(N.CHi), Hov(ci,C0.-Dap.Dab.CT) ReO 775210
| eyelo- YW olCTE.Q¥.Ch) Hey(CH,C0.B-Dup.F(4-NEL).CT) ReO 435x10T
Table §
ICso Values for AR42J Cell Membranes
|_eyelo-Y W KIEN:CHIECy(CH,CO.B-Dap.F(4 NR,).CTS) AT 128X T0"
cyelo- XWoKTR.(N-CH) Hey(CH,CO.8-Dap.Dab.C.T(ol)(ReO 1.81x10™_|5.08x107
| gyelo- YWl (N:Cth) Hoy(CH,CO SSC.NHICHCHO) CHCHNH)ReO)  [2.17x 10" 1 6.17x10°
|_cyclo- YWpKTF,(N-Ci) Hey(CH,C0.SSC.NH(CH,CH. 0) CH .CH NH Y(ReO) 1.67 x 10° 8.99x 107
|_cyelo- YWoKTRLO:CH) Hev(CH,CO.B-Dap.F(4-NIH,).C. T(oD)(ReO). _ 9.00x 107 >10°
JLWM F(&-Ni).CTS) ReO 496x 10°| _374x 107

X
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EXAMPLE 6
BIODISTRIBUTIONS OF COMPOUNDS OF THE INVENTION

Rat pancreatic AR42J cells (ATCC, Rockville, MD, USA) were grown in Modified
Ham’s F12K medium (Cat.No. N-3520, Sigma, St. Louis, MO, USA) containing 20% fetal
bovine serum (FCS) (Cat. No. 1224, Lot No. 9702058, Sigma, St. Louis, MO, USA) under
stegile condifions in 95 % humidity and 5§ % COy. At a density of approximately 10 x 10°
cells per T150 flask, the cells wexe harvested with trypsin and collected by centrifugation at
2400 rpm (800 x g) for 15 minutes in & benchtop centrifoge (IEC Ceatra-8 tabletop
centrifuge, Interational Equipment Coipeny, Needham, MA, USA). The cells were
resuspended in medium containing 20 % FCS for implantstion.

Six fernale nude mice (CALNU/NU-n«BR, 6-8 weeks old) were injected
subcutaneously into the right flank with tamor cells (2 x 1077100 uL) in 20 % matrigel
(Collaborative Biomedical Products, Chicago, IL, USA). Fourteen days after inoculation
tumors were visible in all animals. Three weeks after inoculation, mmors were aseptically
dissected, minced and implanted into 60 pude mice using a trochar. The turnor xenografts
from the second passage were used for biodistribution studies.

A dose of approximately 50-100 uCi ™™ Tc-labeled compound/mouse was injected
intravenously in a total volume of 100 pl.. Mice wore sacrificed 90 minutes post-injection
by decapitation and the trunk blood was collected. Tumors (1 to 3 per mouse), liver,
gastrointestinal tract, kidneys, and samples of mpscle from both legs (quadriceps femoralis)
were collected, weighed, and counted for radioactivity. Biodistribution data for a number of
T c-labeled compounds of the invention are presented in Table 6.

19
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Table 6

Biodistributlon Data--""T¢ |
Compound TUMOR [Kidneys|Spleen| GI |Urine| T:M | T:8

%1d/g | %ld/g | %ID %ID | %ID
oyefo-YWoKTF, (N-Ci) Hev(cH,C0.B-Dap.Y C.T(ol) 216| _77) 0.1 22| 32) 165 63|
cyelo-YWoKTE.(N-CHa)Hoy(CH,CO.B-Dap. F(4-NHy).CT 25| 5.7 0.08 14] 53 129_“1
cyclo-YWoKTE. (N-CHulHey(CH,CO.B-Dap F(4-NH,).CTS 24.7) 4.8 o021 8] 59| 127] 29
cyelo-YWoKTF (Nt Hey(CHco.B-Dap. F(-F).C.T(ol)) 235 4.7 017]" 24| 20 124] 25
cyeio-YWoKTE.(N-CHa)Hey(CH,CO.B-Dap. F(4-NH,).C.T(ol}) 318 6.5 0.08 11} 48] 188 81
cycio-YWoKTF. {h-Gta\Hev(cH,co.p-Dap. HC.T(ol)). 155 81 03] —of 53 o6l 28
| cyolo-YWoKTE,(N-CH) Hev({cH,co.B-Dap. RC.T(ol)) 162] 17.8] o1] 48] 58] 84[ 34
oyeio-YWoKTE.(N-Cha) Hey(CH,CO.B-Dap. GCK.amide) 13.36] 80.1] 0.05 4] 40 108 27
[oyeio-YWoKTF (4-GHy)Hov(CH,cO.p-Dap SC.T(ol)) _ 126]  6.1] 0.06] 8| 58| 144] 31
| cyelo-YWolKTF {N-CHalHoy{CHeC0.-Dap.Dab.C. T(ol)) 11.7] _ 6.6] 0.08 3] 84] 43] 13
wmmmb.c.smm 10.8] 13.8] 0.04 2] 73] e8] 30
KTE, H .SSC.NH(CH,C N 10.6] 17.8] 0.05 3| 70 132] 44
cyoio-YWoKTF (NGt Hov(CreC0.GKC.amide) 103] 28.3[ 0.09] 15[ a6[ 4o[ 13|
cyclo- YWp Hi .p-Dap.OC.T(o 10.3] 28.8] 0.05 2] 73] 98] 24
cyelo- .SKC.amide 103 41.9] 0.07 5] 68 49| 15
cyelo- YWoKTF (N-GHa)Hey(CHeCO.B-Dap.KC. T(ol)) 10.2] 26.8] 0.04 8| 65| 104] 48]
| cycio- YWoKTF (N-ChaHey(CH,CO.SSCK.amide) 8.2 25.1] 0.04 6| 72| 71| 26
cycio- CHCO.SSC.NHi CHCHaN 0.1 54] 0.07 5| €8 70{ 16
cyoio- YV cH,CO.SSCH.amids) 88 31.8] 005 6| 37; 5ol 11
 cyalo- YWoKTFE (N-GHolHev(CH,CO.KGC.amide) 7.94] 58.8] 0.04 7]__48] 48] 15
[cyelo- YWn! H .p-Dap.KC.amide) 7.52] 42.5] 0.05] 3| 38| 32| 1@
cyoio- YWoKTF (N-GHa)Hey(cH,cO.GACR.amids) 7.24] 323 o.osl 8] 39| 18] &
| cyvio- YWoKTE (N-CHy)Hey(CH,cO.B-Dap.GC. T{ol) 7.1] 45| 0.07 19] 43 56| 13
cyclo- YWolKTE (N-CH)Hov(CH,CO.8.Dab.C.S(ol)) 7] 21.1] 0.04] 3] 76| es| 18

\iz
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Table 6
Blodistribution Deta--
Compound TUMOR |Kidneys|[Spleen] GI |[Urine| T:M | T:B
%idig | %id/ig | %ID | %D | %ID

ojolo- YWolTF (N.CH,Hoy(CHyCO.5-Dap.Dap.C.T(ol) 64" 78] 004] 7| 85 64| 16
cyeio- YWoKTF (N-CHoYHev(CH,C0.S.Dap.C.amide) 48] 93] 007] 25| 45 25| ®
cyelo- YWoKTF (N-CHaJHov(cH,c0.8SC.Dap.amide) 4.5 12.6] 0.07 8] B85 23] 8
eyclo- YWoKTF (N-CHa)Hey(CHyCO.SSCK.T(ol)) 4.3 13.6] 0.002 1] 65| 35{ 21
cyelo- YWolTF (N-CHaHCY(CHGO.TGGC. amide) 381 47| 004 30| 26 95| 30
W&Dw KCT(ol)) 3.58] 43.4| 0.04 S51] 33| 80
cyoio- YWoKTF (-Gta)Hoy(cHe0.5-Om.GC.amide)] 1815 oozar‘_| 15[ 05 29
WoKTF (-G HovicH,c0. GRCH.amide) 05| _siootsl %2l 1el 32l B

C .GGC.F(4-NH,).amide) 0.7 1.9 _0.07| 9] 28|

51
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It should be nnderstood that the foregoing disclosure emphasizes certain specific
embodiments of the invention and that all modifications or equivalents thereto are within
the spirit and scope of the invention as se1 forth in the appended claims.

\b'b‘
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CLAIMS *
. A compound comprising a somalostatin receptor-binding peptide having
a formula
eyclo-B'-B> oA
wherein B' is Phe, Tyr, Nal, Ain, ora substituted derivative thereof:
B is Trp or a substituted derivative thereof;
B? is Lys, Hly, Achxa, Amf, Aec, Apc, Acs, Aps or a
substituted derivative thereof;
B* is Thr, Ser, Val, Phe, ic, Abu, Nle, Leu, Nva, or Aib;
Cis an L-a-amino acid;
A is an N-alkyl-g-amino acid or an N-substituted alkyl-a-amino
acid, wherein A comprises a sidechain selected from the group
consisting of a substituted alkyl, a substituted alkenyl, snd a
substituted aryl;
wherein A and C are covalently linked through an amino terminus of A and a carboxyl
terminns of C to form a cyclic peptide.

‘2. The compound of claim 1, wherein A is an N-methyl-a-amino acid.

3 The compound of claim 2, wherein A is selected from the group consisting
of (N-CH,)Cys, (N-CHy)Hcy, (N-CHy) Tyr, (N-CH)Tty, and (N-CHy) TYT(CHCHoSH). -

4. The componnd of claim 3, wherein A is sclected from the group consisting
of (N-CH;)Cys3, (N-CH;)Hcy, and (N-Ci3)Tyr, and C is selected from the group consisting
of L-methionine, L-phenylalanine, and a substituted derivative of L-phenylalanine.

5. The compound of claim 4, wherein A is selected from the group consisting

of (N-CHy)Cys and (N-CHy)Hcy, and C is solected from the group consisting of L-
methionine, L-phenylalanine, and a substitnted derivative of L-phenylalanins,

53
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6.  Thecompound of claim S, wherein A is (N-CHyHcy and Cis L-

pbenylalanine.
7. The compound of claim 1, having the formula: K
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CH,)Hey .

8. The compound of claim 1, wherein a chelator or radiometal ligand is
covalently linked to a sidechain of A.

9. The compound of claim 8, wherein the chelstor has a formula:
p-Dap.Xaa Cys Zaa
wherein Xaa is su Lot amino acid, and
Zaa is an a-amino acid, an o-amino acid amide, an amjnoethylether, a p-
aminol, or a peptide containing from two to ten o-amino acids, said
peptide having a carboxyl terminal a-amino scid, a-amino acid amide,
aminoethylether, or B-aminol.

10.  The compound of claim 8, whercin the chelator is selected from the group
consisting of  1,4,7,10-tetraszacyclododecanc-1,4,7-triscetic  acid,  1,4,7,10-
tetrazzacyclododecane-1,4,7, 10-tetraacetic acid, a substituted derivative of 14,7,10-
tetraszacyclododecane-1.4,7-triacetic acid, and a substituted derivative of 1.4,7,10-
tetraszacyclododecane-1.4,7,10-tetraacetic acid.

11. The compound of claim 8, wherein the ligand is a hydrazino nicotinamide
moiety.

12 A compound having a formnla
cyclo-B'-B*-B*-B*-C (v.CHHCy—X
whesein B! is Phe, Tyr, Nal, Ain, or 2 substitated derivative thereof:
B? is Trp or a substituted derivative thereof:



66L3280° TOOTSTOS

10

—
(%]

8

B’ is Lys, Hly, Achxa, Amf, Aec, Ape, Aes, Aps ora

substituted derivative thereof:

B*is Thr, Ser, Val, Phe, Iie, Abu, Nle, Leu, Nva, or Aib;

C is L-methionine, L-phenylalanine, or a substituted derivative of

L-phenylalanine;

X is a H, a chelator, or a radiometal ligand;
whesein B! and (N-CH,)Hcy are covalently linked through an smino terminus of B! and a
carboxyl terminus of (N-CHy)Hcy to form a cyclic peptide and X is linked to the (N-
CH,)Hcy residue through a sidecusin sulfur atom.

13.  The compound of claim 12, wherein X is a chelator having a formula:
p-Dep.Xaa.Cys.Zaa
wherein Xaa is an L-a-amino acid, and
Zas is an amino acid, an amino acid amide, an aminocthylether, a p-
aminol, or a peptide containing from two to ten amino acids, said peptide
baving a carboxyl terminal amino acid, amino acid amide,
aminoethylether, or f-aminol.

14. The compound of claim 13, wherein Xas is selected from the group
isting of mecine, diaminobutyric acid, histidine, arginine, tyrosine, jodotyros
bromotyrosine, chlorotyrosine, O-alkyl-tyrosine where alkyl represeats C; to Cs alkyl,
hydroxyltyrosine, ~ sminotyrosine,  phenylalamine,  4-flnorophenylalanine,  4-
chlorophenylalanine, 4-bromophenylalanine, 4-iodophenylalanine, 4-nitrophenylalanine,
4-aminophenylalanine, N*-R-4-aminophenylalanine, N*-R, N*-R'-4-gminophenyialanine,
or 3-R'-4-aminophenylalanine where R is C; to C, alkyl and R’ is selected from the group
consisting of H, C; to Cy alkyl, amino, hydroxyl, NH-alkyl wherein alky] represents C; to

" C4 alkyl, NH-acyl, O-alkyl wherein alkyl represents C; to Cq alkyl, O-acyl, S-slkyl

wherein alkyl represents C, to Cy alkyl, SO-alkyl and SO,-alkyl wherein alky] represents
Ci to G alkyl, SO3H, CO:H, COx-alkyl wherein alkyl represents C, to C, alkyl, and
CONH-alky! wherein alkyl represents C; to C4 alkyl.

B
A
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IS. The compound of clsim 12, wherein X is a hydrazino nicotinamide
moiety.

16. The compound of claim 12, wherein X is a chelator sclected from the
group consisting of 14,7, 10+tetrazzacyclododecane-1,4,7-triacetic acid, 1.4,7,10-
tetraszacyclododecane-1,4,7,10-tetrancetic acid, a sobstimted derivative of 1.4,7,10-
tetraazacyclododecane-1,4,7-triacetic acid, or a substimted derivative of 14,7,10-

tetragzacyclododecane-1.4,7.10-tetmaacetic acid.

17. A radiopharmaceutical comprising the compound of any of claims 1
through 16 and a radioisotope selected from the group consisting of an a-emitting
radionuclide, a f-emitting radionuclide, a p-fy-emitting radicpuclide, a positron emitting

18.  The radiopharmacentical of claim 17, wherein the radioisotope is selected
from the group consisting of ®Ga, ¥Ga, Cu, 7S¢, ''In, ™™ Tc, '®Re, '®Re, 2'Bi, 3*Bi,
Py, “Cu, ¥Sm, *=Tc, *Ho, TRa and B Ac.

19.  The radiopharmaceutical of claim 17, wherein the radioisotope is selected
from the group consisting of '*F, I, 111, 1, and At

20. A compound having a formula selected from the group consisting of:
eyelo-Tyr-D-Trp-Loyy Thi-Phe-{ N CHy HEV(Cl4,CO-f-Dap- Tyr-Cys Tha(o):

cyclo-Tyr-D-Trp-Lys-Thy-Phe~-{ N-CHiJHey(CH,CO-B-Dap-Pbe(4-NHy)-Cys-~Thr);
cyclo-Yyr-D-Trp-Lys-Thr-Phe-( N-Ci))Hcy(CH,CO-B-Dap-Phe(4-NK,)-Cys-Thr(ol));
cyclo-Tyr-D-Trp-Lys-Thr-Phe{ N-Cha)Hey(C1,00-Gly-Gly-Cys-Lys-Thr(ol));
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hcy(CH,CO-f-Dap-His-Cys-Thr(al));
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-Cii) Hey(CH,CO-B-Dap-Arg-Cys-Thr(ol));
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-Cti ) Hew(CHCO--Dap-Gly-Cys-Lys-Ni,);
cyclo-Iyr-D-Tm-Lys-Thr-Phe-{ N-CHy) Hcy(CH.CO-B-Dap-Ser-Cys-Thr(oD));
cyelo-Tyr-D-Trp-Lys-Thr-Phe-( N-CH) Hey(CH.CO-$-Dap-Deb-Cys-Thr(al));

36
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cyclo-Tyr-b-Trp-Lys-Thu-Phe-( N-CHy)Hey(CH,CO-B-Dap-Gly-Cys-Thr(ol));
¢yclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CHy)Hcy(CH,CO-B-Dap-Dab-Cys-Sex(ol));
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hcy(CH/00-Gly-Gly-Cys-Lys-NHy):
eyclo-Tyr-p-Trp-Lys-Thr-Phe-{ N-GF) Hey(CH;00-Gly-Gly-Cys-Arg-Ni,);
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH))Hcy(CH,CO-Ser-Ser-Cys-Lys-Ni,);
cyclo-Tyr-p-Trp-Lys-Thr-Phe< N-CHy)Hoy(CH,CO-Ser-Ser-Cys-Arg-Ni,);
eyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CHy)Hcy(C8,C0-Ser-Ser-Cys-Lys-Thr(oD);
eyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH,) Hoy(CH,CO-Sex-Ser-Cys-Dap-NH,):
cyclo-Tyr-D-Trp-Lys-Thr-Phe{ N-CH,)Hcv(CH,CO-Sex-Ser-Cys-

o NE{CH;CH,0),CH,CHNH);
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CHh)Hcy
(CB,C0-B-Dap-Ser-Cys-Thr-NH(CH.CH;0) {CH:CH,NH,);
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CH))Hcy(CH,CO-Gly-Lys-Cys-NHy);
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CH)Hcy(CH/CO-Ser-Lys-Cys-NH,);
cyclo-Tyr-p-Trp-Lys-Thr-Phe{ N-CH,)Hcy(CH,CO-Lys-Gly-Cys-NHa);
cyclo-Ivr-D-Trp-Lys-Thr-Phe-{ N-CHy) Hey(CH,CO-Ser-Dab-Cys-Ser(al));
cyclo-Tyr-D-Trp-Lys-Thy-Phe-{ N-CH) Hey(CH,CO-Ser-Dap-Cys-NH,);
cyclo-Tyr-D-Trp-Lvs-Thr-Phe-{ N-CHh) Hey(CH/CO-Gly-Gly-Cys-His-NH,);
cyclo-Tyr-D-Trp-Lys-The-Phe-( N-CH,)Hoy(CH/CO-Gly-Gly-Cys-Phe(4-NHo)}-NH,);
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hcy(CH,CO-B-Dap-Om-Cys-Thr(ol));
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hey(CE,C0-f-Dap-Dap-Cys-Thr(al));
cyclo-Tyr-D-T-Lys-Thr-Phe { N-CH)Hey(CH/CO-B-Dap-Lys-Cys-Thi(ol));

[l IOl 1)
Lol Lonal |90

o ol

cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CH)Hev(CH,CO-Ser-Ser-Cys-NHCH;CH,OCH,CHNH,);

cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH:)Hey(CR,CO-B-Dap-Lys-Cys-NHy);
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CHy)Hey(CH,CO-5-Orn-Gly-Cys-NH,); and
cyclo-Tyxr-D-Trp-Lys-Thr-Phe-( N-CHy) Hey(CH.CO-Thr-Gly-Gly-Cys-NH,).

21. Amdiophnrma-omﬁcaleompisingthecompomdofdaimzomdn
radioisotope selected from the group consisting of ®™T¢, "“Re, “'Re."’Bi.and”"Bi.

22. A compound having a formula:
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH) Hcy(CH,CO-B-Dap-Phe(4-NH,)-Cys-Thr-Ser).

23. A radiopharmaceutical comprising the compound of claim 22 and *™Te.

24. A mdiopharmaceutical comprising the compound of claim 22 and "®Re.

25. A complex of ™ Tc and a compound having a formala:
eyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CB)Hcy(CB,CO-f-Dap-Phe(4-NH,)-Cys-Thr-Sex).
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26. - A complex of "Re or "*Re and 2 compound having a formula:
ycio-Tyr-D-Tp-Lys-Thr: Phe-{ N.CH)Hey(CH,CO-P- Dap-Phe(4-31,)-CysThr-Sex).

27. A kit for preparing a radiopharmaccutical preparation, said kit comprising
a sealed vial contsining a predetermined quantity of the compound of any of claims 1
through 16 and a sufficient amount of a reducing agent to labed the compound with ®™Tc,
1%Re or '¥Re.

28. A kit for preparing a radiopharmaceutical preparation, said kit comprising
a sealed vial containing a predetermined quantity of the compound of claim 20 and a
sufficient amount of a redncing agent to label the compound with *®Tc, "“Re or *®Re.

29.  AXit for preparing a adiopharmacentical preparation, said kit comprising
a sealed vial containing a predetermined quantity of the compound of claim 22 and a
sufficient amount of a reducing agent to label the compound with #®Tc, "®Re or '®Ra,

30. A kit comprising a sealed vial containing a predetermined quantity of the
compound of any of claims 1 through 16.

31. A kit comprising a sealed vial contrining a predetermined quantity of the
campound of ¢laim 20.

32. A kit comprising a sealed vial containing a predetermined quantity of the
compound of claim 22, ’

33. A method of imaging a site within a mammalian body comprising the
steps of:

a) radiolabeling the compound of any of claims 1 through 16 with ®®Te;

b) administering an effective disgnostic amount of the radiolabeled compound to
the body; and
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c) detecﬁng""‘l‘cmmulﬂedatthsaite._

34. A method of imaging a site within a mammalian body comprising the
steps of:

2) radiolabeling the compound of claim 20 with ™ Tc ; .

b) administering an effective diagnostic amount of the radiolabeled compound to
the body; and

c) deteuﬁng”'fcl:cumﬂmndatﬂnfite.

35. A method of imaging a site within 2 mammalian body comprising the
steps of:

8) administering an effective diagnoetic smount of the radiopharmaceutical of
claim 23 to the body; and

c) detecting ™ Tc accumulated at the site.

36. A method of treating an animal suffering a somatostatin-responsive
diseasc, comprising the steps of;

a) radiolabeling the compound of any of claims 1 through 16 with "™Re, ®Re,
Mp; Mp; Wy 18gy, 41g, BGy Mt Gy, 166y, R, BIp, 18 135 1317 13y
’“At;lnd

b) administering a therapentically effective amount of the radiolabeled compound
to the animal.

