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SUPERINTENDENCIA T Zg%TENTYEIYH Evee:p37a FASENACIONALI
Act 411 PRESENTACION  Folios: 465
PETITORIO - FORMULAR. o L
PATENTE PCT
ENTRADA EN FASE NACIONAL P2009/000180

SOLICITUD DE:

x | Patente de Invencidn. Patente de Modelo de Utilidad.
x | Capitulo 1. Capitulo II.
Nombre: ELI LILLY AND COMPANY IDENTIFICACION
SOLICITANTE Direccidn: Lilly Corporate Center, c.C. NIT
(71) Indianapolis, Indiana 46285
Nacionalidad o Domicilio: Estadounidense C.E. Otro
Lugar de Constitucidon:_Estados Unidos de
América Cual
Teléfono: Fax: Namero
E-mail:
IDENTIFICACION
Nombre: CARLQOS R. OLARTE
C.C.| X | NIT
Direccion: World Trade Center Torre A
REPRESENTANTE L
O APODERADO Calle 100 No. 8A-37 Piso 10 C.E. Otro
Teléfono: 601-7700 Fax: 601-7799 Cual
E-mail: office@olarteraisbeck.com Nimero 79.782.747Bta
TP 74.295

Nombre:_1) Wayne David KOHN 2) Sheng-bin PENG 3) Liang Zeng YAN _

Direccidn:1) 7905 Beechwood Farms Drive, Avon, Indiana 46123 2) 5400 Aivamar

INVENTOR (ES

(72) (ES) Place, Carmel, Indiana 46033 3) 12420 Springbrooke Run, Carmel, Indiana
46033

Nacionalidad o Domicilio: 1) y 3) Canadiense 2) Estadounidense

@ PCT (86)

Solicitud Internacional No. PCT/US2008/064177 Fecha Mayo 20, 2008

Publicacién Internacional No. WO 2008/150689 Fecha Diciembre 11, 2008

@ Titulo (54) _ANTAGONISTAS CICLICOS DE PEPTIDO CXCR4

Clasificacion Internacional (51) A61P 31/18, A61K 38/12, CO7K 7/54.

| (33) Pais de Origen || (32) Fecha [ (31) Numero de Solicitud
Prioridad us [ Mayo 30, 2007 60/940,802 -
> US Mayo 31, 2007 60/940,996
SI| X | NO ’
|
l
Comprobante de pago No. 09-87,681 Fecha Noviembre 23, 2009
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NOMBRE: CARLOS R. OLARTE | FIRMA:

© HU DO UOUOut HHEUOR K HO

ANEXOS
Comprobante de pago de la tasa de presentacion de la solicitud.

Documento que acredita la existencia y representacion legal cuando el solicitante persona
juridica.

Poderes, si fuere el caso. Adjunto copia simple ver expediente No. ©- 198.M9.
Documento de cesion del inventor al solicitante o a su causante.

Declaraciones.

Copia de la solicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos).

Traduccién de la solicitud internacional al castellano. (Resumen, descripcion, reivindicaciones,
dibujos).

Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen
Preliminar (IPEA).

Traduccion del examen preliminar internacional efectuado por la IPEA.
De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacion de uso de conocimientos
tradicionales de las comunidades indigenas.

De ser el caso, certificado de depdsito del material bioldgico.

Arte final 12 x 12.

De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero
por el mismo titular o su causante, relacionadas parcial o totalmente con la invencién de esta
solicitud.

De ser el caso, modificaciones efectuadas a la solicitud internacional.

Otros. Busqueda Internacional.

FIGURA CARACTERISTICA:

4 )

- /

Solicito la concesion de la patente,

C.C.79.782.747 Bta T.P._74.295

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina.
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N %Q //2;;;;/}, MIL DOSCIENTOS VEINTISIETE ‘= = = = = = = = -

En la ciudad de Bogota, Distrito

Capital, Republica de Colombia, a los
P,

Veintiocho -~ ( 28 ) dias del mes de

Octubre -7 _ del afo dos mil ocho

(2008), ante mi MARIA EUGENIA
ROJAS DE URUETA NOTARIA(O) VEINTISIETE (27) DEL
CIRCULO DE BOGOTA, se otorgo la escritura pflblic?ia que se
consigna en IQ/S sigui'entés T MITIOS: == m e e e v
CLASE DE ACTO: PROTOCOLIZACION DE PODER.--------nnn--

JAMES IAN RAISBECK LLINAS Y CARLOS REINALDO
OLARTE GARCIA - -ooomoe oo

WE T

C.C. No. 79.376.996 Y 79.782.747 . <o

vigente y CARL;%OS REINALDO OLARTE GARCIA, mé‘\yor
edad, vecino de Bogota, identificado con la Cédﬁ.la de
ciudadania ntmero 79.782.747, de estado civil casad.‘o\
sociedad conyugal vigente, obrando en sus propios nombré
QI @r OM mmmmm o e e e e e
PRIMERO.- Que presentan para su protocolizacién y custodia en
los archivos de ésta notaria, bajo el numero y lugar que a ésta

escritura corresponda, en cinco (5) folios autenticados, un poder y

sus traducciones los cuales son del siguiente tenor: ----=------------

El suscrito ELI LILLY AND COMPANY, domiciliado en Lilly

Corporate Center, Indianapolis, Indiana 46285 US por medio del

ESTE PAPEL NO TIENE COSTO PARA EL USUARIO
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presente otorga a Carlos R. Olarte, J. Ian Raisbeck y Ana Maria
Frieri, poder especial, amplio y suficiente para presentar,
tramitar, obtener, defender y hacer respetar todas y cualquiera de
patentes, modelos de Utilidad y Disefios Industriales de la
compania en la Republica de Colombia, a cuyo ‘efecto los faculta
para dar todos los pasos necesarios ante éue{lquier autoridad
administrativa o judicial de cualquier jerarquia }l'jara cumplir con
lo encomendado, elevar solicitudes, apelaciones, respuestas y
oposiciones, pagar impuestos y anualidades, solicitar testimonios,
recibir documentos y valores, desis.tAir y percibir. :Se concede poder
bastante para recibir notificaciones a nombre de la compaifiia,
otorgar poderes a quienes vayan a representar a la compaiifa
judicial o extrajudicialmente, responder en juicio a todas las
reclamaciones y demandas que por motivo de encomendado se
presentaren, dandoles asimismo facultades para sustituir el
presente y revocar dichés sustituciones.——----oeomomoome

Firma (ilegible) -----mmmmmmm oo
Fecha 17 July 2003 -=--memmmmmm el

City, Country/ Ciudad, Pais: Indianéapolis, Indiana, United Status

+

of Amelr'_iﬂc_g.— e e
Traduccion oficial del Inglés por Marlén Neira Castro resolucion
2117 del Ministerio de Justicia de Colombia.- =--=-==socmmmmmmmmee
APOSTILLA EN PODER DE DE REPRESENTACION DE ELI LILLY
AND COMPANY.
Bilingiie inglés- espafol otorgado en Indianapoles, Indiana,
Estados Unidos el 17 de julio de 2003 y firmado por Meter G.
Stringer, Director EHjecutivo y patentes Internacionales de Ely
Lilly & Company.- ---=====--- B T R
Todd Rokita Secretario de Estado -------mmmmommo o
Secretario de Estado de Indiana Estado de Indiana----------=-------
APOSTILLA
(Convencion de la Haya del 5 octubre 1961)
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1. Pais: Estados Unidos de América-

este documento publico --------c-mmmmmamaaan

2. Ha sido firmado por: Catherine Michel

3. Quien ejerce funciones de Secretario

7 2N 5 &
s
. m'//l' ’/{'Ij ’ W \\\\\\\\ N

BURNP
U

A

de la Corte del Circuito en y para el

condado Jonson -=--=--mmmmme e

4 Lleva el sello del Secretario de la Corte

del Circuito en y;para el estado de Indiana --------mmemmoeeoeao-
Certificado '

5. En: Indianapolges, Indiéna ---------------------------------------------

6. El: 22 de julio de 2003 . = mmmmmmmm oo

7. Por el Secretario de Estado de Indiana 8 No. A2003-1279--------

9. Gran Sello del Estado de Indiana ------- ~=mmmmmmmmm e

(S ¢

Secretario y de Estado de Indiana tienen el sello impﬁre

i

(317) 23323283~ ~-mmmmm e
CERTIFICACION NOTARIAL

Bilingiie inglés- espafiol, el 17 de julio de 2003 el suscrito nofario
Catherine Michel certifica que Meter G. Stringer, domiciliadz
7620 Castleton Faros, West Drive Indianapolis, Indiana- 46_ 6
Estados Unidos ejercia funciones de Director Ejecutivo y Patente\s
Internacionales de Ely Lilly & Company, con sede en Indianédpolis,
Indiana, Estados:Unidos..— ------------ I B T T SISt

MARLEN NEIRA CASTRO Traductor e Intérprete Oficial inglés-
Espafiol- Inglés —--mmmmmm oo

Resolucion No. 2i17 del 7 Oct 1987 .« —mmmmmmme e

El otorgante fundamenta sus.certificaciones en este documento:
Delegacion de iAutoridad .ﬂconcerniente a Ciertas Materias de

i
Patentes, suscrito el 20 de enero de 2003: conforme al poder

10. Firma ilegible de Todd Rokita- Secretario de Estado de Indian}n‘

* Vigente desde el 1 de mayo de 2003, todas las apostillas i

electronicamente! ~-~-=-mo oo o mm ]l =

- £
The Statehouse, Indianapoles, Indiana 46204, (307) 232-6534, fabg,

ESTé PAPEL NO TIENE COSTO PARA EL USUARIO
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otorgado al Asesor General de la Compaiiia por el Comiteé
Ejecutivo de la Junta Directiva de Eli Lilly and Company.----------
Firma del notario ptblico Catherine Michel certi:fica sus funciones
;
vencen el 21 de octubre de 2008- residente en el condado Johnson
Sello de notario publico de Indiana.-==-===mcmcmomoeee .
Es traduccion fiel de inglés, con copia archivo para confrontacion,
Bogota 28 de julio-2003 - —----cceoeos e e
MARLEN NEIRA CASTRO Traductor e I11té1'prete Oficial Ingles-
Espafiol- Inglés e e T T
Resolucién No. 2117 del 7 Oct 1987« oeemmmeeme. e
SEGUNDO.- Que solicita a la sefiora Notaria la incorporacion de
dichos documentos al protocolo de ésta notaria para que de su
tenor se expidan las copias que mas-adelante se soliciten ------------
Se advierte que la plotocohzac:lon dé 'docuinevntos no da mayor
fuerza o autenticidad dela quet1enen dichos d'ocumentos.- ---
Esta escritura publica fi_l_ié_{j.fii"llia“d'd‘_.'.vfge»1"a'.i:i‘._eil Desplacho Notarial, de
conformidad con el a1t1cu1012delDeC1et02148 de 1.983. -
Se advirtié a los otorga11tes"de esta escritura de la obligacidn
que tienen de leer la totalidad de su texto, a fin de verificar la
exactitud de todos los datos en ella consignados, con el fin de
aclarar, modificar o corregir lo pertinente a11tés de firmarla, la
firma de la misma demuestra su aprobacion total del texto, en
consecuencia, la notaria no asume ninguna responsabilidad por
errores o inexactitudes establecidas con posterioridad a la
tirma de (el, los) otorgante(s) y de la notaria, en tal caso, este
(os) debe(n) ser corregidos mediante el otorgamiento de una
nueva escritura, suscrita por todos los que intervinieron en la
inicial y sufragada por los mismos (articulo 35, decreto ley

960 de 1970).- ~=-mmmmmmmmm oo B SRR
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fraduccién oficial del Inglés por Marlén Neira Castro, resolucidon 2117
Ministerio de Justicia de Colombia

APOST?LLA EN PODER DE REPRESENTACION DE

(
Y ; ELY LILLY AND COMPANY

{

Bilinglie inglés- espaiol otorgado en Indianapolis, Indiana, Estados Unidos el 17
de julio de 2003 y firmado por Peter G. Stringer, Director Ejecutivo y Patentes

Internacionales de Ely Lilly & Company.

Todd Rokita Secretario de Estado
Secretario de Estado de Indiana éstado de- Indiana
APOSTILLA s
"' " Ls “,'
(Convencion de l1a Haya del 5 de octubre de "n -
1. Pais: Estados Unidos de América- Este documento del;
2. ha sido firmado por Catherine Michel
3. Quien‘ejerce funciones de Secretario de la Corte del C

condado Johnson

4 Lleva el sello del Secretar1o de la Corte del C1rcu1to*€n
de Indiana
CERTIFICADO
5. En Indianapolis, Iﬁdiana 6. E1 22 de julio de 2003
7. Por el Secretario de Estado de Indiana 8. No. A2003- 112ZQ‘ E@
9. Gran Sello del Estado de Indiana :

de Indiana tienen el sello impreso electrdénicamente.

gy ! fts

The Statehiouse, Tndianapolis, Indiana 46204, (317) 232-6531, fax (317) 233-3283
}

CERTIFICACION NOTARIAL
Bilinglie inglés- espafiol, el 17 de julio de 2003 el suscrito notario Catherine
Michel certifica que Peter G. Stringer, domici]iadq.en 7620 Castleton Farms, West
Drive, Indianapolis, Indiana - 46256 Estados Unidos ejercia funciones de Director

Ejecutivo y Patentes Internacionales de Ely Lilly & Company, con sede en

Indianapolis, Indiana, Estados Unidos. \QL QA/ g
r 0 \MaL

MARLEN NEIRA CASTRO
Traductor e Intérprete Oficial
, inglés - Espaiol - Inglés

Resolucidon No. 2117 del 7 Oct 1987
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E1 otorgante fundamenta sus certificaciones en este documento: Delegacién de
Autoridad concerniente a Ciertas Materias de Patentes, suscri&o el 20 de enero

de 2003: conforme al poder otorgado al Asesor General de la Compafiia por el
Comité ejecutivo de la Junta Directiva de E1i'Lii1y and Company.

Firma del notario publico Catherine Michel certi%ica

Sus funciones vencen el 21 de octubre de 2008 - résidente en el condado Johnson
Sello de notario publico de Indiana ‘ . ‘

Es traduccion fiel del inglés, con copia archivo para confrontacidn. Bogota 28

de julio-2003, Marlen Neira C

| Houw b (

MARLEN NEIRA CASTRO
Traductor e Intérprete Oficial
Inglés - Espafiol - Inglés
Resolucidn No. 2117 del 7 Oct 1987




OLARTE RAISBECK & FRIERI, LTDA.

LEGAL & PROFESSIONAL SERVICES

| WORLD TRADE CENTER — TORRE C

) CALLE 100 No. 8A-55 Pi1so 10

: BoGoTA, COLOMBIA

1 TeELEPHONE: +57-1 638-6200
Fax +57-1 638-6201

www.olarteraisbeck.com

Power of Attorney
i

The undersigned,

Poder

El suscrito,

ELI LILLY AND COMPANY

domiciled in

by means of these presents hereby grants to Carlos
R. Olarte, J. Ian Raisbeck and Ana

Maria Frieri full and sufficient Power of
Attorney to file, prosecute, obtain, defend and
enforce any and all of the company’s Patents,
Utility Models and Industrial Designs in the
Republic of Colombia, to which end it empowers
them to take all steps necessary before any
administrative or judicial authority of any class for
the objects stated, to file petitions, appeals, replies
and oppositions, pay taxes and annuities, request
testimonies, receive documents and securities,
abandon applications and collect refunds. Sufficient
power is hereby granted to receive notifications on
behalf of the Company, to confer powers on those
who are to represent the company judicially and
extrajudicially, to answer in court in the matter of all
claims and demands that may be presented in
connection with the objects stafed, giving them
likewise power to substitute these presents and
revoke such substitutions.

domiciliado en

!
Lilly Corporate Center, Indianapolis, Indiana 46285 us

por medio del presente otorga a Carlos R.
Olarte, J. Ian Raisbeck y Ana Maria

Frieri poder especial, amplio y suficiente para
presentar, tramitar, obtener, defender y hacer
respetar todas y cualquiera de Patentes, Modelos
de Utilidad y Disefios Industriales de la

- compafiia en la Republica de Colombia, a cuyo

efecto los faculta para dar todos los pasos
necesarios ante cualquier autoridad administrativa
o judicial de cualquier jerarquia para cumplir con
lo encomendado, elevar solicitudes, apelaciones,
respuestas y oposiciones, pagar impuestos y
anualidades, solicitar testimonios, recibir
documentos y valores, desistir y percibir. Se
concede poder bastante para recibir notificaciones
a nombre de la compaiiia, otorgar poderes a
quienes vayan a representar a la compaiiia judicial
y extrajudicialmente, responder en juicio a todas
las reclamaciones o demandas que por motivo de
lo encomendado se presentaren, dandoles
asimismo facultad para sustituir el presente y
revocar dichas sustituciones.

City,Country/Ciudad,Pais: Indianapolis, Indiana, United States of America

b
;

. E(ig_s,

I"‘(’@r T =G




)

SECRETARY OF STATE
STATE OF INDIANA

Todd Rokita
Secretary of State

APOSTILLE i

(Convention de la Haye du 5 Octobre 1961)
!

1. Country: United States of America ?
2. This public document has been signed by Catherine Michel
3. acting in the capacity of circuit court clerk in & for Johnson County

4. and bears the seal/stamp of circuit court clerk in & for the State of Indiana

Certified
5. at Indianapolis, Indiana

6. this Twenty-second day of July, 2003
7. by Secretary of State of Indiana .

8. No. A2003- 11279

9. Seal/Stamp: 10. Signature:

kita

Todd Ro

Indiana Secretary of State
i

e o
Lo A N
! “fgl{l;f' L tnels B g s
Tk Xy

paif 0,8

*Effective May 1, 2003 all apostilles from the Indiana'S’ecretary of State will have an electronically printed seal.

The Statehouse, Indianapolis, Indiana 46204, (317) ‘232—"6531, Fax (317) 233-3283
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LARTE RAISBECK & FRIER!, LTDA.
LEGAL & PROFESSIONAL SERVICES

WoORLD TRADE CENTER — TORRE C

CALLE 100

No. 8A-55 P1s0 10

BOGOTA, COLOMBIA
TeLepHONE: +57-1 638-6200
Fax +57-1 638-6201

www.olarteraisbeck.com

Notarial Certification

On this date,

/ 77 July 2003

The undersigned Notary Public certifies:

1. That

Certificacion Notaﬁal

En esta fecha,
el Notario Piblico suscrito certifica:

1. Que

Peter G. Stringer

of legal age and domiciled in
1620 Castleton Farms, West Drive,

signed the foregoing document.

2. That the grantor has executed the foregoing
document as Executive Director, International
Patents

of ELI LILLY AND COMPANY

3. That ELILILLY AND COMPANY
having its principal place of business located in

Indianapolis, Indiana, United States of
America

is duly incorporated, is currently in existence, and
that the purposes for which the Power of Attorney is
granted are within the scope of its corporate
purposes.

4.~ That the-grantor has the authority to execute the
Power of Attorney and that his/her representation is

legal.

5. The foundation for my certifications contained in
points 2, 3 and 4 was the exhibition of the following
authentic document(s):

Delegation of Authority Concerning Certain
Patent Matters, executed January 20, 2003;
pursuant to the authority granted o the
General Counsel of the Company by the
executive Committee of the Board of
Directors of Eli Lilly and Company

NOTARY PUBLIC (Signature):

mayor de edad y domiciliado

Indianapolis, Indiana 46256 US

suscribi6 el documento queé antecede.

2. Que el otorgante ha suscrito el referido

documento en su caracter de P
(X% I
)

de Eho |

4. Que

con sede principal ubicada en I ey

esta legalmente constituida, que tiene existenci
fegal vigente y qué fos propdsitos para los cualgs
se otorga el poder se encuentra dentro de los que '
comprenden su objeto social. :

4. Que el otorgante tiene la representaci(’)r{ p' a
suscribir el poder, y que ésta es legitima. '

5. El fundamento de mis certiﬁcacioné‘
contenidas en los puntos 2,3y4fuela e)_(hibicié
de los (del) siguiente(s) documento(s) auténtico(s):

| ot til

MM
S L
& \‘:‘K

[ aBAL Jx

I by
S

Catherine Michel
My Commission
Resident of Johnson County

Expires October £1, 2008

T T R N R T s
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (P

(19) World Intellectual Property Organization (&

Intcrnational Burcau

(43) International Publication Date
11 December 2008 (11.12.2008)

0O O ARV A

(10) International Publication Number
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Cyclic Peptide CXCR4 Antagonists

The present invention relates to novel cyclic peptide CXCR4 antagonist
compounds and their use in treating diseases in which pathogenesis is mediated by
CXCR4 and SDF-1.

CXCRA4, a G-protein-coupled receptor, and its naturally occurring ligand, stromal
cell-derived factor-1 (SDF-1; CXCL12), are a chemokine receptor-ligand pair. CXCR4 is
constitutively- or over-expressed in a wide variety of human cancers. SDF-1, the only
known ligand of CXCR4, is highly expressed in tumor microenvironments, as well as in
bone marrow, lung, liver, and lymph nodes, i.e., organ sites most commonly involved in
tumor metastasis, CXCR4/SDF-1 interaction plays important roles in multiple stages of
tumorigenesis, including tumor growth, invasion, angiogenesis, and metastasis, as well as
in rheumatoid arthritis, pulmonary fibrosis, and HIV infection (Tsutsumi et al. (2006)
Peptide Science 88(2):279-289).

In view of the involvement of CXCR4/SDF-1 in these serious discases, CXCR4
is an attractive therapeutic target.

AMD3100, a bicyclam CXCR4 antagonist, is currently in Phase III clinical trials
for stem cell mobilization for transplantation of stem cells in patients with multiple
myeloma and non-Hodgkins lymphoma, AMDO070, another small molecule CXCR4
antagonist, is currently in Phase [T clinical trials for HIV infection. CTCE9908, a bivalent
(dimeric) peptide CXCR4 antagonist, is currently in Phase Ib/II clinical trials for cancer.
FC131, a cyclic pentapeptide CXCR4 antagonist, inhibits '*I-SDF-1 binding to CXCR4
transfectants with an ICsg of 4 nM (Fujii et al. (2003) Angew. Chem. Int. Ed. 42:3251-
3253; Araki et al. (2003) Peptide Science. The Japanese Peptide Society (2004):207-210).

There exists a need for improved CXCR4 antagonists that are potent and
selective, exhibiting little or no activity at other chemokine receptors. The compounds of
the present invention arc such potent and sclective CXCR4 antagonists. Their high
potency permits the use of low doses in therapeutic regimens, while their high selectivity
minimizes non-target related adverse side effects. In addition, compounds disclosed
herein possess other highly desirable pharmacologic properties, such as high
bioavailability when administered subcutaneously, good in vivo metabolic stability, and

pharmacokinetic/pharmacodynamic properties that permit convenient dosing,



10

15

20

25

30

WO 2008/150689 PCT/US2008/064177 \

Accordingly, in a first aspect, the present invention provides a lactam-cyclized

peptide of formula I:

R - cyclo[X - Tyr - X3 -DArg — 2Nal - Gly - X7] ~ X5 - X9 - Xj0 - Ra
®
(SEQ ID NO:1)
wherein:

a) said lactam is formed by an amide bond between the side chain amino
group of X, and the side chain carboxyl group of X5, wherein X, and Xj are, respectively,
a pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R,
is Ac or n-hexanoyl; or

b) said lactam is formed by an amide bond between the side chain
carboxyl group of X and the side chain amino group of X5, wherein X and X are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glw/(D/L)Agl, Glw/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and R, is Ac or Bz,
or wherein X; and Xj are, respectively, a pair selected from the group consisting of
succinyl/(b/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Om, and R is
absent; or

¢) said lactam is formed by an amide bond between the a.-amino group of
X and the side chain carboxyl group of X7, wherein X, and X are, respectively, a pair
selected from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGlu,
Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGlu, Lew/Glu, Lew/DGlu, Lys/DGlu, Lys(Ac)/Glu,
2Nal/Glu, Phe/Glu, Phe/DGlu, DPhe/Glu, and DPhe/DGlu, and R; is absent; or

d) said lactam is formed by an amide bond between a non-a, non-side-
chain amino group of X, and the side chain carboxyl group of X7, wherein X; and X are,
respectively, a pair selected from the group consisting of B-Ala/Asp, B-Ala/Glu, S-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Gly, and R,
is absent; or

e) said lactam is formed by an amide bond between the a-amino group of

X5 and the side chain carboxyl group of X7, wherein X5 and X are, respectively, a pair
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selected from the group consisting of Tyr/Asp, Tyr/Glu, and Tyr/DGlu, and R, and X, are
each absent;

R, is a substituent on the a-amino group of X; when X, contains an
o-amino group and said o-amino group is not a constituent of said lactam amide bond,
selected from the group consisting of Ac, Bz, and n-hexanoyl, or is absent, wherein X is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Glu;

X is selected from the group consisting of (D/L)Agl, Ala, §-Ala, DAla,
S-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Mez);

Xy is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGly, Lys, and Orn;

X3y is selected from the group consisting of f-Ala, Arg, DArg, Gly, Lys,
Lys(iPr), and O, or is absent;

Xg is selected from the group consisting of Gly, 2Nal, n2Nal, and DPhe, or
is absent;

X\o s 2Nal, or is absent;

wherein when Xy is absent, Xg and X, are each absent, and when X is
absent, X g is absent, and

Rj is sclected from the group consisting of NH; and NHE, or

a pharmaceutically acceptable salt thereof.

Expressed alternatively, this is equivalent to a lactam-cyclized peptide of

formula I:

Ry - cyclo[X| - Tyr— X3 -DArg — 2Nal - Gly ~ X7] - X3 — X9 —Xi0 - R3
M
(SEQ ID NO:1)

wherein:

PCT/US2008/064177 \(b
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R, is a substituent on the a-amino group of X when X, contains an
a-amino group and said a-amino group is not a constituent of said lactam amide bond,
sclected from the group consisting of Ac, Bz, and n-hcxanoyl, or is absent, wherein X is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Glu;

X is selected from the group consisting of (D/L)Ag|, Ala, B-Ala, DAla,
5-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;

X3 is sciccted from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Mey);

X35 is selected from the group consisting of (D/L)Ag], Asp, Dab, Dap,
DDap, Glu, DGlu, Lys, and Orn;

Xg is selected from the group consisting of B-Ala, Arg, DArg, Gly, Lys,
Lys(iPr), and Orn, or is absent;

X is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or '
is absent;

X{o1s 2Nal, or is absent;

wherein when Xjg is absent, Xg and X ¢ are each absent, and when Xg is
absent, X;q is absent, and

R, is selected from the group consisting of NH» and NHEt,

wherein:

a) said lactam is formed by an amide bond between the side chain amino
group of X and the side chain carboxyl group of X7, when X and X3 are, respectively, a
pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R is
Ac or n-hexanoyl; or

b) said lactam is formed by an amide bond between the side chain
carboxyl group of X, and thc side chain amino group of X7, when X and Xy are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glu/(D/L)Agl, GlwDab, GlwDap, Glu/DDap, and Glu/Lys, and R, is Ac or Bz,

or when X, and Xj are, respectively, a pair selected from the group consisting of
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succinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Om, and R is
absent; or

¢) said lactam is formed by an amide bond between the a-amino group of
X and the side chain carboxyl group of X7, when X and X7 are, respectively, a pair
selected from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGlu,
Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGlu, Leu/Glu, Leu/DGlu, Lys/DGlu, Lys(Ac)/Glu,
2Nal/Glu, Phe/Glu, Phe/DGlu, DPhe/Glu, and bPhe/DGlu, and R, is absent; or

d) said lactam is formed by an amide bond between a non-a, non-side-
chain amino group of X, and the side chain carboxyl group of X7, when X, and X5 are,
respectively, a pair selected from the group consisting of -Ala/Asp, B-Ala/Glu, 5-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R
is absent; or

e) said lactam is formed by an amide bond between the a-amino group of
X3 and the side chain carboxyl group of X7, when X5 and X are, respectively, a pair
sclected from the group consisting of Tyr/Asp, Tyr/Glu, and Tyr/DGlu, and R; and X arc
each absent, or

a pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides a lactam-cyclized peptide of

formula I:

Ry - cyclo[X| — Tyr — X3 — DArg — 2Nal - Gly - X7] - X3z — X9 - X0 — Rz

@
(SEQ ID NO:1)

or a pharmaceutically acceptable salt thereof,

wherein:

X, is selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAla,
S-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent,

PCT/US2008/064177 D

X
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wherein when X, is (D/L)Agl, Dab, or Dap and the a-amino group of X is
not a constituent of the lactam amide bond, said o-amino group is substituted with R;
which is selected from the group consisting of Ac and n-hexanoyl;
wherein when X; is Asp or Glu and the a-amino group of X, is not a
constituent of the lactam amide bond, said a-amino group is substituted with R; which is
selected from the group consisting of Ac and Bz; and
wherein when X is Ala, B-Ala, DAla, S-aminovaleryl, 4-AMB, 4-AMPA,
Dap(Ac), Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, DPhe or succinyl, R, is absent;
X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me3);
X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGlu, Lys, and Orn;
Xs is selected from the group consisting of B-Ala, Arg, DArg, Gly, Lys, Lys(iPr),
and Orn, or is absent; '
Xy is selected from the group consisting of Gly, 2Nal, n2Nal, and DPhe, or is
abscnt;
Xy is 2Nal, or is absent,
wherein when X is absent, Xy and X are each absent, and when Xo is
absent, X|¢ is absent; and
R, is selected from the group consisting of NH, and NHEt,
and further wherein:
said lactam is formed by an amide bond between the side chain amino
group of X and the side chain carboxy! group of X4, and X, and Xj are, respectively, a
pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R is
Ac or n-hexanoyl; or
said lactam is formed by an amide bond between the side chain carboxyl
group of X and the side chain amino group of X7, and X and X7 are, respectively, a pair
selected from the group consisting of Asp/(D/L)Agl, Asp/Dab, Asp/Dap, Glu/(D/L)Agl,
Glu/Dab, Gluw/Dap, Giw/DDap, and Glu/Lys, and R) is Ac or Bz, or wherein X and X,
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are, respectively, a pair selected from the group consisting of succinyl/(D/L)Agl,
succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Orn, and R, is absent; or
said lactam is formed by an amide bond between the a-amino group of X;
and the side chain carboxyl group of X7, and X and X+ are, respectively, a pair selected
from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGlu, Dap(Ac)/Glu,
Gly/Asp, Gly/Glu, Gly/DGlu, Lew/Glu, Lew/DGlu, Lys/DGlu, Lys(Ac)/Glu, 2Nal/Glu,
Phe/Glu, Phe/nDGlu, DPhe/Glu, and DPhe/DGly, and R is absent; or
said lactam is formed by an amide bond between a non-a., non-side-chain
amino group of X, and the side chain carboxy! group of X7, and X, and X7 are,
respectively, a pair selected from the group consisting of B-Ala/Asp, B-Ala/Glu, 5-amino-
valeryl/Asp, S-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Gly, and R,
is absent; or
said lactam is formed by an amide bond between the a-amino group of Tyr
at X> and the side chain carboxyl group of X7, and X7 is selected from the group
consisting of Asp, Glu, and DGlu, and R and X are each absent.
A recurrent sequence motif in all the compounds of formula I is the presence of
Tyr at position X, DArg at position X4, 2Nal at position Xs, and Gly at position Xs.
In another aspcct, the present invention provides a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
R, is selected from the group consisting of Ac and Bz, or is absent;
X is selected from the group consisting of f-Ala, 4-AMB, 4-AMPA, Asp,
Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, and succinyl, or is absent;
X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me»);
X7 is selected from the group consisting of Asp, Dab, Dap, Glu, DGlu, Lys,

and Orn;
Xs is selected from the group consisting of Arg and Lys, or is absent;
Xy is absent;
X0 i$ absent; and

R» is selected from the group consisting of NH; and NHEt,

\?S
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In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

R} is selected from the group consisting of Ac and Bz, or is absent;

X, is selected from the group consisting of DAla, S-aminovaleryl, 4-AMPA,
Asp, Glu, Leu, Lys(Ac), Phe, DPhe, and succinyl;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me,);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, nDap,
Glu, and DGlu;

Xg is selected from the group consisting of Arg, DArg, and Lys, or is absent;

Xg is absent;

Xio is absent; and

R, is selected from the group consisting of NH, and NHEt.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

R, is selected from the group consisting of Ac, Bz, and n-hexanoyl, or is

abscnt;

X, is selected from the group consisting of (D/L)Agl, Ala, B-Ala, Asp, Dap,
Glu, Gly, Lys, and Phe;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me>);

X5 is sclected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGlu;

Xy is selected from the group consisting of B-Ala, Arg, Gly, Lys, Lys(iPr), and
Om, or is absent;

Xg is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is
absent;

X is 2Nal, or is absent; and

R is selected from the group consisting of NH; and NHEH.

In a further aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
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R} is selected from the group consisting of Ac and Bz, or is absent;

X is selected from the group consisting of Ala, S-aminovaleryl, Asp, Glu,
Gly, Phe, DPhe, and succinyl;

X3 is selected from the group consisting of Arg, Lys(iPr), and Lys(Me>);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
PGlu;

X3 is selected from the group consisting of B-Ala, Arg, Gly, Lys, Lys(iPr), and

Om, or is absent;

X is selected from the group consisting of Gly, D2Nal, and DPhe, or is absent;"

X10 18 2Nal, or is absent; and

R is selected from the group consisting of NH; and NHEt.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

X is selected from the group consisting of Gly and Phe;

X3 is Lys(iPr); and

X7 is DGlu.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

R, is absent;

X is selected from the group consisting of Gly and Phe;

X3 is Lys(iPr);

X7is DGlu;

X3 is sclected from the group consisting of Arg and Lys(iPr), or is abscnt;

Xo is absent;

X0 is absent; and

R, s sclected from the group consisting of NH; and NHEt.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

\A
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said lactam is formed by an amide bond between the side chain amino group of X

and the side chain carboxyl group of X7; i

R, is selected from the group consisting of Ac and n-hexanoyl;

X, is selected from the group consisting of (D/L)Agl, Dab, and Dap;

X3 is sclected from the group consisting of Arg and Lys(iPr);

X71s Glu; '

Xg is Arg;

Xg is absent;

X0 1s absent; and

R,is NH;.

In a preferred embodiment of this aspect of the invention, X is (D/L)Agl or Dap.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

said lactam is formed by an amide bond between the side chain carboxyl group of

X, and the side chain amino group of X7;

R, is selected from the group consisting of Ac and Bz;

X is selected from the group consisting of Asp and Glu;

X3 is selected from the group consisting of Arg and Lys(Mey);

X4 is selected from the group consisting of (D/L)Agl, Dab, Dap, DDap, and Lys;
Xg is Arg;

Xg is absent;

X0 is absent; and

Rjis NHa.

In a preferred embodiment of this aspect of the invention, X7 is (D/L)Agl, Dab,

Dap, or DDap. In a more preferred embodiment, X is (D/L)Agl or Dap.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
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said lactam is formed by an amide bond between the side chain carboxyl group of

the side chain amino group of X;

R, is absent;

X is succinyl;

X3 is Arg;

X7 is selected from the group consisting of (D/L)Agl, Dab, Dap, Lys, and Om;
Xgis Arg;

Xg is absent;

X0 1s absent; and

Rpis NHa.

In a preferred embodiment of this aspect of the invention, X5 is (D/L)Agl or Dap.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula T (SEQ ID NO:1), wherein:

said lactam is formed by an amide bond between the a-amino group of X and the

side chain carboxyl group of X7;

R is absent;

X is selected from the group consisting of Ala, DAla, Gly, Dap(Ac), Leu, Lys,

Lys(Ac), 2Nal, Phe, and DPhe;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me;);
X7 is selected from the group consisting of Asp, Glu, and DGlu;

Xg is sclected from the group consisting of $-Ala, Arg, Gly, Lys, Lys(iPr), and

Om, or is absent;

absent;

Xy is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is

Xjo is 2Nal, or is absent;
wherein when Xg is absent, Xg9 and X¢ are each absent; and

R, is selected from the group consisting of NH> and NHEt.
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In a preferred embodiment of this aspect of the invention, X is Ala, DAla, Gly,
Leu, Lys, Lys(Ac), Phe, or DPhe. In a more preferred embodiment, X, is Ala, Gly, Lys,
or Phe.

Ina pfeferred embodiment of this aspect of the invention, X3 is Arg, Lys,
Lys(iPr), or Lys(Me;). In a more preferred embodiment, X3 is Arg.

In a preferred embodiment of this aspect of the invention, X7 is Asp, Glu, or DGlu.
In a more preferred embodiment, X7 is Asp.

[n a preferred embodiment of this aspect of the invention, Xg is B-Ala, Arg, Gly,
Lys, Lys(iPr), Orn, or is absent. In a more preferred embodiment, Xg is B-Ala, Gly, Lys,
Lys(iPr), O, or is absent.

In a preferred embodiment of this aspect of the invention, Xy is Gly, 2Nal, D2Nal,
DPhe, or is absent. In a more preferred embodiment, Xg is Gly, 2Nal, D2Nal, or DPhe.

In éprcfcrrcd cmbodiment of this aspect of the invention, X g is 2Nal, or is
absent. In a' more preferred embodiment, X is 2Nal.

In a preferred embodiment of this aspect of the invention, R, is NHEt.

In another aspect, the present invention provides a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of formula T (SEQ 1D NO:1), wherein:

said lactam is formed by an amide bond betwéen a non-a, non-side-chain amino
group of X and the side chain carboxyl group of X7;

R is absent;

X is selected from the group consisting of §-Ala, 4-AMB, S-aminovaleryl, and
4-AMPA;

X3 is Arg;

X5 is selected from the group consisting of Asp and Glu;

Xs is selected from the group consisting of Arg and DArg;

Xg is absent;

X0 1s absent; and

Rjis NHa,.
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In a preferred embodiment of this aspect of the invention, X| is B-Ala, 5-amino-
valeryl, or 4-AMPA. In a more preferred embodiment, X is B-Ala.
In a preferred embodiment of this aspect of the invention, X7 is Asp.

In a preferred embodiment of this aspect of the invention, Xg is Arg.

5 In another aspect, the present invention provides a lactam-cyclized peptide or
pharmaccutically acccptablc salt thercof of formula T(SEQ TD NO: 1), whercin:

said lactam is formed by an amide bond between the a-amino group of X3 and the
side chain carboxyl group of X7;
Ri is absent;
10 X, is absent;
X3 is Arg;
X is selected from the group consisting of Asp, Glu, and DGlu;
Xg is Arg;
Xy is absent;
15 X0 is absent; and
R, is NHa.
In another aspect, the present invention provides a lactam-cyclized peptide of the

formula:

NS e ﬂwﬁi

HN‘< ‘

(SEQ ID NO:70)

20 HN

%
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or a pharmaceutically acceptable salt thereof. The lactam is formed by an amide bond

between the a-amino group of Phe and the side chain carboxyl group of DGlu. The

pharmaceutically acceptable salt can be an acetic acid salt.

In another aspect, the present invention provides a pharmaceutical composition,

comprising a lactam-cyclized peptide or pharmaceutically acceptable salt thereof as

variously described above, and a pharmaccutically acceptable carricr, dilucnt, or

excipient.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof as variously described above, for use in therapy.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof as variously described above, for the treatment of

rheumatoid arthritis, pulmonary fibrosis, H1V infection, or a cancer selected from the

group consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney

cancer, neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal

cancer, multiple mycloma, glioblastoma multiformc, and chronic lymphocytic lcukcmia.

In another aspect, the present invention provides the use of a lactam-cyclized

peptide or pharmaceutically acceptable salt thereof as variously described above, for the

manufacture of a medicament for the treatment of rheumatoid arthritis, pulmonary

fibrosis, HIV infection, or a cancer selected from the group consisting of breast cancer,

pancreatic cancer, melanoma, prostate cancer, kidney cancer, neuroblastoma, non-

Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal cancer, multiple myeloma,

glioblastoma multiforme, and chronic lymphocytic leukemia.

In another aspect, the present invention provides a method of treating rheumatoid

arthritis, pulmonary fibrosis, HIV infcction, or a cancer sclected from the group

consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney cancer,

neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal cancer,

multiple myeloma, glioblastoma multiforme, and chronic lymphocytic leukemia,

comprising administering to a patient in need thereof an effective amount of a lactam-

cyclized peptide or pharmaceutically acceptable salt thereof as variously described above.

In the macrocyclic peptidic compounds of the present invention (SEQ ID NO:1),

amino acids X through Xjg are referred to herein by their commonly employed three

letter symbols, shown left to right from amino-terminal end to carboxy-terminal end. D-
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and L- (small capital letters) refer to absolute stereochemistry. Where neither designation
is indicated in a particular formula, the L- form of the amino acid is present. X, can also

be a dicarboxylic acid residuc, i.c., a succinyl group. Amino acid or carboxylic acid
residues within the brackets “[ ] are within the cyclic structure; groups external to the

brackets are outside the cyclized ring. In all cases, cyclization is via a lactam (amide)
bond between X, (or X>, i.e., Tyr) and X5, which can be formed in several different ways,
depending on the structures of X, X1, and X3.

When the lactam bond is formed between the side chain amino group of X and
the side chain carboxyl group of X7 (Schemes | and 2; Examples 1-5), the a-amino group
of X is capped with Ac or n-hexanoyl.

When the lactam bond is formed between the side chain carboxy! group of X and
the side chain amino group of X5, the a-amino group of X, is capped with Ac or Bz
(Schemes 3 and 4; Examples 6-19). X also can be a bifunctional residue other than an
a-amino acid, for example one with two carboxyl groups, i.e., a succinyl residue. In this

case, one carboxy! group forms an amide bond with the a-amino group of Tyr, and the

other forms the cyclic lactam structure through an amide bond with the side chain amino
group of X7 (Schemes 3 and 4; Examples 20-24). When X is succinyl, R is abscnt.

In most of the lactam-cyclized peptides disclosed herein (Schemes 5-15;
Examples 25-28, 32-66, and 75-89), the a-amino group of X; forms the lactam structure
via an amide bond with the side chain carboxyl group of X7, and R, is absent. Also
included in the synthetic schemes of this category are cyclic peptides containing X
residues, i.e., f-Ala, 4-AMB, S-aminovaleryl, and 4-AMPA, wherein the amino group is a
non-side chain, non-a-amino group (Schemes 5 and 6; Examples 67-74). R is also
absent in these cases.

When both R, and X are absent, the lactam structure is formed through an amide
bond between the a-amino group of Tyr (X3) and the side chain carboxyl group of X5
(Schemes S and 6; Examples 29-31).
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Structures of common amino acids, e.g., alanine, glycine, etc., are well known in
the art. Structures of non-standard and substituted amino acids present in the instant

invention compounds are shown below.

HN H,N
H,N
NH,
H,N oH
° o 6]
HO HO o) HO
i ; 4-aminomethyl 4-aminomethyl 3-amino
?}g{;og'ycme benzoic acid | Shenylacetic propanoic acid
(4-AMB) acid (4-AMPA) (B-Ala)

NH, ’LO

HN

HO HO ' HO

Dab Dap(Ac) Dap Lys(Ac) Lys(iPr)

HZN HzN HZN

HO HO HO

Lys(Me,) 1Nal 2Nal Om
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The lactam-cyclized peptides of the present invention can be prepared as
pharmaceutically acceptable salts. Such salts, and common methodology for preparing
them, are well known in the art. See, e.g., P. Stahl et al. (2002) Handbook of
Pharmaceutical Salts: Properties, Selection and Use, VCHA/Wiley-VCH; Berge et al.
(1977) “Pharmaccutical Salts,” Journal of Pharmaceutical Sciences 66(1):1-19.

The compounds of the present invention are potent antagonists of CXCR4/SDF-1
interaction. Compounds of formula (I) and their pharmaceutically acceptable salts

specifically exemplified herein exhibit an average K; value of about 7.5 nM or less as

determined by the CXCR4/'*I-SDF-1a binding assay described below. More preferred
compounds of formula (T) and their pharmaceutically acceptable salts exhibit an average
K, value in the range of from about 0.2 nM to about 1 nM in this assay. Especially
preferred compounds of formula (I) and their pharmaceutically acceptable salts exhibit an
average K, value less than about 0.2 nM in this assay.

In addition, the compounds and pharmaceutically acceptable salts of the present
invention are preferably highly selective for the CXCR4 receptor, exhibiting little or no
inhibitory activity against other chemokine receptors, including CCR1, CCR2, CXCR2,
CXCR3, and other G-protein coupled receptors at the concentrations tested, and no
significant activity against scrotonin, dopaminc, and opioid receptors. They also
preferably exhibit good stability in blood and plasma, good subcutaneous bioavailability,
desirable pharmacokinetic/pharmacodynamic properties, and potent in vivo efficacy in
tumor growth inhibition, with a wide safety margin.

In view of these pharmacological properties, the compounds of the present

~ invention are indicated for the treatment of disorders involving CXCR4/SDF-1

interaction, or receptor activity activity of CXCR4, such as in HIV infection. In
particular, the present compounds are useful in treating malignancies in which
angiogenic, growth, survival, and metastatic pathways mediated by CXCR4 and SDF-1
are implicated in pathogenesis, including breast cancer, pancreatic cancer, melanoma,
prostate cancer, kidney cancer, neuroblastoma, non-Hodgkin’s lymphoma, lung cancer,
ovarian cancer, colorectal cancer, multiple myeloma, glioblastoma multiforme, and
chronic lymphocytic leukemia, as well as in rheumatoid arthritis, pulmonary fibrosis, and

HIV infection (Tsutsumi et al. (2006) Peptide Science 88(2):279-289).
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Agl (aminoglycine) is a pro-chiral building block. When this residue appears in a
peptide formula herein, the a-carbon becomes a chiral center at which the two associated
a-amino groups are each individually bonded to different moieties. In this case, the final
peptide product contains two diastereomers that are unresolved, and that may be present
in other than a 1:1 ratio. “(0/L)Agl” in a peptide formula denotes such a mixture of
diastereomers. “(DL)Agl” denotes an Agl derivative that is racemic, for example Fmoc-
(PL)Agl(Boc).

“K;" values are calculated using ICso values determined in the CXCR4/'®1-SDF-
la binding assay described below by employing equation 7.22 of Enzymes, A Practical
Introduction to Structure, Mechanism, and Data Analysis, Robert A. Copeland, Wiley-
VCH, New York, 1996, page 207. |

The term “SDF-1” includes two isoforms, SDF-1a and SDF-18, currently
understood to exhibit similar functionality.

“Treatment” as used herein refers to curative treatment of disorders associated
with CXCR4/SDF-1 interaction or CXCR4 receptor activity. Curative treatment refers to
processes involving a slowing, interrupting, .arresting, controlling, or stopping of disease
progression, but does not necessarily involve a total elimination of all disease-related
symptoms, conditions, or disorders.

The compounds of the present invention can be used as medicaments in human or
veterinary medicine, administered by a variety of routes. Most preferably, such
compositions are for parenteral administration. Such pharmaceutical compositions can be
prepared by methods well known in the art. See, e.g., Remington: The Science and
Practice of Pharmacy, 19" ed. (1995), A. Gennaro et al., Mack Publishing Co., and
comprise one or more compounds of formula (I) or a pharmaceutically acceptable salt(s)
thereof, and a pharmaceutically acceptable carrier, diluent, or excipient.

The effective amount of the present compounds is in the range of from about 1 mg
to about 300 mg, morc prefcrably from about 1 mg to about 200 mg, more preferably
from about 1 mg to about 100 mg, and even more preferably from about 1 mg to about 50
mg, on a daily basis.

All lactam-cyclized peptides of the present invention can be synthesized either by

solid-phase synthesis or solution phase synthesis, or a combination of both, with peptide
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chain assembly on solid phase and cyclization or other modifications on resin or in
solution. Such methods are well known in the art.

The following abbreviations used herein have the indicated meanings:

Ac: acetyl; Agl: aminoglycine; AMB: aminomethyl benzoic acid; AMPA:
aminomcthyl phenyl acctic acid; Bn: benzyl; Boc: tert-butyloxycarbonyl;
BOP: (benzotriazol-1-yloxy)-tris(dimethylamino)phosphoniumhexafluorophosphate;
2-Br-Z: 2-bromobenzyloxycarbonyl; Bz: benzoyl; Bzl: benzyl; 2-CI-Z: 2-chlorobenzyl-
oxycarbonyl; Dab: 2,4-diaminobutyric acid; Dap: 2,3-diamino-propionic acid; DCC:
dicyclohexy!-carbodiimide; DCM: dichloromethane; DIC: diisopropyl carbodiimide;
DIEA: diisopropyl-cthylamine; DMF: N,N-dimethyl formamide; DMSO: dimethyl-
sulfoxide; EDT: 1,2-ethane-dithiol; Et: ethyl; Fm: 9-fluorenylmethyl; Fmoc: 9-fluor-
enylmethoxy carbonyl; HATU: N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1-
ylmethylene]-N-methylmethanaminium hexafluorophosphate N-oxide; HBTU: O-benzo-
triazolyl-N,N,N’ N -tetramethyluronium hexafluorophosphate; HCTU: 1H-benzotriazo-
lium 1-[bis(dimethylamino)methylene]-5-chloro-3-oxide hexafluorophosphate; HF:
hydrogen fluoride; HOBt: hydroxybenzotriazole; IBCF: isobutyl chloroformate; iPr:
isopropyl; IPA: isopropy] alcohol; Me: methyl; 2Nal: 2-naphthylalanine; NMM: N-
methylmorpholine; NMP: N-methyl-pyrrolidone; OtBu: tert-butyl ester; Pbf: 2,2,4,6,7-
pentamethyl-dihydrobenzofurane-5-sulfonyl; PBS: phosphate buffered saline; PyBOP:
(benzotriazol-1-yloxy)-tris(pyrrolidino)-phosphonium hexafluoro-phosphate; PyBrOP:
bromotris(pyrrolidino)phosphonium hexafluorophosphatc; tBu: tert-butyl; TFA:
trifluoroacetic acid; THF: tetrahydrofuran; TIS: triisopropy! silane; Tos: p-toluene-
sulfonyl; Z: benzyloxycarbonyl; ZOSu: N-(benzyloxycarbonyl-oxy) succinimide.

Preparation of compounds of the present invention as described in the following
examples is meant to be illustrative rather than limiting. In each of these examples, the
observed molecular weight is reported as a de-convoluted value. The de-convoluted -
value is derived from the formula MW(observéd) = n(m/z)-n, where m/z represents the
charged ion (positive mode) and n is the number of charges of the specific species. When
multiple charged species are present in the mass spectrum, the observed molecular weight
is reported as an average.

The synthetic processes disclosed in Examples 85-87, and isotopic labeling

procedures disclosed in Example 89, for cyclic lactam peptides containing isopropyl
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lysine side chains are equally applicable to other peptides disclosed herein containing
lysine alkyl side chains, with appropriate modifications. The synthetic methods of
Examples 86-88, which eliminate the need for toxic palladium catalysts, are also equally

applicable to other peptides disclosed herein, with appropriate modifications.

Example 1
Ac-cyclo|Dap-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH; (SEQ ID NO:2)
The sequence Ac-Dap(Alloc)-Tyr(tBu)-Arg(Pbf)-DArg(Pbf)-2Nal-Gly-
Glu(Qallyl)-Arg(Pbf) (SEQ ID NO:3) is assembled by standard Fmoc chemistry utilizing
an ABI 431 Peptide Synthesizer (Applied Biosystems) as outlined in Scheme 1 below.

The automated assembly is carried out by using the standard Applied Biosystems
DCC/HOBt chemistry protocol or FastMoc chemistry HBTU/DIEA protocol following
the supplier’s directions (PE Applied Biosystems Inc., Foster City, CA). The solid
support is Rink amide resin (4-(2',4'-dimethoxyphenyl-Fmoc-aminomethyl)-phenoxy
resin) for C-terminal amides or indole resin [3-({ethyl-Fmoc-amino}-methyl)-indol-1-yi]-
acetyl AM resin for C-terminal €thyl amides (NovaBiochem, EMD Biosciences, Inc., San
Diego, CA). The stepwise chain assembly starts from the C-terminal end of the linear
peptide and is accomplished in 9 major steps. In step 1, four equivalents of protected
amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA for FastMoc
chemistry) in NMP, and coupled to deprotected Rink Amide resin using 20% piperidine.
In step 2, four equivalents of Fmoc-Glu(Oallyl) are activated and coupled to the
deprotected peptide resin from step 1. Appropriate steps are carried out until step 8, the
coupling of Fmoc-Dap(Alloc). Then, Fmoc at the N-terminal end is removed using 20%
piperidine in DMF and acetylation of the a-amino group is carried out off-line using 5
equivalents of acetic anhydride, 10 equivalents of DIEA in dry DMF or NMP, for | h at
room temperature.

The allyl and Alloc side chain protection groups are removed with 0.1 equivalent
of Pd(Ph3P), in the presence of 24 equivalents of phenylsilane in dichloromethane
(Scheme 2). This process is repeated once for complete side chain deprotection. The
deprotected carboxylic acid moiety of Glu is activated with PyBOP/DIEA and cyclized to
the side chain amino group of Dap on the resin. The cyclized peptide is simultaneously

deprotected and cleaved from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT
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(95/2/112, vIv/viIv), or TEA/H,O/TIS/anisole (92/2/4/2, viviviv) for 2 hours at room
temperature. The solvents are then evaporated under vacuum, and the peptide is
precipitated and washed three times with cold diethyl ether to remove the scavengers.

Molecular weight calculated (MW cal.): 1142.30; MW observed (MW obs.): 1142.50.
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H,N—Rink Resin

1. Fmoc-Arg(Pbf)
2. Fmoc-Glu(OQAllyl)
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBt or HBTU/DIEA coupling
6. Fmoc-Arg(Pbf) piperidine deprotection
7. Fmoc-Tyr(tBu)
8. Fmoc-Dap(Alioc)
9. Ac20/DIEA
'
i
/
Ebf ',labf
O-1Bu. HN\fNH HN\];NH

NH NH

? Q :)/H\)ok H\)OL H
; —Rink Resi
/\’orN ; {‘{YN ; N—Rink Resin

(SEQ ID NO:4

Scheme 1. Amino side chain to carboxyl side chain peptide assembly

Peptide purification is accomplished using standard preparative HPLC techniques.
Immediately following the cyclization, the peptide solution is diluted with water
containing 0.1% (v/v) TFA, loaded onto a reversed phase C18 HPLC column, and eluted
with an aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while monitoring at
214 nm. The appropriate fractions are pooled and lyophilized. Further characterization
of the final product is performed using analytical HPLC and mass spectral analysis by
conventional techniques. For peptides with a basic side chain, the final lyophilized

product is a TFA salt.
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Fof Pbf
HN
o-gu M HN\fNH
)/NH NH
0 s H O H
~ N\)L N—Rink Resin

0 7 0 : o =X
§ O D*o (SEQ ID NO:4)
l\l

1. Allyl removal with Pd(Ph,P),(0)
2. Cyclization with PyBOP/DIEA

pof Pbf

HN !
O-tBu \fNH HN__NH
b

o -
YH\)L ﬁ\)L”/ﬁrH\)Lu/ﬁrH \ N _Rink Resin

R o

O (SEQ ID NO:5)

~0

Side chain deprotection
and TFA cleavage

H SEQ ID NO:2
L @, ( )

~0

Scheme 2. Amino side chain to carboxyl side chain ring cyclization and cleavage
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Example 2
Ac-cyclo|Dab-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:6)
Prepare as in Example 1, except that Fmoc-Dap(Alloc) in step 8 is replaced with

Fmoc-Dab(Alloc). MW cal.:1156.33; MW obs.: 1156.10.

5
Example 3
Prepare as in Example 1, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(iPr)(Boc). MW cal.: 1156.37; MW obs.: 1156.78.
10

Prepare as in Example 1, except that Fmoc-Arg(Pbf) in step 6 is replaced with

Fmoc-Lys(iPr)(Boc). Additionally, acctic anhydride in stcp 9 is replaced with hexanoic
IS  acid activated with PyBOP/DIEA. MW cal.: 1212.47; MW obs.: 1212.92.

Prepare as in Example 1, except that Fmoc-Glu(Oallyl) in step 2 is replaced with

20  Fmoc-Glu(OtBu), and Fmoc-Dap(Alloc) in step 8 is replaced with Fmoc-(DL)Agl(Boc).
After chain assembly, there is no Pd(Ph;P), treatment since no allyl protection is present.
Instead, cyclization is carried out in solution after the linear peptide is cleaved from the
solid support and dcprotected. The crude lincar peptide (0.25 mmol) from the cleavage is
dried under vacuum and dissolved in 10 mL of dry DMF. This peptide solution is

25  delivered to the following solution via a syringe pump during a 2 h period: 15 mL of dry
dichloromethane and 15 mL of dry DMF containing 1.0 mmole of PyBOP and 4.0
mmoles of DIEA. The reaction is then allowed to proceed at room temperature for 2 h.
Solvents are then evaporated under vacuum, the residue is loaded onto a preparative
reversed phase C18 HPLC column, and target cyclic peptide is isolated and characterized

30 as described in Example 1. MW cal.: 1128.27; MW obs.: 1128.26.
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Example 6
Ac-cyclo{Glu-Tyr-Arg-DArg-2Nal-Gly-Dap]-Arg-NH; (SEQ 1D NO:10)
The sequence Glu(OtBu)-Tyr(tBu)-Arg(Pbf)-DArg(Pbf)-2Nal-Gly-Dap(Boc)-
Arg(Pbf) (SEQ ID NO:11) is assembled by standard Fmoc chemistry utilizing an ABI

431 instrument as outlined in Scheme 3 below. The automated assembly is carried out by
using the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc
chemistry (HBTU/DIEA) protocol following the supplier’s directions (PE Applied °
Biosystems Inc., Foster City, CA). The solid support is Rink amide resin for C-terminal
amides or indole resin [3-( {ethyl-Fmoc-amino}-methyl)-indol-1-yl}-acetyl AM resin for
C-terminal ethyl amides. Stepwise chain assembly starts from the C-terminal end of the
linear peptide and is accomplished in 9 major steps. In step 1, four equivalents of
protected amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA for
FastMoc chemistry) in NMP, and coupled to deprotected Rink Amide resin. In step 2,
four equivalents of Fmoc-Dap(Boc) are activated and coupled to the deprotected resin
from step 1. Appropriate steps are carried out until step 8, the coupling of Fmoc-
Glu(OtBu). For step 9, Fmoc at the N-terminal end is removed using 20% piperidine in
DMF and acetylation of the a-amino group is carried out off-line with 5 equivalents
acetic anhydride, 10 equivalents DIEA in dry DMF or NMP, for 1 h at room temperature.
The finished peptide is simultaneously deprotected and cleaved from the resin using a
scavenger cocktail of TFA/H,O/TIS/EDT (95/2/1/2, viv/viv), or TFA/H,0O/TIS/anisole
(92/2/4/2, v/v/v/v) for 2 hours at room temperature (Scheme 4). The solvents are then
evaporated under vacuum, and the peptide is precipitated and washed three times with
cold diethyl ether to remove the scavengers. The crude product is used directly in the

cyclization rcaction. MW cal.: 1142.30; MW obs.: 1142.83.



10

WO 2008/150689 PCT/US2008/064177

26

H,N—Rink Resin

1. Fmoc-Arg(Pbf)
2. Fmoc-Dap(Boc)
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBt or HBTU/DIEA coupling
6. Fmoc-Arg(Pbf) piperidine deprotection
7. Fmoc-Tyr(tBu)
8. Fmoc-Glu(OtBu)
9. Ac20/DIEA
Y L
|
N
o-tu pPNH AN =NH

o) 0
H H : H H H
—Rink Resin
YN\;/U\N N\.)LN N\:)LN/\"’N\/U\N N~—Rink
H H : H z H E H
o i o} o} o X o}
NH
o O boc
o—1Bu HN O
Pof—N~ NH
H

(SEQ ID NO:12)

Scheme 3. Acid side chain to amino side chain peptide assembly

Cyclization is carried out in solution after the linear peptide is cleaved from the
solid support with all the side chains deprotected (Scheme 4). The cleaved crude linear
peptide (0.25 mmole) is dried under vacuum and dissolved in 10 mL of dry DMF. This
peptide solution is delivered to the following reaction mixture via a syringe pump during
a 2 h period: 15 mL of dry dichloromethane and 15 mL of dry DMF containing 1.0
mmole of PyBOP and 4.0 mmoles of DIEA. The reaction is then allowed to proceed at
room temperature for 2 h. Solvents are evaporated under vacuum, the residue is loaded
onto a preparative reversed phase C18 HPLC column, and target cyclic peptide is isolated

and characterized as described in Example 1.
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Eof Pbf
HN \
O-tBu \fNH HN.___NH
NH

" O
O-—tBu .
A (SEQ ID NO:12)
H

Side chain deprotection
and TFA cleavage

H
o O SEQ ID NO:13
/ENH ( )

Cyclization in solution
PyBOP/DIEA

OH 2 \fNH HZN\FNH

)/ NH
BSOS BESPUD!