37. A method of treating an enimal suffering a somatostatin-responsive
disease, comprising the steps of:

8) madiolabeling the compound of claim 20 with '*Re, ™Re, 22Bi, or 2*Bi: and

b) administering a therapentically effective amount of the radiolabeled compound
to the animal.

38. A method of treating an animal suffering & disease characterized by up-
regulation of somatostatin receptors, comprising the steps of:
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2) radiolabeling the compound of claim 20 with "Re, '®Re, *'*Bi, or ’Bi; and
b) admjnintmingmeﬁw&vethmpwﬁcm;mmoﬂhendiohbehdwmpound lo
the animal.

39. A method of treating an animal suffering a somatostatin-responsive %
disease, comprising the step of:
adminixtering a therapeutically effective amouat of the radiopharmaceutical of
claim 24 to the animal.
40. A method of treating an animal suffering a somatostatin-responsive
disease, comprising the step of administering a therapeutically effective amount of the
compound of any of claims 1 through 16 to the animal.

41. A method of treating an animal suffering a somatostatin-responsive
disease, comprising the step of administering an effective therapeutic amount of the
compound of claim 20 to the animal.

42. A method of treating an animal suffering a somatostatin-responsive
disease, comprising the step of-administering an effective therapeutic amount of the
compound of claim 22 to the animal.

43. A method of tresting a tumor in a mammel comprising the steps of:

a) combining a first aliquot of the compound of any of claims 1 through 16 with
9=Tc to form a diagnostic agent; )

b) administering an cffective diagnostic smount of the diagnostic agent to the
mammal;

c) detecting ™ Tc accurmulated in the mammal, thereby determining the presence
of & SSTR-cxpressing tumor;

d) combining a second aliquot of said compound with a cytotoxic radicisotope to
form a radiotherapeutic agent; and
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¢) administering a therapeutically effective amount of the radiotherapeutic agent
to the mammal. )

44. A method of treating a tumor in 2 mammal comprising the steps of:

l)combinin;aﬁrltuﬁquotofﬂmomnpoundofdaim%with”"'l‘cmfoma
diagnostic agent;

b) administering an effective diagnostic amount of the diagnostic agent to the
mammal;

c) detecting "™Tc accumulatec i, the mammal, thereby determining the presence
of a SSTR-expressing bamor,

d) combining a second aliquot of said compound with a cytotoxic radioisotope to
form a radiotherapeutic agent; and

¢) administering a therapeutically cffective amount of the radjotherapeutic agent
to the mammal.

45. A method of treating a tumor in & mammal comprising the steps of:

a) combining a first aliquot of a compound having a formula:
cyclo-Tyr-D-Txp-Lys-Thr-Phe-{ N-CHHey(CH.CO-B-Dap-Phe(4-NE,)-Cys-Thr-Ser)
with #*Tc to form a diagnostic agent;

b) adminjstering an effective diagnostic amount of the diagnostic agent to the
mammal; .
¢) detecting ™™Tc accumulated in the mammal, thereby determining the presence
of a SSTR-expressing tumor;

d) combining a second aliquot of said compound with a cytotoxic radicisatope to
form a radiotherapeutic agent; and

¢) administering a therapeutically effective amount of the radiotherapeutic agent
to the mammal.
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ABSTRACT -

The invention provides novel peptide-based pharmacophores and compounds which
bind somatostatin receptors with high affinity and which exhibit improved pharmacokinetic
properties over known somatostatin analogs. The pharmacophores and compounds of the
invention may be used in labeled or unlabeled form for diagnosing and/or treating
somstostatin regsponsive diseases. The invention also provides radiopharmaceuticals and kits
comprising these compounds, as well as methods for diagnosing and/or treating somatostatin
receptor mediated diseases.
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REIVINDICACI NES

1. Un compuesto que comprende un péptido que se enlaza al receptor de
somatostastina que tiene una formula :

ciclo-B-B%B*B%CA
donde B'es Phe, Tyr, Nal, Ain, o un derivado sustituido de éstos;
B2 es Trp o un derivado sustituido del mismo;

B? es Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps o un derivado
sustituido de los mismos;

B* es Thr, Ser, Val, Phe, lie, Abu, Nie, Leu, Nva o Aib;
C es un L- a -aminoécido;

A es un N-alquil- a -aminoécido o un alquil- a -aminoédcido N-
sustituido,

. donde A comprande una cadena lateral que contiene un &tomo
de azufre;

donde A y C estén unidos de manera covalente a través de un
término amino de A o un término carboxilo de C para formar un
péptido clclico.

2. El compuesto de la reivindicacibn 1, donde A es un N-metil- a -
aminoécido.

3. El compuesto de la reivindicacién 2, donde A esta seleccionado entre el
grupo consistente en (N-CH;)Cys, (N-CHs)Hcy, (N-CHa)Tyr, (N-CHs)Tty y
(N-CHjs)Tyr(CH2CH2SH).

4. E! compuesto de la reivindicacién 3, donde A esta seleccionado entre el
grupo consistente en (N-CHs)Cys, (N-CH3)Hcy y (N-CH3)Tyr y C esta
seleccionado entre el grupo consistente en L-metionina, L-fenilalanina y
un derivado sustituido de L-fenilalanina.

5. El compuesto de la reivindicacién 4, donde A esti seleccionado entre el
grupo consistente en (N-CH3)Cys y (N-CHa)Hcy y C esta seleccionado



entre el grupo consistente en L-metionina, L-fenilalanina y un derivado
sustituido de I-fenilalanina.

6. El compuesto de la reivindicacion 5, donde A es (N-CH3)Hcy y C es L-
fenilalanina.
7. El compuesto de la reivindicacién 1 que tiene la formula:
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy
8. E! compuesto de la reivindicacion 1, donde a una cadena lateral de A
estd unido de manera covalente un quelante o un ligante de metal
radioactivo.
9. El compuesto de la reivindicacién 8, donde el quelante tiene la férmula:
b-Dap.Xaa.Cys.Zaa
donde Xaa es un L- a -aminoéacido y
Zaa es un a-aminodcido, una amida de a-aminoacido, un éter
aminoetllico,
un b-aminol 0 un péptido que contiene de dos a diez a-
aminoacidos,
teniendo dicho péptido un a-aminoécido, una amida de. a-
aminoécido
de terminal carboxilo, un éter aminoetllico o un b-aminol.
10. El compusesto de la reivindicacién 8, donde el quelants esté seleccionado

11.

12.

entre el grupo consistente en acido 1,4,7,10-tetraazaciclododecano-1,4,7-
triacético, acido 1,4,7,10- tetraazaciclododecano-1,4-7-10-tetraacético, un
derivado sustituido de é&cido 1.4,7,10-tetraazaciclododecano-1,4,7-
triacético y un derivado sustivido de acido 1,4,7,10-tetra-
azaciclododecano-1,4,7,10-tetraacético.

El compuesto de la reivindicacién 8, donde el ligante es una fraccién de
hidrazino-nicotinamida.

Un compuesto que tiene la formula

ciclo-B'-8%B%-B*-C-(N-CHa)Hey-X

donde B'es Phe, Tyr, Nal, Ain o un derivado sustituido de éstos;
B2 es Trp o un derivado sustituido de éste;

A
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B? es Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps o un derivado
sustituido de éstos;

B* es Thr, Ser, Val, Phe, lle, Abu, Nle, Leu, Nva o Aib;

C es L-metionina, L-fenilalanina, 0 un derivado sustituido de L-
fenilalanina;

X es un H, un quelante o un ligante de metal radioactivo;

donde B' y (N-CHa)Hcy estan unidos de manera covalents, a través de
un término amino de B' y un término carboxilo de (N-CHs)Hcy para
formar un péptido ciclico y-X esta unido al resto (N-CHa)Hcy a través de
un Atomo de azufre de cadena lateral.

13. El compuesto de la reivindicaciéon 12, donde X es un quelante que tiene
una férmula:

b-Dap.Xaa.Cys.Zaa
donde Xaa es un L- a -aminoécido, y

Zaa es un aminodcido, una amida de aminoacido, un éter
aminoetilico, un

b-aminol, o un péptido que contiene de dos a diez aminoécidos,

teniendo dicho péptido un aminoacido de carboxilo terminal, una
amida

de aminoécido, un éter aminostilico o un b-aminol.

14. El compuesto de la reivindicacion 13, donde Xaa esta seleccionado entre
el grupo consistente en serina, 4cido diaminobutirico, histidina, arginina,
tirosina, iodotirosina, bromotirosina, clorotirosina, O-alquil-tirosina, donde
alquilo representa de C{ a Cs-alquilo, hidroxiltirosina, aminotirosina,
fenilalanina, 4-fluorfenilalanina, 4-clorofenilalanina, 4-bromofenilalanina,
4-iodofenilalanina, 4-nitrofenilalanina, 4-aminofenilalanina, N*-R-4-
aminofenilalanina, N*R, N*R'-4-aminofenilalanina o 3-R'-4-amino-
fenilalanina, donde R es de C; a Cs-alquilo y R’ esta seleccionado entre
el grupo consistente en H, de C, a Cs-alquilo, amino, hidroxil, NH-alquilo,
donde alquilo representa de C, a C,-alquilo, NH-acilo, O-alquilo, donde
alquilo representa de Ci a Cy-alquilo, O-acilo, S-alquilo, donde alquilo
representa de Cy a Cs-alquilo, SO-alquilo y SOz-alquilo, donde alquilo

o
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15.

16.

17.

18.

19.

20.

representa de C, a Cs-alquilo, SOsH, CO2H, COz-alquilo, donde alquilo
representa de Cq a Cy-alquilo y CONH-alquilo, donde alquilo representa
de C, a Cq-alquilo.

E! compuesto de la reivindicacién 12, donde X es una fraccién de
hidrazino-nicotinamida.

El compuesto de la reivindicacion 12, donde X es un quelante
seleccionado entre el grupo consistente en acido 1.4,7,10-
tetraazaciclododecano-1,4,7-triacético, acido 14,7,10-
tetraazaciclododecano-1,4,7,10-tetraacético, un derivado sustituido de
acido 1,4,7,10-tetraazaciclododecano-1,4,7-triacético o un derivado
sustituido de acido 1,4,7,10-tetraazaciclododecanco-1,4,7,10-tetraacético.

Un radioférmaco que comprende el compuesto de cualquiera de las
reivindicaciones de 1 a 18 y un radiois6topo seleccionado entre el grupo
consistente en un radionucleido emisor a, un radionucleido emisor b, un
radionucleido emisor b-/g , un radionucleido emisor de positrones y un
radionucleido emisor g.

El radiofarmaco de la reivindicacidén 17, donde el radioisétopo esta
selaccionado entre el grupo consistente en %Ga, ¥Ga, *Cu, 4'Sc, ""In,
emTc, '™Re, '™Re, ¥'2BI, #?8i, *Y, ¥Cu, ™sm, *"Tc, "*Ho, *'Ra y
225

AcC.

El radiofarmaco de la relvindicacion 17, donde el radioisétopo esta

seleccionado entre el grupo consistente en °F, 125, 131), 123y 211a¢

Un compuesto que tiene una férmula seleccionada entre el grupo
consistente en:

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHaYHcy(CH,CO-b-Dap-Tyr-Cys-Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe(N-CHa)Hcy(CH,CO-b-Dap-Phe(4-F)-Cys-
Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Pha{N-CHa)Hcy(CH.CO-b-Dap-Phe(4-NH2)-Cys-
Thr-Ser);

ciclo-Tyr-D-Trp-lys-Thr-Phe(N-CHz)Hcy(CH.CO-b-Dap-Dab-Cys-Thr);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH.CO-b-Dap-Phe(4-NH2)-
Cys-Thr); '

)\
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cicio-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH2CO-b-Dap-Phe(4-NH2)-
Cys-Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa}Hcy(CH-CO-Gly-Gly-Cys-Lys-
Thr(al));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH2CO-b-Dap-His-Cys-Thr(ol)):
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH,CO-b-Dap-Arg-Cys-Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHy)Hey(CH2-CO-b-Dap-Gly-Cys-Lys-
NH2);

ciclo-Tyr-D-Trp-d ys-Thr-Phe-(N-CH)HCY(CH,CO- b -Dap-Ser-Cys-
Thr(ol)); '

ciclo-Yyr-D-Trp-Lys-Thr-Phe-{N-CHa)Hcy-(CH.CO-b-Dap-Dab-Cys-
Thr(ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHy)Hcy(CH,CO-b-Dap Gly-Cys-Thr(oh):

ciclo-Tyr-D-Trp-L ya-Thr-Phe-(N-CHyJHcy(CH,CO-b-Dap-Dab-Cys-
Ser(ol));

ciclo-Iyr-D-Tmp-Lys-Thr-Phe-(N-CHs)Hcy(CH2CO-Gly-Gly-Cys-Lys-NH3);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH2CO-Gly-Gly-Cys-Arg-NHz);
ciclo-Tyr-D-Trp-Lys-Thr-Pha-{N-CHa)Hcy(CH2CO-Ser-Ser-Cys-Lys-NHg);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHa}Hcy(CH2CO-Ser-Ser-Cys-Arg-NHz);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH2CO-Ser-Ser-Cys-Lys-
Thr(ol));

cicio-Tyr-D-Trp-Lys-Thr-Phe-{N-CHy)Hcy(CH,CO-Ser-Ser-Cys-Dap-NH);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH2CO-Ser-Ser-Cys-
NH(CH2CH20):CH>CH2NH3);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH2CO-b-Dap-Ser-Cys-Thr-
NH(CHzCHzO)zCHzCHzNHz)‘,

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH,CO-Gly-Lys-Cys-NH_);
ciclo-Tyr-D-Trp-Lys-Thr-Phe(N-CHs)Hcy(CH2CO-Ser-Lys-Cys-NH2);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH,CO-Lys-Gly-Cys-NHz);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH.CO-Ser-Dab-Cys-Ser(ol));

\b



21,

22.

23.

25.

26.

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH.CO-Ser-Dap-Cys-NH.);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHz)Hcy(CH.CO-Gly-Gly-Cys-His-NH);

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH.CO-Gly-Gly-Phe(4-NHz)-
NH2):

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHa)Hcy(CH.CO-b-Dap-Om-Cys-
Thr{ol));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHy)Hcy(CH,CO-b-Dap-Dap-Cys-
Thr(al));

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hoy(CH,CO-b-Dap-Lys-Cys-Thr(ol)):

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH2CO-Ser-Ser-Cys-
NHCH2CHzOCHzCH2NH);

ciclo-Tyr-D-Trp-Lys-Thr-Phe(N-CHa)Hcy(CH2CO-b-Dap-Lys-Cys-NHs);
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH2CO-d-Om-Gly-Cys-NHz) y
ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH,CO-Thr-Gly-Gly-Cys-NHs).

Un radioférmaco que comprende el compuesto de la reivindicacion 20 y
un radioisétopo seleccionado entre el grupo consistente en *®™T¢, '®Re,
183Re 212Bi y 21sBi-

Un compuesto que tiene una férmula:

Ciclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CHz)Hcy(CHCO-b-Dap-Phe(4-NHz)-
Cys-Thr-Ser).

Un radiofarmaco que comprende el compuesto de la reivindicacion 22 y

%9mTe,

Un radiofdrmaco que comprende el compuesto de la reivindicacion 22 y
1%8Re.

Un complejo de ®*™Tc y un compuesto que tiene la formula:

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH3)Hcy(CH2CO-b-Dap-Phe(4-NH,)-Cys-
Thr-Ser).

Un complejo de '®Re o '**Re y un compuesto que tiene Ia férmula;

ciclo-Tyr-D-Trp-Lys-Thr-Phe{N-CH)Hcy(CH.CO-b-Dap-Phe(4-NH_z)-Cys-
Thr-Ser).



27. Un equipo para elaborar una preparacidn radiofarmacéutica,
comprendiendo dicho equipo un vial sellado que contiene una cantidad
predeterminada del compuesto de cualquiera de las reivindicaciones de 1
a 16 y una cantidad suficiente de un agente reductor para marcar el
compuesto con ®™T¢, 1*Re 6 1*Re.

28. Un equipo para elaborar una preparacion radiofam€macéutica,
comprendiendo dicho equipo un vial sellado que contiene una cantidad
predeterminada del compuesto de ia reivindicacidn 20 y una cantidad
suficiente de agente reductor para marcar el compuesto con *™Tc, '®Re
6 1®Re.

29. Un equipo para elaborar una preparacion radiofarmacéutica, conteniendo
dicho equipo un vial seliado que contiene una cantidad predeterminada
del compuesto de la reivindicacidn 22 y una cantidad suficiente de un
agente reductor para marcar el compuesto con ®™Tc, ®Re ¢ 1%Re.

30. Un equipo que comprende un vial sellado que contiene una cantidad
predeterminada del compuesto de cualquiera de las reivindicaciones de 1
a 16.

31. Un equipo que comprende un vial sellado que contiene una cantidad
predeterminada del compuesto de la reivindicacién 20.

32. Un equipo que comprende un vial sellado que contiene una cantidad
predeterminada del compuesto de la reivindicacién 22.

33. Un método para visualizar la imagen de un sitio dentro del cuerpo de un
mamilfero que comprende los pasos de:

a) marcar radioactivamente el compuesto de cualquiera de las
reivindicaciones de 1 a 16, con ®"Tc;

b) administrar al cuerpo una cantidad eficaz para diagnéstico, del
compuesto marcado radioactivaments; y

c) detectar el ®"Tc acumulado en el sitio.

34. Un método de visualizar una imagen de un sitio dentro del cuerpo de un
mamlfero que comprende los pasos de:

a) marcar radioactivamente el compuesto de la reivindicacién 20 con

wrre:



35.

36.

b) administrar al cuerpo una cantidad eficaz para diagnéstico del
compuesto marcado radioactivaments; y

c) detsctar el ®™Tc acumulado en el sitio.

Un método para visualizar una imagen de un sitio dentro del cuerpo de
un mamifero que comprende los pasos de:

a) administrar una cantidad eficaz para diagnéstico del radiofarmaco de
la reivindicacion 23 al cuerpo; y

c) detectar el ®"Tc acumulado en el sitio.

Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina, comprendiendo los pasos de:

a) marcar radioactivament'e el compuesto de cualquiera de las
reivindicaciones de 1 a 16 con '®Re, '¥Re, 212Bi, 21*8i, Y, %*sm,
4780' lﬂGa' Oﬂ'l'ch' Wcu' 1@H°' Ra, Ac, 10F' 125|' 131|' 123| é 211At: y

b) administrar al animal una cantidad terapéuticamente eficaz del
compuesto marcado radioactivamente.

37. Un método para tratar un animal que padece una enfermedad de

38.

39.

responsabilidad de la somatostatina, que comprende los pasos de:

a) marcar radioactivamente el compuesto de la reivindicacion 20 con
1lﬂRe' 1BlRe' 212Bi o 21aBi: y

b) administrar al animal una cantidad terapéuticamente eficaz del

compuesto marcado radioactivamentse.

Un método para tratar un animal que sufre una enfermedad caracterizada
por la regulacion que aumenta la actividad de los recepiores de
somatostatina, que comprende los pasos de:

a) marcar radioactivamente el compuesto de la reivindicacidén 20 ‘con
1“Re 1“Re 21ZBi o 21SBI. y

b) administrar al animal una cantidad terapéuticamente eficaz del
compuesto marcado radioactivamente.

Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina, que comprende el paso de:

A
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administrar una cantidad terapéuticamente eficaz del radiofarmaco de la
reivindicacién 24 al animal.

40. Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina que comprende el paso de
administrar una cantidad terapéuticamente eficaz del compuesto de
cualquiera de las reivindicaciones de 1 a 16 al animal.

41.Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina que comprende el paso de
administrar una cantidad terapéuticamente eficaz del compuesto de la
reivindicacién 20 al animal.

42. Un método para tratar un animal que padece una enfermedad de
responsabilidad de la somatostatina, que comprende el paso de
administrar una cantidad terapéuticamente eficaz del compuesto de la
reivindicacién 22 al animal.

43. Un método para tratar un tumor en un mamifero, que comprende los
pasos de:

a) combinar una primera allcuota del compuesto de cualquiera de las
reivindicaciones de 1 a 16 con ™ Tc¢ para formar un agente de
diagnéstico;

b) administrar una cantidad eficaz para diagndstico del agente de
diagnéstico al mamifero;

c) detectar el ®"Tc acumulado en el mamifero, detectando asl la
presencia de un tumor que expresa el SSTR;

d) combinar una segunda alicuota de dicho compuesto con un
radioisétopo citotxico para formar un agente radioterapéutico; y

e) administrar una cantidad terapéuticamente eficaz del agente
radioterapéutico al mamifero.

44, Un método para tratar un tumor en un mamifero, que comprende los
pasos de:

a) combinar una primera allcuota del compuesto de la reivindicacion 20
con ®¥™Tc para formar un agente de diagnéstico;

£



45.

b) administrar una cantidad eficaz para diagnéstico del agente de
diagnéstico al mamifero;

c) detectar el *®™™Tc acumulado en el mamifero, detectando asl Ia
prasencia de un tumor que expresa el SSTR;

d) combinar una segunda allcuota de dicho compuesto con un
radioisétopo citotdxico para formar un agente radioterapéutico; y

e) administrar una cantidad terapéuticamente eficaz del agente
radioterapéutico al mamifero.

Un método para tratar un tumor en un mamifero, que comprende los
pasos de:

a) combinar una primera allcuota de un compuesto que tiehe una
férmula:

ciclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CHa)Hcy(CH,CO-b-Dap-Phe(4-NH,)-
Cys-Thr-Ser)

con ®™Tc para formar un agente de diagnéstico;

b) administrar una cantidad eficaz para diagnéstico del agente de
diagndstico al mamifero;

c) detectar el *®™Tc acumulado en el mamifero, detectando asl la
presencia de un tumor que expresa el SSTR;

d) combinar una segunda alicuota de dicho compuesto con un
radioisdtopo para formar un agente radioterapéutico; y

administrar una cantidad terapéuticamente eficaz del agente radioterapéutico

al mamifero.
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DITI 134
. NOVEL SOMATOSTATIN ANALOGS

This application is a contimnition-in part of provisional application serial oumber
60/151,001, filed Angust 27, 1999,

This application relates to the field of cancer imaging and therapy using novel
somatosthtin analogs.

BACKGROUND OF THE INVENTION

Cancer is a leading canse of morbidity and mortality in developed countries. For
example, approximately 1.4 million new cases of cancer and more than 0.5 million cancer
deaths were reported in the U.S. in 1996, In 1995, the total anmal cost of cancer care in
the U.S., inclnding direct and indirect costs, was estimated to be more than $96 billion.
A groat need exists for improved disgnostic and therspeutic tools to allow early detection
and safe, cost-effective troatment of cancer.

Many tumors express receptors for the peptide hoxmone somatostatin, In
perticular, neuroendocrine tumors such as pitnitary adenomas, pheochromocytomas,
panagangliomas, some medullary thyroid carcinomas, and somo small cell Jung cancers
cxpress somatostatin receptors (SSTRs). In addition, cells of nervous system tumors such
as astrocytomas and meningiomas display SSTRs on their surfaces. SSTR expression has
also been found in lmman breast tumors, malignant lymphomas, and renal cell
carcinomas, end some prostate ttmon may be charactetized by SSTR expression.

Binding stadies performad with radiolabeled or iodinated somatostatin and its
analogs have identified five SSTR subtypes (SSTR).5). The SSTR-bearing tamors
described sbove express SSTR; and SSTRs most frequently, with SSTRy and SSTR,
occurring less frequently, sccording to most anthors. One group reports that SSTR; is
expreased at vexy high levels in almost all humen trmars (Virgolini (1997) Euwr. J. Clin.
Invest, 27, 793-800). There is genernl agreomant that most tumors typically express more
than one SSTR subtype, and that varying densities of SSTRs may be expressed in the
cells contained within a particulear tumor. The availability of cloned SSTR subtype genes
has allowed somatostatin analogs to be characterized by their affinities for SSTRy.s, and
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somatostatin analogs, as described in Raynor, et al. (1993) Molecular Pharmacol. 43,
838-844 and in Patel, et ol. (1997) TEM 8, 398-404.

Until recently, three somatostatin analogs have been commercially available.
Octreotide (Sandostatin®) binds to SSTR;, SSTR;, and SSTRs, and is marketed in the
U.S. and Europe for treatment of acromegaly and cantrol of symptoms associated with
vipomas siad metastatic carcinoid tumors, Lanreotide (Somatuline™) has a SSTR subtype
peofile similar to that of octreotide and is approved in several European countries for the
same indications as octreotide. A radiolsbeled form of octreotide, ' 'In-pentetreotide
(*'In-DTPA- D-Phe’-octreotide or '*In-OctreoScan®) has been approved in the U.S. and

Recently the U.S, Food and Drug Administration approved a new
radiopharmaceutical, NeoTect™, a ™ Tc-labeled form of the novel somatostatin analog
depreotide (PR29), for salo as an imaging agent. Blum, es al., (1999) Chest 115, 224-232,
describes the use of ™ Tc-depreotide for cvaluation of solitary pulmonary nodules of the
hmg “™*Tc-labeled depreotide has also been studied as an imaging ageat for other
somatostatin-receptaor bearing tumors. For example, Handmaker (1998) J. Nucl. Med. 39,
315P describes a comparison of *™Tc-depreotide and *™Tc-sestamibi for diagnosis of
breast cancer. Depreotide is described in commonly assigned copending allowed USSN
08/592,323; in USSN 08/253,973; and in WO 95/00553 and WO 95/33497.

A largn body of literatiro exists relsting 1o clinical uses of unisbeled octreotide
and lanreotide. For example, as summasrized in Lamberts, et al. (1996) New England J.
of Med. 334, 246-254, octreotide has been investigated for nse in treating thyrotropin-
secroting pituitary adenomas such as bronchial and thymic carcinolds, mednllary thyroid
carcinomas and pancreatic islet cell tumors, but not those not associated with Cughing’s
disesse. Lambexts, et al. discloses that in general, octreotide treatment only occasionally
resulted in transicnt inhibition of tumor growth. Lamberts, «2 al. further discloses that
octreotide has also been stodied for use in gastrointestinal and pancreatic diseases, with
varisble results: for example, octreotide was not cffective in treating bleeding from
peptic ulcers, but was effective in controlling bleeding from esophageal varices.
Lamberts, et al. describes octreotide as being ineffective in the trextment of acute
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pancreatitis, but efficacions in reducing flvid production by pancreatic fistulas and
psendocysts. Clinical trials of octreotide for treatment of watery diarrhea in AIDS
patients were also described in Lamberts, ef al. Octreotide has also been stadied »s sn
anti-angiogenic agent, as summarized in Woltering, et al (1997) Investigational New
Drugs 15, 77-86. Lanreotide has been applied to surgical wounds induced in trmor-
implanted'mice to study its effect on wound-induced acceleration of tumor growth, and
its use has been sugpested as an endlocrine entisecretogogue in cytoreductive cancer
treatment, in Bogden, ez al (1997) Brit. J. Cancer 75, 1021-1027.

Despite the commercial availability of octreotide, lsnreotide, and pentetreotide, a
large nomber of somatostatin analogs have been proposed for use as imaging and/ar
therapentic agents to detect and/or treat cancer and other somatostatin-responsive discaso
states. Patel, et al., supra, discloses the need for second geperation somstostatin analogs
which bind more selectively, Le., with higher affinity, to SSTRs generally and to SSTR
subtypes, in particular to SSTR;, SSTRs, and SSTR,. Higher affinity analogs for SSTR;
and SSTR; are also desirsble, 30 that lower dosages of somatostatin analogs may be
administered to obtain a clinical response.

Second generation somatostatin analogs are described, for exampls, in commonly
assigned U.S. Pat.Nos. 5,620,67S; 5,716,596; 5,783,170; 5,814,298; 5,820,845;
5,833,942; 5,843,401; 5,871,711; 5,932,189; allowed USSNs 08/592,323; 08/586,670;
08/776,160; 08/931,095; 09/039.062; 09/039,116; 09/042,224 snd 09/042,315; and
copending USSN 08/092,355. U.S.Pat.No. 5,597,894 disclosos somatostatin analogs
coptaining additional N-texming] amino acids. U.S.PatNos. 4,310,518 and 4,486,415 and
EP 143 307 and EP 222 578 disclose cyclic hexapeptide samatostatin analogs which are
cyclized throngh peptide linkages. U.S.Pat.No. 5,708,135 discloses somatostatin apalogs
which are cyclized throngh a disulfide bond betweeon the N-terminal regidoe and the C-
terminal regidue. U.S.Pat.No. 5,776,894 discloses somatostatin peptides having a
chelating group covalently linked to an N-terminal amino group. U.S.Pat.No. 5,770,687
U.S.PatNo. 5,830,431 discloses radiolabeled somatostatin analogs having carboxyl
mhhmbmﬁnudm HP 714 911 discloses DOTA-conjugated octrectide
analogs. WO 96/37239 discloses *™Re-labeled vapreotide. WO 97/01579 discloses
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cyclic hexapeptide somatostatin analogs having a chelating group attached to a side chain
amino group of a designated amino acid. Even in light of the large number of second
generation somatostatin analogs which has been proposed, research continues for
somstostatin analogs with improved binding properties,

Radijolabeled forms of octreotide and lanreotide have been investigated for usc as

- -radiotherapeutic agents in preclinical and clinical studies. For example, Anderson, ef al.

(1996) J. Nucl. Med. 37, 128P-129P, discloses a study of *Cu-labeled TETA-octreotide
as a radiotherapentic in a tamor-besaring rat model. Stolz, ez al. (1996) Digestion 57
(suppl 1) 17-21, discloses *Y-DTPA-benzyl-acetamido-D-Phe!, Tyr’-octreotide in a
tumor-bearing mouse model. Otte, et al. (1997) Ewr. J. Nucl Med. 24, 792-795,
Mmm&f”rmmm-n-m‘.?yr‘-oeuwﬁdemmm
peuroendocrine disease in one buman patisnt. Krenning, ez al (1994) Armals of N.Y.
Acad. Sci. 733, pp. 496-506, describes radiotherspy of a patient with a neuroendocrine
tamor using therapeutic doses of ''/In-DTPA-D-Phe-octreotide. Delong, #t al. (1998)
Int. J. Cancer 75, 406-411, discloses & preclinical comparison of {DTPA}-octrectide,
{DTPA, Tyr'}-octreotide, and {DOTA, Tyr'}-octreotids labeled with *'In and *°Y.
Breeman, et al. (1998) Eur. J. Nucl. Med, 25, 132-186, describes a comperison of "*'In-
DTPA-RC-160 (vapreotide) and *'In-DTPA-octreotide for somatostatin receptor
scintigraphy in humans. WO 98/41540 discloses DOTA-lanreatide for labeling with
iy, Oy, Sy, Gy WiTh, end '*Sm.  Virgolini, et al. (1998) J. Nucl. Med. 39, 1928-
1936, describes biodistribution of '!*In-DOTA-lsnreotide in humans, Leimer, et al
(1998) J. Nucl. Med. 39, 2090-2094, describes trestment of a metastatic carcinoma in a
tuman patient nsing *°Y-DOTA-lanrectide. Preliminary data indicate that when labeled
with a redionnclide having sufficiently energetic emissions, octreotide and lanreotide
may be effective antitumor agents for somatostatin recoptor-bearing tumors.

A frequently observed phenomenon with radiolabeled peptides is retention in
non-target organ such as kidney, liver, or spleen. When short-lived, relatively low energy
isctopes sach as " Tc are employed, kidney retention generally does not present a
clinjcal problem. However, nse of peptides labaled with isotopes having higher energies
and/or longer half-lives, such as those proposed for use in radiothexapy, could result in an
moacceptably high radiation doss to the non-target organ. Indeed, Breeman, et al, supra,
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concludes that the high kidney, liver, spleen, and lung background of "*'In-DTPA-
vapreotide rendered the compound unsuitable for scintigraphy. Retention of radiolabeled
peptides in non-target organs limits the amount of radioactivity which can be

Bemard, et al (1997) J. Nucl. Med. 38, 1929-1933 discloses that significant
‘amounts 'of "' In-DTPA-octreotide and **Y-DOTA-octreotide accunmiate in the reasl
parenchyma when administered to normal rats. Bass, et al. (1998) Bloconjugate Chem. 9,
192-200, discloses that "' In-DTPA-octreotide is retsined in liver and kidoey of normal
and tomor-bearing rats. Virgolini, ef al., supra, discloses that at 24 honrs post-injection,
M, DOTA-lanreotide Is retained in human liver to aboat the same extent as *'In-
DTPA-D-Phe'-octreotide (about 3.2 % injected dose); in spieen to & smaller extent (about
12 % injectsd doso for **'In-DOTA-lanrectide compared to about 3 % injected dose for
M5 DTPA-D-Phe'-octreotide); and in kidney to a smaller extant (about 2.5 % injectsd
dosc for V' in-DOTA-lanreotide compared to sbout 3.7 % injected doss for ''Jn-DTPA-
D-Phe'-octrectide). Leimer, ef al., supra, reports Y kidney doses of 1.98-243
mQy/MBq and spleen doses of 1.68-3.35 mGy/MBq in the patient treated with four
cycles of °Y-DOTA-lanreotide treatment.

Secvearal approaches have been suggested to niinimjze the accumulation of
radiolabeled peptides in non-target organs. Use of D- or L-lysine to reduce renal uptake
of antibodies and/or peptides is disclosed in U.S.Pat.Nos. 5,380,513; 5,648,059; and
5,843,894. Stolz, et al. (1998) Bur. J. Nucl Med. 25, 668-674, discusses use of kidney-
specific cleavable linkers to enhance excretion of radiolabeled peptides but suggests
naing prior injection of L-lysine to lower the kidney radiation dose resulting from
administration of **Y-DOTA- D-Phe’, Tyr’-octreotide. Bamard, ef al., supra, teaches that
high doses of L-lysine may result in toxicity and suggests use of D-lyzine to reduce
accuymilstion of **'In-DTPA-octrectide and *Y-DOTA-octreotide in kidneys.
Hammond, et al (1993) Brit. Cancer J. 67, 1437-1439, teaches infosion of a mixture of
lysine and arginine to prevent kidney uptake of ***In-pentetreotide in human patients.

Altbough infosion of amino acids reduces kidnoy uptaks of radiclabeled
scmstostatin analogs, the potential exists that the infased amino acids may themselves
result in toxicity. In addition, cumrently there are no commerciaily available amine acid

\HT

WX



669160 #Loce0

infusates with sufficiently high concentrations of lysine to effectively reduce kidney
uptake of radiolabeled somatostatin analogs. A decrease in renal accumulation of a
radiolabeled somatostatin analog wounid allow administration of & higher radiation dose,
and thus more cffective tumor sblation would be expected.

Thus a need remaing for novel somatostatin analogs with improved affinity for
SSTRs and improved pharmacokinetic properties.
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SUMMARY OF THE INVENTION
The present inventors have designed novel SSTR pharmacophores which are
structurally distinct from all previously known somatostatin analogs. The novel
pharmacophores of the invention exhibit high affinity for SSTRs and consequently high
tumor uptake. The inventors have also discovered novel metal jon chelators, which when
covalently linked to the pharmacophores of the invention result in a decrease in kidney,
spleen, gastrointestinal tract, and/or liver retention, thns enhancing the utility of
pharmacophares for use with cytotoxic radicisotopes. In addition, the combination of the
novel chelators of the invention with the novel pharmacophores disclosed herein resuits
in high tomar uptake of the pharmacophore. The somatostatin analogs of the invention
may be administered to treat somatostatin-responsive disease states, and in addition may
be labeled with a radicisotope for use as disgnostic or therapeutic agents.
In one embodiment, the invention provides s compound comprising a
somatostatin receptar-binding peptide having a formmla
cyclo-B'-B-B-B*-C-A
wherein B! is Phe, Tyr, Nal, Ain, or a substituted derivative theroof:
B? is Trp or a substituted derivative thegeof:
B*is Lys, Hly, Achxa, Amf, Acc, Apc, Acs, Apsara
B* is Thr, Ser, Val, Pha, Ile, Abu, Nie, Leu, Nva, or Aib;
C is an L-a-amino acid;
A is an N-alkyl-c-amino acid or an N-substitated alkyl-c-amino
acid, wherein A comprises a sidechain containing a sulfor atom;
wherein B' and A are covalenily linked through an amino terminus of B! and a carboxyl
terminus of A to form a cyclic peptide. In accordance with the invention, the A residue
may be linked to & metal chelator through a sidechain nitrogen, carbon, sulfur, or oxygen
atom. The compounds of the invention are characterized by moleculsr weights of less than
about 10,000 daltons.
In another embodiment, the invention provides a compound compriging a
somatostatin receptor-binding peptide having a formmla
cyco-B'-B*-B*-B-C (N cHHCy(X)
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wherein B' is Phe, Tyr, Nal, Ain, or a substituted derivative thereof;

B? is Trp or a substituted devivative thereof;

B’ is Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a

substitoted desivative thereof;

B* is Thr, Sex, Val, Phe, Is, Abu, Nle, Len, Nva, ar Aib;

C is an L-a-amino acid;

X is a H or a metal chelator;
wherein B! and (N-CH,)Hcy are covalently linked through an amino terminus of B and a
carboxyl terminus of (N-CH,)Hcy to form a cyclic peptide. In accordance with the
invention, X is linked to the (N-CBy)Hcy residue through the Hey sidechain sulfor atom.

In another embodiment, the investion provides a novel peptide chelator having a
formula:

—P-Dap.Xaa Cys.Zaa
wherein Xaa is an L-o-smino scid, and
Zaa is an a-amino acid, sn a-amino acid amide, an aminoethylether, a f-
aminol, or a peptide containing from two to ten a-amino acids, said
peptide having a carboxyl terminal a-amino acid, a-amino acid amide,
aminoethylether, or B-aminol.

In another embodiment, the invention provides a radiopharmaceatical comprising
a compound of the invention and a radjcisotope which may be a y-emitter for imaging
purposes, or altematively, an a-emitier ar a §-emitter for therapeutic purposes.

In another embodiment, the invention provides a kit comprizsing a sealed vial
containing a prodetermined quantity of a compoond of the invention, The sealed vial
may optionally contain a sufficient amount of a reducing agent to label the compound
with ®*Tc, '®Re, or "™Re.

In yet ancther embodiment, the invention provides a method of imaging a site
within a mammalisn body, comprising the steps of mdiclabeling a compound of the
invention with a suitablo y-emitting radicisotope, administering an effective diagnostic
amoant of the radiclabeled compound to the body, and detecting the radioisotope
accurmmlsted at the site.
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The invention also provides a method of treating an animal suffering a
somatostatin-responsive disease, comprising the steps of radiolabeling a compound of the
invention with an a-emitting or a f-cmitting radicisotope, and administering a
therapeutically effective amount of the radiolabeled compound to the animal.

The diagnostic and therapeutic methods of the invention may be combined to treat
an SSTR-bearing tumor in & mahnmal, wherein a first aliquot of a compound of the
invention is labeled with a y-emitting radicisotope and used for diagnostic imaging, and if
scoummlation of the y-emitting radioisotope is observed, a second aliquot of the samne
compound or a pharmacologically similar compoupd is labeled with a cytotoxic
redicisotope and admimistered to the mammal to effect tamor ablation.

D¢
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DETAILED DESCRIFTION OF THE INVENTION

The patent and scientific literature referenced herein establish the knowledge
available to those with skill in the art. The issued U.S. patents and allowed applications
are hereby incorparated by reference.

The novel pharmacophares of the invention bind with high affinity to SSTRs, and
when covelently linked to the novel metal chelators of the invention, demonstrate high
tumor uptake end, in addition, accummnlate in liver, spleen, and/or kidney to a lower extent
than known somatostatin analogs. The preferred compounds of the invention demonstrate
improved properties such as subnanomalar affinity for SSTRs, high tumar uptake, and/or
minimal kidney and/or gastrointestinal tract accumnulation when radiolabeled.

The novel compounds of the invention may be used in onlaheled or lsheled form
to treat eny samatostatin-responsive discase state. In general, somatostatin-responsive
disease states are characterized by expression or over-expresyion of SSTRs. Exexnplary
as thoso described supra, gastrointestinal tract tnmors, breast carcinoma, amall cell
carcinoma of the lung, lymphoma, neurcblastoma, peptide hypervecretion from functional
endocrine tomors of the gastroenteropancreatic axis, growth hormone hypersecretion in
acromegaly, diabetic retinopathy, gut hypersecretion and increased motility in the
dumping syndrome, pancreatic snd gastrointestinal tract fistnlas, complications following
pancreatic surgery, increased portal pressure and variceal bleeding associated with

As set forth above, the novel pharmacophore of the invention is embodied as &
compound having the formula

eyclo-BLBLB-B'-C-A
wherein B' is Phe, Tyr, Nal, Ain, or & substituted derivative thereof;
B? is Trp or a substituted derivative thereof:
B’ is Lys, Hly, Achza, Andf, Aec, Apc, Aes, Aps or &
substituted derivative thereof;
B is Thr, Sex, Val, Phe, Iis, Abu, Nie, Leu, Nva, or Aib;
C is sn L-0-amino acid;

10
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A is an N-alkyl-a-amino acid or an N-substituted alkyl-a-amino

acid, wherein A comprises a sidechain containing a sulfur stom;

wherein B! and A are covalently linked through &n amino terminus of B® and a
carboxyl terminus of A to form a cyclic peptide. In the formmia set forth above,

“substitated” is intended to include such substitutions as H, amino, hydroxyl, N-alkyi

wherein dlkyl represents C; to Cy alkyl, N, N-dialky] wherein alkyl represents C; to Cy
alkyl, N-aryl, N-acyl, O-alkyi wherein alkyl represents C; to Cy alkyl, O-ary), O-acyl, S-
alky] wherein alkyl represents C; to C, alkyl, S-aryl, and the like. In accordance with the
invention, the amino acids set forth shove may be in the D- or L~ configumtion. As
defined herein, “containing a sulfur atom™ moans that the sidechain of the A residue
comprises such groups as ~SH, —8~, ~S-CH2COOH, ~S-CH,COO-,
~S~-CH,-CH(CO-)YNH-), and the lLiks.

Prefirably, B! is L-Phe or L-Tyr; B* is D-Trp; B isL-Lys; md B*is L-Thr or L-
Val, and A is an N-methyl-a-amino acid. Mare preferahly, A is selected from the group
consisting of (N-CH,)Cys, (N-CHp)Hcy, (N-CEy)Tyr, (N-CHa)Tty, and (N~
CH,)Tyr(CH,CH,SH). Most preferably, A is (N-CHyYTyr, (N-CH,)Cys, or (N-CH)Hy.
‘When A is (N-CHy)Tyr, (N-CH,)Cys, or (N-CHy)Hcy, C is preferably L-methionins, 1~
phenylalanine, or a substituted derivative of L-phenylalanine, More prefersbly, A is (N-
CH,)Cys or (N-CHy)Hey snd C is L-phenrylalanine or a substituted decivative of L-
phenylalanine, Most preferably, A is (N-CH,)Hcy and C is L-phenylalenine. In o most
preferred embodiment, the pharmacophore of the inrvention has the forrmla:

cyclo-Tyr-D-Thp-Lyx-Thr-Phe-(N-CHaHcY .

The vse of the term "cyelo” and undedining of amino acids herein is intended to
indicalo that the peptide is cyclized by formation of an amide Iinkage between the
substinated or unsnbstituted amine group of the first undeslined smino acid and the carbaxyl
group of the last underlined amino acid. Use of smaller fout indicates that the chemical
symbol for an atom is intended rather than a one-ietter amino acid cods.