A N N

/\g, H/\ﬂ, ” NH,

(SEQ ID NO:10)

0% NH

Scheme 4. Acid side chain to amino side chain ring cyclization
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Example 7
Bz-cyclo]Glu-Tyr-Arg-DArg-2Nal-Gly-Dap|-Arg-NH, (SEQ ID NO:14)

Prepare as in Example 6, except that acetic anhydride in step 9 is replaced with
benzoic acid anhydride. MW cal.: 1204.37; MW obs.: 1204.87.

5
Example 8
Ac-cyclo[Glu-Tyr-Arg-DArg-2Nal-Gly-DDapl-Arg-NH, (SEQ ID NO:15)
Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
‘ Fmoc-DDap(Boc). MW cal.: 1142.30; MW obs.: 1142.73.
10
Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Lys(Boc). MW cal.:1184.38; MW obs.: 1184.23.
15
Example 10
Ac-cyclo[Glu-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEQ 1D NO:17)
Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Dab(Boc). MW cal.: 1156.33; MW obs.: 1156.07.
20
[
Prcparc as in Example 6, cxcept that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(DL)Agl(Boc). MW cal.: 1128.27; MW obs.: 1128.86.
25

Example 12
Bz-cyclo[Glu-Tyr-Arg-DArg-2Nal-Gly-(D/L)Agl]-Arg-NH, (SEQ ID NO:19)
Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-(DL)Agl(Boc). In addition, acetic anhydride in step 9 is replaced with benzoic acid
30  anhydride. MW cal.: 1190.34; MW obs.: 1190.99.
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Example 13 .
Bz-cyclo]Asp-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEQ 1D NO:20)

Prepare as in Example 6, éxcept that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-Dab(Boc), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). In

5 addition, acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.
1204.37; MW obs.: 1204.87.

Example 14
Ac-cyclo[Asp-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEQ 1D NO:21)
10 Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Dab(Boc), and Fmoc-Glu(OtBuy) in step 8 is replaced with Fmoc-Asp(OtBu). MW
cal.: 1142.30; MW obs.: 1142 .81.

Example 1§
15 Ac-cyclo[Asp-Tyr-Arg-DArg-2Nal-Gly-Dapl-Arg-NH, (SEQ ID NO:22)
Prepare as in Example 6, except that Fmoc-Glu(OtBu) in step 8 is replaced with
Fmoc-Asp(OtBu). MW cal.: 1128.27; MW obs.: 1128.78. '

Example 16
20 Bz-cvclojAsp-Tyr-Arg-DArg-2Nal-Gly-Dapl-Arg-NH, (SEQ ID NO:23

Preparc as in Examplc 6, cxcept that Fmoc-Glu(OtBu) in step 8 is replaced with
Fmoc-Asp(OtBu). In addition, acetic anhydride in step 9 is replaced with benzoic acid
anhydride. MW cal.: 1190.34; MW obs.: 1190.69.

25 Example 17

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(DL)Agl(Boc), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu).
MW cal.: 1114.24; MW obs.: 1114.85.
30
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Example 18
Ac-cyclo]Asp-Tyr-Lys(Me,)-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID NO:25)

Prepare as in Example 6, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(Me,), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). MW
cal.: 1128.31; MW obs.: 1128.92.

Example 19
Bz-cyclo|Asp-Tyr-Lys(Me,)-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ 1D NO:2

Prepare as in Example 6, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(Me;,), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). In
addition, acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.:
1190.38; MW obs.: 1191.14,

Example 20

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(DL)Agl(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.:
1057.19; MW obs.: 1057.87.

Example 21
cyclofSuccinyl-Tyr-Arg-DArg-2Nal-Gly-Dapl-Arg-NH, (SEQ ID NO:28)

Prepare as in Example 6, except that Fmoc-Glu(OtBu) in step 8 is not used, and

this step is omitted. In addition, acetic anhydride in step 9 is replaced with succinic
anhydride. MW cal.: 1071.22; MW obs.: 1071.85.

Example 22

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Dab(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.:
1085.25; MW obs.: 1085.87.
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Example 23
cyclo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-Orn}-Arg-NH; (SEQ 1D NO:30)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-Orn(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaéed with succinic anhydride. MW cal.:
1099.27; MW obs.: 1100.23.

Example 24
cyclo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-Lys]-Arg-NH, (SEQ ID NO:31)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-Lys(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acctic anhydridc in stcp 9 is replaced with succinic anhydride. MW cal.:
1113.30; MW obs.: 1114.25.

Example 25
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NH, (SEQ 1D NO:32)
The sequence Gly-Tyr(tBu)-Lys(iPr)(Boc)-DArg(Pbf)-2Nal-Gly-DGlu(Oallyl)-
Arg(Pbf) (SEQ ID NO:33) is assembled by standard Fmoc chemistry utilizing an ABI

431 instrument as outlined in Scheme 5 below. The automated assembly is carried out
by using the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc
HBTU/DIEA chemistry protocol following the supplicr’s dircctions (PE Applicd
Biosystems Inc., Foster City, CA). The solid support is Rink amide resin for amides or
indole resin [3-({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin for C-terminal
ethyl amides. Stepwise chain assembly starts from the C-terminal end of the linear
peptide and is accomplished in 8 major steps (Scheme 5). In step 1, four equivalents of
protected amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA for
FastMoc chemistry) in NMP, and are coupled to deprotected Rink amide resin. In step 2,
four equivalents of Fmoc-DGlu(Oallyl) are activated and coupled to the deprotected
peptide resin from step 1. Appropriate steps are carried out until step 8, the coupling of
Fmoc-Gly.

The allyl ester side chain protection group is removed with 0.1 equivalent of

Pd(PhsP), in the presence of 24 equivalents of phenylsilane in dichloromethane (Scheme



WO 2008/150689 PCT/US2008/064177

32

6). This process is repeated once for complete side chain deprotection. Then F mocl at the
N-terminal end is removed using 20% piperidine in DMF. The deprotected carboxylic
acid moiety of DGlu is activated with PyBOP/DIEA, and cyclized to the a-amino group
of glycine on the resin. The cyclized peptide is simultaneously deprotected and cleaved

5 from the resin using a scavenger cocktail of TFA/H,0/TIS/EDT (95/2/1/2, vivIviv), or
TFA/H,0/T1S/anisolc (92/2/4/2, viviviv) for 2 hours at room tcmperature. The solvents
are then evaporated under vacuum, and the peptide is precipitated and washed three times

with cold diethyl ether to remove the scavengers. MW cal.: 1085.29; MW obs.: 1085.32.

10 Example 25a

-NH,-acetic acid salt

(SEQ 1D NO:34)

The TFA salt of the peptide of Example 25 is converted to an acetic acid salt by
adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
15 2% acctic acid/H;O (v/v). The column is thcn washed with three to five column volumes
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and lyophilized. MW cal.: 1085.29; MW obs.:
1085.32.

20
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H,N—Rink Resin

1. Fmoc-Arg(Pbf)
2. Fmoc-D-Glu(OAltyl) .
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBt or HBTU/DIEA coupling
6. Fmoc-Lys(iPr)(Boc) piperidine deprotection
7. Fmoc-Tyr(tBu)
8. Fmoc-Gly
Y
'
Pbf Pbf
O-tBu HN\fNH HN\';NH
NH NH
(0] 0] « (0] 0
H H H H H H
N\)L N AN N N—Rink Resin
frnOC/ ” (o] \:/lLu/\lOr : n/\lor u (0]
A I ’
' L) N
! I
boc
(SEQ ID NO:35)

Scheme 5. a-amino group to carboxyl side chain peptide assembly

Peptide purification is accomplished using standard preparative HPLC techniques.
Immediately following cyclization, the peptide solution is diluted with water containing
0.1% (v/v) TFA, loaded onto a reversed phase C18 HPLC column, and eluted with an
aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while monitoring at 214 nm.
The appropriate fractions are pooled and lyophilized. Further characterization of the final
product is performed using analytical HPLC and mass spectral analysis by conventional

methods. For peptides with a basic side chain, the final lyophilized product is a TFA salt.
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Pof Pbf
O-1Bu HN\fNH HN\fNH
)/NH NH
0 o o] 0
H H : H H H
N\)L N ' N\/U\ N N—Rink Resin
SRR ECRAGR
(2 o
| J\ O (SEQ ID NO:35)
N ] |
boc
1. Allyl removal with Pd(Ph;P),(0)
2. Fmoc removal with piperidine
3. Cyclization with PyBOP/DIEA
be Pbf
1
0-1Bu NH HN__NH
T
\)L N H i lr:Ii--Rink Resin
N
N N’\n/ N X

(SEQ ID NO:36)

N ~o
Side chain deprotection
and TFA cleavage
HzN\fNH HZN\FNH
NH
\)L N H i NH
N N 2
y ’Wr Y
(SEQ ID NO:32)
N
H

Scheme 6. a-amino group to carboxyl side chain ring cyclization and cleavage
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Example 26
cyclo]Gly-Tyr-Lvs(iPr)-DArg-2Nal-Gly-DGlu|-NH, (SEQ ID NO:37)
Prepare as in Example 25, except that step 1 is omitted. MW cal.: 929.10; MW
obs.: 929.39.

Example 26a
cvclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NHs-acetic acid salt

(SEQ ID NO:38)
The TFA salt of the peptide of Example 26 is converted to an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H»O (v/v). The column is then washed with three to five column volumes
of 2% aqucous acctic acid (v/v). The peptidc is cluted using 1:1 water/acctonitrile (v/v)
containing 2% acetic acid by volume, and lyophilized. MW cal.: 929.10; MW obs.:
929.39.

Example 27
cyelo[Gly-Tyr-Arg-DArg-2Nal-Gly-DGlu]-Arg-NH, (SEQ ID NO:39)
Prepare as in Example 25, except that Fmoc-Lys(iPr)(Boc) in step 6 is replaced
with Fmoc-Arg(Pbf). MW cal.: 1071.22; MW obs.: 1071.02,

Example 28
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:40)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Lys(iPr)(Boc). MW cal.: 1099.35; MW obs.: 1099.91.

Example 29
cvclo[Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:41)
Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
Fmoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.: 1014.17, MW obs.:
1014.78.
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Example 30
cyclo| Tyr-Arg-DArg-2Nal-Gly-DGlu|-Arg-NH, (SEQ 1D NO:42)
Prepare as in Example 25, except that Fmoc-Lys(iPr)(Boc) in step 6 is replaced

with Fmoc-Arg(Pbf), Fmoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.:
5  1014.17; MW obs.: 1014.65.

Example 31
cyclo[Tyr-Arg-DArg-2Nal-Gly-Asp|-Arg-NH, (SEQ 1D NO:43)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
10 with Fmoc-Asp(allyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
Fmoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.: 1000.14; MW obs.:
1000.63.

Example 32

15 cyclo|Gly-Tyr-Arg-DArg-2Nal-Gly-Aspl-Arg-NH, (SEQ ID NO:44)
Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

with Fmoc-Asp(allyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf).
MW cal.; 1057.19; MW obs.: 1057.35.

20 Example 33
cyclo[Gly-Tyr-Lys(Me,)-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ 1D NO:45)
Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

with Fmoc-Asp(allyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-
Lys(Me;). MW cal.: 1057.23; MW obs.: 1057.86.
25
Example 34
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ ID NO:46)
Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(allyl). MW cal.: 1071.26; MW obs.: 1071.76.
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Example 35
cyclo]Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp|-NH, (SEQ ID NO:47)
Prepare as in Example 25, except that step 1 is omitted, and Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Asp(allyl). MW cal.; 915.07; MW obs.: 915.38.

Example 36
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp]-Lys(iPr)-NH, (SEQ ID NO:48)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-Lys(iPr)(Boc), and Fmoc-DGlu(Qallyl) in step 2 is replaced with Fmoc-Asp(allyl).
10 MW cal.: 1085.33; MW obs.: 1085.78.

Example 37
cyclo[Gly-Tyr-Lys(Me;)-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ iD NO:49)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

1S with Fmoc-Glu(Oallyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-
Lys(Mez). MW cal.: 1071.26; MW obs.: 1071.05.

Example 38
cvelo|Gly-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:50)
20 Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-
Arg(Pbf). MW cal.: 1071.22; MW obs.: 1071.50.

Example 39
25 cyclo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:51)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl). MW cal.: 1085.29; MW obs.: 1085.91.

Example 40
30 cyelo]Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NQO:52

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.: 929.10; MW obs.: 929.39.



WO 2008/150689 PCT/US2008/064177

38

Example 41
cyelo]|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp|-NHEt (SEQ ID NO:53)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl}j-acetyl AM resin, step 1 is omitted, and Fmoc-
5 DGlu(Oallyl) in step 2 is replaced with Fmoc-Asp(allyl). MW cal.: 943.13; MW obs.:
943.36.

Example 42
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ ID NO:54)

10 Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, and Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.: 957.15; MW obs.:
957.50.

15 Example 43
cyclofGly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NHEt (SEQ ID NO:55)
" Prepare as in Example 25, except that Rink amide resin is replaced with [3-
({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, and step | is omitted. MW
cal.: 957.15; MW obs.: 957.46.
20

Example 44

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
({ethyl-Fmoc-amino}-methyl)-indol-1-yl}-acetyl AM resin. MW cal.: 1113.34; MW
25  obs.: 1113.81.

Example 44a
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NHEt-acetic acid salt

(SEQ ID NO:57)
The TFA salt of the peptide of Example 44 is converted to an acetic acid salt by

30  adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,0 (v/v). The column is then washed with three to five column volumes

of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
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containing 2% acetic acid by volume, and lyophilized. MW cal.: 1113.34; MW obs.:
1113.81.

Example 45
cyelo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGluj-Lys(iPr}-NHEt (SEQ 1D NO:58)
Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, and Fmoc-Arg(Pbf) in step |
is replaced with Fmoc-Lys(iPr)(Boc). MW cal.: 1127.41; MW obs.: 1127.35.

Example 46
cyclofLys(Ac)-Tyr-Lys(Me;)-DArg-2Nal-Glv-Glu]-Arg-NH, (SEQ ID NO:59)
Prcpare as in Examplc 25, cxcept that Fmoc-DGlu(Qallyl) in step 2 is replaced

with Fmoc-Glu(OtBu), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Lys(Me,),
and Fmoc-Gly in step 8 is replaced with Boc-Lys(Fmoc). After chain assembly, Fmoc on
the side chain of the N-terminal Lys is removed with 20% piperidine in DMF and the Lys
side chain is then acetylated using 10 equivalents of acetic anhydride/DIEA at room
temperature for one hour. All side chain protection groups are removed and the linear
peptide is cleaved from the solid support using a mixture of TFA/water/TIS/anisole
(90/5/2.5/2.5, viv/nv/v) for 2 h at room temperature. Cyclization of the crude linear
peptide is carried out in solution. The cleaved crude linear peptide (~0.25 mmole) is dried
under vacuum and dissolved in 10 mL of dry DMF. This peptide solution is delivered to
the following reaction mixture via a syringe pump during a 2 h period: 15 mL of dry
dichloromethane and 15 mL of dry DMF containing 1.0 mmole of PyBOP and 4.0
mmoles of DIEA. The reaction is then allowed to proceed at room temperature for 2 h.
Solvents are then evaporated under vacuum, the residue is loaded onto a reversed phase
C18 preparative HPLC column, and the target cyclic peptide is isolated and characterized
as described in Example 1. MW cal.: 1184.42; MW obs.: 1184.06.

Example 47
cyclo[Dap(Ac)-Tyr-Lys(Me;)-DArg-2Nal-Gly-Glu]-NH; (SEQ 1D NO:60)
Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(OtBu), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with

PCT/US2008/064177 j/f
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Fmoc-Lys(Me,), and Fmoc-Gly in step 8 is replaced with Boc-Dap(Fmoc). After chain
assembly, Fmoc on the side chain of the N-terminal Dap is removed using 20% piperidine
in DMF, and the Dap side chain is then acetylated with 10 equivalents of acetic
anhydride/DIEA at room temperature for one hour. All side chain protection groups are
then removed and the lincar peptide is cleaved from the solid support using 2 mixturc of
TFA/water/TIS/anisole (90/5/2.5/2.5, v/viviv) for 2 h at room temperature. Cyclization of
the crude linear peptide is carried out in solution. The cleaved crude linear peptide (~0.25
mmole) is dried under vacuum and dissolved in 10 mL of dry DMF. This peptide
solution is delivered to the following reaction mixture via a syringe pump duringa 2 h
period: 15 mL of dry dichioromethane and 15 mL of dry DMF containing 1.0 mmole of
PyBOP and 4.0 mmoles of DIEA. The reaction is allowed to proceed at room
temperature for 2 h. Solvents are then evaporated under vacuum, the residue is loaded
onto a preparative HPLC column, and the target cyclic peptide is isolated and
characterized as described in Example 1. MW cal.: 986.15; MW obs.: 985.97.

Example 48
cyclofAla-Tyr-Lvs(iPr)-DArg -2Nal-Gly-Glu]-NH, (SEQ ID NO:61)
Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step § is replaced with Fmoc-
Ala. MW cal.: 943.13; MW obs.: 942.92,

Example 49
cyclo[pAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:62)
Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in

step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
DAla. MW cal.: 943,13; MW obs.: 943.44. -

Example 50
cyclo|DAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ 1D NO:63)
Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is

replaced with Fmoc-DAla. MW cal.: 943.13; MW obs.: 943.42.
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Example 51
cyclojAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NO:64)
Prepare as in Example 285, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-Ala. MW cal.: 943.13; MW obs.: 943.48.

5
Example 52
cyclo[Leu-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]|-NH, (SEQ 1D NO:65)
Prepare as in Example 2§, excépt that step | is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-Leu, MW cal.: 985.21; MW obs.: 985.56.
10

Example 53
cyclo[Leu-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH; (SEQ ID NO:66)

Prepare as in Example 235, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
15 Leu. MW cal.: 985.21; MW obs.: 985.49.

Example 54
cyclo[pPPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:67)
Prepare as in Example 235, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
20  step 2 is replaced with Fmoc-Glu(Qallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
PPhe. MW cal.: 1019.22; MW obs.: 1019.52.

Example 5§
cvclofPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu}-NH, (SEQ ID NO:68)

25 Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in

step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
Phe. MW cal.: 1019.22; MW obs.: 1019.53.

Example 56
30 cyclo[DPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ TD NO:69)
Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-DPhe. MW cal.; 1019.22; MW obs.: 1019.50.
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Example §7
cyclojPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:70)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Lys(iPr)(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.:
1189.48; MW obs.: 1189.92.

Example 57a
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH,-acetic acid salt

(SEQ ID NO:71)
The TFA salt of the peptide of Example 57 is converted to an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acctic acid/H;O (v/v). The column is then washed with three to five column volumcs
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and lyophilized. MW cal.: 1189.48; MW obs.:
1189.92.

Example 58
cvclofPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NH, (SEQ 1D NO:72)
Prepare as in Example 25, except that Fmoc-Gly in step 8 is replaced with Fmoc-
Phe. MW cal.: 1175.41; MW obs.: 1175.81.

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-Phe. MW cal.: 1019.22; MW obs.: 1019.56.

Example 60
cyclojPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NHEt (SEQ 1D NO:74)
Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, Fmoc-Arg(Pbf) in step 1 is
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replaced with Fmoc-Lys(iPr)(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe.
MW cal.: 1217.53; MW obs.: 1217.97.

Example 60a
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NHEt-acetic acid salt

SEQ ID NO:75
The TFA salt of the peptide of Example 60 is converted to an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,0 (v/v). The column is then washed with three to five column volumes
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and lyophilized. MW cal.: 1217.53; MW obs.:
1217.97.

Example 61
cyclo[DAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ 1D NO:76)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Qallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc-DAla. MW cal.: 971.18; MW obs.: 971.49.

Example 62
cyclo[2Nal-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ ID NO:77)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc-2Nal. MW cal.: 1097.34; MW obs.: 1097.53.

Example 63
cyclo[DPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ 1D NO:78)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
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DGlu(Oally!) in step 2 is replaced with Fmoc-Glu(QOallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc-DPhe. MW cal.: 1047.28; MW obs.: 1047.51.

Example 64
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ ID NO:79)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc- Phe. MW cal.: 1047.28; MW obs.: 1047.57.

Example 65
cyclo|Gly-Tyr-Lys(iPr)-nArg-2Nal-Gly-DGlul-Gly-2Nal-NH, (SEQ TD NO:80)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-2Nal, and one step is added between steps 1 and 2 using Fmoc-Gly. MW cal.:
1183.39; MW obs.: 1183.26.

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-D2Nal, one step is added between steps 1 and 2 using Fmoc-B-Ala, and Fmoc-

DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.: 1197.40; MW obs.:
1196.70.

Example 67
cyclo[B-Ala-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:82)

Preparc as in Example 25, cxcept that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-B-Ala, MW cal.: 1085.25; MW obs.:
1085.05.

PCT/US2008/064177 5
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Prepare as in Example 25, except that Fmoc-DGlu{Qallyl) in step 2 is replaced
with Fmoc-Asp(QOallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-f-Ala. MW cal.: 1071.22; MW obs.:
1071.15.

Example 69
cyclo[S-aminovaleryl-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:84)

Prepare as in Example 285, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Qallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-5-aminovaleric acid. MW cal.: 1113.30;
MW obs.: 1113.40.

Example 70
cyclofS-aminovaleryl-Tyr-Arg-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ ID NO:85

Prepare as in Example 25, except that Fmoc-DGlu(Qallyl) in step 2 is replacéd
with Fmoc-Asp(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-5-amino valeric acid. MW cal.: 1099.27;
MW obs.: 1100.25.

Example 71
cyclo[(4-AMPA)-Tyr-Arg-DArg-2Nal-Gly-Aspl-Arg-NH; (SEQ 1D NO:86)
Prepare as in Example 25, except that Fmoc-DGlu(QOallyl) in step 2 is replaced
with Fmoc-Asp(Qallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl phenylacetic acid (4-
AMPA). MW cal.: 1147.32; MW obs.: 1148.20.
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Example 72
cyclol(4-AMPA)-Tyr-Arg-pArg-2Nal-Gly-Glu|-Arg-NH, (SEQ ID NO:87)
Prepare as in Example 25, except that Fmoc-DGlu(Qallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl phenylacetic acid
(4-AMPA). MW cal.: 1161.34; MW obs.: 1161.99,

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-nArg(Pbf), Fmoc-nGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is
replaced with Fmoc-4-aminomethyl phenylacetic acid (4-AMPA). MW cal.: 1161.34;
MW obs.: 1161.83, |

Example 74

cvclof(4-AMB)-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:89)
Prepare as in Example 25, except that Fmoc-DGlu(QOallyl) in step 2 is replaced

with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl benzoic acid (4-AMB).
MW cal.: 1147.32; MW obs.: 1147.66.

SEQ ID NO:90

Prepare as in Example 25, except that step 1 is replaced with three sequential

residue couplings: first Fmoc-2Nal, then Fmoc-Gly, and then Fmoc-Lys(iPr)(Boc). MW
cal.: 1353.69; MW obs.: 1354.03.
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Example 76
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-Gly-2Nal-NH,

(SEQ ID NO:91)

Prepare as in Example 25, except that step 1 is replaced with three sequential

S residue couplings: first Fmoc-2Nal, then Fmoc-Gly, and then Fmoc-Lys(iPr)(Boc). In
addition, Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1443.82; MW obs.:
144413,

Example 77
10 cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu|-Gly-DPhe-NH, (SEQ ID NO:92)
Prepare as in Example 25, except that step 1 is replaced with two sequential
residue couplings: first Fmoc-DPhe, then Fmoc-Gly. MW cal.; 1133.36; MW obs.:

1133.73.
&) Example 78
cyclo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu|-Lys(iPr)-DPhe-NH,

(SEQ ID NO:93)
Prepare as in Example 25, except that step 1 is replaced with two sequential
residuc couplings: first Fmoc-DPhe, then Fmoc-Lys(iPr)(Boc). MW cal.: 1246.58; MW
20  obs.: 1246.88.

Example 79

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
25  Fmoc-Lys(iPr)(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Lys(Boc). MW cal.:
1170.50; MW obs.: 1169.80.

30 Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Lys(iPr)(Boc), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Lys(Boc), and
Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1147.40; MW obs.: 1146.70.
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Example 81

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1147.40;
MW obs.: 1146.70.

Example 82
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Orn-NH, (SEQ ID NO:97)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Om(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1133.40;

‘MW obs.: 1132.70.

Example 83

cyclo|Phe-Tyr-Lys-DArg-2Nal-Gly-DGlu]-Lys-NH, (SEQ 1D NO:98)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 and Fmoc-

Lys(iPr)(Boc) in step 6 are each replaced with Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is
replaced with Fmoc-Phe. MW cal.: 1105.37; MW obs.: 1105.40.

Example 84
cyclo[Phe-Tyr-Lys-DArg-2Nal-Gly-DGlu]-Lys-NHEt (SEQ 1D NO:99)
Prepare as in Example 25, except that Rink resin is replaced with [3-({ethyl-

Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, Fmoc-Arg(Pbf) in step 1 and Fmoc-
Lys(iPr)(Boc) in step 6 are each replaced with Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is
replaced with Fmoc-Phe. MW cal.: 1133.36; MW obs.: 1133.82.

Example 85
Alternative Synthesis 1 of
cyclo|Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:70)
Example 57 discloses the synthesis of SEQ ID NO:70 via Fmoc solid phase

peptide synthesis chemistry employing the commercially available building block Fmoc-

Lys(iPr)Boc, which is expensive and difficult to obtain in large quantity. The process
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described in this example permits the synthesis of SEQ ID NO:70 using less expensive
Fmoc-Lys(Boc), solution cyclization, and lysine alkylation through reductive amination
using sodium cyanoboronhydride, providing a more economical route to thi$ end product.
Additional advantages are that the reaction media (acetic acid, acetone, and methanol) are
rclatively incxpensive, the reaction conditions arc casily controlled, the ratio of solvents
can vary significantly without affecting the alkylation reaction, and the recovery yield is
90% or higher.

The sequence Phe-Tyr(tBu)-Lys(Boc)-DArg(Pbf)-2Nal-Gly-DGlu(Oallyl)-
Lys(Boc) (SEQ ID NO:100) is assembled on Rink Amide Resin by standard Fmoc
chemistry utilizing an ABI 431 Peptide Synthesizer as outlined in Scheme 7. The
automated assembly is carried out using the standard Applied Biosystems DCC/HOBt
chemistry protocol or FastMoc chemistry (HBTU/DIEA) protocol following the
supplier’s directions (PE Applied Biosystems Inc., Foster City, CA). The side chain
protecting group scheme is: Lys(Boc), DGlu(Oallyl), DArg(Pbf), Tyr(tBu). The stepwise
chain assembly starts from the C-terminal end of the linear peptide and is accomplished in
8 steps. In step 1, four equivalents of protected amino acid Fmoc-Lys(Boc) are activated
with DCC/HOBt (or HBTU/DIEA for FastMoc chemistry) in NMP, and coupled to
deprotected Rink amide resin. In step 2, four equivalents of Fmoc-DGlu(Oallyl) are
activated and coupled to the deprotected peptide resin from step 1. These steps are
repeated appropriately until step 8, the coupling of Fmoc-Phe.

The allyl ester side chain protecting group is removed with 0.1 cquivalent of
Pd(Ph3P), in the presence of 24 equivalents of phenylsilane in dichloromethane (Scheme
8). This process is repeated once for complete side chain deprotection. Fmoc at the
N-terminal end is then removed using 20% piperidine in DMF. The deprotected
carboxylic acid moiety of DGlu is activated with PyBOP/DIEA and cyclized to the
a-amino group of Phe on the resin. The cyclized peptide is simultancously deprotected
and cleaved from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT (95/2/1/2,
viviviv) or TFA/H,O/TIS/anisole (92/2/4/2, v/viv/v) for 2 hours at room temperature.
The solvents are then evaporated under vacuum, and the peptide is precipitated and

washed three times with cold diethyl ether to remove the scavengers.
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H,N—Rink Resin

1. Fmoc-Lys(Bac)
2. Fmoc-D-Glu(OAllyl)
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBt or HBTU/DIEA coupling
6. Fmoc-Lys(Boc) piperidine deprotection
7. Fmoc-Tyr(tBu)
8. Fmoc-Phe
Y
Pbf
HN
O-tBu YNH HN~boc
NH
0 0 .j o) 0
H H P H H H . )
N\/IL N\/IL A N\)L N N—Rink Resin

L A

(SEQ (D NO:100)

Scheme 7. Peptide chain assembly on solid phase
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be

HN
0-t8u \FNH HN—boc

\/lk \)LN/\H’H\/[CJ)\N/ﬁrH N—Rmk Resin

N
comf :
_ H o

NH O (SEQ D NO'100)

‘ l
boc *

1. Allyl removal with Pd(PPh3)4(0)
2. Fmoc removal with piperidine
3. Cyclization with PyBOP/DIEA
Pbi;
HN
O-tBu \]’NH HN-boc

0O
H T H H H .
)LN N\;)LN N - N N N N=—Rink Resin

] o

O (SEQ 1D NO:101)
N"‘boc

I
;
:nE
T

Side chain deprotection
and TFA cleavage

HoN
R OH NH NH,

/rNH
Ao Ao ok "
N "N "N N 2
N H mr ! H’\rr
(0] (o] (o]
NH, O (SEQIDNO 98)

~o

HN

Scheme 8. Preparation of cyclic precursor peptide
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Purification of the cyclic precursor peptide is accomplished using standard
preparative HPLC techniques. The crude cleavage product is dissolved in a minimum
amount of DMSO, loaded onto a reversed phased C18 HPLC column, and eluted with an
aqueous 0.1% trifluoroacetic acid/acetonitrile gradient (v/v) while monitoring at 214 nm.
The appropriatc fractions arc pooled and lyophilized. Further characterization of the
intermediate precursor cyclic peptide is performed using analytical HPLC and mass
spectral analysis by conventional techniques.

The lyophilized precursor cyclic peptide is then alkylated in a solution of acetic
acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using sodium
cyanoboronhydride (Scheme 9). Peptide concentration is about 10mg/mL, and can vary
significantly without affecting the results. Three to 5 equivalents of the reducing reagent
sodium cyanoboronhydride are used, and the reaction is normally completed within 2 h at
room temperature. The recovery yield is 90% or higher. For example, 20 mg of the
precursor cyclic peptide are dissolved in 2 mL of methanol, to which 0.5 mL of acetic
acid and 0.5 mL of acetone are added, mixed well, and then 5.6 mg of sodium
cyanoboronhydride (2.5 equivalents in methanol) are added under stirring. The reaction
mixture is stirred at room temperature for 30 min, upon which another 5.6 mg of sodium
cyanoboronhydride are added. The reaction is monitored by HPLC and mass spectral
analysis. After the reaction is complete, desalting of the reaction mixture and
lyophilization yields 18.9 mg of final product (SEQ 1D NO:70) with a purity of 97.5%.
MW cal.: 1189.48; MW obs.: 1189.6.
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NH,

OH Nrfg NH
. J
N \)L N/\H‘N N/\H—N N NH,

)

(SEQ ID NO:98)

NH,

HN

AcOH/acetone/methanol 1/1/4 (v/viv)
NaBH3CN in methanol, 5 eq

NH2
NH
NH NH

gj"“/\ﬂ‘“\/ﬁ' /\r[‘N N NH,

(SEQ ID NO:70)

HN

Scheme 9. Reductive amination converting Lys to Lys(iPr)

5 The compound of Example 60 (SEQ ID NO:74) can also be prepared in an
analogous manncr, with appropriate modifications bascd on its constitucnt amino acids,
using [3-({ethyl-Fmoc-amino}-methyl)-indol-1-yl)-acetyl AM resin. First, the precursor
peptide (SEQ ID NO:99) is prepared as described in Example 84, and then reductive
amination is carried out as shown in Scheme 9. This affords a final cyclic C-terminal

10 ethyl amide peptide with a purity 0f 99.16%. MW cal.:1217.53; MW obs.: 1217.84.



10

15

20

25

30

WO 2008/150689 PCT/US2008/064177

54

Example 86
Alternative Synthesis 11 of

cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:70)
Example 85 discloses a cost effective synthesis of SEQ ID NO:70 via Fmoc solid

phase peptide synthesis chemistry employing relatively inexpensive Fmoc-Lys(Boc) and
alkylation of lysine through reductive amination using sodium cyanoboronhydride in
relatively inexpensive solvents (acetic acid, acetone, and methanol). However, this
process involves the use of the heavy metal catalyst palladium for the removal of the allyl
ester side chain protective group. Palladium is highly toxic, and quality control to insure
complete removal of this element is complicated and difficult. The Boc solid phase
peptide synthesis process with cyclization on the resin described in this example permits
the production of SEQ ID NO:70 using relatively inexpensive Boc-Lys(2-Cl-Z) without
the need for a toxic and expensive palladium catalyst, providing an even more
economical, easily upscalable, less toxic route to an end product requiring a simpler
quality control process.

The sequence Fmoc-Phe-Tyr(2—Br-Z)-Lys(Z-Cl-Z)-DA‘rg(Tos)-2Na1—Gly-
DGlu(OFm)-Lys(2-C1-Z) (SEQ ID NO:102) is manually assembled on MBHA (4-methyl-
benzhydryl-amine) resin (Cat. No'. .D“-2095, BaChem California Inc., Torrance, CA) using
established solid phase peptide synthesis Boc chemistry (Schndlzer et al. (1992) Int. J.
Pept. Protein Res. 40:180-193) as outlined in Scheme 10. The chain assembly is carried
out using an in situ ncutralization/HBTU/DIEA activation procedure as described in this
reference. The side chain protecting group scheme is: Lys(2-Cl-Z), DGlu(OFm),
DArg(Tos), and Tyr(2-Br-Z). The alpha-amino group of all the amino acid building
blocks is protected with tert-butoxycarbonyl (Boc) except the N-terminal residue Phe,
which is protected with Fmoc for efficiency of synthesis. The stepwise chain assembly
starts from the C-terminal end of the linear peptide and is accomplished in 8 steps. In
step 1, five equivalents of protected amino acid Boc-Lys(2-Cl-Z) are activated with
HBTU/DIEA in DMF, and coupled to MBHA resin. In step 2, five equivalents of Boc-
DGlu(OFm) are activated and coupled to the deprotected peptide resin from step 1 using
neat TFA. These steps are repeated appropriately until step &, the coupling of Fmoc-Phe.

The Fm side chain protecting group of DGlu, together with the Fmoc at the
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N-terminal end, is removed using 20% piperidine in DMF. The deprotected carboxylic
acid moiety of DGlu is activated with PyBOP/DIEA, HCTU/DIEA, or other appropriate
activation reagents, and cyclized to the a-amino group of Phe on the resin. The cyclic
peptide is simultaneously deprotected and cleaved from the resin using HF with 5%

5 m-resol or p-cresol as a scavenger for 1 hour at 0 °C. The solvents are then evaporated

and the crude peptide is precipitatcd and washed threc times with cold dicthyl cther.
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H,N—MBHA resin

1.8Boc-Lys(2-CI-Z)
:25' ggﬁ:gf'“‘o Fm) Stepwise solid-phase assembly:
4. Boc-2Nal Boc protected amino acids,
5. Boc-D-Arg(Tos) HBTU/DIEA coupling
6. Boc-Lys(2-C1-Z) TFA deprotection
7. Boc-Tyr(2-Br-Z)
8. Fmoc-Phe
B Tos
' 2;Cl-Z
o HN NH e

NH

J

~Resin
: N - N
HN 0o 0] 0 o

\ O
Fmoc
T (o]
HN—=2-Cl-Z O Fm

(SEQ IDNO:102)

a. piperidine (20%) in DMF
b. cyclization, PyBOP/DIEA
c. HF cleavage, 0°C, 1 h

on  F2N~eNH
)/NH

(SEQ ID NO:98)

HN

Scheme 10. Peptide chain assembly on solid phase using Boc chemistry
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Purification of the cyclic precursor peptide (SEQ ID NO:98 as shown in Scheme
10) is accomplished using standard preparative HPLC techniques. The crude cleavage
product is dissolved in a minimum amount of DMSO, loaded onto a reversed phased C18
HPLC column, and eluted with an aqueous 0.1% trifluoroacetic acid/acetonitrile gradient
(v/v) whilc monitoring at 214 nm. The appropriatc fractions arc pooled and Tyophilized.
Further characterization of the intermediate precursor cyclic peptide is performed using
analytical HPLC and mass spectral analysis by conventional techniques. For SEQ 1D
NO:98, MW cal.: 1105.29; MW obs.: 11054,

The lyophilized precursor cyclic peptide (SEQ ID NO:98) is then alkylated in a
solution of acetic acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using
sodium cyanoboronhydride as in Scheme 9. Peptide conceptration is about 10mg/mL,
and can vary significantly without affecting the results. Five equivalents of the reducing
reagent sodium cyanoboronhydride are used, and the reaction is normally completed
within 2 h at room temperature. The recovery yield is 90% or higher. For example, 6.6
mg of the precursor cyclic peptide are dissolved in 0.8 mL of methanol, to which 0.2 mL
of acetic acid and 0.2 mL of acetone are added, mixed well, and then 1.9 mg of sodium
cyanoboronhydride (2.5 equivalents in methanol) are added under stirring in two equal
portions. The reaction mixture is stirred at room temperature for 30 min, upon which
another 1.9 mg of sodium cyanoboronhydride are added. The reaction is monitored by
HPLC and mass spectral analysis. After the reaction is complete, desalting of the reaction
mixture and lyophilization yields the final product (SEQ ID NO:70) with a purity of
96.5%. MW cal.: 1189.45; MW obs.: 1189.6.

Example 87
Alternative Synthesis 111 of

The compound of Example 57 (SEQ ID NO:70) can also be prepared without the
use of a palladium catalyst via solution cyclization, facilitating scaleup, as follows.

The sequence Boc-Phe-Tyr(2-Br-Z)-Lys(Fmoc)-DArg(Tos)-2Nal-Gly-
DGlu(OBzl)-Lys(Fmoc) (SEQ ID NO:103) is manually assembled on MBHA resin using
solid phase peptide synthesis Boc chemistry (Schndlzer et al. (1992) /nt. J. Pept. Protein

Res. 40:180-193) as outlined in Scheme 11. The chain assembly is carried out using the
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in situ neutralization/HBTU/DIEA activation procedure as described in Schndlzer et al.
The side chain protecting group scheme is: Lys(Fmoc), DGlu(OBzl), DArg(Tos), Tyr(2-
Br-Z). The alpha-amino group of all the amino acid building blocks is protected with
tert-butoxycarbonyl (Boc). The stepwise chain assembly starts from the C-terminal end
of the lincar peptide and is accomplished in 8 steps as shown in Scheme 1. Tnstep 1,
five equivalents of protected amino acid Boc-Lys(2-Cl-Z) are activated with HBTU (4 eq)
/DIEA (10 eq) in DMF, and coupled to MBHA resin. In step 2, five equivalents of Boc-
DGlu(OBzl) are activated and coupled to the deprotected peptide resin from step 1 using
neat TFA. These steps are repeated appropriately until step 8, the coupling of Boc-Phe.
The Boc protecting group is removed with neat TFA, the resin is neutralized with DIEA,
and washed with DMF and methanol and dried in air before HF cleavage. The linear
peptide is simultaneously deprotected and cleaved from the resin using HF with 5%
m-cresol or p-cresol as a scavenger for 1 hour at 0 °C. The solvents are then evaporated

and the crude peptide is precipitated and washed three times with cold diethyl ether.
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HN—MBHA resin

1.Boc-Lys(Fmoc)

:2;. goc-g;Glu(OBzi) Stepwise solid-phase assembly:
4' BOC-QNY 1 Boc protected amino acids,

5. ng:D—:rg(Tos) HBTU/DIEA coupling

6. Boc-Lys{Fmoc) TFA deprotection

7. Boc-Tyr(2-Br-Z)

8. Boc-Phe

Tos

o) HN~=NH HN

)/NH
—Resin
Y N Y N
(0] (0] (0]
N
. »
0]
HN—Fmoc O

(SEQ ID NO:103)

Br ,Fmoc

Iz

HF cleavage,0°C,1h

OH “ZNTHNH

(SEQ ID NO:104)

Fmoc-NH

Scheme 11. Chain assembly using Boc chemistry

Purification of the linear precursor peptide (SEQ ID NO:104) is accomplished

using standard preparative HPLC techniques. The crude cleavage product is dissolved in



10

15

20

25

WO 2008/150689 PCT/US2008/06417

60

a minimum amount of DMSO, loaded onto a reversed phased C18 HPLC column, and
eluted with an aqueous 0.1% trifluoroacetic acid/acetonitrile gradient (v/v) while
monitoring at 214 nm, The appropriate fractions are pooled and lyophilized. Further
characterization of the intermediate precursor cyclic peptide is performed using analytical
HPLC and mass spcctral analysis by conventional techniques. For SEQ 1D NO:104, MW
cal.: 1567.78; MW obs.: 1567.6.

Cyclization of the lyophilized precursor linear peptide (SEQ ID NO:104) is
carried out in solution (Scheme 12). The linear peptide is dissolved in a small amount of
dry DMF (~10 mg/mL). This peptide solution is slowly delivered via a syringe pump to
the reaction mixture of PyBOP (2 eq, or other appropriate activation reagents, such as
HCTU, BOP, HBTU, etc.) and DIEA (10 eq) in dry DMF under magnetic stirring. The .
reaction is then allowed to proceed at room temperature for 2 h. Neat piperidine is then
added to the reaction mixture to a final concentration of 25% (v/v). The reaction mixture
is kept under stirring for another 20 min to completely remove Fmoc protection. Solvents
are evaporated under vacuum and the residue is loaded onto a preparative reversed phase
C18 HPLC column, and eluted with an aqueous 0.1% trifluoroacetic acid/acetonitrile
gradient (v/v) while monitoring at 214 nm. The appropriate fractions are pooled and
lyophilized, and afford the cyclic precursor peptide (SEQ ID NO:98). Further
characterization of the intermediate precursor cyclic peptide is performed using analytical
HPLC and mass spectral analysis by conventional techniques. For SEQ ID NO:98, MW
cal.: 1105.29; MW obs.: 1105.4.

Alkylation of cyclic peptide SEQ ID NO:98 is carried out in a solution of acetic
acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using sodium
cyanoboronhydride as in Scheme 9 to generate the final product (SEQ ID NO:70). MW
cal.: 1189.45; MW obs.: 1189.6.
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HN—Fmoc
(SEQ ID NO: 104)

1. cyclization, PyBOP/DIEA/DMF
2. Fmoc removal: piperidine (20%) in DMF

OH HN

Wit

(SEQ ID NO: 98)

Scheme 12. Cyclization and Fmoc removal

S Example 88
Alternative Synthesis IV of

The compound of Example 57 (SEQ ID NO:70) can also be prepared without the
use of a palladium catalyst by the synthetic process summarized in Scheme 13 below.

10 The dipeptide Fmoc-DGlu-Lys(iPr,Z)-NHj is first prepared in solution with an
exposed DGlutamic acid side chain. The dipeptide is linked to a hyper-acid labile CTC
(2-chlorotritylchloride PS resin, 1% DVB (100-200 mesh) resin (Senn Chemicals USA
Inc., San Diego, CA; catalog number 40207), and the final peptide product is then
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synthesized on this resin via standard Fmoc synthesis as described above. Selective
removal of the peptide from the CTC resin allows only the DGlutamic acid side chain to
react with the N-terminus of the peptide in solution and generate the cyclic peptide
product. Subsequently, the remaining side chains are cleaved with 95% TFA or other

5  strong acid.

Frmoc-D-Gla(2-CTC resin)-Lys(iPr,Z)-NH:
Assenbly by Fioe-SPPS l

H-Phe-Tvr(tBu)-Lys(iPr,Boc)-D-Arg(Prf)-2Nal-Gly-D-Glu(2-CTC resin)-
LystiPr.Z)-NH:  (sEQ ID NO:105)

Clgavage 1
H-Phe-Tyr({tBu)-Lys(iPr.Bocj-D- Arg(Pbf)-2Nal-Clv-D-Clu{OH)-Lys(iPr,Z)-NH:
Cyclizuation (SEQ ID NO:106)

v

[
Phe-Tvyr{tBu)-Lys(iPr.Boc)-D-Arg(Pbs) -?.Nal-Gly-D—(Jﬂu-Lys( iPr,Z)-NH:

(SEQ ID NO:107)

Deprotection ]

l I
Phe-Tyr-Lys(iPr)-D-Arg-2Nal-Gly-D-Glu-Lys(iPr)-NH:
(SEQ ID NO:70)

Scheme 13. Overall synthetic scheme from Fmoc-DGlu-Lys(iPr,Z)-NH;
10
The dipeptide Fmoc-DGlu-Lys(iPr,Z)-NH, is first prepared as shown below
(Scheme 14):
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Boc-Lys(iP1,Z)-OH
Annnolysis

v
Boc-LystiPr.Z)-NH:
Depratection 125-50% TFA: :
v
H-Lys(:Pr,Z)-NHo

Fomov-D-Ghu{CtBuy-OH :
)
Fnioe-D-Clhu{OtBu)-LysliPr,Z)-NH:

Deprotection :25-50% TFA) i
v
Fmoc-D-Glu-Lys(iPr, Z)-NH:

Scheme 14. Preparation of Fmoc-DGlu-Lys(iPr,Z)-NH;

Boc-Lys(iPr,Z)-OH is reacted with NMM and IBCF in THF. After addition of
NH,4OH, the solvents are removed by rotary evaporation and the product is taken up in
ethyl acetate. The ethyl acetate phase is washed extensively with 5% NaHCOj3 and then
with 0.1 N HC}, and then dricd over anhydrous sodium sulfate. Sodium sulfatc is
removed by filtration and the ethyl acetate is removed by evaporation at reduced pressure.
The resulting Boc-Lys(iPr,Z)-NH; is dissolved in DCM, and TFA is added. Once the
reaction has proceeded to completion, the solvents are removed by rotary evaporation.
H-Lys(iPr,Z)-NHj is then dissolved in DMF. The pH is adjusted to 8 with DIEA. Ina
separate vessel, Fmoc-DGlu(OtBu)-OH, HBTU, and HOB?t are dissolved in DMF; DIEA
is added to adjust the pH to 8. The two solutions are mixed, and the reaction is monitored
by C18 reversed phase HPLC. The pH is monitored and adjusted, where necessary, with
DIEA. The solvents are removed by rotary evaporation, and the product dissolved in
ethyl acetate. The ethyl acetate phase is washed extensively with 5% NaHCOQj; and then
with 0.1 N HC], and then dried over anhydrous sodium sulfate. The sodium sulfate is
removed by filtration and the ethyl acetate is removed by evaporation at reduced pressure.
Rotary evaporation is continued until a dry residue is formed. The resulting Fmoc-
DGlu(OtBu)-Lys(iPr,Z)-NHj is dissolved in DCM, and TFA is added. Once the reaction

has proceeded to completion, the solvents are removed by rotary evaporation. The solid
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product is obtained by trituration with diethyl ether. After the precipitate is washed with
ether, the product is dried in a vacuum oven.

Solid phasc peptide synthcsis of the final product is performed as follows. Fmoc-
DGlu(OtBu)-Lys(iPr,Z)-NHj; is dissolved in DCM and reacted with CTC resin in the
presence of DIEA in a reaction vessel. After 3 h, the peptide-resin is washed free of
reagents with DCM and Z-OSu is added. The pH is monitored and adjusted to pH 8-9 by
adding DIEA if necessary. After 8 h, the peptide-resin is washed free of reagents with
DCM, transferred to a polypropylene container, and dried in a vacuum oven.

The protected peptide-resin is assembled using Fmoc-chemistry as follows. The
coupling cycle used is: 1) De-blocking: treatment with 25% piperidine in DMF; 2)
Washing cycles with DMF, IPA and DMF again; 3) Ninhydrin test (qualitative: if
positive, proceed to coupling Step 4); 4) Coupling with 2 cquivalents Fmoc-amino acid in
presence of HOBt /DIC in DMF; 5) Washing cycles with DMF; 6) Ninhydrin test
(qualitative: if negative, proceed to next de-blocking/coupling cycle; if positive, proceed

to re-coupling Step 7; if slightly positive, proceed to acetylation Step 10); 7) Re-coupling

(if required), with 1 equivalent Fmoc-amino acid in the presence of HOBt, HBTU/DIEA

in DMF; 8) Washing cycles with DMF; 9) Ninhydrin test (qualitative: if negative,
proceed to next de-blocking/coupling cycle; if positive, proceed to acetylation Step 10);
10) Acetylation (if required) with 2% acetic anhydride in 4% DIEA in DMF;

11) Washing cycles (with DMF, IPA, and DMF again); 12) Ninhydrin test (qualitative: if
positive, proceed to next de-blocking/coupling cycle). After the final coupling cyclc, the
peptide-resin (SEQ ID NO:105) is washed with ether and dried under vacuum.

The protected peptide-resin is washed with DCM. Cleavage of the fully protected
linear peptide from the resin is performed with 2% TFA in DCM followed by filtration.
The solvents are removed by rotary evaporation, and the fully linear protected peptide
(SEQ ID NO:106) is precipitated by trituration with ether. The fully protected linear
peptide is transferred to a polypropylene container and dried in a vacuum oven.

The fully protected linear peptide is cyclized in the presence of PyBOP, HOB,
and DIEA in DMF. The pH is maintained between pH 7-8 by addition of DIEA, if
nccessary. After the reaction has procceded to complction, the solvents are removed by
rotary evaporation, and the product is taken up in ethyl acetate. The ethyl acetate phase is

washed extensively with 5% NaHCO; and then with 0.1 N HCI and saturated NaCl
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solution. It is then dried over anhydrous sodium sulfate. The sodium sulfate is removed
by filtration and the ethyl acetate is removed by rotary evaporation at reduced pressure.
The protected cyclic peptide (SEQ ID NO:107) is precipitated by trituration with ether
and dried in a vacuum oven.

Deprotection is performed in TFA:H>O:TIS. When the reaction is complete, the
solvents are removed by rotary evaporation and the cyclic peptide (SEQ ID NO:70) is
precipitated by trituration with ether and dried in a vacuum oven. MW cal.: 1189.48;
MW obs.: 1189.50.

Example 89
Incorporation of Isotopic Labels:
Synthesis of cyclo[Phe-Tyr-Lys(iPr-d¢)-DArg-2Nal-Gly-DGlu]-Lys(iPr-de)-NH,
(SEQ ID NO:108)

Starting with isotopically labeled acetone such as "*C-, '*C-, deuterium-, or

trittum-labeled acctones as shown below, the processes of Examples 85-87 permit site-
specific isotopic labeling of cyclic peptide CXCR4 antagonists for various pharmaco-
logical and imaging studies. The isotopically labeled acetones are commercially available
from various sources. An example is given below using acetone-dgto prepare a peptide
containing 12 deuterium atoms. The resulting compound, differing in molecular weight
by 12 Da compared to the non-labeled counterpart, is easily differentiated in mass spectra

and cxhibits idcntical target receptor affinity.

(o} 0
H\C/Icl\C/H D\ /|C|\C/D
W | / N, o T / ~o
H H D D
Acetone Acetone-ds
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i I i
H\ 130\0/ H\13 /0\130/}-‘ \C 3¢ C/
/
|_|/ T / \H H/ T / \ | / \
H H H H H H
Acetone-">C Acetone-2-"C Acetone-3-1°C

Using any of the methods in Examples 85-87, one can prepare and purify cyclic
peptide precursors (SEQ ID NO:98, SEQ ID NO:99, etc.). Alkylation is carried outina
solution of acetic acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using
sodium cyanoboronhydride as in Scheme 9, with the exception that standard acetone is
replaced with the desired isotopically Iabéled acetone. In the present example, deuterium
acctonc-do is used.

Peptide (97 mg) is dissolved in 15 mL of acetic acid/acetone-d¢/methanol (1:1:4,
v/v/v). Peptide concentration can vary significantly without affecting the results. Five
equivalents of sodium cyanoboronhydride are used, and the reaction is normally
completed within 2 h at room temperature. The reaction is monitored by HPLC and mass
spectral analysis. After the reaction is complete, desalting of the reaction mixture and
lyophilization yields 90.5 mg of final product (SEQ 1D NO:108) with a purity of 99.9%.
MW cal.: 1201.48; MW obs.: 1201.7.
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NH;
A NH2
OH )/NH NH
0 z
B I
N N N/\H—N\)"‘ﬁ/\ﬂ"“ N NH,
H o : 0 : o} H

b |

(SEQ ID NO:98)

HN

AcOH/D6-acetone/methanol
(1/4/4, vNIv)
NaBH3CN in methanol, 5 eq

D D

NH, D

A o/ |7
OH NH “NH
D
J 0
0

N \/ﬁ‘ /W]"N N/\H_N N NH,

\fﬁ. |

(SEQ ID NO:108)

HN

Scheme 15. Site-specific deuterium labeling of CXCR4 antagonist

Use of isotopically labeled sodium cyanoboronhydride (such as NaBD3CN

NaBT3C N, etc.) permits incorporation of additional variations to the site-specific
labeling patterns.
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The pharmacological properties of the present compounds can be determined by

employing the assays described below.

Human CXCR4/'*I-SDF-1a Binding Inhibition Assay

SDF-1 binding to CXCR4 is the first step in activating the CXCR4 intracellular
signalling pathway. To dcterminc if a compound can block the intcraction of SDF-1 and
CXCR4, human leukemia CCRF-CEM cells (ATCC CCL 119) expressing endogenous
CXCR4 are employed in an 1251 tabeled SDF-1a binding assay. The assay is performed
in a 96-well U-bottom, non-treated polystyrene plate (Coming Incorporated, Costar, No.
3632). The binding assay buffer is prepared with RPMI 1640 medium (Gibco, Grand
Island, NY) containing 10 mM HEPES, pH 7.5, and 0.2% BSA. Briefly, 200 pL reaction
mixtures containing 300 pM SDF ligand (60 pM '*’I-SDF-1a. (Perkin Elmer) and 240 pM
cold SDF-1a (R&D Systems), different concentrations of the test compound in assay
buffer, 100,000 human CCRF-CEM cells, and 0.5 mg SPA beads (Wheatgerm agglutinin
beads; Amersham) are incubated at room temperature for 2 hr. Plates are then counted in
a 1450 Microbeta Liquid Scintillation and Luminescence Counter (Wallac) in SPA mode.
CXCR4 antagonists decrease the bound radioactivity in this assay in a dose-dependent
manner. The inhibitory potency (K; or ICsp) of a test compound is calculated using
GraphPad Prism software, based on the dose-dependent decrease of bound radioactivity.

All compounds exemplified above exhibit an average K; value of about 7.5 nM or
less in this assay. For example, the compound of Example 1 exhibits an average K of
3.45 nM in this assay. Many of these compounds exhibit an average K, value between
about 0.2 nM and about 1 nM. For example, the compound of Example 50 exhibits an
average K; value 0of 0.285 nM in this assay. Other compounds exhibit an average K; value
Icss than about 0.2 nM. For cxample, thc compound of Example 75 cxhibits an average

K, value of 0.096 nM in this assay.

Chemotaxis Assay
CXCR4/SDF-1 interaction regulates migration (chemotaxis) of cells bearing

CXCRA4 on their surface. To determine the antagonist and cellular activities of a test
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compound, a chemotaxis assay using human histiocytic lymphoma U937 cells (ATCC
CRL 1593) that express endogenous CXCR4 are employed. Briefly, U937 cells, grown
in DMEM medium (Gibco, Grand Island, NY) containing 10% FBS, 1% MEM sodium
pyruvate (Gibco), 1% MEM nonessential amino acids (Gibco), and 1% GlutaMAX 1
(Gibco), arc harvested and washed once with chemotaxis assay buffer prepared with 1x
RPMI medium (Gibco) containing 10 mM HEPES, pH 7.5, and 0.3% BSA. After
washing, cells are resuspended in assay buffer at a concentration of 5 x 10° cells/mL. The
assay is performed in a 96-well ChemoTx plate (NeuroProbe) according to the
manufacturer’s directions. Generally, 50 pL of cell mixture with or without test
compound are plated on the upper chamber, and 30 uL of SDF-1a (R&D Systems, 10
ng/mL) prepared in 1 x chemotaxis buffer are added to the lower chamber. After
assembly, the plate is incubated for 2.5 hr at 37°C under 5% CO,. Following thc
incubation, 5 uL of CellTiter 96 AQ (Promega, Madison, WI) are added into the lower
chamber. The plate is then incubated for 60 min at 37°C, and the migrated cells are
detected by measuring the absorbance at 492 nm with a Tecan Spectrafluor Plus
Microplate Reader (Salzburg, Austria). CXCR4 antagonists inhibit cell migration,
reducing the absorbance reading. The inhibitory potency (ICsp) of a test compound in
this assay is calculated using GraphPad Prism software, based on the dose-dependent
decrease of absorbance at 492 nm.

Most of the compounds cxcmplificd above cxhibit an average ICsq valuc of about
60 nM or less in this assay. Many of these compounds exhibit an average ICsq value of
about 6 nM or less, e.g., the compound of Example 19 exhibits an average 1Cso value of

2.05 nM in this assay. Many of thesec compounds cxhibit an average ICsq valuc of about

0.6 nM or less, e.g., the compound of Example 50 exhibits an average ICsg value 0 0.171

nM in this assay.

Chemokine Receptor Binding Selectivity Assays

The binding selectivity of the present compounds for the CXCR4 receptor
compared to that for other chemokine receptors, such as human CCR1, CCR2, CXCR2,
or CXCR3, and other G-protein-coupled receptors, can be assessed in cells transfected

with nucleic acid encoding and expressing such receptors, or in cells in which such
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receptors are endogenously expressed. Whole cells or membrane fragments can be used
to assess competition of test compounds with the respective ligands for these receptors in
a manner similar to that described above for the CXCR4/'*I-SDF-10. binding inhibition
assay.

For cxamplc, the compound of Examplc 57a cxhibits a K; valuc greater than

73,000 nM in a ligand binding assay using human chemokine receptor CXCR2.

Compound-Induced White Blood Cell and Neutrophil Mobilization in C57BL/6
Mice

Stem cells within the bone marrow actively maintain continuous production of all
mature blood cell lineages throughout life. Bone marrow is the primary site for white
blood cell (WBC)/neutrophil production and release into the circulation. The
CXCR4/SDF-1 axis appcars to be critical for the retention and releasc of WBCs,
neutrophils, and hematopoietic progenitor cells in the bone marrow, and interruption of
CXCR4/SDF-1 interaction in bone marrow leads to an increase of these cells in
peripheral blood. A short-term mouse WBC/neutrophil mobilization model can be used
to determine the in vivo target-modulating activity of a test compound. Briefly, pathogen-
free 5-6 week old female C57BL/6 mice (Taconic) are housed for at least one week prior
to assay. Animals are allowed continuous access to sterilized rodent chow and acidified
water. Groups of 5 mice are injected subcutaneously with test compounds in saline, or
with saline control, and then sacrificed by CO; asphyxiation and cervical dislocation at
various time points post compound administration. Peripheral blood is collected by
cardiac puncture using EDTA-coated syringes and tubes. Complete blood cell analysis is
performed on a Hemavet Mascot hematology analyzer (Drew Scientific Group, Dallas,
TX). Total WBCs, neutrophils, and lymphocytes in the peripheral blood are recorded.
Effective CXCR4 antagonists administered subcutaneously to mice increase the
neutrophil and WBC counts in peripheral blood compared to saline control.

A significant number of compounds exemplified above exhibit an average
neutrophil ratio (ratio of neutrophil increase in treatment group vs. neutrophil increase in
saline control group), measured 3 hours after compound administration, greater than
about 2 in this assay. For cxample, the compound of Example 39 cxhibits an avcrage

neutrophil ratio of 4.6 at a dose of 5.mg/kg in this assay.
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Anti-Tumor Activity in a SCID/Namalwa Xenograft Model

SDF-1/CXCR4 interaction appears to play an important role in multiple stages of
tumorigenesis, including tumor growth, invasion, angiogenesis, and metastasis. To
evaluate in vivo anti-tumor activity of a test compound, a tumor xenograft model using
NOD/SCID micc (Jackson Laboratorics) and human non-Hodgkin’s lymphoma Namaiwa
cells (ATCC CRL 1432) are employed. Briefly, 200,000 Namalwa cells mixed with
matrigel (1:1) are implanted subcutaneously into the rear flank of the animals. The
implanted tumor cells grow as solid tumors, the dimensions of which can be continuously
monitored and measured using a caliper. To determine the in vivo efficacy of a test
compound in this model, one can treat animals (10/group) with different doses of test
compounds dissolved in saline or PBS, beginning 48 hours post tumor cell implantation.
Compounds are dosed subcutaneously, and tumor volume and body weight are
determined every 2 or 3 days. Studies generally last 3-4 weeks, depending on tumor
growth. The anti-tumor growth activity of a test compound is determined by the percent
reduction in tumor volume in treatment groups compared to tumor volume in control
groups treated with vehicle alone.