All natumally-occurring amino acids may be referenced herein in abbreviated form,
using standard ono-letter or three-letter codes (which can be found in G. Zubay,
Biochemistry (24. ed.), 1988 (MacMillen Publishing: New Yark) p.33). In addition, as used
herein, the following amino acids and emino acid analognes are intended to be reprosented

11
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by the following sbbreviations: Hcy is homocysteine; Hhe is homohomocysteine (3-
mercaptopropylglycine); Pen is penicillamine; Aib is mincisobutyric acid; Nal is 2-
naphtirylalanine; Aca is 6-aminocaproic acid; Ain is 2-aminoindan-2-carboxylic acid; Hly is
homolysine; Achxa is 4-amino-cyclohexylalanine; Amf is 4-aminomethyl-phenylalanine;
Acc is S-(Z-sminoethyl)cysteine; Apc is S<3-aminopropyl) cysteine; Acs is O-Z-
aminoethyl)scrine; Aps is O-(3-aminopropyl)serine; Abu is 2-aminobutyric acid; Nva is
narvaline; Fp is D-phenylalenine; Wp is D-tryptophan; Yp is D-tyrosine; Cpa is L4-
chlorophenyl) alanine; Thp is 4-emino-tetralrydrothiopyran-4-carboxylic acid; D-Nal is p-2-
nsphthylalanine; Dpg is dipropylglycine; Nic is noreucine; (N-cB,)Cys is N-methyl-
cysteine; (N-CHy)Hcy is N-methyl-homocysteine; (N-CHy)Tyr is N-methyl-tyrosine; (N-
CHJTty is N-methyl-thiotyrosine (ie, N-methyl-4-mercaptophenylalanine); (N-
CBy)TYr(CB,CH,SH) is N-methyl-O-2-mercaptoethyl tyrosine; Thr(OH) is threoainol
residue (wherein the carbaxyl group of the amino acid is reduced to a primary alcohol,
mmummumdﬂwadamm

ce posipm, pp. 1020-21); Sex(ol) is setinol;
Alp(ol)l-md Gﬂonuzhmol.ah(onuslmd.monumm
Phe(4-F) is 4-fluoro-phenylalanine; Phe(4-NH,) is 4-smino-phenyalanine; g-Lys represents
a covalent linkage via the s-amino group on the sidechsin of a lysine residue; §-Om
represents an omithine residne in which the §-amino group is covalently kinked to the
carboxyl group of the adjacent amino acid to form a peptide bond; y-Dab represeqts » 2,4-
dirminobutyric acid residne in which the y-gmino group is covalently linked to the carboxyl
group of the adjacent amino acid t0 form a peptide bond; B-Dap represents a 23-
disminopropionic acid residne in which the B-amino group is covalently linked to the
carboxyl group of the adjacent smino acid to form a peptide bond. 'When a combination of
one-letter codes is used with the sbbreviations set forth sbove, the abbreviation is set off by
periods.

In accordanco with the present invention, a “substituted derivative™ of an amnino acid
includes soch substitutions as amino, hydroxyl, N-alkyl wherein alkyl represents C; to Cy
alkyl, N-aryl, N-acyl, O-alkyl wharein alky] ropresents C, to Cy alkyl, O-aryl, O-acyl, S-
alkyl wherein alkyl represents C; to Cq slkyl, S-aryl. When applied to amino acids that
contain a sidechain aromatic ring, the texm also encompasses o-, m-, and p- substimtions

12
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inchuding but not limited to o~amino, m-amino, p-amino, amino, o-lrydroxyl, m-hydroxyl, p-
hydroxyl, and the like.

The invention is also embodied a8 a compound having the formula:

cyelo-B-B’-BB'-C- (N GHEYOX)

wherein B' is Phe, Tyr, Nel, Ain, ora substituted derivative thereof;

a B2 is Trp or & substituted derivative thereof;

B’ is Lys, Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a

subatituted derivative thereaf;

B* is Thr, Ser, Val, Pbe, Tis, Abu, Nie, Len, Nva, or Alb;

C is L-msthionine, L-phenylalanine, or a substitnted derivative of

L-phenylalanine;

X is H or a metal chelator;
wherein B! and (N-CH,)Hcy are covalently linked through an amino terminus of B! and 2
carboxyl terminns of (N-C1)Hey to form a cyclic peptide. Fa accordance with the
invention, X is linked to the (N-CH,)Hcy residue through the Hey sidechain sulfur atom.
The amino acids in the formula set forth sbove may be in the D- or L- configuration. In
this embodiment, B’ is preferably L-Phe or L-Tyr; B? is preferubly D-Trp; B’ is
preferahly L-Lys; and B* is prefersbly L-Thr or L-Val.

In accordance with the invention, any metal cheistor may be employed as sobstitnent
X. For example, the compounds of the invention may comprise a metal ion chelstor having
a formula:

Clogp)*<(2a)-Clpgp)*
where (pgp)® is hydrogen or a thiol protecting group and (aa) is any a- or B-amino acid not
comprising a thiol group. In a preferred exmbodiment, the emino acid is glycine. Methods
for making snch a metal jon chelator are set forth in U.SPatNos. 5,654,272; 5,681,541;
5,788,960; and 5,811,394,

Alternatively, the compound of the invention may comprise a metal ion chalator
capable of forming an electrically nentral complex with the metal ion, as set farth in
USPatNos. 5720934; 5,776428; 5780,007; and 5922,303; in allowed USSNs
08/467,791, 08/170,299; and 07/871,282. Such chelators incinde, but are not Hmited to:

13
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N~ CO— (amino acid)—cysgine -CO—
J b

.. Wherein X' =H or a profecting group;
{amino a¢id) = any amino acid;

__l-m—cys{:im—(mim acid)—-NH—CH, N |
X N

wherein X' = H or a protecting group;
(smino acid) = any amino acid;
(
NH/CR).\N-A-COﬂﬁde
o dm,
J—(m)' -‘!-(m)'
wherein each R is independently H, CHy ar C;H; each (pgp)* is indopendently a thiol
protecting group or H; m, n and p are independently 2 or 3; A is linear C,-C; alkyl,

substituted lincar C;-Cj alkyl, cyclic Cy-C; alkyl, substitnted cyclic Cy-Ca alkyl, aryi,
substituted aryl, or a combination thereof; and

{{N\LAW'

(N (CR),

J—(m)' J-(m)'
wherein each R is independentty H, CHs or C;Hs; m, 0 and p are independently 2 or 3; A is
linear C;-Cs alkyl, substituted linear Cy-Cy alkyl, cyclic Cs-Cy alkyl, substitited cyclic Cy-

C; alkyl, aryl, substituted aryl, or a combination thereof: V is H or CO-peptide; R’ is H or
peptide; provided that when V is H, R’ is peptide and when R’ is H, V is CO-

14
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pharmacophore. In accordance with the invention, the substituted derivatives in the
bisamine, bisthiol fornmlac are defined as set forth above.

Altematively, the compound of the invention may comprise a metal ion chelator
having a fornmla selected fram the group consisting of:

a derivative of DTPA having a formmla

(HOOCCHz)WlN(CR2XCRIN(CHYCOOHNCRaXCR 2)N(CHeCOOH):

where each R is independently H, C, to C, alkyl, or aryl and ons R is covalently linked to a
bivalant linker;

a degivativo of EDTA having a formnla
(HOOCCHN(CRNCRIN(CHLCOOH);
where each R is independently H, C; 10 C4 alkyl, or aryl and onio R is covalently linked to a
bivalent linker;

) 14,7,10-tetraszacyclododecanctetrancetic acid and derivatives thereof such as thoss
set forth in U.S Pat.Nos. 4, 923,985; 5,053,503; 5428,154; WO 94/27977, HP 512 661; and
the like;

a metal jon chelator having a formmla:

-
(t:(mI N;«:Rn.
\(CR;J./

whezre n is an integer that is 2 or 3 and whers each R js independently H, C; to C, alkyl, or
aryl and one R is covalently linked to the peptide;
and desferrioxamine.

In addition to ths chelators set forth sbove, the somatostatin receptor-binding
peptides of the invention may be covalently linked to radiometal binding ligand such as a
ligands and co-ligands are disclosed, for example, in U.S.Pat.Nos. 5,300,278; 5,350,837;

15
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5.589,576; 5.679,778; and 5,879,659, and in Spies, et al. Technetium, Rhenium and Other
Metals in Chemistry and Nuclear Medicine, Nicolini, et al., eds., SGEditoriali (Paduas,
1999) pp. 101-108 and 687-690.

More preferably, the componnds of the invention comprise a monoamine, diamide,
single thiol tontsining metal ion chelator such ss those set frth in commonly assigned
copendizig USSN 08/253,973. Exemplary of such metal jon chelstors are chelators having

(%!m e 1[(:n)

L g
(%} R.:;QES)

wherein n, m and p are each imtegers that are independently 0 or 1; cach R’ is independently
H, lower elkyl, Cz-Cs hydroxyalkyl, or Cz-Cy alkoxyalkyl, and each R is independently H or
R", where R” is a substituted C;-C, alkyl not comprising a thiol group, a unsnbstitnted C;-
Cs alkyl, an unsubstituted phanyl, or a substituted phenyl not comprising a thicl group, and
one R or R’ is L2, where L? is a bivalent Jinker moiety linking the metal chelstor to the
poptide and wherein when one R’ is L2, NR'; is mn amine. In this embodiment, L? may be a
Cy-Cs linear alky] group, & branched chain alkyl group, a cyclic alkyl group, a carboxylic
ester, a carboxamide, a sulfonamide, an ether, a thicethey, an amins, sn alkene, an alkyne, a
1,2-linked, optionally substituted, benzene ring, a 1,3-linked, optionally substituted, beneens
ring, a 14-linked, optionally substitnted, beazene ring, or an amino acid, or a combination

16
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thereof. In this embodiment, R” may be a C)-Cs linear alky] group; a branched alky] group;
a cyclic alkyl group; 8 -COC-, -CiNHC,- or -C;SC;- group, where q and r are integers each
independently 1 to S wherein the sum of q + r is not greater than 6; (Cy-Cg) alkyl-X, where
X is a hydroxyl proup, a substituted amine, a gusnidine, an amidine, a substituted thiol
mwlmﬁmmmmmumw-wmwaw
mmhmmdwﬂhahlogm.ahydmylmp.nmbmmmdmamdum
an amidine group, a sabstituted thicl, an cther, a phosphste, a sulfate; an indole group; a C)-
Cs heterocyclic group coutsining 1 to 3 nitrogen, oxygen or snlfur stoms, or a combination
thereof n accordsnce with the invention, the substituted derivatives in the monoamine,
dizmide, thiol-containing chelator formulas are defined as set forth above.

Most preferahly, the compounds of the invention comprise & metal jon chelator
comprising a singls thiol-conteining group of fornmia:

A-CZB)-{CRR)}-X

wherein A is H, HOOC-, FNOC-, -NHOC~, -00C-, R%NOC-, or RS Bis H, SH,
~NHR®, -N(R")- or R%; Z is H or R%; X is SH, -NHR®, -NR%- or R% R*, R, R® and R? are
independently H, straight chain C;-Cy alkyl, branched chain C;-Cy alkyl, ar cyclic Cy-Cy
alkyl; n is 0, 1 or 2; R* is C,;-Cy alkyl, an amino acid, or a peptide comprising 2 to about 10
amino acids; and: (1) where B is -NHR® or -N(R%)-, X is SH end n is 1 or 2; (2) where X is
-NHR® or -N(R®)-, B is SH and n is 1 or 2; (3) whers B is H ar R?, A is HOOC-, HaNOC-,
-NHOC-, or -00C—, X is SH and n is 0 or 1; (4) where A is H ar R, then where B is SH,
X is -NHR® or -N(R")- and where X is SH, B is -NHR® or -N(R%)- and n is 1 ar 2 (5)
where X is H or RY, A is HOOC-, HNOC—, -NHOC-, or -OOC- and B ia SH; (6) where Z
is methyl, X is methyl, A is HOOC-, HNOC-, -NHOC-, or <OOC-and B is SH and n is
0; and (7) where B is SH, X is not SH and where X is SH, B is not SH.

In accondance with the invention, a metal jon chelator comprising a aingle thiol-

R'-CO-(amino acid)'-(amino acid)*-Z"

wherein (amino acid)’ and (amino acid)’ are each independently any primary a- or B-xmino
acid that does not comprise a thiol group, 2 is selected from the group consisting of

17
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mercaptopropylamine, 2-mercapto-2-methylpropylamine, and 3-mercaptopropylamine, and
R! is lower (C'-C*) alkyl, or R'-CO is an amino acid, a peptide, or (aa)-peptide;
wherein when Z' is cysteine, homocysteine, isocysteine or penicillamine, Z' comprises a
catbonyl group covalently linked 1o a hydroxyl group, a NR’R* group, wherein each of R’
and R* are independently H, a bond, lower (C'-CY) alkyl, an amino acid or a peptide
comprising from 2 to 10 amino acids. ]

Alternatively, a metal ion chelator comprising a single thiol-containing group may
have the formmla:

Y-(amino acid)’-(amino acid)'-NHR?

wherein (amino acid)' and (amino acid)? are each independently any primesy o~ or P-amino
acid that does not comprise a thiol group Y is selected from the group consisting of cysteine,
homocysteine, isocysteine, penicillamine, 2-mercaptoacetats, 2-mercaptopropionate, 2-
mercapto-2-methylpropionats, 3-mercaptopropionate, and R* is H, a bond, lower (C'-C%
alkyl, and NHR? is an amino acid, a peptide, or (aa)-peptide;
wherein whea Y is cysteine, homocysteine, isocysteine or penicillamine, Y comprises an
amino group covalently linked to —H, an amino acid, a peptide, or (aa)-peptide.

For example, suitshie metal fon chelators may bave sy of the following formmise:

(smino acid)"-(amino acid)’-cysteine-,

(smino acid)'-(amino acid)’-isocysteine-,

(smino acid)'-(amino acid)’-hamocysteine-,

(emino acid)'-(smino acid)*-penicillamine-, /

(smino acid)'-(amino acid)’-2-mercaptoethylzmine-,

(smino acid)'-(amino acid)’-2-mercaptopropylamine-,

(smino acid)'-(amino acid)*-2-mercapto-2-methylpropylamine-,

(smino acid)' (amino acid)’-3-mescaptopropylamine-,
wherein the chelatnr is attached to either a peptide or a linker group via a covalent bond with
the carboxyl terminms of the chelator or a side chain on one of the amino acid groupa,

Other suitsbls metal ion chelstors inciude thoss selected from the group cansisting
of:

~cysteine-(amino acid)-(e,8- or B,y-diamino acid);

-isocysteine-(amino acid)-{aB- or f,y-diamino acid);

18
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-homocysteine~(amino acid)-(a,B- or B,y-diamino acid);

~penicillamine-(amino acid)~(a.f- or §,y-diamino acid);

2-mercaptoacetic acid-(amino acid)-(a,B- or B,y-diamino scid);

2- or 3-mercaptopropionic acid-{(amino acid){(a.B- or B,y-dismino acid);
2-mercapto-2-methylpropionic acid-{smino acid)-{a,5- or By-diamin acid);
wherein the metal ion chelstor is attached to either a peptide or a linker group via a covalent
bond with the amino terminns of the chelator or a sids chain on ons of the amino acid

groups.

Any natonlly occorring, modified, sohetitated, or altered a- or p-amino acid not
containing a thiol groop may be used in the single-thiol chelators of the invention. As used
herein, the term * modified, substibited, or altwed a- or P-amino acid™ inchides, without
Emitation, any of the amino acids identified above. Preferably, the o or B-amino acid does
not comprise more then sixteen carbon atoms,

The most preferred novel chelators of the invention have the formala:

 pDepXaaCysZa
wherein Xaa is an L-0-amino acid
Zaa is sn a-amino acid, an a-amino acid amide, an aminoethylether, a p-
aminol, or a peptide containing from two to ten a-amino acids, said
aminoethylether, or B-aminol
Homologs of B-Dep may also be employed in the novel chelatars of the invention.

Suitable L-c-amino acids for substitntion as Xaa in the novel chelator of the
serine, arginine, histidine, lysine, omithine, phenylalanine, tyrosine, and, in addition,
sach as 0-, m- ox p-balophenylalaning; 0-, m- o p-aminophenylalaning, wherein the amino
substimtent may be a primary, secondary, or tertisry amine; o-, m- or p-
hydroxylphenylalanine; o-, m~ ar p-O-alkylphenyalanine wherein alkyl represents C; to
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Cq ukkyl; 0-, m- or p-O-acylphenylalanine; o-, m- or p-S-alkylphenylalanine wherein alkyl
represeats C) to C, alkyl; and the like

In a preferred embodiment, Xas is an L-a-amino acid such as serins, diaminobutyric
acid, arginine, histidine, tyrosins, or a substitnted phenylalanine. More preferably, Xaa is an
aromatic an L-g-amino acid such as tyrosine, s substituted tyrosine residue such ss
iodotyrosine, bramotyrosine, chlorotyrosine, O-alkyl-tyrosine where alkyl represents C, to
C, alkyl, hydroxyltyrosine, aminotyrosine, and the like, or & substituted phenylslamine
residue. Most preferably, Xaa is a substimied phenylalanine residoe wherein the
substitutions inclede halogen, amino, bydroxyl, NH-alkyl wherein alkyl represents C, to C,
elkyl, NH-acyl, O-alkyl wherein alkyl represeats C, to C, alkyl, O-acyl, S-alky] wherein
afky] represents C, to C, alkyl, SO-alkyl and SO,-alkyl wherein alkyl represents C, to C,
akyl, SO.H, COH, COalkyl wherein alkyl represents C, to C, alkyl, CONE-alkyl
wherein alkyl represents C, to C, alkyl Specific embodiments of such substimted
phenylalsnine residues include 4-fluoxophenylalanine, 4-chloropbenylalanine, 4-

_ bromopbenylalanine, 4-iodophenylalanine, 4-nitrophenylalanine, 4-aminophenylalsnine, N'-

R-4-aminophenylalsnine, N*-R, N*-R’-4-aminophernylalanine, or 3-R'-4-aminophenylalanine
whero R is C, to C, alky] snd R’ is selected from the group consisting of H, C, to C, alkyl
amino, hydraxyl, NH-alkyl wherein alkyl represents C, to C, alkyl, NH-acyl, O-alkyl
wherein alkyl represcats C, to C, alkyl, O-acyl, S-alkyl wherein alkyl repcesents C, to C,
alkyl, SO-alky! and SO,-alky! whersin alkyl represents C, to C, alkyl, SO,H, COH, CO,-
alkyl wherein alkyl represents C, to C, alkyl, CONH-alkyl wherein alkyl represents C, to C,
alkyl . The structures of exemplary most preferred substituted phenylalanine regicues for
usc in the chelators of the invention sre set forth below.

5w & &

Hal=P,C), By, 1

whers R and R’ are each independently H, a straight chain C, to C, alkyl group, a beanched
chain C, to C, alkyl group, or an aryl groop. In accontance with the invention, the carboxyl
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terminal amino acid of the chelators of the invention may be in carboxylic acid form or in
amidated form, or alternatively, in the form of a B-aminol.

The novel chelators of the invention have the properties of increasing the tumor
uptaks of the pharmacophore for SSTRs and enhancing kidney clearance of the radiolabeled
peptide. Consequently, the novel chelators of the invention minimize retention of
radiolabeled peptide in non-target tissues. -

Specific embodiments of the compounds of the invention include the following
peptides.
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CHJ)HewW(CH,C0-f-Dap-Tyr-Cys-Thi(ol))
cyelo-Tyz-D-Trp-Lys-Thr-Phe~{ N-Cii)}Hev(CH,CO-B-Dap-Phe(4-F)-Cys-Thr(ol))
cyelo-Tyr-D-Trp-Lys-Thr-Phe~( N-CH)HCy(CH.CO--Dap-Phe(4-N,)-Cys-Thr-Ser)
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)HCY(CH,CO-B-Dap-Dab-Cys-Thr)
cyclo-Tyr-D-Trp-Lye-Thr-Phe-{ N-G3,)Hey(CE,00--Dap-Phe(4-NH,)-Cys-Thr)
cyclo-Tyr-D-Trp-Lys-Thr-Fhe-{ N-CH,)\Hcy(CH.CO-B-Dap-Phe(4-NH,)-Cys-Thr(ol))
cyclo-Tyr-D-Trp-Lys-Thr-Phe~{ N-CH)HCY(CR/CO-B-Dap-His-Cys-Thr(oD)
eyclo-Tyr-D-Trp-Lys-Thr-Phe- N-Ch)Hev(CH,CO-B-Dap-Arg-Cys-Thr(al))
cyclo-Tyr-0-Trp Lys-Thr-Phe-( N-CHIHCY(CH,CO-f-Dap-Gly-Cys-Lys-NH,)
eyclo-Tyr-D-Trp-Lys-Thr-Phe- N-CH)HcY(CH,CO-B-Dap-Ser-Cys-Thr(ol))

eyelo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH,\Hcv(CH,CO-§-Dap-Dap-Cys-Thr(ol))

eyclo-Tyr-D-Trp-Lys-The-Phe-( N-CH,Hey(CH,.CO-B-Dap-Lys-Cys-Thr(ol))
cyelo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CHHeY(
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cyclo-Tyr-D-Trp-Lys-Thy-Phe-{ N-cH)Hey(CH,CO-B-Dap-Lys-Cys-NHy)
cyclo-Tyr-D-Trp-Lys-Thr-Phe~( N-CB,)Hey(Ch,C0-5-Om-Gly-Cys-NH,)
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CH,)Hey(CH,CO-Thr-Gly-Gly-Cys-NH,)

Preferred compounds of the invention exhibit high affinity for SSTRs, as indicated in
Example-5. In accordance with the invention, high affinity for SSTRs is defined as less than
about 25 nanomolar affinity for SSTRs as measured in a SSTR binding affinity assay soch
as the assay set forth in Example 5. More preferred compounds of the invention are
characterized by high affinity for SSTRs, as indicated in Example 5, snd by high turnor
uptake, #s indicated in Example 6. As defined herein, high tumor uptake means a percent
injected dose (% ID) of * Tc per gram tumar (% IIVg), in the mode mouse/rat AR42]
xenografi model described in Example 6, of greater than about 4. Most preferred
cmbodiments of the compounds of the invention have a tumar uptake grester than sbout 15
% ILVg and a kidncy uptake lcss than about 7 % IDVg to about 9 % IDVg; or alternatively &
tomor uptake greater than about 10 % IVg, a kidney uptaks less than about 7 % IDVg to
about 9 % IDVg, and a gastrointestinal tract uptake less then about S % ID/g to aboat 7 %
IDVg. Exemplary most preferred compounds of the invention incinde:

cyclo-Tyvr-D-Txg-Lys-Th-Fhe-{ N-CH)Hcw(CH,CO-f-Dap-Tyr-Cys-Thr(ol))
cyclo-Tvr-D-Tip-Lya-Thr-Phe~( N-Qi¥,)Hey(CH.CO-B-Dap-Phe(4-F)-Cys-Thr(oD))
cyclo-Tyr-D-Tip-Lys-Thr-Fhe-{ N-CH)HCY(CR/CO-B-Dap-FPhe(4-NH,)-Cys-Thr-Ser)
eyclo-Tyr-D-Txp-Lys-Thr-Phe-( N-CE)HCY(CECO-f-Dap-Phe(4-NH,)-Cys-Thr)
eyclo-Tyr-D-Trp-Lys-Th-Phe-{ N-CHh)Ecv(CR,CO-B-Dap-Phe(4-NH,)-Cys-Thr(ol))
cyclo-Tyr-D-Tip-Lys-Thr-Fhe-{ N-CH)Hey(CH.CO-B-Dap-Dab-Cys-Thr(ol))

Masthods for making the compounds of the invention, and in particular those
comprising the metal ion chelators of the most preferred embodiment are set forth in
U.S.Pat.Nos. 5,443,815; 5,807,537; 5,814,297; and 5,866,097; in allowed USSN
08/253,678; and in USSNs 08/236,402; 08/253,.973; and 08/582,134. As disclosed therein,
the cosppomnds of the invention may be made nsing a commercially available peptide
synthesizer. Example 1 sets forth an exemplary method of making an embodiment of the
pharmacophors of the present invention. Other embodiments of the novel pharmacophore
arc mado using similar methods. Example 2 sets forth an exemplary method of making an
embodiment of the novel chelstor of the invention.

\‘\
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In accordance with the invention, the A regsidue may be linked to & metal chelator
through a sidechain nitrogen, sulfur, or oxygen atom of the A residue, Linkage may be
direct or through intervening atoms or amino acid residues. In a preferred embodiment,
the linkage is through —CH,CO~. Such linkages may be accomplished via the alkylation of
these atoms with moieties containing reactive electrophiles such as alky! halides. These
stoms may also be reacted with chelators contsining isocyanates, isothiocyanates, or
activated carboxylic esters. An appropriately protected A residuc may also be linked to a
metal chelator through a sidechain carbon by forming a Wittig or Emmons-Homer
reagent on the sidechain and reacting this with sn aldehydo functiopality on an
appropriately protected chelatar. The resulting doubls bond linkage can be Joft as is or
subsequently reduced to yield saturated hydrocarbon Iinkage. Bxamploe 3 sets forth an
exemplary method of attaching a chelstor through a sidechsin sulfor atom of an (N-CHy)Hey
residue of the pharmacophore.

Those of skill will recognize that most metal jons may be chelated to the above-
mentioned metal ion chelstors sad ligand/coligand radiometal binding moicties. Any metal
jon capable of generating a signal may be chelated to the pharmacophore of the
invention, thms forming a metal jon complex with the compound of the invention
Suitable metal jons incinde radioactive meta] jons, finorescent metal jons, paramagnetic
metal jons, heavy metals, rare earth jons suitable for use in computerized tomography,
snd the liks. Radioactive metal ions or radiomuclides sro preferred. More prefersbly, y-
emitting radionuclides such as ¥Cu, ¥Ga, !"'In, and ™ Tc; B-emitting radionuclides such
a ®Y, "™Ro, or "“Ho; f/y emitting radionuclides snch ¢ ¥'Cu, ¥'Sc, ®Sm, or "™Re;

.I .". ll l'l m as “G.. hrci “&, or I I. I. I.I
such as #%Bi, 29B;j, Ac, Rs are used in the methods of the invention. Most
peeferably, ™ Tc, '®Re and/or "Re are used in the methods of the invention.

Those of skill will recognize that the pharmacophores and compounds of the
invention may be lsbeled with radinisotopes of halogens, such as 21, Py, 121, Vg, gng
11 A1, through a tyrosine residue which may be added to the pharmacophore or to the
compound nsing known methods, or using other known methods such as Bolton-Homter
reagent, chloramine T, and the like.

N



e aren" @LL6s60

The compounds of the invention may also be complexed with non-radioactive
metals, such as rhenium, using methods similar to those set forth below. Table 4
indicates that compounds of the invention effectively inhibit binding of '¥I-Tyrs'-
somatostatin-14 when complexed with rtheaium.

Complexes of the invention may be formed using known methods. For example, a
salt of **I'c pertecimetate, ‘*Re perrhenate, or '“Re perrhonate may be reacted with the
compound in the presence of a redocing agent such as dithionite ion, stanmous jon, or ferrons
ion. In this method, the most preferred reducing agent is stapnous chloride. Altarnatively,
camplexes and chelstes may be formed by ligand exchangs, wherein the compound of the
invention is reacted with a pro-formed labile complex of ™ Tc, ‘®Re, or "Re and another
compound known as a transfer ligand. In this process, any transfer ligand may be used, for
exsmple, tartrate, citrate, gloconate, glucoheptonate, mannitol, and the like. Exemplery
mothods for labeling the campounds of the iavention with *®Tc and '™Re are set fxth in
Exampic 4. In general, an sppropriate quantity of a reagent of the invention is introduced

- into a vial containing a reducing agent, such as stannous chloride, in an amount sufficient o

Inbel the reagent with **Tc, *Re, ar "™Re. Generally, more redncing sgent is required to
effiect Inbeling with “*Re or ™Re than is required to offect labeling with T,

The compounds of the invention may be supplied in the form of a pyrogen-fiee,
parenternily acceptable pharmaceutical composition, which may be an agoecus solution
ar a lyophilizate for reconstitution. The preparation of such pharmaceutical
compositions, having dus regard to pH, isotonicity, stability, and the like, is within the
skill in the art. The pharmaceutical composition of the invention may inchade
pharmaceutically acceptsblo diluents, such as, for example, Sodium Chlaride Injection
and Ringer’s Injection. For administration to humans, the composition may be
administered in antalogoos seram or plasma. Supplementary active compounds may also
be co-administered with the somatostatin analog, in accordance with the invention.

Tho pharmaceutical compositions of the investion may optionally comtain a
stabilizer such as geatisic acid as sct forth in USPatNos. 4,232,000; 4,233,284;
4,497,744; 5,384,113, snd/or ascorbic acid as disclosed in U.S.Pat Nos. 5,393,512 and
5.011,676, in WO 97/28181 and in WO 98/733531. Altermatively, hydroquinone
stabilizers such as those disclosed in U.S.PatNo. 4,229,427 may be added to the
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complexes of the invention. Other compounds such as reductic acid, exythorbic acid, p-
aminobenzoic acid, 4-hydroxybenzoic acid, nicotinic acid, nicotinamide, 2,5-dilydroxy-
14-benzenedisulfonic acid, tartaric acid, inoaita], and the like, may also be added to
stabilize the complexes of the invention.

The ihvention is also embodied in a kit for preparing radiometal-labeled reagents for
uso as radiopharmaceuticals. The kit of the invention comprises a scaled vial contwining a
predetesmined qoantity of the compound of the mvention, and optionally, when the
radiometal is ®*Tc, "Re, or "™Re, a reducing agent. Stabilizers such as gentisic acid
and/or ascorbic acid or say of the stabilizecs described above may also be included in kits
intended for "™Re or "™Re mdiolabeling. An appropriate amount of a transfer ligand as
described sbove (such as Cartrate, citrate, ginconate, gluccheptanate or mammitol, for
exampic) can also be inciuded in the kit. The kit may also contsin conventionsl
pharmaceutical adjunct materinls such as, for example, pharmaceutically acceptable sakis to
also contain instroctions for radiclabeling. The components of the kit may be in liquid,
frozen or dry form. In a preferred embodiment, kit components are provided in lyophilized
form.

The kit of the invention may also be embodied in a form suitable for diagnostic
imaging or as a therapeutic agent using a radioisotope of a halogen, incinding R, 2! At, 51
and 'Y, and prefirably 'L In this embodiment, the kit comprises a sealed vial contsining a
predetermined quantity of a compound of the invention which may be modified to a form
capabls of being mdialabeled with an iodine isotope, using known methods as described
sbove. Dose, sites and routes of administration, fornmlations snd administered specific
radioactivity using the kit of this embodiment are as described hewein for technetium and

The compounds of the invention may be used in radiolabeled ar nnlabeled form to
diagnose or treat sny somatostatin-responsive disease state. The compounds of the
invention are particularly useful for diagnosis and/or treatment of tumars soch s
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renal cell carcinomas, prostate tumors, and the like. The compounds of the invention
may also bc used to diagnose or to treat conditions in which angiogenesis and
concomitant opregulstion of SSTRs occurs, as descxribed in Woltering, ef al, supma. As
set forth in commonly assigned allowed USSN 08/976,995, the compounds of the
inveation arc usefnl in imaging and treating conditions of high cellular proliferation in
the cardicvascular system. Such conditions include, for example, atherosclerosis and
cellular proliferation occurring in arteries after invasive procedures such as angioplasty.

Preferably, radiolabeled complexes of the compounds of the invention are used
for such diagnoses and treatments. Radiclabeled embodiments of the compounds of the
invention may be used in radioisotope guided surgery, a3 described in WO 93/18797 and
in Woltering, ¢ al. (1994) Surgery 116, 1129-1147. In a preferred embodiment, a
complex of a y-emitting radionuclide such a3 ™ Tc and a compound of the invention is
used to diagnose sn SSTR-expressing tumor, and subsequently, a complex of P-emitting
radionnelide snch as **Re or **Re with the compound is used to treat the tumor.

For diagnostic purposes, an effective diagnostic amount of the diagnostic or
radiodiagnostic agent of the invention is administered, prefershly mtravenously. An
effective diagnostic smount is defined as the amonnt of diagnostic or mdiodiagnostic agent
necessary 10 effect localization and detection of the label in vive umaing conventional
methodologies such as magnetic resomance, computerized tomography, gamma
scintigrephy, SPECT, PET, and the like.

For diagnoais using scintigraphic imaging, preferably,  Tc-lsbeled compomnds
of the jnvention are administered in a single unit injectable dose. The ™™ Tc-labeled
compounds provided by the invention may be admimistered intravenously in any
conventional medinm for intrevenous injection such as an aquecus saline medium, or in
blood plasma medium, Generally, the unit doss to be administersd has a radioactivity of
sbout 0.01 mCi to about 100 mCi, preferably 1 mCi to 50 mCi. The solution to be
injected st unit dosage is from about 0.01 mL to about 10 mL. After intravenous
administration, imaging in vivo can take place in a matter of a few minutes. However,
imaging can take place, if desired, hours or ¢ven longsr after the radiclabeled compound
is injected into a patient. In most instances, a sufficient amount of the administered dose
will accurmiate in the area to be imaged within about 0.1 of an hour to permit the taking
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of scintiphotos. Any conventional method of scintigraphic imaging for disgnostic \

purposes can be utilized in accordance with this invention.

When the radiolabeled compounds of the invention ars used for therapeutic
parposes, they are radialabeled with a therapeutically effective amount of a cytotaxic
radicisotope, preferably 'Re; Jn accordance with the invention, s therapentically effective
amount of a cytotoxic radicisotope means the total smount of each active component of the
pharmecentical composition or method that is sufficient to show a meaningful patient
benefit, ie, 2 redoction in the incidence or severity of symptoms attributed to the
somatostatin-responsive dissase stats, as compared to that expected for a comparsble group
of patients not receiving the mdiotherapeutic agent of the invention. When applied to an
mdividual active ingredient administered alone, the term refers to that ingredient alope.
When applicd to a combination, the term refers to combined amounts of the active
ingredients that result in the therspeutic effect, whether administered in combination,
sexially, or simnitanecngly. For the purposes of this invention, radictherapy encompasses
any thempentic effect mnging from pain pelliastion to tomor sblstion or remission of
symptams associated with the particulsr somatostatin-responsive disease being treated.

When used for rediotherapy. a complex of the compound of the invention and a
tytotoxic radicisotope is administered to a mammal, including a buman patient, in need of
treatment for a somatostatin-responsive disease. In the radiotherspeutic method of the
invention, an amount of cytotoxic radicisotope from shout 5 mCi to about 200 mCy may be
administered via any suiteble clinical roate, prefersbly by intravenous injection or by
intratumoral injection. The radiotherspeutic complex of the invention may opticoally be
administered in comhinstion with a chemotherapentic drug such ss tamaxifen, cisplatin,

'When unlabeled compound is used for therapy of a somatostatin-responsive disease
state, administration of the compound is preferably peremtersl, and more prefembly
intravenous, The amount of unlsbelod compound administered for therapy of a
somatostatin-responsive disease will depend upon the nature and sevetity of the condition
being treated, and vpon the nabwre of prior trestments which the patient has undergone.
Ultimately, the sttending physician will decide the amount of compound with which to treat
each individoal patient. Initially, the sttending physicien will administer low doses of the
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compound and observe the patient’s response. Larger doses of the compound may be
administered until the optimal therapeutic cffect is obtained for the patient, and at that point
the dosage is not increased further. It is contemplated that the dosage of unlsbeled
compound administered in the therapentic method of the invention should be in the range of
about 0.1 ug to about 100 mg compound per kg body waight. More preferably, the dosage
of unlabeled compound administered in the therapeutic method of the invention is in the
range of about 0.1 pg to sbout 100 ug compound per kg body weight. The umisbeled
compound of the invention may also optionally be administered in combination with a
chemotherapeatic drog.

The duoration of thermpy, whether with a radiopharmacentical comprising a
compound of the invention or with an unlabeled compound of the invention, will vary,
depending on tha severity of the disease being treated and the condition and idiosyncratic
response of cach individual patient B is contemplated that the duration of each
administration of the radiophanmaceutical of the invention will be in the mnge of aboat one
to about 120 minntes of continuous intravenous sdministration. & is conteruplated that the
duration of each administration of the unlsbeled compound of the invenstion will be in the
range of about one to sbout 120 minntes of contimuous intravencus admimistration.
Ultimately the attending physician will decide on the appropriate dorstion of intravenous
therapy using the labeled or unlabeled compounds of the invention, whether administered
alone or in combination with other drugs.

The following examples are shown by way of illustration and not by way of
limitati
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EXAMPLE 1
Solid-Phase Synthesis of Protected Pharmacophore

Step 1. Fmoc-Lys(Boc)-Thr(tBu)-ClTrt Resin. 2-chlorotrityl resin-supported O-s-butyl-
threonine (2:5 g, 1.1 mmol/g, 2.75 mmol) was placed in peptide synthesis vessel and washed
twice for 5 minutes with 30 mL N-methylpyrolidinons (NMP) with gentle agitation of the
rosin by argon gas. A small aliquot of resin was removed for ninbydrin analysis (as a control)
and the resin washed with NMP (30 ml. x 1 min). In a separate flask, N-a-Fmoc-N-e-Boc-
lyaine (3.22 g, 6.88 mmol) and 2-{0-(7-azabenzotriazol-1-y1}-1,1,3 3-tetramethyluroniom
hexaflucrophosphate (HATU reagent) (2.56 g, 6.74 mmol) were dissolved in 30 mL of NMP.
N N-diisopropylethylamine (DIBA: 2.40 mL, 13.76 mmol) was added to tha protected lysine
sohition. The flask was swirled for 1 minmte and the contents added to the peptide synthesis
vessel cantaining the resin-supparted amino acid. The resin was agitated with a gentle
stream of argon for 2.0 hrs. The solution was drained and the resin washed sequentially with
NMP (3 x 30 L x 1 min) and dichloromethane (DCM: 3 x 30 mL x 1 min). Ninhydrin
analysis performed on a smsll portion of resin indicated that the reaction was complete.

Step 2, Fmoc-D-Trp{Boc)-Lys(Boc)-Thr(tBu)-CITrt Resin. The resin-supposted peptide from
Step 1 was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10 minntes followed by
trostment with 20% piperidine in NMP (30 mL) for 15 minutes. The resin was sequentially
washed with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1 min). A small aligoot of
resin was removed for ninhydrin analysis (as a control) and the resin washed with NMP (30
mL). In a scparate flask, N-a-Fmoc-N-is-Boc-D-tryptophan (3.62 g, 6.88 mmol) and HATU
reagent (2.56 g, 6.74 mmol) wese dissolved in 30 mL of NMP. DIEA (240 mL, 13.76
mmol) was added to the protected tryptophan solution. The flask was swirled for 1 minute
The resin was agitated with a gentle stream of argon for 2.0 hrs. The solution was drained
and the rezin washed sequentially with NMP (3 x 30 mL x 1 min) sad DCM (3x30 mL x 1
min), Ninhydrin snalysis perfonned on a amall portion of resin indicated that the reaction
was complete,

A
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Step 3. Fmoc-Tyr(tBu)-D-Trp{Boc)-Lys{Boc)-Thr(tBu)-CITrt Resin. The resin-supported
peptids from Stop 2 was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10
minutes followed by treatment with 20% piperidine in NMP (30 ml.) for 15 minutes. The
resin was sequentially washed with NMP (3 x 30 mL x 1 min) asnd DCM (3x30mL x 1
min). A small aliquot of resin was removed for ninhydrin analysis (as a control) sud the
resin washed with NMP (30 mL). In a scparate flask, N-a-Fmoc-O-+-butyl-tyrosine (3.16 g,
6.88 mmol) and HATU reagent (2 56 g, 6.74 mmol) were dissolved in 30 mL of NMP.
DIEA (2.40 ml, 13.76 mmal) was added to the protected tyrosine solution. The flask was
swirled for 1 minute and the contents added to the peptide synthesis vesse] containing the
resin-supported peptide. The resin was agitated with a gentls stream of argon for 2.0 hrs.
The solution was drained and the resin washed sequentially with NMP (3 x 30 mL x 1 min)
and DCM (3 x 30 mL x 1 min). Ninhydrin analysis performed on a small portion of resin

Step 4. H-Hey(Trs)-Tyr(tBu)-D-Trp(Boc)}-Lys(Boc)-Thr(tBu)-CITrt Resin. The resin-
sapported peptide was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10 mixutes
followed by treatment with 20% piperidine in NMP (30 mL) for 15 minntes. The resin was
sequentially washed with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1 min). A small
aliquot of resin was removed for ninkrydrin analysis (as a control) and the resin washed with
NMP (30 mL). In a scparate flask, N-a-Fmoc-S-trityl-homocysteins (3.16 g, 6.88 nomol)
and HATU reagent (2.56 g, 6.74 mmol) were dissalved in 30 mL of NMP. DIEA (2.40 mL,
13.76 mnol) was added 1o the protected homocysteine solution. The flask was swirled for 1
minute and the contents added to the peptide synthesis vessel containing the resin-supposted
peptide. The reain was agitated with a gentlo stream of argon for 2.0 hrs. The solution was
drained and the resin washed sequentially with NMP (3 x 30 mL x 1 min) and DCM (3 x 30
mL x 1 min). Ninhydrin analyxis performed on a small portion of resin indicated that the
reaction was complets. The resin was treated with 5% piperidine in 1:1 NMP/DCM (30 mL)
for 10 minutes followed by treatment with 20% piperidine in NMP (30 mL) for 15 minntes.
The resin was sequentially washed with NMP (3 x 30 mL x 1 min) and DCM (3x30mL x |
min). A small aliquot of resin was removed for ninhydrin analysis (as a control). A small
portion of regin was also removed for HPLC analysis which was performed as follows: the
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resin pattion (~ 1-3 mg) was treated with 250 pL of 1:4 1,1,1,3,3,3-baxafluoro-2-propanol
(HFIPAY DCM for 5 min. An aliquot (15 pL) of the cleavage mixture was diloted with 150
ML of 0.1% (v/v) TFA in 9:1 (v/v) acetonitrile/water. The solution was analyzed by C18
reversed-phase analytical HPLC as outlined in HPLC Method 1.

—_——- HPLC Method 1.
" Column: Vydac C18, 4.6 mm x 150 mm

Solvent A: 0.1% (v/v) TFA in water
Solvent B: 0.1% (v/v) TFA in 9:1 (v/v) acetonitrile/water
Gradient: 50% - 100% B/A over 20 min, 100% B over S min
Flow Rate: 1.2 mL/min
Injection Volume: 10 pL
Detection: UV (220 nm)

The chromatogram resulting from the HPLC analyzis of the cleaved protected peptide
exhibited only one peak with a retention time of 18.7 minutes.

Swp 5. 2-NOy-PhSorHey(Trt)-Tyr{tBu)-D-Trp(Boc)-Lys(Boc)-Thr(tBu)-CTIvt Resin. Tho
resin-gupported peptide from Step 4 was washed with anhydrous DCM (30 mL x 1 min),
suspended in enhydrous DCM (30 mL x 1 min), and treated with 2,4,6-collidine (1.82 mL,
13.8 mmol). 2-Nitrobenzenssulfonyl chloride (1.52 g, 6.9 mmol) in 20 mL of DCM was
added and the reaction gently agitated with argon gas for 14 hours. The reaction solution
was drained snd the rosin washed with DCM (2 x 30 mL. x 1 min), NMP (2 x 30 mL x 1 min)
and DCM (3 x 30 mL x 1 min). A small sample of resin was removed, treated with HFIPA,
and analyzed by HPLC as before (HPLC Method 1). The peak of peptide free N-terminal
amine at 18.7 minutes was absent end was replaced by a peak at 21.6 minntes, representing
the sulfonated peptide.

aagran"‘z.ﬂasau

Step 6. H-{N-CHy)Hcy(Trt)-Tyr(tBu)-D-Tvp(Boc)-Lys(Boc)-Thr(tBu)-ClTvs Resin. ‘The resin-
supported peptide was washed with NMP (2 x 30 mL x 1 min), anhydrous DMF (1 x 30 mL
x 1 min), and transferred with the aid of 40 ml. of anhrydrovs DMF to a dry 100 mL round
bottom fiask equipped with a stir bar. 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido{ 1,2-
a)pyrimidine (MTBD, 0.79 mL, 5.5 mmol) was added and the resin suspension was stirred
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for 15 minutes (green color) nnder an atmosphere of argon. The resin was treated with
iodomethane (0.26 mL, 4.13 mmol) and stirred for 5 hours under an atmosphere of argon.
The suspension was transferred back to the peptide synthesis vesse] and the reection solution
was drained off. The resin was washed with NMP (3 x 30 mL x 1 min) and DCM (3 x 30
mL x 1 min). A small sampie of resin was removed, treated with 1:4 HFIPA/DCM, and the
progress of the reaction was monitored by HPLC as befare (HPLC Method 1). This
complets, with the N-methylated peptide exhibiling a retention time of 22.1 minutes. The
resin was treated with NMP (30 mL) containing 2-mercaptoethanol (BME, 0.58 mL, 8.25
mmol) and 1,8-diszabicyclo{5.4.0)undec-7-ene (DBU, 1.23 ml, 8.25 mmal) for 15 minutes.
The solution was drained and the resin washed with NMP (3 x 30 mL x 1 min) and DCM 3
x 30 mL x 1 min). A small semple of resin was removed, treated with 1:4 HFIPA/DCM, md
the progress of tha reaction was moaitored by HPLC as before (HPLC Method 1). The
chromatogram resulting from this HPLC analysis indicated that removal of the sulfonyl
group was >90% complete with the desulfonated peptide exhibiting a retention time of 18.5
minutes.