Several compounds exemplified above, for example the compound of Example
26, significantly inhibit tumor growth in this assay when administered at | mg/kg BID.

Pharmacologic properties such as compound bioavailability, in vivo metabolic
stability, and pharmacokinetic/pharmacodynamic properties can be determined by
methods well known in the art of drug development. Preferred compounds of the present
invention exhibit high bicavailability when administered subcutaneously. Some
compounds exemplified herein exhibit bioavailability near 100% in rats, for example the
compound of Example 44. Preferred compounds also exhibit good in vivo metabolic
stability. For example, no detectable metabolites are observed in dog and monkey plasma
and urine up to 24 hours after administration of the compound of Example 57a.
Preferred compounds also exhibit favorable pharmacokinetic/pharmacodynamic
properties that permit convenient dosing. For example, in mice, the half-life (T1/2) of the
compound of Example 58 is about 3 hours. With respect to pharmacodynamic properties,
preferred compounds induce prolonged neutrophil and white blood cell mobilization in

mice. For example, the compound of Example 25 induces a significant increase of
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neutrophils and white blood cells in peripheral blood for at least 6 hours after single dose

subcutaneous administration at 5 mg/kg in mice.
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What Is Claimed Is:

1. A lactam-cyclized peptide of formula I:

Ry - cyclo[X| — Tyr — X3 — DArg — 2Nal - Gly — X7] - X5 — X9~ X0 - R2
€]
(SEQ ID NO:1)
wherein:

a) said lactam is formed by an amide bond between the side chain amino
group of X and the side chain carboxyl group of X7, wherein X, and Xj are, respectively,
a pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R,
is Ac or n-hexanoyl; or

b) said lactam is formed by an amide bond between the side chain
carboxy! group of X, and the side chain amino group of X7, wherein X, and X7 are,
respectively, a pair sclected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glu/(b/L)Agl, GlwDab, Gluw/Dap, Glw/DDap, and Glu/Lys, and R, is Ac or Bz,
or wherein X, and Xy are, respectively, a pair selected from the group consisting of
succinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Om, and R is
absent; or

¢) said lactam is formed by an amide bond between the a-amino group of
X and the side chain carboxyl group of X7, wherein X, and X5 are, respectively, a pair
selected from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGly,
Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGlu, Leuw/Glu, Leu/DGlu, Lys/DGlu, Lys(Ac)/Glu,
2Nal/Glu, Phe/Glu, Phe/DGlu, DPhe/Glu, and DPhe/DGlu, and R; is absent; or

d) said lactam is formed by an amide bond between a non-a, non-side-
chain amino group of X, and the sidc chain carboxyl group of X, whercin X, and X arc,
respectively, a pair sclocted from the group consisting of B-Ala/Asp, B-Ala/Glu, S-amino-
valeryl/Asp, S-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Gly, and R

is absent; or
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¢) said lactam is formed by an amide bond between the a-amino group of
X3 and the side chain carboxy! group of X7, wherein X5 and X7 are, respectively, a pair
sclected from the group consisting of Tyr/Asp, Tyr/Glu, and Tyt/DGlu, and R and X arc
each absent;

R is a substituent on the o.-amino group of X when X contains an
a-amino group and said a-amino group is not a constituent of said lactam amide bond,
selected from the group consisting of Ac, Bz, and n-hexanoyl, or is absent, wherein X, is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Glu;

X is selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAla,
S-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Me);

X3 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGlu, Lys, and Om;

Xy is selected from the group consisting of §-Ala, Arg, DArg, Gly, Lys,
Lys(iPr), and Orn, or is absent;

X is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or
is absent;

X0 1s 2Nal, or is absent;

wherein when Xy is absent, Xg and X are cach absent, and when X is absent,
X0 is absent, and
R; is selected from the group consisting of NHz and NHE, or

a pharmaceutically acceptable salt thereof,

2. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of

claim 1, wherein:

R, is selected from the group consisting of Ac and Bz, or is absent;
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X, is selected from the group consisting of p-Ala, 4-AMB, 4-AMPA, Asp,
Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, and succinyl, or is absent;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me»);

X7 is selected from the group consisting of Asp, Dab, Dap, Glu, DGlu, Lys,
and Orn;

Xg is selected from the group consisting of Arg and Lys, or is absent;

Xg is absent;

Xio 1s absent; and

R is selected from the group consisting of NH; and NHE.

3. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of

claim 1, wherein:

R, is selected from the group consisting of Ac and Bz, or is absent;

X is selected from the group consisting of DAla, S-aminovaleryl, 4-AMPA,
Asp, Glu, Leu, Lys(Ac), Phe, DPhe, and succinyl;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me»);

X7 1s selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, DDap,
Glu, and DGlu;

Xg is selected from the group consisting of Arg, DArg, and Lys, or is absent;

Xy is absent;

X1o is absent; and

R, is selected from the group consisting of NH; and NHE.

4. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claim 1, wherein:
R, is selected from the group consisting of Ac, Bz, and n-hexanoyl, or is
absent;
X is sclected from the group consisting of (D/L)Agl, Ala, B-Ala, Asp, Dap,
Glu, Gly, Lys, and Phe;

PCT/US2008/064177 ' 6
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X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me»);

X5 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGlu;

Xy is selected from the group consisting of §-Ala, Arg, Gly, Lys, Lys(iPr), and
Om, or is absent;

Xg is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is
absent;

X0 is 2Nal, or is absent; and

R, is selected from the group consisting of NH; and NHE.

5. The lactam-cyclized peptide or pharmaccutically acceptable salt thercof of

claim 1, wherein:

R, is selected from the group consisting of Ac and Bz, or is absent;

X is selected from the group consisting of Ala, S-aminovaleryl, Asp, Glu,
Gly, Phe, DPhe, and succinyl;

X3 is selected from the group consisting of Arg, Lys(iPr), and Lys(Me,);

X5 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGlu;

Xg is selected from the group consisting of B-Aia, Arg, Gly, Lys, Lys(iPr), and
Om, or is absent;

Xg is selected from the group consisting of Gly, D2Nal, and DPhe, or is absent;

Xjo 1s 2Nal, or is absent; and

R is selected from the group consisting of NH; and NHEt.

6. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of

claim I, 4, or 5, wherein:
X, is selected from the group consisting of Gly and Phe;
X3 is Lys(iPr); and
X is DGlu.
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7. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of

claim 5, wherein:
R, is absent;
X, is selected from the group consisting of Gly and Phe;
X3 is Lys(iPr);
Xq1is DGlu;
Xg is selected from the group consisting of Arg and Lys(iPr), or is absent;
Xg is absent;
X0 is abscnt; and

R is selected from the group consisting of NH> and NHEt.

8. A lactam-cyclized peptide of the formula:

OH HZN\fNH >—NH
NH

J

@AJ\” on\ﬁﬁ/\jn\/ﬁ\u/\g’“ o
&
HN—<

HN

(SEQ ID NO:70)

or a pharmaceutically acceptable salt thereof.

9. The lactam-cyclized peptide of claim 8, wherein said pharmaceutically
acceptable salt is an acetic acid salt.
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10. A pharmaceutical composition, comprising a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of any one of claims 1-9, and a pharmaceutically

acceptable carricr, diluent, or cxcipicnt.

11. A lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any

one of claims 1-9, for use in therapy.

12. A lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any
one of claims 1-9, for the treatment of rheumatoid arthritis, pulmonary fibrosis, HIV
infection, or a cancer selected from the group consisting of breast cancer, pancreatic
cancer, melanoma, prostate cancer, kidney cancer, neuroblastoma, non-Hodgkin’s
lymphoma, lung canccr, ovarian canccr, colorcctal cancer, multiplc mycloma,

glioblastoma multiforme, and chronic lymphocytic leukemia.

13. Use of a lactam-cyclized peptide or pharmaceutically accéptable salt thereof
of any one of claims 1-9, for the manufacture of a medicament for the treatment of
rheumatoid arthritis, pulmonary fibrosis, HIV infection, or a cancer selected from the
group consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney
cancer, neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal

cancer, multiple myeloma, glioblastoma multiforme, and chronic lymphocytic leukemia.

14. A method of treating rheumatoid arthritis, pulmonary fibrosis, HIV infection,
or a cancer selected from the group consisting of breast cancer, pancreatic cancer,
melanoma, prostate cancer, kidney cancer, neuroblastoma, non-Hodgkin’s lymphoma,
lung cancer, ovarian cancer, colorectal cancer, multiple myeloma, glioblastoma
multiforme, and chronic lymphocytic leukemia, comprising administering to a patient in
need thereof an effective amount of a lactam-cyclized peptide or pharmaceutically

acceptable salt thereof of any one of claims 1-9.
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Cyclic Peptide CXCR4 Antagonists

The present invention relates to novel cyclic peptide CXCR4 antagonist
compounds and their use in treating diseases in which pathogenesis is mediated by
CXCR4 and SDF-1.

CXCR4, a G-protein-coupled receptor, and its naturally occurring ligand, stromal
cell-derived factor-1 (SDF-1; CXCL12), are a chemokine receptor-ligand pair. CXCR4 is
constitutively- or over-expressed in a wide variety of human cancers. SDF-1, the only
known ligand of CXCR4, is highly expressed in tumor microenvironments, as well as in
bone marrow, lung, liver, and lymph nodes, i.e., organ sites most commonly involved in
tumor metastasis,. CXCR4/SDF-1 interaction plays important roles in multiple stages of
tumorigenesis, including tumor growth, invasion, angiogenesis, and metastasis, as well as
in rheumatoid arthritis, pulmonary fibrosis, and HIV infection (Tsutsumi et al. (2006)
Peptide Science 88(2):279-289).

In view of the involvement of CXCR4/SDF-1 in these serious diseases, CXCR4
is an attractive therapeutic target.

AMD3100, a bicyclam CXCR4 antagonist, is currently in Phase III clinical trials
for stem cell mobilization for transplantation of stem cells in patients with multiple
myeloma and non-Hodgkins lymphoma. AMDO070, another small molecule CXCR4
antagonist, is currently in Phase II clinical trials for HIV infection. CTCE9908, a bivalent
(dimeric) peptide CXCR4 antagonist, is currently in Phase Ib/II clinical trials for cancer.
FC131, a cyclic pentapeptide CXCR4 antagonist, inhibits '*°I-SDF-1 binding to CXCR4
transfectants with an ICsg of 4 nM (Fujii et al. (2003) Angew. Chem. Int. Ed. 42:3251-
3253; Araki et al. (2003) Peptide Science. The Japanese Peptide Society (2004):207-210).

There exists a need for improved CXCR4 antagonists that are potent and
selective, exhibiting little or no activity at other chemokine receptors. The compounds of
the present invention are such potent and selective CXCR4 antagonists. Their high
potency permits the use of low doses in therapeutic regimens, while their high selectivity
minimizes non-target related adverse side effects. In addition, compounds disclosed
herein possess other highly desirable pharmacologic properties, such as high
bioavailability when administered subcutaneously, good in vivo metabolic stability, and

pharmacokinetic/pharmacodynamic properties that permit convenient dosing.
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Accordingly, in a first aspect, the present invention provides a lactam-cyclized

peptide of formula I:

Ry - cyclo[X| — Tyr — X3 -DArg — 2Nal — Gly — X7] — Xg - X9— X0 - R2
)
(SEQ ID NO:1)
wherein:

a) said lactam is formed by an amide bond between the side chain amino
group of X, and the side chain carboxyl group of X7, wherein X; and X7 are, respectively,
a pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R

is Ac or n-hexanoyl; or

b) said lactam is formed by an amide bond between the side chain
carboxyl group of X; and the side chain amino group of X7, wherein X and X7 are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glu/(D/L)Agl, Glu/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and R is Ac or Bz,
or wherein X and X5 are, respectively, a pair selected from the group consisting of
succinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Om, and R; is
absent; or

¢) said lactam is formed by an amide bond between the a-amino group of
X and the side chain carboxyl group of X7, wherein X, and X5 are, respectively, a pair

selected from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGlu,
Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGlu, Leu/Glu, Leu/DGlu, Lys/DGlu, Lys(Ac)/Glu,
2Nal/Glu, Phe/Glu, Phe/DGlu, DPhe/Glu, and DPhe/DGlu, and R; is absent; or

d) said lactam is formed by an amide bond between a non-a., non-side-
chain amino group of X, and the side chain carboxyl group of X5, wherein X; and X are,
respectively, a pair selected from the group consisting of §-Ala/Asp, B-Ala/Glu, 5-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R,
is absent; or

e) said lactam is formed by an amide bond between the a-amino group of

X3, and the side chain carboxyl group of X7, wherein X; and X5 are, respectively, a pair
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selected from the group consisting of Tyr/Asp, Tyr/Glu, and Tyr/DGlu, and R and X are
each absent;

R; is a substituent on the a-amino group of X| when X, contains an
a-amino group and said o-amino group is not a constituent of said lactam amide bond,
selected from the group consisting of Ac, Bz, and n-hexanoyl, or is absent, wherein X is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Glu;

X, is selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAla,
5-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Me);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGlu, Lys, and Orn;

Xg is selected from the group consisting of B-Ala, Arg, DArg, Gly, Lys,
Lys(iPr), and Orn, or is absent;

Xg is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or
is absent;

Xiois 2Nal, or is absent;

wherein when X is absent, Xg and X are each absent, and when X is
absent, X is absent, and

Rj is selected from the group consisting of NH, and NHEt, or

a pharmaceutically acceptable salt thereof.
Expressed alternatively, this is equivalent to a lactam-cyclized peptide of

formula I:

R; - cyclo[X — Tyr — X3 -DArg — 2Nal - Gly — X7] - Xg - X9—Xj0 - Rz
@
(SEQ ID NO:1)

wherein:



10

15

20

25

WO 2008/150689 PCT/US2008/064177

R; is a substituent on the a-amino group of X; when X, contains an
a-amino group and said a-amino group is not a constituent of said lactam amide bond,
selected from the group consisting of Ac, Bz, and n-hexanoyl, or is absent, wherein X is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Glu;

X is selected from the group consisting of (D/L)Agl, Ala, 3-Ala, DAla,
5-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Mey);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGlu, Lys, and Orn;

Xg is selected from the group consisting of B-Ala, Arg, DArg, Gly, Lys,
Lys(iPr), and Orn, or is absent;

Xg is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or
is absent;

X0 1s 2Nal, or is absent;

wherein when Xg is absent, Xg and X, are each absent, and when X is
absent, X, is absent, and

R is selected from the group consisting of NH, and NHEt,

wherein:

a) said lactam is formed by an amide bond between the side chain amino
group of X; and the side chain carboxyl group of X7, when X, and X5 are, respectively, a
pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R is

Ac or n-hexanoyl; or

b) said lactam is formed by an amide bond between the side chain
carboxyl group of X and the side chain amino group of X7, when X, and X5 are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glu/(D/L)Agl, Gluw/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and R; is Ac or Bz,

or when X and X5 are, respectively, a pair selected from the group consisting of
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succinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Om, and R; is
absent; or '

¢) said lactam is formed by an amide bond between the a-amino group of
X and the side chain carboxyl group of X7, when X; and Xj are, respectively, a pair
selected from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGlu,
Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGlu, Leu/Glu, Leu/DGlu, Lys/DGlu, Lys(Ac)/Glu,
2Nal/Glu, Phe/Glu, Phe/DGlu, DPhe/Glu, and DPhe/DGly, and R, is absent; or

d) said lactam is formed by an amide bond between a non-a, non-side-
chain amino group of X and the side chain carboxyl group of X5, when X, and Xy are,
respectively, a pair selected from the group consisting of $-Ala/Asp, B-Ala/Glu, 5-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R,
is absent; or

¢) said lactam is formed by an amide bond between the a-amino group of
X, and the side chain carboxyl group of X7, when X; and X7 are, respectively, a pair
selected from the group consisting of Tyr/Asp, Tyr/Glu, and Tyr/DGlu, and R and X, are

each absent, or
a pharmaceutically acceptable salt thereof.
In another aspect, the present invention provides a lactam-cyclized peptide of

formula I;

R - cyclo[X| — Tyr — X3 — DArg — 2Nal - Gly — X7] - Xg — X9 —-Xj0 - R»

@
(SEQ ID NO:1)

or a pharmaceutically acceptable salt thereof,

wherein:

X is selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAIa,
S-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent,
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wherein when X, is (D/L)Agl, Dab, or Dap and the c-amino group of X is
not a constituent of the lactam amide bond, said a-amino group is substituted with R,
which is selected from the group consisting of Ac and n-hexanoyl;
wherein when X is Asp or Glu and the a-amino group of X is not a
constituent of the lactam amide bond, said a-amino group is substituted with R; which is
selected from the group consisting of Ac and Bz; and
wherein when X is Ala, B-Ala, DAla, S-aminovaleryl, 4-AMB, 4-AMPA,
Dap(Ac), Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, DPhe or succinyl, R, is absent;
X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me;);
X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGy, Lys, and Orn;
Xg is selected from the group consisting of $-Ala, Arg, DArg, Gly, Lys, Lys(iPr),
and Orn, or is absent;
X is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is
absent;
Xois 2Nal, or is absent,
wherein when Xg is absent, Xg and X are each absent, and when X is

absent, X, is absent; and

Rj is selected from the group consisting of NH; and NHEt,

and further wherein:

said lactam is formed by an amide bond between the side chain amino
group of X and the side chain carboxyl group of X7, and X and X5 are, respectively, a
pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R is

Ac or n-hexanoyl; or

said lactam is formed by an amide bond between the side chain carboxyl
group of X; and the side chain amino group of X7, and X, and X are, respectively, a pair
selected from the group consisting of Asp/(D/L)Agl, Asp/Dab, Asp/Dap, Glu/(D/L)Agl,
Glu/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and R is Ac or Bz, or wherein X and Xy



10

15

20

25

WO 2008/150689 PCT/US2008/064177

are, respectively, a pair selected from the group consisting of succinyl/(D/L)Agl,
succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Orn, and R; is absent; or

said lactam is formed by an amide bond between the a-amino group of X
and the side chain carboxy! group of X7, and X, and X7 are, respectively, a pair selected

from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGlu, Dap(Ac)/Glu,
Gly/Asp, Gly/Glu, Gly/DGlu, Lew/Glu, Lew/DGlu, Lys/DGlu, Lys(Ac)/Glu, 2Nal/Gly,

Phe/Glu, Phe/DGlu, DPhe/Glu, and DPhe/DGly, and R; is absent; or
said lactam is formed by an amide bond between a non-c., non-side-chain
amino group of X and the side chain carboxyl group of X7, and X, and X5 are,
respectively, a pair selected from the group consisting of B-Ala/Asp, B-Ala/Glu, S-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R
is absent; or
said lactam is formed by an amide bond between the a-amino group of Tyr
at X, and the side chain carboxyl group of X7, and X7 is selected from the group
consisting of Asp, Glu, and DGlu, and R, and X are each absent.
A recurrent sequence motif in all the compounds of formula I is the presence of
Tyr at position Xj, DArg at position X4, 2Nal at position Xs, and Gly at position Xs.
In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

R is selected from the group consisting of Ac and Bz, or is absent;

X is selected from the group consisting of B-Ala, 4-AMB, 4-AMPA, Asp,
Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, and succinyl, or is absent;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me;);

X7 1s selected from the group consisting of Asp, Dab, Dap, Glu, DGlu, Lys,
and Orn;

Xg is selected from the group consisting of Arg and Lys, or is absent;

Xy is absent;

X1 is absent; and

R, is selected from the group consisting of NH; and NHEt.
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In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

R, is selected from the group consisting of Ac and Bz, or is absent;

X is selected from the group consisting of DAla, S-aminovaleryl, 4-AMPA,
Asp, Glu, Leu, Lys(Ac), Phe, DPhe, and succinyl;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Mey);

X5 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, DDap,
Glu, and DGlu;

Xg is selected from the group consisting of Arg, DArg, and Lys, or is absent;

Xy is absent;

X0 is absent; and

R, is selected from the group consisting of NH, and NHEt.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

R is selected from the group consisting of Ac, Bz, and n-hexanoyl, or is

absent;

X is selected from the group consisting of (D/L)Agl, Ala, B-Ala, Asp, Dap,
Glu, Gly, Lys, and Phe;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me»);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGly;

Xg is selected from the group consisting of B-Ala, Arg, Gly, Lys, Lys(iPr), and
Orn, or is absent;

Xg is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is
absent; '

X0 is 2Nal, or is absent; and

R, is selected from the group consisting of NH; and NHEt.

In a further aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
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R, is selected from the group consisting of Ac and Bz, or is absent;

X is selected from the group consisting of Ala, 5-aminovaleryl, Asp, Glu,
Gly, Phe, DPhe, and succinyl;

X3 is selected from the group consisting of Arg, Lys(iPr), and Lys(Mey);

X5 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGlu;

Xs is selected from the group consisting of B-Ala, Arg, Gly, Lys, Lys(iPr), and
Om, or is absent;

Xg is selected from the group consisting of Gly, D2Nal, and DPhe, or is absent,

Xjo is 2Nal, or is absent; and

R, is selected from the group consisting of NH; and NHEt.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

X is selected from the group consisting of Gly and Phe;

X3 is Lys(iPr); and

X7 is DGlu.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
R, is absent;
X is selected from the group consisting of Gly and Phe;
X3 is Lys(iPr);
X7is DGly;
Xg is selected from the group consisting of Arg and Lys(iPr), or is absent;
‘X is absent;
X0 is absent; and

R, is selected from the group consisting of NH; and NHE .
In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
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said lactam is formed by an amide bond between the side chain amino group of X
and the side chain carboxyl group of X7;

R is selected from the group consisting of Ac and n-hexanoyl;

X is selected from the group consisting of (D/L)Agl, Dab, and Dap;

X3 is selected from the group consisting of Arg and Lys(iPr);

X7is Glu;

Xg is Arg;

Xgis absent;

X0 1s absent; and

R, is NH,.

In a preferred embodiment of this aspect of the invention, X is (D/L)Agl or Dap.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

said lactam is formed by an amide bond between the side chain carboxyl group of
X and the side chain amino group of X;

R is selected from the group consisting of Ac and Bz;

X is selected from the group consisting of Asp and Glu;

X3 is selected from the group consisting of Arg and Lys(Me);

X7 1s selected from the group consisting of (D/L)Agl, Dab, Dap, DDap, and Lys;

Xg is Arg;

Xgis absent;

X0 is absent; and

R, is NH,.

In a preferred embodiment of this aspect of the invention, X7 is (D/L)Agl, Dab,

Dap, or DDap. In a more preferred embodiment, X5 is (D/L)Agl or Dap.
In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
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said lactam is formed by an amide bond between the side chain carboxyl group of
X and the side chain amino group of X7;

R; is absent;

X is succinyl;

X3 is Arg;

X7 is selected from the group consisting of (D/L)Agl, Dab, Dap, Lys, and Orn;

Xg is Arg;

Xo is absent;

X0 1s absent; and

Rjis NH».

In a preferred embodiment of this aspect of the invention, X+ is (D/L)Agl or Dap.

In another aspect, the present invention provides a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

said lactam is formed by an amide bond between the a-amino group of X and the
side chain carboxyl group of X7;

R| is absent;

X is selected from the group consisting of Ala, DAla, Gly, Dap(Ac), Leu, Lys,
Lys(Ac), 2Nal, Phe, and DPhe;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me,);

X7 is selected from the group consisting of Asp, Glu, and DGlu;

Xg is selected from the group consisting of §-Ala, Arg, Gly, Lys, Lys(iPr), and
Omm, or is absent;

Xgis selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is
absent;

X0 is 2Nal, or is absent;

wherein when Xg is absent, Xg and X are each absent; and

R is selected from the group consisting of NH> and NHEt.

i
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In a preferred embodiment of this aspect of the invention, X is Ala, DAla, Gly,
Leu, Lys, Lys(Ac), Phe, or DPhe. In a more preferred embodiment, X is Ala, Gly, Lys,
or Phe.

In a preferred embodiment of this aspect of the invention, X3 is Arg, Lys,
Lys(iPr), or Lys(Me;). In a more preferred embodiment, X3 is Arg.

In a preferred embodiment of this aspect of the invention, X7 is Asp, Glu, or DGlu.
In a more preferred embodiment, X7 is Asp.

In a preferred embodiment of this aspect of the invention, Xg is $-Ala, Arg, Gly,
Lys, Lys(iPr), Orn, or is absent. In a more preferred embodiment, Xg is B-Ala, Gly, Lys,
Lys(iPr), Orn, or is absent.

In a preferred embodiment of this aspect of the invention, Xg is Gly, 2Nal, D2Nal,
DPhe, or is absent. In a more preferred embodiment, Xy is Gly, 2Nal, D2Nal, or DPhe.

In a preferred embodiment of this aspect of the invention, X;q is 2Nal, or is
absent. In a more preferred embodiment, X is 2Nal.

In a preferred embodiment of this aspect of the invention, R; is NHE.

In another aspect, the present invention provides a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

said lactam is formed by an amide bond between a non-a, non-side-chain amino
group of X, and the side chain carboxyl group of X7;

R, is absent;

X is selected from the group consisting of B-Ala, 4-AMB, S-aminovaleryl, and
4-AMPA;

X3 is Arg;

X7 1s selected from the group consisting of Asp and Glu;

Xg is selected from the group consisting of Arg and DArg;

X is absent;

X0 1s absent; and

R, is NH,.

A0
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In a preferred embodiment of this aspect of the invention, X is f-Ala, 5-amino-
valeryl, or 4-AMPA. In a more preferred embodiment, X is B-Ala.
In a preferred embodiment of this aspect of the invention, X7 is Asp.

In a preferred embodiment of this aspect of the invention, Xg is Arg.
5 In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
said lactam is formed by an amide bond between the a-amino group of X and the
side chain carboxyl group of X7;
R, is absent;
10 X is absent;
X3 is Arg;
X7 1s selected from the group consisting of Asp, Glu, and DGlu;
Xg is Arg;
Xg is absent;
15 X is absent; and
R, is NH,.

In another aspect, the present invention provides a lactam-cyclized peptide of the

formula:

OH 'j/NHNH >_NH

HN‘<

(SEQ ID NO:70)

20 HN
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or a pharmaceutically acceptable salt thereof. The lactam is formed by an amide bond
between the a-amino group of Phe and the side chain carboxyl group of DGlu. The
pharmaceutically acceptable salt can be an acetic acid salt.

In another aspect, the present invention provides a pharmaceutical composition,
comprising a lactam-cyclized peptide or pharmaceutically acceptable salt thereof as
variously described above, and a pharmaceutically acceptable carrier, diluent, or
excipient.

In another aspect, the present invention provides a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof as variously described above, for use in therapy.

In another aspect, the present invention provides a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof as variously described above, for the treatment of
rheumatoid arthritis, pulmonary fibrosis, HIV infection, or a cancer selected from the
group consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney
cancer, neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal
cancer, multiple myeloma, glioblastoma multiforme, and chronic lymphocytic leukemia.

In another aspect, the present invention provides the use of a lactam-cyclized
peptide or pharmaceutically acceptable salt thereof as variously described above, for the
manufacture of a medicament for the treatment of rheumatoid arthritis, pulmonary
fibrosis, HIV infection, or a cancer selected from the group consisting of breast cancer,
pancreatic cancer, melanoma, prostate cancer, kidney cancer, neuroblastoma, non-
Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal cancer, multiple myeloma,
glioblastoma multiforme, and chronic lymphocytic leukemia.

In another aspect, the present invention provides a method of treating rheumatoid
arthritis, pulmonary fibrosis, HI'V infection, or a cancer selected from the group
consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney cancer,
neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal cancer,
multiple myeloma, glioblastoma multiforme, and chronic lymphocytic leukemia,
comprising administering to a patient in need thereof an effective amount of a lactam-
cyclized peptide or pharmaceutically acceptable salt thereof as variously described above.

In the macrocyclic peptidic compounds of the present invention (SEQ ID NO:1),
amino acids X through X are referred to herein by their commonly employed three

letter symbols, shown left to right from amino-terminal end to carboxy-terminal end. D-

i
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and L- (small capital letters) refer to absolute stereochemistry. Where neither designation
is indicated in a particular formula, the L- form of the amino acid is present. X can also

be a dicarboxylic acid residue, i.e., a succinyl group. Amino acid or carboxylic acid
residues within the brackets “[ ]” are within the cyclic structure; groups external to the

brackets are outside the cyclized ring. In all cases, cyclization is via a lactam (amide)
bond between X; (or Xy, i.e., Tyr) and X7, which can be formed in several different ways,
depending on the structures of X, X, and X7.

When the lactam bond is formed between the side chain amino group of X, and
the side chain carboxyl group of X7 (Schemes 1 and 2; Examples 1-5), the a-amino group
of X is capped with Ac or n-hexanoyl.

When the lactam bond is formed between the side chain carboxyl group of X; and
the side chain amino group of X7, the a-amino group of X, is capped with Ac or Bz
(Schemes 3 and 4; Examples 6-19). X also can be a bifunctional residue other than an
a-amino acid, for example one with two carboxyl groups, i.e., a succinyl residue. In this
case, one carboxyl group forms an amide bond with the a-amino group of Tyr, and the
other forms the cyclic lactam structure through an amide bond with the side chain amino
group of X7 (Schemes 3 and 4; Examples 20-24). When X is succinyl, R; is absent.

In most of the lactam-cyclized peptides disclosed herein (Schemes 5-15;
Examples 25-28, 32-66, and 75-89), the a-amino group of X, forms the lactam structure
via an amide bond with the side chain carboxyl group of X7, and R, is absent. Also
included in the synthetic schemes of this category are cyclic peptides containing X
residues, i.e., B-Ala, 4-AMB, 5-aminovaleryl, and 4-AMPA, wherein the amino group is a
non-side chain, non-a-amino group (Schemes § and 6; Examples 67-74). R is also
absent in these cases.

When both R; and X are absent, the lactam structure is formed through an amide
bond between the a-amino group of Tyr (X») and the side chain carboxyl group of X
(Schemes 5 and 6; Examples 29-31).
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Structures of common amino acids, e.g., alanine, glycine, etc., are well known in

the art. Structures of non-standard and substituted amino acids present in the instant

invention compounds are shown below.

H,N
NH,
HZNAg:
0
HO Ho” ©
‘ ; 4-aminomethyl
aminoglycine . .
(Agl) benzoic acid

(4-AMB)

H,N

HO
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H,N
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2Nal

H,N

HO
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The lactam-cyclized peptides of the present invention can be prepared as
pharmaceutically acceptable salts. Such salts, and common methodology for preparing
them, are well known in the art. See, e.g., P. Stahl et al. (2002) Handbook of
Pharmaceutical Salts: Properties, Selection and Use, VCHA/Wiley-VCH; Berge et al.
(1977) “Pharmaceutical Salts,” Journal of Pharmaceutical Sciences 66(1):1-19.

The compounds of the present invention are potent antagonists of CXCR4/SDF-1

interaction. Compounds of formula (I) and their pharmaceutically acceptable salts
specifically exemplified herein exhibit an average K; value of about 7.5 nM or less as

determined by the CXCR4/'*I-SDF-1a binding assay described below. More preferred
compounds of formula (I) and their pharmaceutically acceptable salts exhibit an average
K; value in the range of from about 0.2 nM to about 1 nM in this assay. Especially
preferred compounds of formula (I) and their pharmaceutically acceptable salts exhibit an
average K; value less than about 0.2 nM in this assay.

In addition, the compounds and pharmaceutically acceptable salts of the present
invention are preferably highly selective for the CXCR4 receptor, exhibiting little or no
inhibitory activity against other chemokine receptors, including CCR1, CCR2, CXCR2,
CXCR3, and other G-protein coupled receptors at the concentrations tested, and no
significant activity against serotonin, dopamine, and opioid receptors. They also
preferably exhibit good stability in blood and plasma, good subcutaneous bioavailability,
desirable pharmacokinetic/pharmacodynamic properties, and potent in vivo efficacy in
tumor growth inhibition, with a wide safety margin.

In view of these pharmacological properties, the compounds of the present
invention are indicated for the treatment of disorders involving CXCR4/SDF-1
interaction, or receptor activity activity of CXCR4, such as in HIV infection. In
particular, the present compounds are useful in treating malignancies in which
angiogenic, growth, survival, and metastatic pathways mediated by CXCR4 and SDF-1
are implicated in pathogenesis, including breast cancer, pancreatic cancer, melanoma,
prostate cancer, kidney cancer, neuroblastoma, non-Hodgkin’s lymphoma, lung cancer,
ovarian cancer, colorectal cancer, multiple myeloma, glioblastoma multiforme, and
chronic lymphocytic leukemia, as well as in rheumatoid arthritis, pulmonary fibrosis, and

HIV infection (Tsutsumi et al. (2006) Peptide Science 88(2):279-289).
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Agl (aminoglycine) is a pro-chiral building block. When this residue appears in a
peptide formula herein, the a-carbon becomes a chiral center at which the two associated
a-amino groups are each individually bonded to different moieties. In this case, the final
peptide product contains two diastereomers that are unresolved, and that may be present
in other than a 1:1 ratio. “(D/L)Agl” in a peptide formula denotes such a mixture of
diastereomers. “(DL)Agl” denotes an Agl derivative that is racemic, for example Fmoc-
(pL)Agl(Boc).

“K;” values are calculated using ICso values determined in the CXCR4/'"I-SDF-
la, binding assay described below by employing equation 7.22 of Enzymes, A Practical
Introduction to Structure, Mechanism, and Data Analysis, Robert A. Copeland, Wiley-
VCH, New York, 1996, page 207.

The term “SDF-1” includes two isoforms, SDF-1a and SDF-1f, currently
understood to exhibit similar functionality.

“Treatment” as used herein refers to curative treatment of disorders associated
with CXCR4/SDF-1 interaction or CXCR4 receptor activity. Curative treatment refers to
processes involving a slowing, interrupting, arresting, controlling, or stopping of disease
progression, but does not necessarily involve a total elimination of all disease-related
symptoms, conditions, or disorders.

| The compounds of the present invention can be used as medicaments in human or
veterinary medicine, administered by a variety of routes. Most preferably, such
compositions are for parenteral administration. Such pharmaceutical compositions can be
prepared by methods well known in the art. See, e.g., Remington: The Science and
Practice of Pharmacy, 19 ed. (1995), A. Gennaro et al., Mack Publishing Co., and
comprise one or more compounds of formula (I) or a pharmaceutically acceptable salt(s)
thereof, and a pharmaceutically acceptable carrier, diluent, or excipient.

The effective amount of the present compounds is in the range of from about 1 mg
to about 300 mg, more preferably from about 1 mg to about 200 mg, more preferably
from about I mg to about 100 mg, and even more preferably from about 1 mg to about 50
mg, on a daily basis.

All lactam-cyclized peptides of the present invention can be synthesized either by

solid-phase synthesis or solution phase synthesis, or a combination of both, with peptide
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chain assembly on solid phase and cyclization or other modifications on resin or in
solution. Such methods are well known in the art.

The following abbreviations used herein have the indicated meanings:

Ac: acetyl; Agl: aminoglycine; AMB: aminomethyl benzoic acid; AMPA:
aminomethyl pheny! acetic acid; Bn: benzyl; Boc: tert-butyloxycarbonyl;
BOP: (benzotriazol-1-yloxy)-tris(dimethylamino)phosphoniumhexafluorophosphate;
2-Br-Z: 2-bromobenzyloxycarbonyl; Bz: benzoyl; Bzl: benzyl; 2-CI-Z: 2-chlorobenzyl-
oxycarbonyl; Dab: 2,4-diaminobutyric acid; Dap: 2,3-diamino-propionic acid; DCC:
dicyclohexyl-carbodiimide; DCM: dichloromethane; DIC: diisopropyl carbodiimide;
DIEA: diisopropyl-ethylamine; DMF: N, N-dimethyl formamide; DMSQO: dimethyl-
sulfoxide; EDT: 1,2-ethane-dithiol; Et: ethyl; Fm: 9-fluorenylmethyl; Fmoc: 9-fluor-
enylmethoxy carbonyl; HATU: N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1-
ylmethylene]-N-methylmethanaminium hexafluorophosphate N-oxide; HBTU: O-benzo-
triazolyl-N,N,N’, N -tetramethyluronium hexafluorophosphate; HCTU: 1H-benzotriazo-
lium 1-[bis(dimethylamino)methylene]-5-chloro-3-oxide hexafluorophosphate; HF:
hydrogen fluoride; HOBt: hydroxybenzotriazole; IBCF: isobutyl chloroformate; iPr:
isopropyl; IPA: isopropyl alcohol; Me: methyl; 2Nal: 2-naphthylalanine; NMM: N-
methylmorpholine; NMP: N-methyl-pyrrolidone; OtBu: tert-butyl ester; Pbf: 2,2,4,6,7-
pentamethyl-dihydrobenzofurane-5-sulfonyl; PBS: phosphate buffered saline; PyBOP:
(benzotriazol-1-yloxy)-tris(pyrrolidino)-phosphonium hexafluoro-phosphate; PyBrOP:
bromotris(pyrrolidino)phosphonium hexafluorophosphate; tBu: tert-butyl; TFA:
trifluoroacetic acid; THF: tetrahydrofuran; TIS: triisopropyl silane; Tes: p-toluene-
sulfonyl; Z: benzyloxycarbonyl; ZOSu: N-(benzyloxycarbonyl-oxy) succinimide.

Preparation of compounds of the present invention as described in the following
examples is meant to be illustrative rather than limiting. In each of these examples, the
observed molecular weight is reported as a de-convoluted value. The de-convoluted
value is derived from the formula MW(observed) = n(m/z)-n, where m/z represents the
charged ion (positive mode) and n is the number of charges of the specific species. When
multiple charged species are present in the mass spectrum, the observed molecular weight
is reported as an average.

The synthetic processes disclosed in Examples 85-87, and isotopic labeling

procedures disclosed in Example 89, for cyclic lactam peptides containing isopropyl

PCT/US2008/064177 \ \
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lysine side chains are equally applicable to other peptides disclosed herein containing
lysine alkyl side chains, with appropriate modifications. The synthetic methods of
Examples 86-88, which eliminate the need for toxic palladium catalysts, are also equally

applicable to other peptides disclosed herein, with appropriate modifications.

Example 1
Ac-cyclo[Dap-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:2)

The sequence Ac-Dap(Alloc)-Tyr(tBu)-Arg(Pbf)-DArg(Pbf)-2Nal-Gly-
Glu(Oallyl)-Arg(Pbf) (SEQ ID NO:3) is assembled by standard Fmoc chemistry utilizing
an ABI 431 Peptide Synthesizer (Applied Biosystems) as outlined in Scheme 1 below.

The automated assembly is carried out by using the standard Applied Biosystems
DCC/HOBt chemistry protocol or FastMoc chemistry HBTU/DIEA protocol following
the supplier’s directions (PE Applied Biosystems Inc., Foster City, CA). The solid
support is Rink amide resin (4-(2',4'-dimethoxyphenyl-Fmoc-aminomethyl)-phenoxy
resin) for C-terminal amides or indole resin [3-({ethyl-Fmoc-amino}-methyl)-indol-1-yl}-
acetyl AM resin for C-terminal ethyl amides (NovaBiochem, EMD Biosciences, Inc., San
Diego, CA). The stepwise chain assembly starts from the C-terminal end of the linear
peptide and is accomplished in 9 major steps. In step 1, four equivalents of protected
amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA. for FastMoc
chemistry) in NMP, and coupled to deprotected Rink Amide resin using 20% piperidine.
In step 2, four equivalents of Fmoc-Glu(Oallyl) are activated and coupled to the
deprotected peptide resin from step 1. Appropriate steps are carried out until step 8, the
coupling of Fmoc-Dap(Alloc). Then, Fmoc at the N-terminal end is removed using 20%
piperidine in DMF and acetylation of the a-amino group is carried out off-line using 5
equivalents of acetic anhydride, 10 equivalents of DIEA in dry DMF or NMP, for 1 h at
room temperature.

The allyl and Alloc side chain protection groups are removed with 0.1 equivalent
of Pd(Ph;P), in the presence of 24 equivalents of phenylsilane in dichloromethane
(Scheme 2). This process is repeated once for complete side chain deprotection. The
deprotected carboxylic acid moiety of Glu is activated with PyBOP/DIEA and cyclized to
the side chain amino group of Dap on the resin. The cyclized peptide is simultaneously

deprotected and cleaved from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT
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(95/2/1/2, viviviv), or TEA/H,O/TIS/anisole (92/2/4/2, v/v/v/v) for 2 hours at room
temperature. The solvents are then evaporated under vacuum, and the peptide is
precipitated and washed three times with cold diethyl ether to remove the scavengers.

Molecular weight calculated (MW cal.): 1142.30; MW observed (MW obs.): 1142.50.
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HZN—Rink Resin

1. Fmoc-Arg(Pbf)
2. Fmoc-Glu(OAllyl)
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBt or HBTU/DIEA coupling
6. Fmoc-Arg(Pbf) piperidine deprotection
7. Fmoc-Tyr(tBu)
8. Fmoc-Dap(Alloc)
9. Ac20/DIEA
\
Y
Y
Pbf Pbf
O-tBu HNYNH HN\fNH
NH NH

< 0 0
: H\)'\H/\H,H\)ku/\n/ﬁ\)k” H_Rink Resin
/= O § 0 0 l (0]
N
Ao D t
|

o]

(SEQ ID NO:4

Scheme 1. Amino side chain to carboxyl side chain peptide assembly

Peptide purification is accomplished using standard preparative HPLC techniques.
Immediately following the cyclization, the peptide solution is diluted with water
containing 0.1% (v/v) TFA, loaded onto a reversed phase C18 HPLC column, and eluted
with an aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while monitoring at
214 nm. The appropriate fractions are pooled and lyophilized. Further characterization
of the final product is performed using analytical HPLC and vmass spectral analysis by
conventional techniques. For peptides with a basic side chain, the final lyophilized

product is a TFA salt.
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O-tBu \fNH HNYNH
NH NH

Ho§ H S 0w H
N N AN N N—Rink Resin
jﬁoﬁﬁﬁﬁﬁ
) O }o (SEQ ID NO:4)
N

1. Allyl removal with Pd(Ph,P),(0)
2. Cyclization with PyBOP/DIEA

.
O-tBu NH HN (=NH
Iy :
0 0 = 0 0
\n/n\)LN H\)LN/\H/H\)LN H\)LN H—Rink Resin
2 H § ; H § i H/\([)r i H g

o i
O (SEQ ID NO:5)

Pof-N"  NH
> H
® H ~o
Side chain deprotection
and TFA cleavage
OH H2N NH HZN\FNH

O (SEQ ID NO:2)

~0

N
H

Scheme 2. Amino side chain to carboxyl side chain ring cyclization and cleavage
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Example 2
Ac-cyclo[Dab-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NQO:6)
Prepare as in Example 1, except that Fmoc-Dap(Alloc) in step 8 is replaced with

Fmoc-Dab(Alloc). MW cal.:1156.33; MW obs.: 1156.10.

Example 3
Ac-cyclo[Dap-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:7)
Prepare as in Example 1, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(iPr)(Boc). MW cal.: 1156.37, MW obs.: 1156.78.

Example 4
n-Hexanoyl-cyclofDap-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:8)

Prepare as in Example 1, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(iPr)(Boc). Additionally, acetic anhydride in step 9 is replaced with hexanoic
acid activated with PyBOP/DIEA. MW cal.: 1212.47; MW obs.: 1212.92.

Prepare as in Example 1, except that Fmoc-Glu(Oallyl) in step 2 is replaced with
Fmoc-Glu(OtBu), and Fmoc-Dap(Alloc) in step 8 is replaced with Fmoc-(DL)Agl(Boc).
After chain assembly, there is no Pd(Phs;P), treatment since no allyl protection is present.
Instead, cyclization is carried out in solution after the linear peptide is cleaved from the
solid support and deprotected. The crude linear peptide (0.25 mmol) from the cleavage is
dried under vacuum and dissolved in 10 mL of dry DMF. This peptide solution is
delivered to the following solution via a syringe pump during a 2 h period: 15 mL of dry
dichloromethane and 15 mL of dry DMF containing 1.0 mmole of PyBOP and 4.0
mmoles of DIEA. The reaction is then allowed to proceed at room temperature for 2 h.
Solvents are then evaporated under vacuum, the residue is loaded onto a preparative
reversed phase C18 HPLC column, and target cyclic peptide is isolated and characterized
as described in Example 1. MW cal.: 1128.27; MW obs.: 1128.26.

\
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Example 6
Ac-cyclo[Glu-Tyr-Arg-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ 1D NO:10)
The sequence Glu(OtBu)-Tyr(tBu)-Arg(Pbf)-DArg(Pbf)-2Nal-Gly-Dap(Boc)-
Arg(Pbf) (SEQ ID NO:11) is assembled by standard Fmoc chemistry utilizing an ABI

431 instrument as outlined in Scheme 3 below. The automated assembly is carried out by

using the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc
chemistry (HBTU/DIEA) protocol following the supplier’s directions (PE Applied
Biosystems Inc., Foster City, CA). The solid support is Rink amide resin for C-terminal
amides or indole resin [3-({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin for
C-terminal ethyl amides. Stepwise chain assembly starts from the C-terminal end of the
linear peptide and is accomplished in 9 major steps. In step 1, four equivalents of
protected amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA for
FastMoc chemistry) in NMP, and coupled to deprotected Rink Amide resin. In step 2,
four equivalents of Fmoc-Dap(Boc) are activated and coupled to the deprotected resin
from step 1. Appropriate steps are carried out until step 8, the coupling of Fmoc-
Glu(OtBu). For step 9, Fmoc at the N-terminal end is removed using 20% piperidine in
DMF and acetylation of the a-amino group is carried out off-line with 5 equivalents
acetic anhydride, 10 equivalents DIEA in dry DMF or NMP, for 1 h at room temperature.
The finished peptide is simultaneously deprotected and cleaved from the resin using a
scavenger cocktail of TFA/H,O/TIS/EDT (95/2/1/2, viv/viv), or TFA/H,O/TIS/anisole
(92/2/4/2, viviviv) for 2 hours at room temperature (Scheme 4). The solvents are then
evaporated under vacuum, and the peptide is precipitated and washed three times with
cold diethyl ether to remove the scavengers. The crude product is used directly in the
cyclization reaction. MW cal.: 1142.30; MW obs.: 1142.83.

PCT/US2008/064177 \

{
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H,N—Rink Resin

1. Fmoc-Arg(Pbf)
2. Fmoc-Dap(Boc)
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBt or HBTU/DIEA coupling
6. Fmoc-Arg(Pbf) piperidine deprotection
7. Fmoc-Tyr(tBu)
8. Fmoc-Glu(OtBu)
9. Ac20O/DIEA
Y
Y
Y
II:'bf F|>bf
O-tu | TNENH HN < =NH

NH \,E
0 o:)/ 0

H H
N N—Rink Resin
A~y

<.
b

o § o 7 o = o X O
ITJH
O boc
e A O

(SEQ ID NO:12)
Scheme 3. Acid side chain to amino side chain peptide assembly

Cyclization is carried out in solution after the linear peptide is cleaved from the
solid support with all the side chains deprotected (Scheme 4). The cleaved crude linear
peptide (0.25 mmole) is dried under vacuum and dissolved in 10 mL of dry DMF. This
peptide solution is delivered to the following reaction mixture via a syringe pump during
a2 h period: 15 mL of dry dichloromethane and 15 mL of dry DMF containing 1.0
mmole of PyBOP and 4.0 mmoles of DIEA. The reaction is then allowed to proceed at
room temperature for 2 h. Solvents are evaporated under vacuum, the residue is loaded
onto a preparative reversed phase C18 HPLC column, and target cyclic peptide is isolated

and characterized as described in Example 1.
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NH
0 § O boc
HN
O—tBu O (SEQ ID NO:12)
Pof—N NH

Side chain deprotection
and TFA cleavage

o 7 o 3 o} o}
{ S
o]
oH ”j; O (SEQ ID NO:13)
N NH
Cyclization in solution
PyBOP/DIEA
H,N
OH 2 H HaN=NH
NH T

)/ NH
H Q 't H H
N /\g/ /\H/N\)I\H NH,

O
HNLNH O / (SEQ ID NO:10)

O/ - NH

Scheme 4. Acid side chain to amino side chain ring cyclization
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Example 7
Bz-cyclo[Glu-Tyr-Arg-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID NO:14)

Prepare as in Example 6, except that acetic anhydride in step 9 is replaced with
benzoic acid anhydride. MW cal.: 1204.37; MW obs.: 1204.87.

Example 8
Ac-cyclo[Glu-Tyr-Arg-DArg-2Nal-Gly-DDap]-Arg-NH, (SEQ ID NO:15)
Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-DDap(Boc). MW cal.: 1142.30; MW obs.: 1142.73.

Example 9
Ac-cvelo]Glu-Tyr-Arg-DArg-2Nal-Gly-Lys}-Arg-NH, (SEO ID NO:16)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Lys(Boc). MW cal.:1184.38; MW obs.: 1184.23.

Example 10
Ac-cyclo[Glu-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEQ ID NO:17)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Dab(Boc). MW cal.: 1156.33; MW obs.: 1156.07.

Example 11

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(DL)Agl(Boc). MW cal.: 1128.27; MW obs.: 1128.86.

Example 12
Bz-cyclo[Glu-Tyr-Arg-DArg-2Nal-Gly-(D/L.)Agl]-Arg-NH, (SEQ 1D NO:19)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-(DL)Agl(Boc). In addition, acetic anhydride in step 9 is replaced with benzoic acid

anhydride. MW cal.: 1190.34; MW obs.: 1190.99.

PCT/US2008/064177

\
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Example 13
Bz-cyclo[Asp-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEQ ID NO:20)
Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-Dab(Boc), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). In

addition, acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.:
1204.37; MW obs.: 1204.87.

Example 14
Ac-cvclo]Asp-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEQ ID NO:21)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Dab(Boc), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). MW
cal.: 1142.30; MW obs.: 1142.81.

Example 15
Ac-cyclo[Asp-Tyr-Arg-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID NO:22)

Prepare as in Example 6, except that Fmoc-Glu(OtBu) in step 8 is replaced with
Fmoc-Asp(OtBu). MW cal.: 1128.27; MW obs.: 1128.78.

Example 16
Bz-cyclo[Asp-Tyr-Arg-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID NO:23)

Prepare as in Example 6, except that Fmoc-Glu(OtBu) in step 8 is replaced with

Fmoc-Asp(OtBu). In addition, acetic anhydride in step 9 is replaced with benzoic acid
anhydride. MW cal.: 1190.34; MW obs.: 1190.69.

Example 17

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(DL)Agl(Boc), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu).
MW cal.: 1114.24; MW obs.: 1114.85.
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Example 18
Ac-cyclo[Asp-Tyr-Lys(Me,)-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID NO:25)
Prepare as in Example 6, except that Fmoc-Arg(Pbf) in step 6 is replaced with

Fmoc-Lys(Me,), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). MW

cal.: 1128.31; MW obs.: 1128.92.

Example 19
Bz-cyclo[Asp-Tyr-Lys(Me;)-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID NO:26)
Prepare as in Example 6, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(Me,), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). In

addition, acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.:
1190.38; MW obs.: 1191.14.

Example 20
cyclo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-(D/L)Agl}-Arg-NH, (SEQ ID NO:27)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-(DL)Agl(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.:
1057.19; MW obs.: 1057.87.

Example 21
cyclo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID NO:28)

Prepare as in Example 6, except that Fmoc-Glu(OtBu) in step 8 is not used, and
this step is omitted. In addition, acetic anhydride in step 9 is replaced with succinic
anhydride. MW cal.: 1071.22; MW obs.: 1071.85.

Example 22
cyclo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEQ ID NO:29)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-Dab(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.
1085.25; MW obs.: 1085.87.

PCT/US2008/064177
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Example 23
cyclo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-Orn]-Arg-NH, (SEQ ID NO:30)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-Orn(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.:
1099.27; MW obs.: 1100.23.

Example 24
cyclo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-Lys]-Arg-NH, (SEQ ID NO:31)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-Lys(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.:
1113.30; MW obs.: 1114.25.

Example 25
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NH, (SEQ ID NO:32)

The sequence Gly-Tyr(tBu)-Lys(iPr)(Boc)-DArg(Pbf)-2Nal-Gly-DGlu(Oallyl)-
Arg(Pbf) (SEQ ID NO:33) is assembled by standard Fmoc chemistry utilizing an ABI

431 instrument as outlined in Scheme 5 below. The automated assembly is carried out

by using the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc
HBTU/DIEA chemistry protocol following the supplier’s directions (PE Applied
Biosystems Inc., Foster City, CA). The solid support is Rink amide resin for amides or
indole resin [3-({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin for C-terminal
ethyl amides. Stepwise chain assembly starts from the C-terminal end of the linear
peptide and is accomplished in 8 major steps (Scheme 5). In step 1, four equivalents of
protected amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA for
FastMoc chemistry) in NMP, and are coupled to deprotected Rink amide resin. In step 2,
four equivalents of Fmoc-DGlu(Oallyl) are activated and coupled to the deprotected
peptide resin from step 1. Appropriate steps are carried out until step 8, the coupling of
Fmoc-Gly.

The ally] ester side chain protection group is removed with 0.1 equivalent of

Pd(PhsP)4 in the presence of 24 equivalents of phenylsilane in dichloromethane (Scheme
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6). This process is repeated once for complete side chain deprotection. Then Fmoc at the
N-terminal end is removed using 20% piperidine in DMF. The deprotected carboxylic
acid moiety of DGlu is activated with PyBOP/DIEA, and cyclized to the a-amino group
of glycine on the resin. The cyclized peptide is simultaneously deprotected and cleaved
from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT (95/2/1/2, vIv/v/v), or
TFA/H,0O/TIS/anisole (92/2/4/2, v/v/v/v) for 2 hours at room temperature. The solvents
are then evaporated under vacuum, and the peptide is precipitated and washed three times
with cold diethyl ether to remove the scavengers. MW cal.: 1085.29; MW obs.: 1085.32.

Example 25a
cyclo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NH,-acetic acid salt

(SEQ ID NO:34)
The TFA salt of the peptide of Example 25 is converted to an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,O (v/v). The column is then washed with three to five column volumes
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and lyophilized. MW cal.: 1085.29; MW obs.:
1085.32.
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H,N—Rink Resin

1. Fmoc-Arg(Pbf)
2. Fmoc-D-Glu(OAllyl)
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBt or HBTU/DIEA coupling
6. Fmoc-Lys(iPr)(Boc) piperidine deprotection
7. Fmoc-Tyr(tBu)
8. Fmoc-Gly

/

|
ot Pbf
O-1Bu HN\fNH HN\I;NH
NH NH

0 0 /( 0

N ﬁ\)L : H\)L N i N—Rink Resin
N T N T N N
o 7 H/\c[)]/ : H/\g/ oo

0

zf"\

(SEQ ID NO:35)
Scheme 5. a-amino group to carboxyl side chain peptide assembly

Peptide purification is accomplished using standard preparative HPLC techniques.
Immediately following cyclization, the peptide solution is diluted with water containing
0.1% (v/v) TFA, loaded onto a reversed phase C18 HPLC column, and eluted with an
aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while monitoring at 214 nm.
The appropriate fractions are pooled and lyophilized. Further characterization of the final
product is performed using analytical HPLC and mass spectral analysis by conventional

methods. For peptides with a basic side chain, the final lyophilized product is a TFA salt.
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|

1. Allyl removal with Pd(Ph,P),(0)

2. Fmoc removal with piperidine
3. Cyclization with PyBOP/DIEA

Pof Pof
O-tBu NH HN\T;NH

NH
\)LN/\H,N N/\"/ i N H—Rink Resin
H o

(SEQ ID NO:36)

boc
N S0
Side chain deprotection
and TFA cleavage
OH HZN\fNH HzN\fNH

J\ % (SEQ ID NO:32)

Iz

Scheme 6. a-amino group to carboxyl side chain ring cyclization and cleavage
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Example 26
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NO:37)

Prepare as in Example 25, except that step 1 is omitted. MW cal.: 929.10; MW
obs.: 929.39.

Example 26a
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH,-acetic acid salt
( (SEQ ID NO:38)
The TFA salt of the peptide of Example 26 is converted to an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,O (v/v). The column is then washed with three to five column volumes
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and lyophilized. MW cal.: 929.10; MW obs.:
929.39.

Example 27

Prepare as in Example 25, except that Fmoc-Lys(iPr)(Boc) in step 6 is replaced
with Fmoc-Arg(Pbf). MW cal.: 1071.22; MW obs.: 1071.02.

Example 28
cyclo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:40)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Lys(iPr)(Boc). MW cal.: 1099.35; MW obs.: 1099.91.

Example 29
cyclo[Tyr-Arg-pDArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:41)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
Fmoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.: 1014.17; MW obs.:
1014.78.

PCT/US2008/064177
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Example 30
cyclo]Tyr-Arg-DArg-2Nal-Gly-DGlu]-Arg-NH, (SEQ ID NO:42)

Prepare as in Example 25, except that Fmoc-Lys(iPr)(Boc) in step 6 is replaced
with Fmoc-Arg(Pbf), Fmoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.:
1014.17; MW obs.: 1014.65.

Example 31
cyclo[Tyr-Arg-DArg-2Nal-Gly-Aspl-Arg-NH, (SEQ 1D NO:43)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

with Fmoc-Asp(allyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
Fmoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.: 1000.14; MW obs.:
1000.63.

Example 32
cyclo[Gly-Tyr-Arg-DArg-2Nal-Gly-Asp[-Arg-NH, (SEQ ID NO:44)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(allyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf).
MW cal.: 1057.19; MW obs.: 1057.35.

Example 33
cyclo|Gly-Tyr-Lys(Me))-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ ID NO:45)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(allyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-
Lys(Me;). MW cal.: 1057.23; MW obs.: 1057.86.

Example 34
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp|-Arg-NH; (SEQ ID NO:46)
Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

with Fmoc-Asp(allyl). MW cal.: 1071.26; MW obs.: 1071.76.
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Example 35
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp]-NH, (SEQ ID NO:47)
Prepare as in Example 25, except that step 1 is omitted, and Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Asp(allyl). MW cal.: 915.07; MW obs.: 915.38.

Example 36
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp]-Lys(iPr)-NH, (SEQ ID NO:48)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-Lys(iPr)(Boc), and Fmoc-DGlu(Oallyl) in step 2 is replaced with Fmoc-Asp(allyl).
MW cal.: 1085.33; MW obs.: 1085.78.

Example 37
cyclo[Gly-Tyr-Lys(Me,)-DArg-2Nal-Gly-Glu]-Arg-NH, (SEO ID NO:49)

Prepare as in Example 25, except that Fmoc-DGlu(Qallyl) in step 2 is replaced

with Fmoc-Glu(Oallyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-
Lys(Me;). MW cal.: 1071.26; MW obs.: 1071.05.

Example 38
cyclo[Gly-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NQO:50)

Prepare as in Example 25, except that Fmoc-DGlu(QOallyl) in step 2 is replaced

with Fmoc-Glu(Oallyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-
Arg(Pbf). MW cal.: 1071.22; MW obs.: 1071.50.

Example 39
cyclo]Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:51)
Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

with Fmoc-Glu(Oallyl). MW cal.: 1085.29; MW obs.: 1085.91.

Example 40
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:52)
Prepare as in Example 25, except that step 1 is omitted, and Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.: 929.10; MW obs.; 929.39.
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Example 41
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp]-NHEt (SEQ ID NO:53)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, and Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Asp(allyl). MW cal.: 943.13; MW obs.:
943.36.

Example 42
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ ID NO:54)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl}-acetyl AM resin, step 1 is omitted, and Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.: 957.15; MW obs.:
957.50.

Example 43
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NHEt (SEQ ID NO:55)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, and step 1 is omitted. MW
cal.: 957.15; MW obs.: 957.46.

Example 44
cyvclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NHEt (SEQ ID NO:56)

Prepare as in Example 295, except that Rink amide resin is replaced with [3-
({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin. MW cal.: 1113.34; MW
obs.: 1113.81.