Step 7. H-Phe-(N-CHy)Hey(Trt)-Tyr(tBu)-D-Trp{Boc)-Lys{Boc)-Thr(tBu)-OH. N-Fmoc-
phenylalanine (3.20 g, 8.25 mmol) and HATU reagent (3.14 g 8.25 mmol) were dissolved in
30 mL of NMP. DIEA (2.40 mL, 13.76 mmol) was added to the protectsd phenylalanine
soltion. Tha flask wag swirled for 1 minute and the contents added to the peptide synthesis
vessel containing the resin-supparted peptide. The resin was agitatad with a gentle stream of
argon for 5 hrs, The solution was drained and the resin washed sequentially with NMP (3 £
30 ml. x 1 min) end DCM (3 x 30 mL x 1 min). A small sampls of resin was remaved,
troated with 1:4 HFIPA/DCM, and the progress of the reaction was monitored by HPLC
(HPLC Method 1). The chromsatogram resulting from this APLC analysis indicated that the
coupling of phenylalanine was >50% complete, with the conpled peptide exhibiting a
retention time of 25.1 minutes. The resin was treated with 5% piperidine in 1:1 NMP/DCM
(30 mL) for 10 minutes followed by treatment with 20% pipesidine in NMP (30 mL) for 15
minutes. The resin was sequentially washed with NMP (3 x 30 mL x 1 min) and DCM (3x
30 mL x 1 min). The protacted peptide was cleaved from the resin by treating the resin-
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supported peptide with 1:4 hexaflaoroisepropanol/DCM (2 x 50 mL x 10 min). The resin
was washed with DCM (4 x 30 mL x 5 min). The cleavage solutions and DCM washes were
combined and the solvents removed in vacio on & rotary evaporator. The resulting foam was
dried under high vacuum overnighi to yield 4.23 g of crude product as an orange foam. The
crude linear protected hexapeptide product was analyzed by HPLC (HPLC Method 1). The

chromatogram resulting from this analyzis exhibited predaminantly one peak with a retention

tims of 19.8 minntes.

Step 8. cyclo-{Iyr-D-Trp-Lys-Thr-Phe(N-CHz)Hcy ). Crude linear protected hexapeptide
(4.23 g; 2.99 mmol, 2.75 mmol assumed) was dissolved in 100 mL of anhydrons DMF.
DIEA (0.48 mL, 2.75 nunol) was added followed by the addition of HATU reagent (1.05 g,
275 mmal). An aliquot (15 yL) of the reaction mixture was removed and diluted with 150
RL of 0.1% (v/v) TFA in 9:1 (v/v) scetonitrile/water. The solution was analyzed by C18
reversed-phass enalytical HPLC (HPLC Method 1). Stimring was continued at room
temperstare while following the progress of the reaction by HPLC. Afier 2 hours the

= 19.9 min) and the appesrance of product (retention time = 23.8 min). A solution of
tifluoroacetic acid (TFA: 212 pL, 2.75 pmol) in H;0 (20 mL) was added and the solvents
were ramoved by concentrating the reaction mixture on a rotary evaporator nnder high
vacunm. The crude cyclic protected product was troated with DCM (30 mL) and the
resulting suspension allowed to stand for 30 min. The solids were filtered off and washed
with DCM (10 mL). The combined filtrates were treated with triisopropylsilane (1 mL),
ethanedithiol (1 mL) and a solution of 1:20 H;O/TFA (40 mL). After 1 honr the deprotection
mixtare was cancentrated in vacoo and dissolved in 0.1% (v/V) TFA in 9:1 (v/v)
scetonitrile/water (B buffer, 40 mL). This solution was dilnted with 0.1% (v/v) TFA in B0
(A buffer, 100 mL)., The resalting suspension was filtered through a pad of distomaceons
earth which was subsequenily washed with 20% B/A. The combined filtrate was split into
four 40 ml partions and each partion was individually applied to a properative HPLC column
equilibrated in 15 % B/A. The columm was eluted with 15% to 28% B/A over 5 min and
28 o 33% B/A over 25 minutes. Fractions were collected and analyzed by HPLC mothod
2
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HPLC Method 2:
Column: Vydac C18, 4.6 mm x 250 mm
Solvent A: 0.1% (viv) TFA in water
Solvent B: 0.1% (v/v) TPA in 9:1 (v/v) acetonitrile/water
Gradient 30% - 35%3!Aom20m100%3m5m
- -- Flow Rate: 1.2 ml/min
Injection Volume: 50l
B Detection: UV (220 om)

Fractions containing product with a > 95% purity by peak integration were combined and the
acetonitrile was removed on a rotary evaporator. The resulting agueous solation was frozen
and lyophilived to yield cyelo-Tyr-D-Trp-Lyg-Thr-Phe-(IN-CH)EICY a5 a whits powder (510
mg). Analysis of the product by electrospray mass spectrometry (ESMS) confirmed the
expectod product. The expected exact molecular weight for cyclo-Tyr-p-Tip-Lys- Thr-Phe-
(8-CHOHCY (CosHseNy0yS1) was 856.4 daltons. The observed ESMS MH' peak was 857
daltons.

The structure of the novel pharmacophore is set forth below.
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e b
Synthesis of Chloroacetylated Peptidyl Chelator Precursor
The synthesis of a representative chloroacetylated peptidyl chelator precursor z
{acE,co-B-Dap(Boc)-Dab(Boc)-Cys(Trt)-Thr(tBu)ol)} is described below.

Step 1. H-Cys{Trt)-Thr{tBu)ol)-CiTrt. 2-Chlorotrityl resin-snpported O-t-butyl-threoninel
(4.6 g, 0.6 mmol/g, 2.76 mmol) was placed in peptide synthesis vessel and washed twice for
5 minutes with NMP (30 mL) with gentie sgitation of the resin by argon gas. A small aliquot
of rosin was removed for ninhiydrin analysis (as a control) and the resin waahed with NMP
(30 mL x 1 min). In a separate flask, N-Fmoc-S-trity] cysteine (4.03 g, 6.88 mmaol) and
HATU reagent (2.56 g, 6.74 mmol) were dissolved in 30 mL of NMP. 24,6-Collidine (1.82
mL, 13.76 mmol) was added to the protected cysteine solation followed by innnediats
addition of the activated cysteine salution to the peptide synthesis vessel containing the resin-
supported amino acid. The resin was agitated with a gentle stream of argon for 2.0 hrs. The
solution was drained and the resin washed sequentially with NMP (3 x 30 mL x 1 min) and
DCM (3 x 30 mL x 1 min). Ninhydrin analyzis pesformed on a small portion of resin
indicated that the reaction was complete. The resin was treated with 5% pipexidine in 1:1
NMP/DCM (30 mL) for 10 minutes followed by treatment with 20% piperidine in NMP (30
mL) for 15 mimutes. The resin was sequentially washed with NMP (3 x 30 mL x 1 min) and
DCM (3 x 30 mL x 1 min). A small aliquot of resin was removed for ninhydrin analysis (as
a control) and the resin washed with NMP (30 mL).

Step 2. H-Dab{Boc)-Cys(Trt)-Thr(tBu)ol)-ClIvt. N-a-Fmoc-N-y-Boc-2,4-(S)-
diaminobutyric acid (3.03 g, 6.88 mmol) and HATU reagent (2.56 g, 6.74 mmol) were
dissolved in 30 mL of NMP. DIBA (2.40 mL, 13.76 mmol) was added o the protected
diaminobutyric acid solution. The flask was swirled for 1 minnte and the contents added to
the peptide synthesis vessel containing the resin-supported peptide from Step 1. The resin
was agitated with a gentle stream of argoen for 2.0 hrs. The solution was drajned and the regin
washed sequentially with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 L x 1 min).
Ninhydrin analysis performed on 2 amall portion of resin indicated that the reaction was
complste. The resin was treated with 5% piperidine in 1:1 NMP/DCM (30 mL) for 10
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minutes followed by treatment with 20% piperidins in NMP (30 mL) for 15 minutes. The
resin was sequentially washed with NMP (3 x 30 mL.x | min) and DCM (3 x30mL x 1
min). A small aliquot of resin was removed for ninhydrin analysis (ss a control) and the
resin washed with NMP (30 mL).

Step 3. H-p-Dap{Boc)-Dab{Boc)-Cys(Trt)-Thr(tBu)ol)-CiTrt. N-o-Boc-N-§-Fmoc-2,3-
(S)-diaminopropionic acid (2.93 g, 6.88 mmol) and HATU reagent (2.56 g, 6.74 mmol) were
dissalved in 30 mL of NMP. DIBA (2.40 mL, 13.76 mmol) was added to the protected
tyrosine solution. The flask was swirled for 1 minute and the contents added to the peptide
syntbosis vesael containing the resin-supported peptide from Step 2. The resin was agitated
with a gentle stream of argon for 2.0 hrs. The solution was drained and the resin washed
sequentially with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1 min). Ninhydrin
analysis performed on a small portion of resin indicated that the reaction was complete. The
resin-supported peptide was treated with 5% pipecidine in 1:1 NMP/DCM (30 mL) for 10
minutes followed by trestment with 20% piperidine in NMP (30 mL) for 15 mimutes. The
regin was sequentially washed with NMP (3 x 30 mL. x I min) snd DCM (3x30mLx 1
min). A small aliquot of resin was removed for ninhydrin analysis (ss a control) and the
resin washed with NMP (30 mL). "

Step 4. CICH;CO-p-Dap{Boc)-Dab(Boc)-Cyo(Trt)-Thr(tBu)ol). Chloroacetic acid (0.65
mg, 6.88 mmol) was dissolved in 20 mL of NMP and a solution of 1:1 HBTU reagent/HOBt
in DMF (045 M) (15.0 mL, 6.74 mmo]) was added, followed by the addition of DIEA (2.40
ml, 13.76 mmol). The flask was swirled for 1 minnte and the contents added to the peptide
agitated with a gentle stream of argon for 1.0 hrs. The solution was drained and the resin
washad sequentially with NMP (3 x 30 mL x 1 min) and DCM (3 x 30 mL x 1 min),
Ninhydrin analysis performed on a small portion of resin indicsted that the reaction was
complete. The resin-supported peptide was treated with 19% TFA (v/v) in DCM (60 mL, 7.79
mmol of TFA) for 15 minutes. The cleavage solution was filtered off and DIEA (2.7 mlL,
15.6 mmol) was added to the cleavage solution. The resin was washed with DCM (3 x 60
mL x 3 min) and the washes added to the solution of cleaved peptide. The volatiles were
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removed in vacuo on a rotery evaporator. The crude protected peptide was dissolved in 0.1%
(v/v) TFA in 9:1 (v/v) acetonitrile/water (60 mL). The solution was divided into two equal
fractions that wexe individnally applied to a preparative HPLC columm equilibrated in 0.1%
(v/v) TFA in 1:1 (v/v) acetonitrile/water. The column was eluted with 50% to 100% B/A
over 25 minutes and fractions containing product (retention time = 16.4 min using HPLC
method 1) with a purity of greater than 90% by peak integration were combined. A majority
of the acetonitrile was ramoved on a rotary evaporator and the resulting aqueons suspension
frozen and lyophilized to yield product as a white solid (970 mg). Analysis of the product by
ESMS confirmed the expected product. ‘The expected exsct molecular weight for CICHCO-B-
Dap(Boc)-Deb(Boc)-Cys(Txt)-Thr(tBu)(ol) (CesHeN01051Cl;) was 968.5 daltons. The
observed ESMS MH" peak was 969 daltons.

EXAMPLE 3
Synthesls of Pharmacophore-Chelator Conjugate
The reaction between the somatostatin receptor-binding pharmacophore cyclo-Tvr-D-
Tr-Lys-Thr-Phe-(¢ G)Hcy and the peptidyl chelator precursar CiCH,C0-f-Dap(Boc)-
Dab(Boc)-Cys(Trt)}-Th(fBu)(cl) to produce a pharmacophare-chelator comjugate of the
invention is described below.

Step 1. cyclo-Tyr-D-Trp-Lys-Thr-Phe-{N-CH )Hcy(CH,CO-J-Dap(Boc)-Dab{Boc)-Cys(Trs)-
Thr(tBu)ol)). cyclo-Tyr-D-Txp-Lys-The-Fhe-(N-Cti)Ecy triffucroacetate (30 mg, 30.9 anol)
and G%,00-f-Dap(Boc)-Dab{Boc)-Cys(Tit)-Thr(tBu)(ol) (36 mg, 37 jumol) were dissolved in
DMF (3.0 L) under an atmosphere of argon. To this solution was added a carbonate buffer
solution (0.15 M, pH = 10.0, 2.0 mL). The roaction mixture was stirred under an atmosphere
of argon ovemight 0.1% (v/v) TFA in water (Buffer A, 20 mL) was added and the valatiles

were removed in vacuo on & rotary evaporator to yield the crude protected conjugute as
solid.

Seep 2, cyclo-Tyr-D-Trp-Lys-Thr-Phe-(N-CH ) c ¥ CHCO-f-Dap-Dab-Cys-Thr(ol)). The
crde protected conjugate produced in Step 1 was treated with a mixture of 55:40:2.5:1.5:1
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TFA/DCM/watethriisopropylsilane/ethanedithiol (10 mL) for 1.5 hours. The deprotection
mixture was diluted with cold ether (200 mL). This resulting precipitate was filtered offin a
sintered giass funnel and washed with cold ether (2 x 20 mL) to yield crade product as an
off-white solid. The crude prodnct was dissolved in a 1:1 mixture of 0.1% (v/v) TFA in 9:1
(v/v) scetonitrile/water (B buffer)/A buffer (5 mL) and diluted with A buffer (20 mL). The
fesulting solution was applied to a preparative HPLC column which bad béen equilibrated in
Abuffer. The column was eluted with a gradient of 20% to 35% B/A over 25 minutes. The
fractions were analyzed by HPLC using HPLC method 3.

HPLC Method 3:
Colomn: Vydac C18, 4.6 mm x 250 mm
Solvenr A: 0.1% (v/v) TFA in water
Salvent B: 0.1% (v/v) TFA in 9:1 (v/V) acetonitrile/water
Gradient: 20% - 50% B/A over 20 min, 100% B over 5 min
Flow Rate: 1.2 mL/min
Injection Volume: 50 pL
Detection: UV (220 om)

Practions containing pure product (retention time = 10.0 min) with a purity of greater than
95% by peak integration were combined and the acstonitrile removed on a rotary evaporator.
The resulting aqunecus solution wes frozen and lyophilized to yield a white powder (32 mg).
Analysis of the product by ESMS confirmed the expected product. The expected exact
molecular weight for cyclo-Tyr-D-Trp-Lys-The-Phe-(N.CE)\Hey(CH.CO-B-Dap-Dab-Cys-
Thr(ol))} (CeoHasN14014S2) was 1290.6 daltons. The cbserved ESMS MH' peak was 1292
daltons.

38

* wAmFeE-

-



B 9r&e0" ’.uas 0

39

Table 1

(:omEund M EBMS

(ovg) | M | ﬁ

|eyeio-YWKTE (N-CH,)Hy(CHCO. B-Dap. YC. T{ol) 1354.6] 1355 -2
eyclo-YWoKTF {N.CH,)Hov(cH,CO.B-Dap. F(4-NHy).CT 1367.6] 1368
| cyeio-YWoITF, (N-CtilHoy(CHCO.B-Dap.F{4-NHy).CTS 1454.6] 1455
| cycio-YWoKTF (N-CHa)Hey(CHyco.B-Dap. F(4-F).C.T(ol)) 1356.8 1357
eyelo-YWolTF (N CHa)Hcv(CHsCO.-Dap.F(4-NH).C.T(of)) 1343.6] 1364
oycio- YW KTF (N.CHa) Hoy(CHyCO.p-Dap.HC. T(of) 132851 1329
oyclo-YWolTF.(N-CHa)Hoy(CHeCO.B-Dap. RC.T(ol)) 1348.6] 1348
cyeio-YWoKTE.(N-CHo)Hey(CHeCO.B-Dap.GCK.amide) 1288.5] 1288
eycio-YWoKTF (-Gt )Hov(CHeco.5-Dap.SC.T(ol) 1278.6] 1279
evelo-YVWoICTE.{ Gt ey(0t0.5 Dep.Dab.C.Tlol) 1201.6] 1292
Dab.C.S{ol 1277.5]| 1278
HMMW 1322.6] 1323
cyelo-YWoKTE (N-CH)Hey(CH,C0.GKC.amide) 1202.5] 1208 |
cyelo-YWoiCTF (N-GHp)tHicy(CHyCO.8-Dap.Om.C.T(ol)) 1305.6] 1806
eyelo-YWoKTE (N-CHlHey(CHCO.SKC.amide) 123251 1233
[eyclo-YWolTE (-Gt Hev(CHiC0.8-Dap.KC.T(ol)) 1310.8] 1320
cyclo-YWoTE (N-CH)Hey(CH.CO.SSCK.amide) 1319.6] 1320
. YW, :C :NHCH,CHOCH,CHyNHy) | 1278.5| 1279
|eyeio-YWoKTF (N-Gi)Hoy(CHCO.SSCR.amide) _ 1846.61 1548
KGC. amide) 12025 1203
.p-Dap.KC.amide) 1230.6] 1231
= H .GGCR.amide) 12686.6| 1288
N - GC.T(ol)) 1248.6| 1249
.S.Dab.C.S(ol)) 1278.5f 1278
CHCO. p.Dap.C.T{ol)) 12775]| 1278
H .S.Dap.C.amide) 1180.5] 1181
[oyclo-YWoICTF (N-Ci}Hey(CH,C0.SEC. Dap.amide) 1277.5] 1278
eyclo-YWoKTF (N-Cii)Hew(CHCO.SSCKT(oh) 1407.7) 1408
cyolo-YWolTF (N-CH)Hey(CHyCO. TGGC.amide) 123251 1255~
oyoo-{N-Ct)- FWICTF (N-CtulHoy(cHyco.g-Dap KC.T(o)) _ [1318.6] 1320
[eyolo-YWoKTF (i CHh)Hov(CH00.5-Om.GC.amide)] 11885 1211"
cyolo-YWoKTF (N-CH)Hey(CH,C0.GGCH.amide) 1266.5| 7260 |
|oyelo-YWoKKTF: {N-CHy)Hov(CHC0.GGC. Fa-Nry).amide) 1203.5[ 1204
%PM@%WM} 1305.8] 1308
YWoKTFE (N-CHaHeWCHyCO . BECT.NH(CH,CHyO W CH CHNH,) 1422.6) 1423 |

(M+Na")
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EXAMPLE 4
RADIOLABELING OF COMPOUNDS OF THE INVENTION

A mumummwmﬁm”'re

Apprmumlnly 100 ug of each compound as 100 pL of a 1 mg/ml TFA salt
solotion dissolved in 0.9% saline was added to a “placebo vial”, containing lyophilized 5
mg sodium glucoheptonats dihydrate, 50 pg stannous chloride dilrydrate, and 100 pg
disodium edetats dihydratn. The vial was then reconstituted with sodium pestechnetate
PMTe (1S to 25 mCi) and saline such that the total voloms was 1.1 ml. Following
reconstitution, the vials wers incubated at 100°C in a water bath for 10-12 minutes.

The purity of the *®*Tc-labeled compound was determined by roverse-phase
analytical HPLC using the following conditions: & Zorbax 300SB C18, 4 p, 4.6 mm x
compound eluted at a solvent flow rute equal to 1.2 mI/min. Gradient elution was
petformed nsing a linear gradient of 20-50% Solvent B/Solvent A (Solvent A is 0.1%
(vv) txifluoroacetic acid (TFA) in water and Solvent B is 0.1% (v/v) TFA in 90/10 (v/v)
acetonitrile/water) over 20 minutes; followed by a linear gradient of 50-100% Solvent
B/Solvent A over four minutes and 100% Solvent B/Solvent A for three minutes (Method
1).

Radioactive components were detected in the HPLC method using an in-line
radiometric detector linked to a compaterized data collection and analysis system (Waters
Millenium). "™ Tc-glucoheptonate, ™ Tc-edetatn, snd ®*Tc-pertechnetate elute between
ane and four minutes under these conditions, whereas the ™*Tc-Isbeled compounds
cluted after a much grester time. The radiochemical purity (as determined by the % srea
of the main **Te product peaks) was > 80%.