Example 44a
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NHEt-acetic acid salt
(SEQ ID NO:57)
The TFA salt of the peptide of Example 44 is converted to an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,O (v/v). The column is then washed with three to five column volumes

of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)

p
,
\\(x
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containing 2% acetic acid by volume, and lyophilized. MW cal.: 1113.34; MW obs.:
1113.81.

Example 45
cvclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NHEt (SEQ ID NO:58)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, and Fmoc-Arg(Pbf) in step 1
is replaced with Fmoc-Lys(iPr)(Boc). MW cal.: 1127.41; MW obs.: 1127.35.

Example 46
cyclo[Lys(Ac)-Tyr-Lys(Me,)-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:59)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

with Fmoc-Glu(OtBu), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Lys(Me,),
and Fmoc-Gly in step 8 is replaced with Boc-Lys(Fmoc). After chain assembly, Fmoc on
the side chain of the N-terminal Lys is removed with 20% piperidine in DMF and the Lys
side chain is then acetylated using 10 equivalents of acetic anhydride/DIEA at room
temperature for one hour. All side chain protection groups are removed and the linear
peptide is cleaved from the solid support using a mixture of TFA/water/TIS/anisole
(90/5/2.5/2.5, v/v/vIv) for 2 h at room temperature. Cyclization of the crude linear
peptide is carried out in solution. The cleaved crude linear peptide (~0.25 mmole) is dried
under vacuum and dissolved in 10 mL of dry DMF. This peptide solution is delivered to
the following reaction mixture via a syringe pump during a 2 h period: 15 mL of dry
dichloromethane and 15 mL of dry DMF containing 1.0 mmole of PyBOP and 4.0
mmoles of DIEA. The reaction is then allowed to proceed at room temperature for 2 h.
Solvents are then evaporated under vacuum, the residue is loaded onto a reversed phase
C18 preparative HPLC column, and the target cyclic peptide is isolated and characterized
as described in Example 1. MW cal.: 1184.42; MW obs.: 1184.06.

Example 47
cyclo]Dap(Ac)-Tyr-Lys(Me;)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:60)

Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(OtBu), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with
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Fmoc-Lys(Me,), and Fmoc-Gly in step 8 is replaced with Boc-Dap(Fmoc). After chain
assembly, Fmoc on the side chain of the N-terminal Dap is removed using 20% piperidine
in DMF, and the Dap side chain is then acetylated with 10 equivalents of acetic
anhydride/DIEA at room temperature for one hour. All side chain protection groups are
then removed and the linear peptide is cleaved from the solid support using a mixture of
TFA/water/TIS/anisole (90/5/2.5/2.5, v/v/v/v) for 2 h at room temperature. Cyclization of
the crude linear peptide is carried out in solution. The cleaved crude linear peptide (~0.25
mmole) is dried under vacuum and dissolved in 10 mL of dry DMF. This peptide
solution is delivered to the following reaction mixture via a syringe pump during a2 h
period: 15 mL of dry dichloromethane and 15 mL of dry DMF containing 1.0 mmole of
PyBOP and 4.0 mmoles of DIEA. The reaction is allowed to proceed at room
temperature for 2 h. Solvents are then evaporated under vacuum, the residue is loaded
onto a preparative HPLC column, and the target cyclic peptide is isolated and
characterized as described in Example 1. MW cal.: 986.15; MW obs.: 985.97.

Example 48

Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(Qallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
Ala. MW cal.: 943.13; MW obs.: 942.92,

Example 49
cyclo[DAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:62)

Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in

step 2 is replaced with Fmoc-Glu(QOallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
DAla. MW cal.: 943.13; MW obs.: 943.44,

Example 50
cyclo[pAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NO:63)
Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-DAla. MW cal.: 943.13; MW obs.: 943.42.
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Example 51
cyclofAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NO:64)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-Ala. MW cal.: 943.13; MW obs.: 943.48.

Example 52
cyclo[Leu-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NO:65)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-Leu. MW cal.: 985.21; MW obs.: 985.56.

Example 53
cyclo[Leu-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:66)
Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(QOallyl) in

step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
Leu. MW cal.: 985.21; MW obs.: 985.49.

Example 54
cvclo|[pPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEO ID NO:67

Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(Qallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
DPhe. MW cal.: 1019.22; MW obs.: 1019.52.

Example 55
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:68)
Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in

step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
Phe. MW cal.: 1019.22; MW obs.: 1019.53.

Example 56
cyclo[DPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NO:69)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-DPhe. MW cal.: 1019.22; MW obs.: 1019.50.
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Example §7
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:70)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-Lys(iPr)(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.:
1189.48; MW obs.: 1189.92.

Example 57a
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH,-acetic acid salt

SEQ ID NO:71
The TFA salt of the peptide of Example 57 is converted to an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,0 (v/v). The column is then washed with three to five column volumes
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and lyophilized. MW cal.: 1189.48; MW obs.:
1189.92.

Example 58

Prepare as in Example 25, except that Fmoc-Gly in step 8 is replaced with Fmoc-
Phe. MW cal.: 1175.41; MW obs.: 1175.81.

Example 59
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NQ:73)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-Phe. MW cal.: 1019.22; MW obs.: 1019.56.

Example 60
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NHEt (SEQ ID NQ:74)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, Fmoc-Arg(Pbf) in step 1 is
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replaced with Fmoc-Lys(iPr)(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe.
MW cal.: 1217.53; MW obs.: 1217.97.

Example 60a
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NHEt-acetic acid salt
(SEQ ID NO:75)

The TFA salt of the peptide of Example 60 is converted to an acetic acid salt by
adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,O (v/v). The column is then washed with three to five column volumes
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and Iyophilized. MW cal.: 1217.53; MW obs.:
1217.97.

Example 61
cyclo[DAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ ID NO:76)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Qallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc-DAla. MW cal.: 971.18; MW obs.: 971.49.

Example 62
cyclo[2Nal-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ ID NO:77)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc-2Nal. MW cal.: 1097.34; MW obs.: 1097.53.

Example 63
cyclo[pPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ ID NO:78)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
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DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc-DPhe. MW cal.: 1047.28; MW obs.: 1047.51.

Example 64
cyclo{Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEO ID NO:79)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino }-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc- Phe. MW cal.: 1047.28; MW obs.: 1047.57.

’ Example 65
cyclo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Gly-2Nal-NH, (SEQ ID NO:80)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-2Nal, and one step is added between steps 1 and 2 using Fmoc-Gly. MW cal.:
1183.39; MW obs.: 1183.26.

Example 66
cyclo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-B-Ala-D2Nal-NH, (SEQ ID NO:81)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-D2Nal, one step is added between steps 1 and 2 using Fmoc-f-Ala, and Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.: 1197.40; MW obs.:
1196.70.

Example 67
cyclo[B-Ala-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:82)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-f-Ala. MW cal.: 1085.25; MW obs.:
1085.05.
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Example 68
cyclo[B-Ala-Tyr-Arg-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ ID NO:83)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-B-Ala. MW cal.: 1071.22; MW obs.:
1071.15.

Example 69
cyclo[S-aminovaleryl-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:84)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),

and Fmoc-Gly in step 8 is replaced with Fmoc-5-aminovaleric acid. MW cal.: 1113.30;
MW obs.: 1113.40.

Example 70
cyclo[S-aminovaleryl-Tyr-Arg-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ ID NO:83)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(Qallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-5-amino valeric acid. MW cal.; 1099.27;
MW obs.: 1100.25.

Example 71
cyclo[(4-AMPA)-Tyr-Arg-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ ID NO:86)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl phenylacetic acid (4-
AMPA). MW cal.: 1147.32; MW obs.: 1148.20.




10

15

20

25

30

WO 2008/150689 PCT/US2008/064177

46

Example 72
cyclo[(4-AMPA)-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:87)
Prepare as in Example 25, except that Fmoc-DGlu(Qallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),

and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl phenylacetic acid
(4-AMPA). MW cal.: 1161.34; MW obs.: 1161.99.

Example 73

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-DArg(Pbf), Fmoc-DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is
replaced with Fmoc-4-aminomethyl phenylacetic acid (4-AMPA). MW cal.: 1161.34;
MW obs.: 1161.83.

Example 74
cyclo[(4-AMB)-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:89)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl benzoic acid (4-AMB).
MW cal.: 1147.32; MW obs.: 1147.66.

Example 75
cyclo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-Gly-2Nal-NH,
(SEQ ID NO:90)

Prepare as in Example 25, except that step 1 is replaced with three sequential

residue couplings: first Fmoc-2Nal, then Fmoc-Gly, and then Fmoc-Lys(iPr)}(Boc). MW
cal.: 1353.69; MW obs.: 1354.03.
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Example 76
cvclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-Gly-2Nal-NH,
(SEQ ID NO:91)

Prepare as in Example 25, except that step 1 is replaced with three sequential

residue couplings: first Fmoc-2Nal, then Fmoc-Gly, and then Fmoc-Lys(iPr)(Boc). In
addition, Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1443.82; MW obs.:
1444.13.

Example 77
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Gly-DPhe-NH, (SEQ ID NQ:92)
Prepare as in Example 25, except that step 1 is replaced with two sequential
residue couplings: first Fmoc-DPhe, then Fmoc-Gly. MW cal.: 1133.36; MW obs.:
1133.73.

Example 78
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-DPhe-NH,
(SEQ ID NO:93)
Prepare as in Example 25, except that step 1 is replaced with two sequential
residue couplings: first Fmoc-DPhe, then Fmoc-Lys(iPr)(Boc). MW cal.: 1246.58; MW
obs.: 1246.88.

Example 79

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Lys(iPr)(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Lys(Boc). MW cal.:
1170.50; MW obs.: 1169.80.

Example 80
cyclo[Phe-Tyr-Lys-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH; (SEQ ID NO:95)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-Lys(iPr)(Boc), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Lys(Boc), and
Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1147.40; MW obs.: 1146.70.
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Example 81
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys-NH; (SEQ ID NO:96)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1147.40;
MW obs.: 1146.70.

Example 82
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Orn-NH, (SEQ ID NO:97)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Orn(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1133.40;
MW obs.: 1132.70.

Example 83
cyclo[Phe-Tyr-Lys-DArg-2Nal-Gly-DGlu]-Lys-NH, (SEQ ID NO:98)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 and Fmoc-

Lys(iPr)(Boc) in step 6 are each replaced with Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is
replaced with Fmoc-Phe. MW cal.: 1105.37; MW obs.: 1105.40.

Example 84
cyclo[|Phe-Tyr-Lys-DArg-2Nal-Gly-DGlul-Lys-NHEt (SEOQ ID NO:99)

Prepare as in Example 25, except that Rink resin is replaced with [3-({ethyl-

Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, Fmoc-Arg(Pbf) in step 1 and Fmoc-
Lys(iPr)(Boc) in step 6 are each replaced with Fmoc-Lys(Boc), and Fmoc-Gly in step & is
replaced with Fmoc-Phe. MW cal.: 1133.36; MW obs.: 1133.82.

Example 85
Alternative Synthesis I of

cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:70)
Example 57 discloses the synthesis of SEQ ID NO:70 via Fmoc solid phase

peptide synthesis chemistry employing the commercially available building block Fmoc-

Lys(iPr)Boc, which is expensive and difficult to obtain in large quantity. The process
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described in this example permits the synthesis of SEQ ID NO:70 using less expensive
Fmoc-Lys(Boc), solution cyclization, and lysine alkylation through reductive amination
using sodium cyanoboronhydride, providing a more economical route to this end product.
Additional advantages are that the reaction media (acetic acid, acetone, and methanol) are
relatively inexpensive, the reaction conditions are easily controlled, the ratio of solvents
can vary significantly without affecting the alkylation reaction, and the recovery yield is
90% or higher.

The sequence Phe-Tyr(tBu)-Lys(Boc)-DArg(Pbf)-2Nal-Gly-DGlu(Oallyl)-
Lys(Boc) (SEQ ID NO:100) is assembled on Rink Amide Resin by standard Fmoc
chemistry utilizing an ABI 431 Peptide Synthesizer as outlined in Scheme 7. The
automated assembly is carried out using the standard Applied Biosystems DCC/HOBt
chemistry protocol or FastMoc chemistry (HBTU/DIEA) protocol following the
supplier’s directions (PE Applied Biosystems Inc., Foster City, CA). The side chain
protecting group scheme is: Lys(Boc), DGlu(QOallyl), DArg(Pbf), Tyr(tBu). The stepwise
chain assembly starts from the C-terminal end of the linear peptide and is accomplished in
8 steps. In step 1, four equivalents of protected amino acid Fmoc-Lys(Boc) are activated
with DCC/HOBt (or HBTU/DIEA for FastMoc chemistry) in NMP, and coupled to
deprotected Rink amide resin. In step 2, four equivalents of Fmoc-DGlu(Oallyl) are
activated and coupled to the deprotected peptide resin from step 1. These steps are
repeated appropriately until step 8, the coupling of Fmoc-Phe.

The allyl ester side chain protecting group is removed with 0.1 equivalent of
Pd(Ph;P), in the presence of 24 equivalents of phenylsilane in dichloromethane (Scheme
8). This process is repeated once for complete side chain deprotection. Fmoc at the
N-terminal end is then removed using 20% piperidine in DMF. The deprotected
carboxylic acid moiety of DGlu is activated with PyBOP/DIEA and cyclized to the
o-amino group of Phe on the resin. The cyclized peptide is simultaneously deprotected
and cleaved from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT (95/2/1/2,
viviviv) or TFA/H,O/TIS/anisole (92/2/4/2, v/v/v/v) for 2 hours at room temperature.
The solvents are then evaporated under vacuum, and the peptide is precipitated and

washed three times with cold diethyl ether to remove the scavengers.
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H,N—Rink Resin

1. Fmoc-Lys(Boc)
2. Fmoc-D-Glu(OAllyl)
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBt or HBTU/DIEA coupling
6. Fmoc-Lys(Boc) piperidine deprotection
7. Fmoc-Tyr(tBu)
8. Fmoc-Phe
J
Y
J
IIDbf
HN
O-tBu PN HN-boc
)/NH
o) o £ 0] O
H H I H H H
N\)l\ N A _N N N—Rink Resin
fmoc’ L o) \)L”/\g/ \)\ﬁ/\‘g . o]

(SEQ ID NO:100)

Scheme 7. Peptide chain assembly on solid phase



WO 2008/150689 PCT/US2008/064177

HN
o-tgu PN HN—boc

o9 H\/ﬁ\ P H H H o .
: —Rink R
/N\;)J\ N H/WN\-)LN/\rN N n esin

N Y Y N
comt i H o o " o H o
L
(0]
'i'H O H (SEQ ID NO:100)
boc l
1. Allyl removal with Pd(PPh3)4(0)
2. Fmoc removal with piperidine
3. Cyclization with PyBOP/DIEA
be‘
HN
O={Bu \FNH HN’bOC

)/NH
0 < o}
H H H H H
N\)L - N\/E N N—Rink Resin
CNYY N
; N o X H o

(SEQIDNO:101)
lr:li"'boc

HN I

o

Side chain deprotection
and TFA cleavage

OH H2N\fNH NH,

S

N/\n’ \/ﬁ\N/\“/ N NF,

14

Iz
T

(SEQID NO:98)

HN ~o0

Scheme 8. Preparation of cyclic precursor peptide
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Purification of the cyclic precursor peptide is accomplished using standard
preparative HPLC techniques. The crude cleavage product is dissolved in a minimum
amount of DMSO, loaded onto a reversed phased C18 HPLC column, and eluted with an
aqueous 0.1% trifluoroacetic acid/acetonitrile gradient (v/v) while monitoring at 214 nm.
The appropriate fractions are pooled and lyophilized. Further characterization of the
intermediate precursor cyclic peptide is performed using analytical HPLC and mass
spectral analysis by conventional techniques.

The lyophilized precursor cyclic peptide is then alkylated in a solution of acetic
acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using sodium
cyanoboronhydride (Scheme 9). Peptide concentration is about 10mg/mL, and can vary
significantly without affecting the results. Three to S equivalents of the reducing reagent
sodium cyanoboronhydride are used, and the reaction is normally completed within 2 h at
room temperature. The recovery yield is 90% or higher. For example, 20 mg of the
precursor cyclic peptide are dissolved in 2 mL of methanol, to which 0.5 mL of acetic
acid and 0.5 mL of acetone are added, mixed well, and then 5.6 mg of sodium
cyanoboronhydride (2.5 equivalents in methanol) are added under stirring. The reaction
mixture is stirred at room temperature for 30 min, upon which another 5.6 mg of sodium

cyanoboronhydride are added. The reaction is monitored by HPLC and mass spectral

analysis. After the reaction is complete, desalting of the reaction mixture and
lyophilization yields 18.9 mg of final product (SEQ ID NO:70) with a purity of 97.5%.
MW cal.: 1189.48; MW obs.: 1189.6.
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NH,

H
NH,
HN N\
\O

(SEQ ID NO:98)

AcOH/acetone/methanol 1/1/4 (viviv)
"~ NaBH3CN in methanol, 5 eq

NH,
A NH
OH NA NH
0 .)/
H A H H
N Nvﬁ‘ﬁ/\ﬂ""‘\/ﬁ—ﬂ/\ﬂ""‘ N NH,
H o : o o) H

"

o)

HN

(SEQ ID NO:70)
Scheme 9. Reductive amination converting Lys to Lys(iPr)

The compound of Example 60 (SEQ ID NO:74) can also be prepared in an
analogous manner, with appropriate modifications based on its constituent amino acids,
using [3-({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin. First, the precursor
peptide (SEQ ID NO:99) is prepared as described in Example 84, and then reductive
amination is carried out as shown in Scheme 9. This affords a final cyclic C-terminal
ethyl amide peptide with a purity 0f 99.16%. MW cal.:1217.53; MW obs.: 1217.84.
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Example 86
Alternative Synthesis II of

Example 85 discloses a cost effective synthesis of SEQ ID NO:70 via Fmoc solid
phase peptide synthesis chemistry employing relatively inexpensive Fmoc-Lys(Boc) and
alkylation of lysine through reductive amination using sodium cyanoboronhydride in
relatively inexpensive solvents (acetic acid, acetone, and methanol). However, this
process involves the use of the heavy metal catalyst palladium for the removal of the allyl
ester side chain protective group. Palladium is highly toxic, and quality control to insure
complete removal of this element is complicated and difficult. The Boc solid phase
peptide synthesis process with cyclization on the resin described in this example permits
the production of SEQ ID NO:70 using relatively inexpensive Boc-Lys(2-Cl-Z) without
the need for a toxic and expensive palladium catalyst, providing an even more
economical, easily upscalable, less toxic route to an end product requiring a simpler
quality control process.

The sequence Fmoc-Phe-Tyr(2-Br-Z)-Lys(2-Cl-Z)-DArg(Tos)-2Nal-Gly-
DGlu(OFm)-Lys(2-ClI-Z) (SEQ ID NO:102) is manually assembled on MBHA (4-methyl-
benzhydryl-amine) resin (Cat. No. D-2095, BaChem California Inc., Torrance, CA) using
established solid phase peptide synthesis Boc chemistry (Schndlzer et al. (1992) Int. J.
Pept. Protein Res. 40:180-193) as outlined in Scheme 10. The chain assembly is carried
out using an in situ neutralization/HBTU/DIEA activation procedure as described in this
reference. The side chain protecting group scheme is: Lys(2-Cl-Z), DGlu(OFm),
DArg(Tos), and Tyr(2-Br-Z). The alpha-amino group of all the amino acid building
blocks is protected with tert-butoxycarbonyl (Boc) except the N-terminal residue Phe,
which is protected with Fmoc for efficiency of synthesis. The stepwise chain assembly
starts from the C-terminal end of the linear peptide and is accomplished in 8 steps. In
step 1, five equivalents of protected amino acid Boc-Lys(2-Cl1-Z) are activated with
HBTU/DIEA in DMF, and coupled to MBHA resin. In step 2, five equivalents of Boc-
DGIlu(OFm) are activated and coupled to the deprotected peptide resin from step 1 using

neat TFA. These steps are repeated appropriately until step 8, the coupling of Fmoc-Phe.

The Fm side chain protecting group of DGlu, together with the Fmoc at the
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N-terminal end, is removed using 20% piperidine in DMF. The deprotected carboxylic
acid moiety of DGlu is activated with PYBOP/DIEA, HCTU/DIEA, or other appropriate
activation reagents, and cyclized to the a-amino group of Phe on the resin. The cyclic
peptide is simultaneously deprotected and cleaved from the resin using HF with 5%
m-cresol or p-cresol as a scavenger for 1 hour at 0 °C. The solvents are then evaporated

and the crude peptide is precipitated and washed three times with cold diethy] ether.
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H,N—MBHA resin

1.Boc-Lys(2-Cl-Z)
g' ggz-g-Glu(OFm) Stepwise solid-phase assembly:
a Boc:2fllyal Boc protected amino acids,
' HBTU/DIEA coupling
5. Boc-D-Arg(Tos) :
6. Boc-Lys(2-Cl-Z) TFA deprotection
7. Boc-Tyr(2-Br-Z)
8. Fmoc-Phe
B 1|'os
r 2,Cl-Z
o) AN~=NH HN
NH

N : N/\ﬂ/ : N esin
H z H z H
(0] O (¢) 0]
N
Fmoc O
(l) (@]
HN—2-Cl-Z O Fm

(SEQ ID NO:102)

I=z
I

a. piperidine (20%) in DMF
b. cyclization, PyBOP/DIEA
c. HF cleavage, 0°C, 1 h

oH  MN~e=NH NH,,
)/NH
PSP G "
2
Y N Y N N
z H/\ﬂ/ = H/\n/ H
o} 0 0 0
NH, O

HN

(SEQ ID NO:98)

Scheme 10. Peptide chain assembly on solid phase using Boc chemistry
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Purification of the cyclic precursor peptide (SEQ ID NO:98 as shown in Scheme
10) is accomplished using standard preparative HPLC techniques. The crude cleavage
product is dissolved in a minimum amount of DMSO, loaded onto a reversed phased C18
HPLC column, and eluted with an aqueous 0.1% trifluoroacetic acid/acetonitrile gradient
(v/v) while monitoring at 214 nm. The appropriate fractions are pooled and lyophilized.
Further characterization of the intermediate precursor cyclic peptide is performed using
analytical HPLC and mass spectral analysis by conventional techniques. For SEQ ID
NO:98, MW cal.: 1105.29; MW obs.: 1105.4.

The lyophilized precursor cyclic peptide (SEQ ID NO:98) is then alkylated in a
solution of acetic acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using
sodium cyanoboronhydride as in Scheme 9. Peptide concentration is about 10mg/mL,
and can vary significantly without affecting the results. Five equivalents of the reducing
reagent sodium cyanoboronhydride are used, and the reaction is normally completed
within 2 h at room temperature. The recovery yield is 90% or higher. For example, 6.6
mg of the precursor cyclic peptide are dissolved in 0.8 mL of methanol, to which 0.2 mL
of acetic acid and 0.2 mL of acetone are added, mixed well, and then 1.9 mg of sodium
cyanoboronhydride (2.5 equivalents in methanol) are added under stirring in two equal
portions. The reaction mixture is stirred at room temperature for 30 min, upon which
another 1.9 mg of sodium cyanoboronhydride are added. The reaction is monitored by
HPLC and mass spectral analysis. After the reaction is complete, desalting of the reaction
mixture and lyophilization yields the final product (SEQ ID NO:70) with a purity of
96.5%. MW cal.: 1189.45; MW obs.: 1189.6.

Example 87
Alternative Synthesis I1I of

The compound of Example 57 (SEQ ID NO:70) can also be prepared without the
use of a palladium catalyst via solution cyclization, facilitating scaleup, as follows.

The sequence Boc-Phe-Tyr(2-Br-Z)-Lys(Fmoc)-DArg(Tos)-2Nal-Gly-
DGlu(OBzl)-Lys(Fmoc) (SEQ ID NO:103) is manually assembled on MBHA resin using
solid phase peptide synthesis Boc chemistry (Schnélzer et al. (1992) Int. J. Pept. Protein
Res. 40:180-193) as outlined in Scheme 11. The chain assembly is carried out using the



10

15

WO 2008/150689 PCT/US2008/064177

58

in situ neutralization/HBTU/DIEA activation procedure as described in Schndlzer et al.
The side chain protecting group scheme is: Lys(Fmoc), DGlu(OBzl), DArg(Tos), Tyr(2-
Br-Z). The alpha-amino group of all the amino acid building blocks is protected with
tert-butoxycarbonyl (Boc). The stepwise chain assembly starts from the C-terminal end
of the linear peptide and is accomplished in 8 steps as shown in Scheme 11. Instep 1,
five equivalents of protected amino acid Boc-Lys(2-Cl-Z) are activated with HBTU (4 eq)
/DIEA (10 eq) in DMF, and coupled to MBHA resin. In step 2, five equivalents of Boc-
DGlu(OBzl) are activated and coupled to the deprotected peptide resin from step 1 using
neat TFA. These steps are repeated appropriately until step 8, the coupling of Boc-Phe.
The Boc protecting group is removed with neat TFA, the resin is neutralized with DIEA,
and washed with DMF and methanol and dried in air before HF cleavage. The linear
peptide is simultaneously deprotected and cleaved from the resin using HF with 5%
m-cresol or p-cresol as a scavenger for 1 hour at 0 °C. The solvents are then evaporated

and the crude peptide is precipitated and washed three times with cold diethyl ether.
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HN—MBHA resin

.Boc-Lys(Fmoc)

. Boc-D-Glu(OBzl)
. Boc-Gly

. Boc-2Nal

1

§ Stepwise solid-phase assembly:
4

5. Boc-D-Arg(Tos)

6

7

8

Boc protected amino acids,
HBTU/DIEA coupling

. Boc-Lys(Fmoc) TFA deprotection

. Boc-Tyr(2-Br-Z)
. Boc-Phe

B 'Il'os
r ,Fmoc
o HN~=NH HN

/(NH
—Resin

N ~ N Y N N
H z H/\Ir : H/\“/ H ,

(0] 0 (0] (0]

HN\

= 0O

HN—Fmoc O

(SEQ ID NO:103)

HF cleavage, 0°C, 1 h

HoN~=NH Fmoc~NH

ﬁ‘ g Nﬁr“*mr“'i‘u

(SEQ ID NO:104)

Scheme 11. Chain assembly using Boc chemistry

Purification of the linear precursor peptide (SEQ ID NO:104) is accomplished

using standard preparative HPLC techniques. The crude cleavage product is dissolved in
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a minimum amount of DMSO, loaded onto a reversed phased C18 HPLC column, and
eluted with an aqueous 0.1% trifluoroacetic acid/acetonitrile gradient (v/v) while
monitoring at 214 nm. The appropriate fractions are pooled and lyophilized. Further
characterization of the intermediate precursor cyclic peptide is performed using analytical
HPLC and mass spectral analysis by conventional techniques. For SEQ ID NO:104, MW
cal.: 1567.78; MW obs.: 1567.6.

Cyclization of the lyophilized precursor linear peptide (SEQ ID NO:104) 1s
carried out in solution (Scheme 12). The linear peptide is dissolved in a small amount of
dry DMF (~10 mg/mL). This peptide solution is slowly delivered via a syringe pump to
the reaction mixture of PyBOP (2 eq, or other appropriate activation reagents, such as
HCTU, BOP, HBTU, etc.) and DIEA (10 eq) in dry DMF under magnetic stirring. The
reaction is then allowed to broceed at room temperature for 2 h. Neat piperidine is then
added to the reaction mixture to a final concentration of 25% (v/v). The reaction mixture
is kept under stirring for another 20 min to completely remove Fmoc protection. Solvents
are evaporated under vacuum and the residue is loaded onto a preparative reversed phase
C18 HPLC column, and eluted with an aqueous 0.1% trifluoroacetic acid/acetonitrile
gradient (v/v) while monitoring at 214 nm. The appropriate fractions are pooled and
lyophilized, and afford the cyclic precursor peptide (SEQ ID NO:98). Further
characterization of the intermediate precursor cyclic peptide is performed using analytical
HPLC and mass spectral analysis by conventional techniques. For SEQ ID NO:98, MW
cal.: 1105.29; MW obs.: 1105.4.

Alkylation of cyclic peptide SEQ ID NO:98 is carried out in a solution of acetic
acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using sodium
cyanoboronhydride as in Scheme 9 to generate the final product (SEQ ID NO:70). MW
cal.: 1189.45; MW obs.: 1189.6.
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H2N NH ,Fmoc

S

\/ﬁ\N/\n/ vﬁ\N/\[r \i /g‘:"'z

HN—Fmoc

(SEQ ID NO: 104)

OH

1. cyclization, PyBOP/DIEA/DMF
2. Fmoc removal: piperidine (20%) in DMF

HoN=NH

%§ §?5

(SEQ ID NO: 98)

Scheme 12. Cyclization and Fmoc removal

5 Example 88
Alternative Synthesis IV of
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlul-Lys(iPr)-NH, (SEQ ID NO:70)
The compound of Example 57 (SEQ ID NO:70) can also be prepared without the

use of a palladium catalyst by the synthetic process summarized in Scheme 13 below.
10 The dipeptide Fmoc-DGlu-Lys(iPr,Z)-NH; is first prepared in solution with an
exposed DGlutamic acid side chain. The dipeptide is linked to a hyper-acid labile CTC
(2-chlorotritylchloride PS resin, 1% DVB (100-200 mesh) resin (Senn Chemicals USA
Inc., San Diego, CA; catalog number 40207), and the final peptide product is then
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synthesized on this resin via standard Fmoc synthesis as described above. Selective
removal of the peptide from the CTC resin allows only the DGlutamic acid side chain to
react with the N-terminus of the peptide in solution and generate the cyclic peptide
product. Subsequently, the remaining side chains are cleaved with 95% TFA or other

5  strong acid.