The purity of the ***Tc-labeled compound was also determined by TLC quality
control analysis. The radiolabeled peptide samples wers spotted st the origin of cach of
two Gelman ITLC-SG strips. One strip each was developed in saturated saline (SAS)
and 1:1 (v:v) methanol:1 M ammonium acetate (MAM) and allowed to dry. The SAS
strips were cut at Rf 0.75 and the MAM strip was cut at R 0.40. The portions of the
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strips were cotnted for rdioactivity in a dose calibrator, and the percent activity of the
top and battom portions of each strip calculated. The radiochemical purity of each
samnple was calculsted as follows:

Purity by TLC = % bottom (SAS) - % bottom (MAM)
The radiochemical purity by TLC was 2 90%.
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Table 2

Radiochemical Purity Data—""Tc —
Compound RCP_
- HPLC
cyclo-YWpKTE (N-Cti)Hoy(CH,CO.B-Dap. YC.T(o) -
cyolo-YWpKTE (N-CHy)Hoy(CH,CO B-Dap. F(4-Nrp). CT

Dap.F(4- CTS

cycio-YWolCTE (N-CHy)Hey(CH,CO.B-Dap.F(4-NHy).C
cyclo-YWpKTF (N-cHalHey{cH,c0.p-Dap.F{4-F).C.T{ol))

oyelo YWoKTF (¢ Gt Hcy(GH,CO.B-Dap.F(s-Nry).C.T(ol)

eyoio- YWKTF (i-C:i)Hoy(GHCO.f-Dap.HC-T(o)

cyeio-YWoICTE, (N Cty)Hcy(CH,CO.B-Dap.RC. T(ol))

cyoio-YWICTF {N-CH)Hov(CH,CO.B-Dap. GOK amide)

cyclo-YWoKTE (N-CHylHoy{ChHgCO.p-Dap. SC.T(ol))

ycio-YWokCTF (- Cr)HCYICH,CO.6-Dip.Dab.C. T(ol)

oyolo-YWoKTF (Nt Hoy(CH,CO.f-Dap.Dab.C.5(of)
SSC.

ycio-YWolCTF () Hov(CH:C0.GKG. amide)
yso- YWoIF (et Hoy(GH,Co.-Dap. Om.CT(ol)

.SKC.amide)

c ..u N-CH)Hoy(CH,CO.B-Dap.KC. (o)

. ln O IN-CH Hev(CH,CO.SSCK.amide)

’ m N L 0l _!-0 LA AT IA Y
NMoKT L p CO.SSCR.amide)

fWoKT LYHov(CH.CO.KGC.amide)

401 ‘Ih.&_.-r 'J{ .-.Kc.al'l'lidg)_

KT L) Hey(CH.CO.GGCR.amide)

- 'Y¥ni | | [L‘_;J | |G ¥Y A B'Dap GcT(d))

'l‘ * b 122 1R |22 102 132 10

Yoms 1 - (N-CH- il SMGS(OI))

W p-Dap.Dap.C.T(of})
cycio- YWoKTE (N-CHplHov(c1C0.S.Dep.

C.amide)

.SSC.Dap.amkie)

eyclo- YWoKTF (N CH)HGV(CHCO
eyolo- YWoKTE (N CHHCV(CH,CO.SSCK T(ol)

cyclo- YWoKCTF (NG HV(CH,C0. TGGC. amide)

eyelo-{N.Cta): FWoKTF (M GtulHoy(CH,Co.5-Dap KC.T{ol)
oyolo- YWoKTF (N.CH Hoy(CHCO.5-0m.GC.amide)]

H GGCH.amide)

|eyeio- YWpKTF (N-CHHey(CHy,CO.GGCH.amic
cyeio- YWoKTE (N-CHHoy(CH,CO.GRC.F(4-NHy) .amide)

IRIB|| B[&(2] | | '888153@.28' 3| 8|8 2| 3| 8|8 S| R| 2] B B!B|]

sssasass33asasassslmsaszssasassssf,'|§i
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B.  Method for Radiolabeling with "*Re ﬁ

A compound of the invention having the structure set forth below was
radiolaboled with '™Re using the following procedare. E

ARt

In the specification and the claims, this compound is represanted as

eyclo- CHyCO-f-Dep-Phe(4-N1,)-Cys-Thr-Ser)

and in the tahles of the examples the compound is represented as
cyclo-YW_KIF.08 CHIHCY(CH,CO.B-Dap F(4-NH,).CTS).

Shielding adequate for protection againat B-radiation, y-mdistion, end x-ray
exposure mast be positioned between the reaction veasels and the person performing the
labeling. The trifinoroacetste salt of the peptide (70 pg) was formmlated with 25 mg
Sodium a-D-Glucoheptonate Dihydrate, 850 pug Tin (I) Chlaride Dikydrate ACS,100 g
Edetats Disodiom USP, and Water for Injection USP q.8. to 1.0 mL, adjuated to pH 74 &
0.1 with sodinm hydroxide and/or hydrochloric acid and lyophilized. The lyophilized
formmlstion was reconstituted with 1 mL **Re eluato from a W/ ®Re-generstor in
0.9% Sodium Chilaride Injectioni USP. The reconstituted formmistion was incobated for
15 minates in a boiling water bath. Four mL of a saline solution containing 20 mg
geatisic acid (aa the sodium salt, monchydrate) and 10 mg ascothic acid was added and
the solution allowed to cool for 15 mitmtes at room tempersture. The cocled solution was

filtered thongh a 0.22 micron filter into a sterile, praferably evacuated, nitrogen-filled
vial.

The "™Re-labeled peptide ig stahle (> 90% radiochemical purity by TLC and >
85% radiochemical purity by HPLC) for at least 3 hours afier preparation, when stored at
TO0m temaperature.



EXAMPLE 5
SSTR AFFINITIES OF COMPOUNDS OF THE INVENTION

[®I-Tyr''] somatostatin-14 (['®1}SST-14) was obtained from Amersham.
Unlabeled somatostatin-14 was purchased cither from BACHEM (Tomsace, CA) or from
e Sigma Chemical Co. (St Louis, MO). Protease inhibitors, leupeptin, aprotinin,

. bacitracin, and benzamidine and other reagents were obtained from Sigma. Protease
inhibitors were prepared in dimethylsulfoxide (DMSO) at a concentration 500 x higher
than the final assay concentration. The prepared protease solution was stored at -20°C
and diluted with the buffer solution before use.

Membrane preparations used in these stadies were prepared from two commercially
available tumor cell lines, the human small cell lung cancer cell line, NCI-H69, and the rz
pancreatic tumor cell line, AR421, obtained from American Type Culture Collection (ATCC)
(Manassas, VA), NCI-H69 cells were maintained by serial passage in RPMI 1640 with 10%
fetul calf serum. AR42] calls were maintained in F-12K mediom containing 20% fetal calf
serum. Cells in culture flasks were incubated at 37°C with 5% CO, in air atmosphere
following the recommendations of the “Product Sheet” from ATCC.

Cultared cells were first detached from plates with phosphate-buffered saline, pH
7.4, containing 2 mM EDTA, and ceatrifuged at 1,500 x g for 10 min, Cells were then
resuspended in 5-10 mL of the homogenization buffer (1 mM sodinm bicarbonate, pH
74,1 mM EDTA, 1 mM EGTA, 2.5 mM DTT, 5 pg/ml. leupeptin, 5 jtg/mlL aprotinin,
100 pg/ml. bacitracin, 100 pg/mL benzamidine) for 10 min on ice. The cells were lysed
for 30 sec twice in & polytron with a setting at 5. The lysate was centrifaged at 1,000 x g
for 10 min at 4°C. The supernatant was centrifuged at 40,000 x g for 20 min at 4°C. This
step was repeated twice with the homogenization buffer in the absence of protease
inhibitors. The pellet was then resuspended st 1-5 mg membrans protein/ml., in 25 mM
Tris, pH 7.4 without the addition of protease inhibitors and the membranes were stored at
. using the bicinchonic acid (BCA) protein assay kit (Pierce Chemical Inc. (Rockford, IL).

All ['P1}SST-14 binding assays were performed in 0.5 mL binding buffer
containing 50 mM HEPES, pH 7.5, 10 mM MgCl,, 025% BSA (w/v) containing protease

669T60" @pLL6E80

) T



669TED" @ <i5560

inhibitors (same as above) and incubated at 37°C for 45 minutes. After incubation,
samples were kept st 4°C and rapidly filtered under vacuum through a Whatmen GF/B
glass fiber filter with a 12-well harvester (Skatron Instruments Inc., Sterling, VA). The
filter was washed for 9 seconds with cold 50 mM HEPES, pH 7.5, 10 mM MgCl, 0.25%
BSA (wiv). Thirty-five pmole of (*ZI|SST-14 fram Amersham was used in each tube.
Peptides were solubilized in DMSO and sevially diluted with DMSO. Five pL of peptide
in DMSO was used to obtain the final concentration. DMSO (5 plL) was added to the
tube without the addition of any peptide or unlabeled SST-14, so thet each tobe contained
1% DMSO. Non-specific binding was defined as the binding of [**[}SST-14 which was
not displaceable with an excess of unlabeled SST-14 at a concentration of 1 x 10% M.
The bound ['*I}SST-14 without or with excess unlabeled SST-14 (1 x 10°* M) was
defined as total binding and nonspecific hinding, respectively. The difference between
total and nonspecific binding wes defined s specific binding. ‘The percent inhibition (%
Inh) by peptide was expressed as

% Inh = (total binding — total binding in the presence of peptide)Vspecific binding x 100%

Inclusion of protesse inhibitars in hamogenizing medium as well as assay buffer
is easential to maintain the integrity of both ['**1)SST-14 and somatostatin analogs for the
receptor binding assxy and to obtain optimal specific binding. The highest specific
binding was observed when MgCl, (10 mM) was included. Membranes were finally
resuspended in a sodium-free medium and receptor binding asssys were performed in the
absenco of sodium ions.

The potency of the compounds of the invention in inhibiting the binding of
[ZTISST-14 to isolated membranes was expressed as the ICs, defined as the
concentration of compound inhibiting by 50% the specific hinding, Binding isotherms
indicated that many compounds bound to two classes of receptors. JCsp values were
calculated from the data by a computerized nonlinesr, least squares corve-fitting program
sssuming two classes of receptor binding sites (GraphPad Prism, GraphPad Softwars,
Inc., San Dicgo, CA).

¥
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Table 3
ICx, Values for Uncomplexed Compounds
___ —Compound NCI.HE9
| cyclo-YWoKTENCIRLEHCY, 210x 107 :
| cyelo-YWoKV F.N-CHa).Hcv, 7102107
[ evelo-XWoRIE.QL CH) Hev(CH,00 TGGC amide) L8110’ [243:10° |
|_cyelo-YWoKTE 0e.CH). Hey(CH,c0.5-0.GC.amide) 2922 10°
_cyclo-YWoKTE.(N.CHHcy(Ci,Co.B-Dap. KC.T(ol) SAEx 10" [234x107 |
o- .SSC. 0 6ASx 10T |>10°
|_eyelo- YW KTE.ON-CHIHEV(CH,CO.B-Dap.Dap.C. T(ol) 449 x 10" [468x107
.8-Dap.Dab.C.T(ol €a2x10° |>10°
YW, .8-Dap.0.C.T(ol) S05x10° [744x107
.B-Dep.RC.T(ol &13x10° | <107
Y JF(4-NH,).C.T(al))] S0Lx10® [<10™
_cyelo-YW KTE(N-CHL)Hcv(cH,c0.B-Dap.S.C.T(ol) 157x1 <10
|_eyelo-YW, KIF.(N-cH )Hoy(cH,c0.8-Dap. HC.T(ol) 861 210"
|_cyclo-YW KTE.MN-CH)Hev(CH.CO.B-DanDab.C.S(ol) 1.08x 10"
| cyelo-YW KTE(N-GH.YHev(CH.CO.S.Dab.C.5(ol)
|_eyelo- YW KTEMN-GHHew(CH.CO.f-Dup.Dab.CT) 15210° | 125x10° |
| eyelo-YWKTENN-CHIHCy(CH,CO.B-Dap.F(4-NH,).CT) GATx10™_|64Txi0™ |

.F(4-N1L).CTS)

201 16" |851x10° |

L eyelo- YW KX QN CELIKCY(CH,CO.B-Dap. F(4 NH,). CTS
| cyelo-X W KIE.08-CH)EIcy(c,cO.B-Dap. F(4 NH,).CT.S(ol))

388x107 [388x10

sl
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— — Tabled —
ICgy Valnes for Rhenium-Complexed Compounds
Compound. NCT-H®
| cyelo- YWoICTE (¥-CH) Hev(Gi00.5-0.GC.amids) (Rs0) 383 x 107 |16 x10
|_cyclo- YWoKTE.(N-CH).Hey(CH,C0.TGOC.amido) (Re0) 3.71x107_1>107
|_cyelo- YWoKTE,(N-Cfy) Hov(CH,C0. TGGC. amido) (Re0) 3.88x 107 [>10°
|_cyclo- YWk TR.(N-CH:) Hev(CH,c0 GGCH.amide)(ReO) 8.16x10” |>10° .
YWoXTE. SSCK.amide)(ReO) L55x10° [>10°
;  KGC.amide a-N) 5.00x10° [191x10"
_cyelo- YWoKTE (N-CFh) Hev(cH;c0. KGC.amide)(ReO, e-N) 509x 107 247107
-Dap.GCK.amide rt. 12.3 430x 10" |507x10°
" eyelo- YWolkIR.N-C) Hov(CH,C0.6-Dap. GCK amide)(ReO, rt. 12.8), 331z 100 [>1
B- ‘ol 647x10° |>1
.SSCK_T(cl}(ReO) 741z 100 [>10°
[ eyelo- YWoRTE. (NG Hev(CH,00 GKC.amide)(ReO) L15x 107 | T88x 107
| cyeio- YWoRTE (N-Cib) Hev(CHCO.5-Dap. KC.mlde)(ReO) 499x 1077 [1.58x 10
|_cyclo- YWoKTE(N-Gh) Hev(CH:CO.SSCR.amide) (ReO) 9.15x 107 [>10%
.GGCR.amide)(Re0) 6.18x10°_ | L.ISx 0™ |
1.43x 10°_|> 10°
8.90x10° |3.18x 107 |
8.23x 107 |<10®
273x10° | 2.3 x 107
2.70% 100 | 1.26x 10°
691x10™ [9.76x10”
3.12x 10" | 1.56x 10"
3.51;1_0'::“ [536x 10° |
60T 10" |1.37x 10
489x 10" [2.17x10"

L
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_Tabled
rmuw
NCI-H69
W 475107 [ 141x10™
[ cvelo- YWoKTE.(N:Chi) Hev(Cr,co.B-DapDab.C.T(ol) (R0) 143x 107 [102x107
lo- '4-NH,).C.T(o] 1.22x10° |4.30x10"
S.C.T(ol S.13x10° |2.63x107 |
.B-Dap.HC.T(ol) ReO 223x 10" |603x10°
|_cyclo- YWoRKTE.(N-CHy) Hey(Cr;Co.f-Dap.GC.T(ol) ReO 20107 |3.29x107
|_eyelo- YWoKTRN-CHh), Hey(CR,C0.B-DepDab.C.5(al) RO 200107 |267x10°
Mmsm C.S(gl)ReO 135x10° |L14x 10" |
.CT.S(01)) ReQ 6R2x 10" [413x10
Wm) ReO 227107 [147x10°
|_cyclo- YWoRTEN-CH)Eie¥(C;,C0.B-Dap Dab.CT) ReO 735x 10
|_cyelo- Y WoKIE.ON-Chh)LEev(C1i:c0.p-Dap.F(4-NH).CT) ReO 445x 107
Tuble 5
ICs Values for AR42J Cell Membranes
Compound
4Dz 100 1.26x 10°°

181 x 10° 5.08x 10”7

217x10°_[617x10° |

167510 |[899x 10"

9.00x 10" > 107

|_cyelo- YWolCTE (N-Cii). HCV(CH,C0.SSC.NH(CH.CH,0) CH.CHNH,(ReO)
|_cyclo- YWoKIR.OCH). Hov(CH,c0.8-Dap. F(4-NH,). C T(D)(Re0).

496x 100 3.74x 10"
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EXAMPLE 6
BIODISTRIBUTIONS OF COMPOUNDS OF THE INVENTION

Rat pancreatic AR42] cells (ATCC, Rockville, MD, USA) were grown in Modified
Ham's F12K medinm (Cat.No. N-3520, Sigma, St. Louit, MO, USA) containing 20% fetal
bovine sequm (FCS) (Cat. No. 1224, Lot No. 9702058, Sigma, St. Lonis, MO, USA) under
sterile cobditions in 95 % humidity and 5 % CO;. At a denaity of approximately 10 x 10°
cells per T150 flask, the cells were harvested with trypsin and collected by centrifogation at
2400 rpm (800 x g) for 15 minutes in a benchtop centrifoge (IEC Centra-8 tabletop
centrifugs, International Bquipment Company, Needham, MA, USA). The cells were
resuspended in medium containing 20 % FCS for implantation.

Six femals nude mice (CHLNU/NU-nuBR, 6-8 weeks old) were injected
subcutanecusly into the right flank with tamar cells (2 x 1077100 pL) in 20 % matrigel
(Callsborative Biomedical Prodncts, Chicago, IL, USA). Fourteen days after inoculation
tumors were visible in all animals. Three weeks after inoculation, umon were asaptically

dissected, minced and implanted into 60 nude mice using a trochar. The tumor xenografts -

A dose of approximately 50-100 pCi ®™Tc-labeled compound/mouse was injected
intravenously in a total volume of 100 ul.. Mice were sacrificed 90 mimates post-injection
by decapitation and the trunk blood was collscted. Tumors (1 to 3 per mouse), lives,
gastrointestinal tract, kidneys, and samples of muscle from both legs (quadriceps femoralis)
were collected, weighed, and counted for radioactivity. Biodistribution data for a number of
9wTc-labeled compounds of the invention are presented in Table 6.
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_Tablo 6
- Blodistribution Data—""Tc
GOI'I'IEUII‘ T:M |T:B
.Y C.T(o! TBS-I 63|
WBW F(atay).CT 126 56
5-Dap.F(4-Ni).CTS 24.7 4g| oz1_| 8| 50| 127] 20
eyeio YWolKTF. (-Gt Hov(CH,00.-Dap.F(4-+),C.T(ol)] 236| 471 017] 24| 20| 124) 25
8-Dap.F(a-NHy).C.T(ol 31.8] 6.5 008 11| 46| 1es| &1
eyoio-YWoKTE (N-CtalHov(CcHyco.8-Dap. HC. T(ol)) 165] 81] 03] 6 53| 06 26|
cycio-YWoKTF (N-CH)Hov(CH,60.f-Dap.RC.T(ol)) 152 76| 01| 48] S8 o4] 54l
cycio-YWoKTF.(N-GHa)Hev(CH,c0.B-Dap.GCK.amide) 13.36] _80.1] 0.05 4| 40 108] 27
oyclo- CH;00.B-Dap.SC.T(ol)) _ 12.6] 6.1 006] 6| b5a| 144| a1
CHyCO.8-Dap.Dab.C.T(of 11.7] 6.6 0.08] 3] ©B4] 43| 13
cyeio-YWoKIF.(\-CHa)HEy(CH:CO.p-Dap.Dab.C.S(o) 10.8f 13_|__|-9 0.04 2| 73| 89 30
| avmio YWoKTF (N CaHCVICH;C0 SSCNHCHCHONCHCHAH) | 10.6/ 17.8] 0.051 3] 70[ 132f 44
cycio-YWoKTE (N-CH)HCV(CH,CO.GKC.amide) 1o_|__|_|.a 28.3| 000] 15| 46 40| 13
cyclo- YWoKTF (N-CHa)Hey(cH,C0.8-Dap.0C.T(ol) 10.3( 28.8( 0.05 2l 73] 96| 24
cyeio- YWoKTF (N-CHa)Hev(CH,CO.SKC.amide) 03[ 41.8] 007 568 49| 15
oyolo- YW 8-Dap.KC.T{ol 02| 26.8] 0.04 8[__65] 104 48
cyolo- YW .SSCK.amide 82| 25.1| 004 6| 72| 71| 26
cyolo- YWoKTE (N-CHa)HoV(CHeCO.SST.NHCH;CHyOCH, CHyNHy) 8.1 54| 0.07 5{ lﬁﬁ 70, 19
cycio- Hey{cH,C0.SSCR.amide) 8.6 _81.6] 0.06] gl 37|_50] 11
cyoio- YW KGC.amide) 7.04[ _58.8] 0.04 7|_48[ 49] 15
cyolo- Hoy(cH,cO.8-Dap.KC.amide 7.52 42.5I o_l.os 8_s6[ 32| 16
oyclo- .GGCR.amide) 724 32.3] 0.08] 8] 39f 18] 5
cyclo- YWoKTE (N-CH)Hoy(CH,C0.8-Dap.GC.T(oh) 7] 45| 0.07] 18] 43| 561 13
{eyclo- YWoKTF (N-CHHov(CH,CO.S-Dab.C.5(oh) 7]_21.1] 0.04 3| 76| 65| 18
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Table 6

— Blodistribotion Data-"=Te _
Compound TUNOR [Kidneys|Gpioen] Gl [Urine| TM | T:B

— _ %1dg %D %D | %D

[cycio- Y ‘ B-Dap.Dap.C.T(ol 64| 7. 004 7] _es5| - e4| 16|
loyeio- YWoKTF .8.Dap.C.amide) 48| 03] 007] 25 45 25 9|
.SSC.Dap.amide 45 12.6] 0.07 B[ 65 23| 8
YW CHyGO.SECKCT| 23] 13.6[0.002 1|_es| 35 21
[eyoio- YWoKTF (N-CHIHCV(GH,CO. TRAC.amide) 381] 47| 0.04] 30| 26 95| 30
oycio-(p-CHa)- FWoKTE (N-CHa)Hov(CH,C0.B-Dap.KCT(ol)) 3.58] 434 0.04 5[ 51] 33| sof
cyvlo- Y CH,C0.8-Om.GC.amide)] 18] 1.5/0.023] 47| 15| 95| 20
eyolo- YW, CH4C0.GGCH.amide) :».e_I 3[0.000] 42| 14| 32| 87
|eyoio- YW, H .QGC.F(4-Nry).amide 0.7]__ 18] 0.07] 33| 7 8] 28

51
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It shonld be undexstood that the foregoing disclosure emphasizes certain specific
embodiments of the invention and that all modifications or equivalents thereto are within
the spirit and scope of the invention as set forth in the appended claims.

o iy W T
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CLAIMS @@?(
1. A compound comprizing a somatostatin receptor-binding peptide having '
a formula Al
cxb_nl EI_BI n‘ g a g

whercin B! is Phe, Tyr, Nal, Ain, or a substitmted derivative thereof:
- " B?is Trp or a substituted derivative thereof;

B’ is Lys, Hly, Achxa, Amf, Acc, Apc, Aes, Aps or a
substituted derivative thereof:
B* is Thr, Ser, Val, Phs, Ilo, Abu, Nle, Len, Nva, or Aib;
Cis s L-a-amino acid;
A Is an N-alkyl-a-amino acid or an N-substitated alkyl-a-amino
acid, wherein A comprises a sidechain containing a sulfar atom;

wherein A and C are covalently linked through an amino texminns of A and a carboxyl

terminus of C to form a cyclic poptide.

2 The compound of claim 1, wherein A is an N-methyl-a-amino acid.

.3 The compound of claim 2, wherein A is selected from the group consisting
of (N-CH,)Cys, (N-CHy)Hcy, (N-CH)TYr, (N-CHy)Tty, and (N-CHa) Tyr(CH,CH,SH).

4, The compound of claim 3, wherein A is selected fram the groop consisting

of (N-CH,)Cys, (N-CHy)Hcy, and (N-CH)Tyr, and C is selected from the group consisting
of L-methionins, L-phenylalanine, and a substituted dexivative of L-phenylalanine.

5. The compound of claim 4, wherein A is salected from the group consisting
of (N-CH,)Cys and (N-CH,)Hcy, and C is selected fram the group consisting of L-
methionine, 1-phenrylalanine, and a substitoted derivative of L-phenylalanine.

6. The compound of claim 5, wherein A is (N-CHy))Hcy and CisL-
phenylalanine,
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7. The compound of claim 1, having the formula:
cyclo-Tyr-D-Txp-Lys-Thr-Phe-{N-CHyHey .

8. The compound of claim 1, wherein a chelator or radiometal ligand is
covalently liiked to a sidechain of A.

0. The compound of claim 8, wherein the chelator has a formula:
B-DapXaa.Cys.Zaa
wherein Xaa is sn L-a amino acid, and
Zas is san a-amino acid, an a-amino acid amide, an aminocethylether, a -
aminol, or a peptide containing from two to ten a-amino acids, said
peptide having a catboxyl teyminal g-amino acid, a-amino acld amide,
aminoethylether, or f-aminol.

10.  The compound of claim 8, wherein the chelator is selected from the gronp
congisting of 14,7,10-tetreazacyclododecane-1.4,7-triscetic scid, 14,7,10-
tetraazacyclododecans-1,4,7,10-tetrascetic acid, a sobstitted derivative of 14,7,10-
tetranzacyclododecane-1,4,7-triscetic acid, snd a substitnted devivative of 14,7,10-
tetmazacyclododecane-1,4,7,10-tetraacetic acid.

11.  The compound of claim 8, wherein the ligand is a hydrazino nicotinamide
moiety.

12. A compound having a formula
cyclo-B'-B* B*-B-C-(N.CH)HCy—X
wherein B! is Phe, Tyr, Nal, Ain, or a substitted derivative thereof;
B? is Trp or a substituted derivative thereof:
B’ is Lys, Hly, Achxa, Amf, Aec, Apc, Acs, Aps ora
B*is Thr, Ser, Val, Phe, D¢, Abu, Nie, Leu, Nva, or Aib;

1
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Qf’?( X
C is L-methionine, L-phenylalanine, or a substituted dexivative of v

L-phenylalanine;
X is a H, a chelator, or & radiometal ligand;
wherein B! and (N-Ci1,)Hey are covalently linked through an amino terminus of B! and a
carboxy terminus of (N-CBy)Hcy to form a cyelic peptide end X is linkad to the (N-
CHy)Hcy residue throngh a sidechain sulfur atom.

13. The compound of claim 12, wherein X is a chelator having a formmula:
B-DapXaa CysZaa
wharein Xaa is an L-o-amino acid, and
Zas is ap amino acid, an amino acid amide, an aminoethylether, a p-
aminal, or a peptide containing fram two to ten amino acids, said peptide
having a carboxyl terminal amino acid, amino acid smide,
sminosthylether, or B-aminol.

14. The compound of cleim 13, wherein Xaa is selected from the gromp
bromotyrosine, chlorotyrogine, O-alkyl-tyrosine where alkyl represents C; to Gy alkyl,
hydroxyltyrosine,  aminotyrosioe,  phenylalanine,  4-flucrophenylalanine, 4-
chiarophenylalanine, 4-bromophenylalanine, 4-iodophenylalanine, 4-nitrophenylalanins,
4-aminophenyislanine, N*-R-4-aminophenylalanive, N-R, N*-R’-4-aminophenylalanine,
ar 3-R’-4-eminophenylalanine where R is C; to Cy alkyl and R’ is selected from the group
consisting of H, Cy to C4 alkyl, smino, hydroxyl, NH-slkyl wherein alkyl represents C; to
C, alkyl, NH-acyl, O-alkyl whercin alkyl represents C; to Cy alkyl, O-acyl, S-alkyl
wherein alkyl represents C, to C, alkyl, SO-alkyl and SOx-alkyl wharein alkyl represents
C; to G alkyl, SO;H, CO2H, COx-alkyl wherein alkyl represents C; to C, alkyi, and
CONH-alkyl wherein alkyl represents C; to C; alkyl.

15. 7The compomnd of clabn 12, wherein X is a hydmzino nicotinamide
moiety.

o
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16. The compound of claim 12, wherein X is a chelator selected from the
goup consisting of 1,4,7,10-tetraszacyclododecane-1,4,7-triacetic  acid, 1.4,7,10-
tetraszacyclododecane-1,4,7,10-tetraacetic acid, a sobetituted derivative of 1.4.7,10-
tetreazacyclododecane-1,4,7-triscetic acid, or a substituted derivative of 14,7,10-
tetraszacyclotiodecane-1,4,7,10-tetraacetic acid.

17. A radiophsrmacentical comprising the compound of any of claims 1
through 16 and a radicisotope selected from the group comsisting of an o-cmitting
mdionnclide, a B-emitting mdionuclide, a f~fy-emitting radionuclide, a positron emitting
eadionoclide, and a y-emitting radionuclide.

18. The adiopbarmaceutical of claim 17, wherein the radicisotope is selected
fram the group consisting of Ga, ¥Ga, “Cu, 'S¢, I, ¥*T¢, '¥Re, ¥Re, 2B, 9,
0y, “Cu, 1¥Sm, “"Te, *“Ho, PRa and ZAc.

19. The radiopbarmacestical of claim 17, wherein the radioisctope is selected
from the group consisting of 1*F, 127, BL, 12°[, gnd ¥''A2.

20. Acompomdhavingnfqmuhaelachdfmmdmmmﬁsﬁngoﬁ

cyclo-Tyr-D-Trp-Lys-Thr-Fhe-( N-CH)HCy(CH,CO-§-Dap-Tyr-Cys-Thr(ol));
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)Hey(CH,CO-B-Dap-Phe(4-F)-Cys-Thr(al));
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)HCY(CH,CO-B-Dap-Phe(4-NH,)-Cys-Thr-Ser);
cyclo-Tyr-D-Trp-Lys-Thr-Phe-( N-CH)EcY(CR,CO--Dap-Dab-Cys-Thr);
cyclo-Tyr-D-Tip-Lys-Thr-Phe-{ N-CER)Hcy(CH,CO-B-Dap-Phe(4-NH,)-Cys-Thr);
cyclo-Tyr-D-Tip-Lya-Thr-Phe-{ N-CH, ) Hey(CH.CO-B-Dap-Phe(4-NH,)-Cys-Thr(al));
cyclo-Tvr-D-Trp-Lye-Thr-Phe-{ N-CH)HCW(CRLCO-Gly-Gly-Cys-Lys-Thr(oD));
WWMMMM@L

cyclo-Tyr-D-Txp-Lys-Thr-Phe-{ N-CH,) Hey(CH,CO-- D-p-SwCy-Mol)).
cyclo-Tyr-D-Tip-Lys-Thr-Phe-{ N-CH)Hey(CH,.CO-B-Dap-Dab-Cys-Thr(ol));
cyclo-Tyr-D-Tip-Lys-Thr-Phe-{ N-CHDHCY(CHCO-B-Dap-Gly-Cys-The(oD));
eyclo-Tyr-D-Tro-d yn-Thr-Phe-{ N-CH)YHcy(CH.CO-B-Dap-Dab-Cys-Sex(ol));
cyclo-Tyr-D-Tip-Lya-The-Phe-{ N-CH) Hey(CH,.CO-Gly-Gly-Cys-Lys-NH,);
eyclo-Tyr-D-Tip-Lye-Thr-Phe-{ N-CH)Hcy(CH,CO-Gly-Gly-Cys-Arg-NH,);
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eyclo-Tyr-D-Txp-Lys-Thr-Phe-( N-CH,Hcy(CH,CO-Ser-Ser-Cys-Arg-Nit);
eyelo-Tyr-D-Trp-Lys-Thr-Fhe-{ N-Ci HEW(CH,CO-Ser-Ser-Cys-Lys-Thr(ol);

cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-G3,)Hey(CH.CO-B-Dap-Oro-Cys-Thr(al));

cyclo-Tyr-D-Tip-LysThe-Phe-{ N-CH)Hey(CH,CO-B-Dap-Deap-Cys-Thr(al));

ﬂWmMm&MLWM&x
Tyr-D-Typ-Lys-Thr-Fhe-{ N-CH,) Hey(CH.CO-Ser-Ser-Cys-

cyclo-Tyx-D-Tip-Lys-Thr-Fhe-( N-Ci)Hey(CH,CO-Thr-Gly-Gly-Cys-NH,).

21. A radicpharmaceutical comprising the compound of claim 20 snd a

radiisotope salected from the group consisting of ¥ Te, '®Re, ¥Re, 7281, and *UBi.

22. A compound having a formmla:
cyclo-Tyr-D-Trp-Lys Thr-Phe-{ N-CHy Hev(CH/CO-f-Dap-Phe(4-Ni,)-Cys-Thr-Sex).

23. A radiopharmaceutical comprising the compound of claim 22 and *®*Te.
24. A radiopharmaceutical comprising the compound of claim 22 and ®Re.

25. A complex of * Tc and a compound baving a formnla:
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CH)HCY(CH,CO-B-Dap-Phe{4-NH,)-Cys-Thr-Ser).

26. A complex of "Re or '*Re end a compound having a fornmla:
cyclo-Tyr-D-Trp-Lys-Thr-Phe-{ N-CHy) Hey(CR.CO--Dap-Phe(4-NB)-Cys-Thr-Sex).
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Z7.  Akit for preparing a radiopharmacentical preparation, said kit comprising
a sealed vial containing a predetennined quantity of the compound of any of claims 1
through 16 and a sufficient amount of a reducing agent to label the compound with ™®Tc,
185Re or ®Ra.

28.  AKit for preparing a radiopharmaceutical preparation, said kit comprising
a scaled vial containing a predetermined quantity of the compound of claim 20 and a
sufficient amount of a redncing agent to label the campound with **™Tc, **Re or '®Ra.

29. At for preparing a radiopharmacentical preparsation, said kit comprising
a sealed vial containing a predotermined quantity of the compound of claim 22 and a
sufficient amount of a reducing agent to label the compound with #*Tec, 1®Re or '*Re.

30. A kit comprising a sealed vial containing a predetermined quantity of the
compound of eny of clsims 1 through 16,

31. A kit comprising a scaled vial containing a predetermined quantity of the
compound of claim 20.

32. Akit comprising a scaled vial containing a predetermined quantity of the
compound of claim 22,

33. A method of imaging a site within & memmalian body comprizing the
steps of:

2) radiolabeling the compound of any of claims 1 through 16 with *®*Tc;

b) administering an effective diagnostic amommt of the radiolabeled compound to
the body; snd

c) detecting >Tc accummlated at the site.

34. A method of imaging a site within 2 mammalisn body comprising the
steps of:
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8) rediolsbeling the compound of claim 20 with *™Te ;

b) administering an effective diagnostic amount of the radiolabeled compound to
the body; and

¢) detecting *™Tc accumulated at the site.

35. A method of imaging a site within a mammalian body comprising the
steps of: '

a) administering an effective disgnostic amount of the radiopharmaceutical of
claim 23 to the body; and

c) detecting ™*Tc accummlated at the site.

36. A method of treating an animal suffering a somatostatin-responsive
disease, compxiging the steps of:

a) radiclabeling the componnd of any of claima 1 through 16 with "*Re, ™Re,
13p;, 7%, ®Y, 198m, “'Sc, AGa, **=Tc, “'Cu, *Ho, 'Ra, #Ac, 1'F, L, I, P, or
mmﬂ

b) administering a therapeutically effiective amount of the radiolabeled compound
to the animal.

37. A method of treating an animal suffering a somatostatin-responsive
discase, comprising the steps of:

a) radiclabeling the compound of claim 20 with "“Re, '®Re, 28;, or 3'*Bi; and

b) administering a therapentically effective amount of the radiolabeled compound
to the animal.

38. A method of treating an animal suffering a discase characterized by up-
regulation of somwtostatin receptors, comprising the steps of:

8) mdiolabeling the compound of claim 20 with "Re, **Re, 2281, or 2°Bi; and

b) administering an effective therapentic amount of the radiclsbeled compomnd to
the animal,
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39. A method of treating an animal suffering a somatostatin-responsive
discase, comprising the step of:

administering a therapeutically effective amount of the radiopharmaceutical of
claim 24 to tho animal.

40, A method of treating an animal suffering a somatostatin-responsive
disease, comprising the step of administering a therapentically effective amount of the
compound of any of claims 1 through 16 to the animal.

4]. A method of treating an animal suffering a somatostatin-responsive
disease, compriging the step of administering an effective therapeutic amonnt of the
compound of claim 20 to the animal.

42. A method of treating an animal suffering & somatostatin-responsive
disease, comprising the step of administering an effective therapeatic amount of the
compound of claim 22 to the animal

43, A method of treating a tumor in & mamrual comprising the steps of:

) combining a first aliquot of the compound of any of claims 1 through 16 with
$oTe to form a disgnostic agent;

b) administering an effective diagnostic amount of the diagnostic agent to tha
mammal;

¢) detecting ™™ Tc accumulated in the mammal, thereby determining the presence
of 2 SSTR-expressing timor,

d) combhining a second aliquot of said compound with a cytotoxic redicisotope to
form a radiotherapeutic agent; and

¢) administering a therapeutically effective amount of the radiotherapeutic agent
to the mammal,

44, A method of treating a tumar in a mammal comprising the steps of:

%
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a) combining a first aliquot of tha compound of claim 20 with ®®Tc to form a

b) administering an effective diagnostic amount of the diagnostic agent to the
mammal;
c) dtecting *™Tc accunmiated in the mammal, thereby determining the presence
of a SSTR-expresaing tumor;

d) combining a second aliquot of said compoond with a cytotoxic mdicisotope to
form a radiotherapentic agant; and

¢) administering a therspeutically effective amount of the radiothernpeutic agent
to the mammal.

45. A method of treating a tumor in & mammal comprising the steps oft

a) comhining a first aliguot of a compound bhaving a formmia
cyclo-Tyr-D-Tip-Lys Thr-Phe-( N-CEHev(CH/CO--Dap-Phe(4-N8,)-Cys-Thr-Sex)
with **™T¢ to form a disgnostic agent;

b) administering an effective diagnostic amount of the diagnostic agent 1o the
roammal;
c) detecting **™Tc accurmulated in the mammal, thereby determining the presence
of a SSTR-expressing tamor;

d) combining a second aliquot of said compound with a cytotoxic radioisotope to
formn a radiotherapeatic agent; and

¢) administering a thermpeutically effective amount of the radiotherapentic agent
to the mammal.
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ABSTRACT

The invention provides novel peptide-based pharmacophores and compounds which
bind somatostatin receptors with high affinity and which exhibit improved pharmacokinetic E
properties over known somatostatin analogs. The pharmacophores and compounds of the
invention may be used in lsbeled or unlabeled form for diagnosing and/or treating
somatostatin responsive diseases. The invention also provides radiopharmaceuticals and kits
comprising these compounds, as well as methods for diagnosing and/or treating somatostatin
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As a below named inventor, | hereby declare that
My residence, post offico address and citizanship are as stated bealow next to my name,

| belleve | am the originel, firet and sole inventor (if only one name Is listsd below) or an original,
first and joint Inventor (if plurel names are liated below) of the subject matter which is claimed and for

Novsl Somatosiutin Analogs

the specification of which

(check one)

@& s ettached hereto.
0O was fied on as United States Appiication No. or PCT international

Application Number
and was amended an

(¥ applicable)

| heraby state that | have reviewed and understand the contents of the above identified specification,
Including the claims, as amended by any amendment referred to above.

1 acknowiadge the duty to discioss to the Unitad States Palent and Tradamark Office all Information

known to me to be material to patentabliity as defined In Tije 37, Code of Federal Regulations,
Section 1.66.

| hereby claim foreign priority benefits under Title 35, Unitad States Code, Seclion 119(a)-<{d) or
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I heseby claim the benefit under 35 U. 8. C. Section 120 of any UnRed States application(s), or
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Uniiad States or PCT international application In the manner provided by the first paragraph of 35
U.S.C. Section 112, | ecknowiedge the duly to diecioss to the Unitad States Patent and Trademark
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY Docket No.
STATUS (37 CFR 1.9(f) AND 1.27 (c)) - SMALL BUSINESS CONCERN DITI 134
Sertal No. Flllng Date Patent No. | lssue Dute
TBA September 16, 1999 N/A l NA
Applicant/
Pstentse:  John Lister-James, Richard T. Dean, Daniel A. Pearson, and David M. Wilson
invention: N
™ | 'Novel Somatostatin Anslogs

-

) hereby declare that | am:

O the cwner of the amall business concern identifted below:
@ an official of the amall business concam ampowared © act on behalf of the concern identifiad below:

NAME OF CONCERN: Diatide, Ine.
ADDRESS OF CONCERN: 9 Deita Drive, Londeaderry, NH 03053

| harsby deciare that the above-identified small businass concem qualifies as a amall businass concem ss definad In
13 CFR 121.2-18, and reproduced in 37 CFR 1.8(d), for purposes of paying reduced fess under Saction 41(e) and (b)
of Tiie 35, Unitad Stains Code, In that the number of amployeess of the concam, including those of ks affiliates, does
not excceed 500 persons. For purposes of this staternent, (1) the number of empioyees of the businass concem Is the
averaps over the previous fiscal year of the concemn of the persana smployed on a full-ima, part-time or temporary
during sach of the pay periods of the fiscal year, and (2) concams are afffiates of aach othar when elther,

or Indirectly, one concemn controls or has the power to canirol the other, or a third parly or parties controls or
has the power to control both.

| hareby declare that rights under contrect or law have been conveyed to and remain with the emall business concam
identified above with regard to the above idendifled invention descyibed in:

@ the specification fled herewith with tithe s listad above.
O the application identified abova,
O the patent identified above.

i the rights heald by tha above-ldontified small business concam are not mosiusive, each individual, concem or
organization having rights to the invantion is fisted on the next page and no rights 1o the invantion are held by any
pareon, other than the inventor, who could not qually as an indepandent inventor undsr 37 CFR 1.8(c) or by any
concaim which would not quailly as a small business concem under 37 CFR 1.8(d) or a nonprofit orgenization under
37 CFR 1.9{e).

Capynght 1984 Lagainok FOSRIVOT Paiant snd Trademark Office-ULA. DEPARTMENT OF COMMERCE
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Each person, concemn or organizaetion io which | have assigned, granted, conveyed, or licensad or am undar an
obligation under contract or law o asaign, grant, convey, or licensa any rights in the invention is Estad below:

@ no such person, concem or orgenization exists.
0O each such person, concem or organization is listed below.

FULL NAME
ADDRESS
1 0O wnoviam 0 amel Businass Concam E]  wonprofit Osganization
FULL NAME
ADDRESS

O  odividost O  smal Business Concarn 0  Nonprom Organizefion
FULL NAME
ADDRESS

0O  ndvidus 0O 8madBusiness Concam O  Nonprofk Organization
FULL NAME
ADDRESS

O  ndvidos O  Smel Business Concam 0O  Nonproft Organization

Separate verifiad sistements are required from each named person, concem or organizafion having rights 1o the
invention avaning to thelr siatus as small entiles. (37 CFR 1.27)

1 ecknowladge the duty to file, In this application or patent, nolification of any change In statua resulting In foss of
enifiement to small enfily sishss prior to paying, or at the time of paying, the sarllest of the Issue fes or any
maintanance fes due after the dats on which sistus as a small entity Is no longer appropriate. (37 CFR 1.28(b))

} hersby deciare that all ataiaments made herein of my own inowladge are true and that all statements made on
information end bellaf are balleved it be true; and firther that these stetaments wers made with the knowledge that
wilthidl faiso statements and the ke so made are punishabla by fine or imprisonment, or bath, under Section 1001 of
Thie 18 of the Unfited Siatss Code, and that such wiliful false siatermnents may jeopardize the validity of the application,
any patent iauing thareon, or any patant to which this vesified statement s directed.

NAME OF PERSON SIGNING: Patricia A. McDaxiely
TITLE OF PERSON SIGNING
OTHER THAN OWNER: Pateut Coonsel
ADDRESS OF PERSON SIGNING:  Diatids, Ine.
9 Delta Driva
Loadondarry, NH 03053

®

SIGNATURE: . DATE:  September 16, 1999




Diatide, Inc.

9 Dala Drive » Londondarry, New Hampahire 03053 W
{803) 437-8970 + FAX(G03) 437-8077
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I, Richard T. Dosn, hereby swesr to the following resolution which was made at the
Board of Directors’ Meeting for Distide, Inc., on July 30, 1997.

RESOLUTION:

That Patricia A. McDaniels, Diatide, Inc.’s in-houss patent counsel, be snd hereby is
authorized to appear before the United States Patent and Traderpark Office and before
any foreign patent or trademark offics as the dnly anthorized representative of the
compeany and to executs and deliver, in the name and on behalf of the company, any and
all documents, instraments, applications and filings related to the company’s petent
applications and patents, or otherwise relating to the protection of tha company's
intellectual property.

Signed:
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Richard T. Dean
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TeLkrono: (57-1) 285-1400
SANTA F= DE Boaord, D.C.
COLOMBIA

Sefiores

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
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Re: Expeddente No. 00.063.458
Solicitud de Patente de Invencibn Titulada:
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PRESENTAN UNA ALTA ABSORCION POR EL TUMOR
Solicitante : DIATIDE,INC.
C oo e e ALVARO CORREA ORDONEZ, mayor de edad y vecino de Santafé de Bogots,
. D C identificado como aparece al pie de mi firma, actuando en mi carhcter de apoderado
' '.':. - de la sociedad de la referencia, respetuosamente me permito manifestar que

SUSTITUYO ¢l poder a mi conferido por la mencionada sociedad en el doctor CARLOS
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