Fmoc-D-Glu(2-CTC resin)-Lys(iPr, Z)-NH:
Assambly by Froe-SPPS l

H-Phe-Tyr(tBu)-Lys{iPr,Boc)-D-Arg{Ph)-2Nal-Gly-D-Glu(Z-CTC resin)-
Lys(iPrZ)}-NH:  (SEQ ID NO:105)

Cleavage
v

H-Phe-Tyr(tBu}-Lys(iPr,Boc)-D- Arg(Pbf}-2Nal-Gly-D-Gla{OH}-Lys(iPr,Z}-NH:

(SEQ ID NO:106)

Cyclization

L 4

| , . . .
Phe-Tyr(tBu)-L}-'s(iPr_,Boc}-D-Arg(be)-2Nal-Giy—D—éiu-Lys{iPr,Z}-l\iHz

(SEQ ID NO:107)

Deprotection ]

l I
Phe-Tyr-Lys(iPr}-D-Arg-2Nal-Gly-D-Glu-Lys(iPr)-NH:
(SEQID NO:70)

Scheme 13. Overall synthetic scheme from Fmoc-DGlu-Lys(iPr,Z)-NH,
10
The dipeptide Fmoc-DGlu-Lys(iPr,Z)-NH; is first prepared as shown below
(Scheme 14):
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Boc-Lys(iPr, Z)-OH
Aminelysis
v
Boc-Lys(iPr.Z)-NH:
Deprotection {25-50% TFA;

v
H-Lys(iPr,Z)-NHo

Fmoo-D-Ghe{OtBu)-OH ;
v
Finoc-D-Glu{OtBu)-Lys(iPr, Z)-NH:

Deprotection (25-50% TFA) i
v
Emoc-D-Glu-Lys{iPr, Z)-NH:

Scheme 14. Preparation of Fmoc-DGlu-Lys(iPr,Z)-NH;

Boc-Lys(iPr,Z)-OH is reacted with NMM and IBCF in THF. After addition of
NH,4OH, the solvents are removed by rotary evaporation and the product is taken up in
ethyl acetate. The ethyl acetate phase is washed extensively with 5% NaHCOj3 and then
with 0.1 N HCI, and then dried over anhydrous sodium sulfate. Sodium sulfate is
removed by filtration and the ethyl acetate is removed by evaporation at reduced pressure.
The resulting Boc-Lys(iPr,Z)-NH; is dissolved in DCM, and TFA is added. Once the
reaction has proceeded to completion, the solvents are removed by rotary evaporation.
H-Lys(iPr,Z)-NHj, is then dissolved in DMF. The pH is adjusted to 8 with DIEA. Ina
separate vessel, Fmoc-DGlu(OtBu)-OH, HBTU, and HOB are dissolved in DMF; DIEA
is added to adjust the pH to 8. The two solutions are mixed, and the reaction is monitored
by C18 reversed phase HPLC. The pH is monitored and adjusted, where necessary, with
DIEA. The solvents are removed by rotary evaporation, and the product dissolved in
ethyl acetate. The ethyl acetate phase is washed extensively with 5% NaHCOj3 and then
with 0.1 N HCI, and then dried over anhydrous sodium sulfate. The sodium sulfate is
removed by filtration and the ethyl acetate is removed by evaporation at reduced pressure.

Rotary evaporation is continued until a dry residue is formed. The resulting Fmoc-
DGlu(OtBu)-Lys(iPr,Z)-NHj, is dissolved in DCM, and TFA is added. Once the reaction

has proceeded to completion, the solvents are removed by rotary evaporation. The solid
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product is obtained by trituration with diethyl ether. After the precipitate is washed with
ether, the product is dried in a vacuum oven.

Solid phase peptide synthesis of the final product is performed as follows. Fmoc-
DGlu(OtBu)-Lys(iPr,Z)-NH, is dissolved in DCM and reacted with CTC resin in the
presence of DIEA in a reaction vessel. After 3 h, the peptide-resin is washed free of
reagents with DCM and Z-OSu is added. The pH is monitored and adjusted to pH 8-9 by
adding DIEA if necessary. After 8 h, the peptide-resin is washed free of reagents with
DCM, transferred to a polypropylene container, and dried in a vacuum oven.

The protected peptide-resin is assembled using Fmoc-chemistry as follows. The
coupling cycle used is: 1) De-blocking: treatment with 25% piperidine in DMF; 2)
Washing cycles with DMF, IPA and DMF again; 3) Ninhydrin test (qualitative: if
positive, proceed to coupling Step 4); 4) Coupling with 2 equivalents Fmoc-amino acid in
presence of HOBt /DIC in DMF; 5) Washing cycles with DMF; 6) Ninhydrin test
(qualitative: if negative, proceed to next de-blocking/coupling cycle; if positive, proceed
to re-coupling Step 7; if slightly positive, proceed to acetylation Step 10); 7) Re-coupling
(if required), with 1 equivalent Fmoc-amino acid in the presence of HOBt, HBTU/DIEA
in DMF; 8) Washing cycles with DMF; 9) Ninhydrin test (qualitative: if negative,
proceed to next de-blocking/coupling cycle; if positive, proceed to acetylation Step 10);
10) Acetylation (if required) with 2% acetic anhydride in 4% DIEA in DMF;

11) Washing cycles (with DMF, IPA, and DMF again); 12) Ninhydrin test (qualitative: if
positive, proceed to next de-blocking/coupling cycle). After the final coupling cycle, the
peptide-resin (SEQ ID NO:105) is washed with ether and dried under vacuum.

The protected peptide-resin is washed with DCM. Cleavage of the fully protected
linear peptide from the resin is performed with 2% TFA in DCM followed by filtration.
The solvents are removed by rotary evaporation, and the fully linear protected peptide
(SEQ ID NO:106) is precipitated by trituration with ether. The fully protected linear
peptide is transferred to a polypropylene container and dried in a vacuum oven.

The fully protected linear peptide is cyclized in the presence of PyBOP, HOBt,
and DIEA in DMF. The pH is maintained between pH 7-8 by addition of DIEA, if
necessary. After the reaction has proceeded to completion, the solvents are removed by

rotary evaporation, and the product is taken up in ethyl acetate. The ethyl acetate phase is

washed extensively with 5% NaHCOj3 and then with 0.1 N HCI and saturated NaCl

)(7
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solution. It is then dried over anhydrous sodium sulfate. The sodium sulfate is removed
by filtration and the ethyl acetate is removed by rotary evaporation at reduced pressure.
The protected cyclic peptide (SEQ ID NO:107) is precipitated by trituration with ether
and dried in a vacuum oven.

Deprotection is performed in TFA:H,O:TIS. When the reaction is complete, the
solvents are removed by rotary evaporation and the cyclic peptide (SEQ ID NO:70) is
precipitated by trituration with ether and dried in a vacuum oven. MW cal.: 1189.48;

MW obs.: 1189.50.

Example 89
Incorporation of Isotopic Labels:

Synthesis of cyclo[Phe-Tyr-Lys(iPr-de)-DArg-2Nal-Gly-DGlu]-Lys(iPr-d¢)-NH,
(SEQ ID NO:108)

Starting with isotopically labeled acetone such as *C-, '*C-, deuterium-, or

tritium-labeled acetones as shown below, the processes of Examples 85-87 permit site-
specific isotopic labeling of cyclic peptide CXCR4 antagonists for various pharmaco-
logical and imaging studies. The isotopically labeled acetones are commercially available
from various sources. An example is given below using acetone-de to prepare a peptide
containing 12 deuterium atoms. The resulting compound, differing in molecular weight
by 12 Da compared to the non-labeled counterpart, is easily differentiated in mass spectra

and exhibits identical target receptor affinity.

0]
H\C/IC!\C/H D\C/IC!\C/D
H/ | / \H D/ | / \D
H H D D
Acetone Acetone-ds

i

7
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H H H
H H
\0/13C\C/H \130/(3\130/ \13 /13C\13C/
/ DY P D P A
H | / H H | H H H
H H H H H H
Acetone-"C Acetone-2-°C Acetone-3-1C
" Using any of the methods in Examples 85-87, one can prepare and purify cyclic

5  peptide precursors (SEQ ID NO:98, SEQ ID NO:99, etc.). Alkylation is carried out in a
solution of acetic acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using
sodium cyanoboronhydride as in Scheme 9, with the exception that standard acetone is
replaced with the desired isotopically labeled acetone. In the bresent example, deuterium
acetone-db6 is used.

10 Peptide (97 mg) is dissolved in 15 mL of acetic acid/acetone-dg/methanol (1:1:4,
v/viv). Peptide concentration can vary significantly without affecting the results. Five
equivalents of sodium cyanoboronhydride are used, and the reaction is normally

completed within 2 h at room temperature. The reaction is monitored by HPLC and mass

spectral analysis. After the reaction is complete, desalting of the reaction mixture and
15 lyophilization yields 90.5 mg of final product (SEQ ID NO:108) with a purity of 99.9%.
\" MW cal.: 1201.48; MW obs.: 1201.7.
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NH,
NH,
OH NE SNH
. J
H 9 A n § H
N N\.)LE,/\H—N\/_ ﬁ/\ﬂ"“ N NH,
0] H (0] z 6]

S h

HN
0]
(SEQ ID NO:98)
AcOH/D6-acetone/methanol
(17114, vhIv)
NaBH3CN in methanol, 5 eq
D, D
H2 D
NH
NH NH D
gfj D
D
\/U_ N N/}FN N NH,

\i‘ >

(SEQ ID NO:108)

HN

Scheme 15. Site-specific deuterium labeling of CXCR4 antagonist

Use of isotopically labeled sodium cyanoboronhydride (such as NaBD3CN

NaBT3C N, etc.) permits incorporation of additional variations to the site-specific
labeling patterns.
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The pharmacological properties of the present compounds can be determined by

employing the assays described below.

Human CXCR4/**I-SDF-1a Binding Inhibition Assay

SDF-1 binding to CXCRA4 is the first step in activating the CXCR4 intracellular
signalling pathway. To determine if a compound can block the interaction of SDF-1 and
CXCR4, human leukemia CCRF-CEM cells (ATCC CCL 119) expressing endogenous
CXCR4 are employed in an 1251 tabeled SDF-10: binding assay. The assay is performed
in a 96-well U-bottom, non-treated polystyrene plate (Corning Incorporated, Costar, No.
3632). The binding assay buffer is prepared with RPMI 1640 medium (Gibco, Grand
Island, NY) containing 10 mM HEPES, pH 7.5, and 0.2% BSA. Briefly, 200 pL reaction
mixtures containing 300 pM SDF ligand (60 pM '*I-SDF-1a. (Perkin Elmer) and 240 pM
cold SDF-1a (R&D Systems), different concentrations of the test compound in assay
buffer, 100,000 human CCRF-CEM cells, and 0.5 mg SPA beads (Wheatgerm agglutinin
beads; Amersham) are incubated at room temperature for 2 hr. Plates are then counted in
a 1450 Microbeta Liquid Scintillation and Luminescence Counter (Wallac) in SPA mode.
CXCR4 antagonists decrease the bound radioactivity in this assay in a dose-dependent
manner. The inhibitory potency (K; or ICs0) of a test compound is calculated using
GraphPad Prism software, based on the dose-dependent decrease of bound radioactivity.

All compounds exemplified above exhibit an average K; value of about 7.5 nM or
less in this assay. For example, the compound of Example 1 exhibits an average K; of
3.45 nM in this assay. Many of these compounds exhibit an average K; value between
about 0.2 nM and about 1 nM. For example, the compound of Example 50 exhibits an
average K value of 0.285 nM in this assay. Other compounds exhibit an average K; value
less than about 0.2 nM. For example, the compound of Example 75 exhibits an average

K;value of 0.096 nM in this assay.

Chemotaxis Assay
CXCR4/SDF-1 interaction regulates migration (chemotaxis) of cells bearing

CXCRA4 on their surface. To determine the antagonist and cellular activities of a test

i
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compound, a chemotaxis assay using human histiocytic lymphoma U937 cells (ATCC
CRL 1593) that express endogenous CXCR4 are employed. Briefly, U937 cells, grown
in DMEM medium (Gibco, Grand Island, NY) containing 10% FBS, 1% MEM sodium
pyruvate (Gibco), 1% MEM nonessential amino acids (Gibco), and 1% GlutaMAX 1
(Gibco), are harvested and washed once with chemotaxis assay buffer prepared with 1x
RPMI medium (Gibco) containing 10 mM HEPES, pH 7.5, and 0.3% BSA. After
washing, cells are resuspended in assay buffer at a concentration of 5 x 10° cells/mL. The
assay is performed in a 96-well ChemoTx plate (NeuroProbe) according to the
manufacturer’s directions. Generally, 50 uL of cell mixture with or without test
compound are plated on the upper chamber, and 30 puL of SDF-1a (R&D Systems, 10
ng/mL) prepared in 1 x chemotaxis buffer are added to the lower chamber. After
assembly, the plate is incubated for 2.5 hr at 37°C under 5% CO,. Following the
incubation, 5 pL of CellTiter 96 AQ (Promega, Madison, WI) are added into the lower
chamber. The plate is then incubated for 60 min at 37°C, and the migrated cells are
detected by measuring the absorbance at 492 nm with a Tecan Spectrafluor Plus
Microplate Reader (Salzburg, Austria). CXCR4 antagonists inhibit cell migration,
reducing the absorbance reading. The inhibitory potency (ICsg) of a test compound in
this assay is calculated using GraphPad Prism software, based on the dose-dependent
decrease of absorbance at 492 nm.

Most of the compounds exemplified above exhibit an average ICso value of about
60 nM or less in this assay. Many of these compounds exhibit an average ICsg value of
about 6 nM or less, e.g., the compound of Example 19 exhibits an average ICsg value of
2.05 nM in this assay. Many of these compounds exhibit an average ICsg value of about

0.6 nM or less, e.g., the compound of Example 50 exhibits an average ICsg value 0f 0.171

nM in this assay.

Chemokine Receptor Binding Selectivity Assays

The binding selectivity of the present compounds for the CXCR4 receptor
compared to that for other chemokine receptors, such as human CCR1, CCR2, CXCR2,
or CXCR3, and other G-protein-coupled receptors, can be assessed in cells transfected

with nucleic acid encoding and expressing such receptors, or in cells in which such
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receptors are endogenously expressed. Whole cells or membrane fragments can be used
to assess competition of test compounds with the respective ligands for these receptors in
a manner similar to that described above for the CXCR4/'>’I-SDF-1a. binding inhibition
assay.

For example, the compound of Example 57a exhibits a K; value greater than

73,000 nM in a ligand binding assay using human chemokine receptor CXCR2.

Compound-Induced White Blood Cell and Neutrophil Mobilization in C57BL/6
Mice

Stem cells within the bone marrow actively maintain continuous production of all
mature blood cell lineages throughout life. Bone marrow is the primary site for white
blood cell (WBC)/neutrophil production and release into the circulation. The
CXCR4/SDF-1 axis appears to be critical for the retention and release of WBCs,
neutrophils, and hematopoietic progenitor cells in the bone marrow, and interruption of
CXCR4/SDF-1 interaction in bone marrow leads to an increase of these cells in
peripheral blood. A short-term mouse WBC/neutrophil mobilization model can be used
to determine the in vivo target-modulating activity of a test compound. Briefly, pathogen-
free 5-6 week old female C57BL/6 mice (Taconic) are housed for at least one week prior
to assay. Animals are allowed continuous access to sterilized rodent chow and acidified
water. Groups of 5 mice are injected subcutaneously with test compounds in saline, or
with saline control, and then sacrificed by CO, asphyxiation and cervical dislocation at
various time points post compound administration. Peripheral blood is collected by
cardiac puncture using EDTA-coated syringes and tubes. Complete blood cell analysis is
performed on a Hemavet Mascot hematology analyzer (Drew Scientific Group, Dallas,
TX). Total WBCs, neutrophils, and lymphocytes in the peripheral blood are recorded.
Effective CXCR4 antagonists administered subcutaneously to mice increase the
neutrophil and WBC counts in peripheral blood compared to saline control.

A significant number of compounds exemplified above exhibit an average
neutrophil ratio (ratio of neutrophil increase in treatment group vs. neutrophil increase in
saline control group), measured 3 hours after compound administration, greater than

about 2 in this assay. For example, the compound of Example 39 exhibits an average

neutrophil ratio of 4.6 at a dose of 5 mg/kg in this assay.
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Anti-Tumor Activity in a SCID/Namalwa Xenograft Model

SDF-1/CXCR4 interaction appears to play an important role in multiple stages of
tumorigenesis, including tumor growth, invasion, angiogenesis, and metastasis. To
evaluate in vivo anti-tumor activity of a test compound, a tumor xenograft model using
NOD/SCID mice (Jackson Laboratories) and human non-Hodgkin’s lymphoma Namalwa
cells (ATCC CRL 1432) are employed. Briefly, 200,000 Namalwa cells mixed with
matrigel (1:1) are implanted subcutaneously into the rear flank of the animals. The
implanted tumor cells grow as solid tumors, the dimensions of which can be continuously
monitored and measured using a caliper. To determine the in vivo efficacy of a test
compound in this model, one can treat animals (10/group) with different doses of test
compounds dissolved in saline or PBS, beginning 48 hours post tumor cell implantation.

Compounds are dosed subcutaneously, and tumor volume and body weight are

~determined every 2 or 3 days. Studies generally last 3-4 weeks, depending on tumor

growth. The anti-tumor growth activity of a test compound is determined by the percent
reduction in tumor volume in treatment groups compared to tumor volume in control
groups treated with vehicle alone.

Several compounds exemplified above, for example the compound of Example
26, significantly inhibit tumor growth in this assay when administered at 1 mg/kg BID.

Pharmacologic properties such as compound bioavailability, in vivo metabolic
stability, and pharmacokinetic/pharmacodynamic properties can be determined by
methods well known in the art of drug development. Preferred compounds of the present
invention exhibit high bioavailability when administered subcutaneously. Some
compounds exemplified herein exhibit bioavailability near 100% in rats, for example the
compound of Example 44. Preferred compounds also exhibit good in vivo metabolic
stability. For example, no detectable metabolites are observed in dog and monkey plasma
and urine up to 24 hours after administration of the compound of Example 57a.
Preferred compounds also exhibit favorable pharmacokinetic/pharmacodynamic
properties that permit convenient dosing. For example, in mice, the half-life (T1/2) of the
compound of Example 58 is about 3 hours. With respect to pharmacodynamic properties,
preferred compounds induce prolonged neutrophil and white blood cell mobilization in

mice. For example, the compound of Example 25 induces a significant increase of

)
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neutrophils and white blood cells in peripheral blood for at least 6 hours after single dose

subcutaneous administration at 5 mg/kg in mice.
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What Is Claimed Is:

1. A lactam-cyclized peptide of formula I:

R - cyclo[X| — Tyr — X3 — DArg — 2Nal — Gly — X7] - Xg — X9 —X10 —R2
¢y)
(SEQ ID NO:1)
wherein:

a) said lactam is formed by an amide bond between the side chain amino
group of X and the side chain carboxyl group of X, wherein X; and X5 are, respectively,
a pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R;

is Ac or n-hexanoyl; or

b) said lactam is formed by an amide bond between the side chain
carboxyl group of X and the side chain amino group of X5, wherein X, and X5 are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glu/(D/L)Agl, Glu/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and R is Ac or Bz,
or wherein X and X7 are, respectively, a pair selected from the group consisting of
succinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Orn, and R is
absent; or

¢) said lactam is formed by an amide bond between the a-amino group of
X and the side chain carboxyl group of X7, wherein X and X are, respectively, a pair
selected from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGlu,
Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGlu, Leu/Glu, Leu/DGlu, Lys/DGlu, Lys(Ac)/Glu,
2Nal/Glu, Phe/Glu, Phe/DGlu, DPhe/Glu, and DPhe/DGlu, and R is absent; or

d) said lactam is formed by an amide bond between a non-a, non-side-
chain amino group of X, and the side chain carboxyl group of X7, wherein X, and X are,
respectively, a pair selected from the group consisting of -Ala/Asp, B-Ala/Glu, 5-amino-
valeryl/Asp, S-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R

is absent; or

’ &
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e) said lactam is formed by an amide bond between the a-amino group of
X3 and the side chain carboxyl group of X7, wherein X, and X7 are, respectively, a pair
selected from the group consisting of Tyr/Asp, Tyr/Glu, and Tyr/DGlu, and R; and X are
each absent;

R is a substituent on the a.-amino group of X; when X contains an
o-amino group and said a-amino group is not a constituent of said lactam amide bond,
selected from the group consisting of Ac, Bz, and n-hexanoyl, or is absent, wherein X| is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Glu;

X is selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAla,
5-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Me);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGlu, Lys, and Orn;

X3 is selected from the group consisting of B-Ala, Arg, DArg, Gly, Lys,
Lys(iPr), and Orn, or is absent;

Xo is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or
is absent;

X0 1s 2Nal, or is absent;

wherein when Xg is absent, X9 and X are each absent, and when Xg is absent,
Xjg is absent, and
R is selected from the group consisting of NH; and NHE, or

a pharmaceutically acceptable salt thereof.

2. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claim 1, wherein:

R is selected from the group consisting of Ac and Bz, or is absent;
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X is selected from the group consisting of p-Ala, 4-AMB, 4-AMPA, Asp,
Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, and succinyl, or is absent;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me;);

X7 is selected from the group consisting of Asp, Dab, Dap, Glu, DGlu, Lys,
and Orn;

Xg is selected from the group consisting of Arg and Lys, or is absent;

Xg is absent;

X0 is absent; and

R is selected from the group consisting of NH, and NHEt.

3. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of

claim 1, wherein:

R is selected from the group consisting of Ac and Bz, or is absent;

X is selected from the group consisting of DAla, S5-aminovaleryl, 4-AMPA,
Asp, Glu, Leu, Lys(Ac), Phe, DPhe, and succinyl;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me,);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, DDap,
Glu, and DGlu;

X3 is selected from the group consisting of Arg, DArg, and Lys, or is absent;

Xo is absent;

Xy is absent; and

R, s selected from the group consisting of NH; and NHE.

4. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claim 1, wherein:
R is selected from the group consisting of Ac, Bz, and n-hexanoyl, or is
absent;
X is selected from the group consisting of (D/L)Agl, Ala, 3-Ala, Asp, Dap,
Glu, Gly, Lys, and Phe;
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X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Mey);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGhu;

X3 is selected from the group consisting of B-Ala, Arg, Gly, Lys, Lys(iPr), and
Om, or is absent;

Xg is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is
absent;

X0 is 2Nal, or is absent; and

R, is selected from the group consisting of NH; and NHEt.

5. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claim 1, wherein:
R is selected from the group consisting of Ac and Bz, or is absent;
X is selected from the group consisting of Ala, S-aminovaleryl, Asp, Glu,
Gly, Phe, DPhe, and succinyl;
X3 is selected from the group consisting of Arg, Lys(iPr), and Lys(Me;);
X7 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGlu;
X3 is selected from the group consisting of B-Ala, Arg, Gly, Lys, Lys(iPr), and
Orn, or is absent;
Xg is selected from the group consisting of Gly, D2Nal, and DPhe, or is absent;
X0 is 2Nal, or is absent; and

Rj is selected from the group consisting of NH, and NHE?.

6. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claim 1, 4, or 5, wherein:
X is selected from the group consisting of Gly and Phe;
X3 is Lys(iPr); and
X7 is DGlu.
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7. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of

claim 5, wherein:
R, is absent;

5 X is selected from the group consisting of Gly and Phe;
X3 is Lys(iPr);
X71is DGly;
X3 is selected from the group consisting of Arg and Lys(iPr), or is absent;
Xg is absent;
10 X0 1s absent; and

R, is selected from the group consisting of NH; and NHE.

8. A lactam-cyclized peptide of the formula:

OH H2N\f”” >—NH
jNH

(SEQ ID NO:70)

15 "N

or a pharmaceutically acceptable salt thereof.

9. The lactam-cyclized peptide of claim 8, wherein said pharmaceutically

20  acceptable salt is an acetic acid salt.
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10. A pharmaceutical composition, comprising a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of any one of claims 1-9, and a pharmaceutically

acceptable carrier, diluent, or excipient.

11. A lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any

one of claims 1-9, for use in therapy.

12. A lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any
one of claims 1-9, for the treatment of rheumatoid arthritis, pulmonary fibrosis, HIV
infection, or a cancer selected from the group consisting of breast cancer, pancreatic
cancer, melanoma, prostate cancer;kidney cancer, neuroblastoma, non-Hodgkin’s
lymphoma, lung cancer, ovarian cancer, colorectal cancer, multiple myeloma,

glioblastoma multiforme, and chronic lymphocytic leukemia.

13. Use of a lactam-cyclized peptide or pharmaceutically acceptable salt thereof
of any one of claims 1-9, for the manufacture of a medicament for the treatment of
rheumatoid arthritis, pulmonary fibrosis, HIV infection, or a cancer selected from the
group consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney
cancer, neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal

cancer, multiple myeloma, glioblastoma multiforme, and chronic lymphocytic leukemia.

14. A method of treating rheumatoid arthritis, pulmonary fibrosis, HIV infection,
or a cancer selected from the group consisting of breast cancer, pancreatic cancer,
melanoma, prostate cancer, kidney cancer, neuroblastoma, non-Hodgkin’s lymphoma,
lung cancer, ovarian cancer, colorectal cancer, multiple myeloma, glioblastoma
multiforme, and chronic lymphocytic leukemia, comprising administering to a patient in
need thereof an effective amount of a lactam-cyclized peptide or pharmaceutically

acceptable salt thereof of any one of claims 1-9.
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1

10

PRT .
Artificial

Synthetic construct

MOD_RES
(..M

Ac, Bz or n-hexanoyl or is absent

MOD_RES
D..7)

Lactam bridge, when Xaa at position 1 is present

MISC_FEATURE

(1. (D) _ _

Xaa = d or 1 isomer Agl, Dab, bap, Asp, Glu, Ala, d isomer Ala,
Gly, Dap(Ac), Leu, Lys, Lys(Ac), 2Nal, Phe, d isomer Phe,
beta-Ala or is absent

MOD_RES

@..(7) o )
Lactam bridge, when Xaa at position 1 is absent

MOD_RES
(2)..(2)

5-amino-valeryl, 4-AMB, 4-AMPA, succinyl or is absent

MISC_FEATURE
3)..3 )
Xaa = Arg, Lys, Lys(iPr) or Lys(Me2)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal

MISC_FEATURE

..
Xaa = Glu, d or 1 isomer Agl, Dab, Dap, d isomer Dap, Lys, Orn, d
isomer Glu, or Asp

MISC_FEATURE
Pagina 1



X17256W0ST25
<222> (8)..(8) ) ) )
<223> Xaa = beta-Ala, Arg, d isomer Arg, Gly, Lys, Lys(iPr), orn or is
agsent, and when absent, Xaa at positions 9 and 10 are also
absent

<220>

<221> MISC_FEATURE

<222> (9)..(09) )

<223> Xaa = Gly, 2Nal, d isomer 2Nal, d isomer Phe, or is absent, and
when absent, Xaa at position 10 is also absent

<220>

<221> MISC_FEATURE

<222> (10)..(Q10)

<223> Xaa = 2Nal or 1is absent

<220>

<221> MOD_RES

<222> (10)..C10)

<223> Amidated as NH2 or NHEt

<400> 1

Xaa Tyr Xaa Arg Xaa Gly Xaa Xaa Xaa Xaa
1 5 10

<210> 2

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (..
<223> Ac modified

<220>

<221> MOD_RES

<222> (..
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (..
<223> Xaa = Dap

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 2

Xaa Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> 3

<211> 8

<212> PRT

<213> Artificial

Pagina 2
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<223>

<220>
<221>
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<223>
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Synthetic construct

MOD_RES
DL..(D.
Ac modified

MISC_FEATURE
(L..MW
Xaa = Dap(Alloc)

MISC_FEATURE
(2)..(2)
Xaa = Tyr(tBu)

MISC_FEATURE

(3)..(3
Xaa = Arg(Pbf)

MISC_FEATURE
(4)..(4)
Xaa = d isomer Arg(pPbf)

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MISC_FEATURE
(7)..(7)
Xaa = Glu(oallyl)

MISC_FEATURE

(8)..(8
Xaa = Arg(Pbf)
3

Xaa Xaa Xaa Xaa Xaa G'Iy Xaa Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

4
8

PRT
Artificial

Synthetic construct

MOD_RES

(D..(1)
Ac modified

MISC_FEATURE
..
Xaa = Dap(Alloc)

MISC_FEATURE
(2)..02)
Xaa = Tyr(tBu)

MISC_FEATURE
3)..(3

X17256W0ST25
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<223> Xaa = Arg(pPbf)

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg(pPbf)

<220>

<221> MISC_FEATURE

<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE

<222> (D)..(D)

<223> Xaa = Glu(oAllyl)

<220>

<221> MISC_FEATURE

<222> (8)..(8)

<223> Xaa = Arg(pPbf)
| <220>

<221> MOD_RES

<222> (8)..(8

<223> AMIDATION

<400> 4

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa

1 5

<210> 5

<211> 8

<212> PRT

<213> Artificial

<220>

<223> Synthetic construct

<220>

<221> MOD_RES

<222> (D..D

<223> Ac modified

<220>

<221> MOD_RES

<222> (..

<223> Lactam bridge

<220>

<221> MISC_FEATURE

<222> (..

<223> Xaa = Dap

<220>

<221> MISC_FEATURE

<222> (2)..(2)

<223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Arb(pPbf)

<220>

<221> MISC_FEATURE

<222> (D)..(d)

<223> Xxaa = d isomer Arg(pPbf)

<220>

<221> MISC_FEATURE

<222> (5)..(5)

<223> Xaa = 2Nal

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE
(8)..(8
Xaa = Arg(Pbf)

MOD_RES
(8)..(8)
AMIDATION

5

Xaa Xaa Xaa Xaa Xaa Gly Glu Xaa
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5

6

8

PRT
Artificial

Synthetic construct

MOD_RES
W..(1.
Ac modified

MOD_RES
..

Lactam bridge

MISC_FEATURE
(L..
Xaa = Dab

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal
MOD_RES
®..(®
AMIDATION
6

ﬁaa Tyr Arg Arg §aa Gly Glu Arg

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

7

8

PRT
Artificial

synthetic construct

MOD_RES

(D..A)
Ac modified

MISC_FEATURE

X17256W0ST25
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

D..
Xaa = Dap

MOD_RES
L..7
Lactam bridge

MISC_FEATURE

(3..3
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

5)..(5)
Xaa = 2Nal

MOD_RES

(8)..(8)
AMIDATION

7

iaa Tyr Xaa Arg Xaa Gly Glu Arg
5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

8

8

PRT
Artificial

Synthetic construct

MOD_RES
..

n-Hexanoyl modified

MOD_RES
@..7N

Lactam bridge

MISC_FEATURE
..
Xaa = Dap

MISC_FEATURE

3..G3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE
(5)..(5)
Xaa = 2Nal

MOD_RES

8..®
AMIDATION

X17256W0ST25

Pagina 6



X17256W0ST25

<400> 8

Xaa Tyr Xaa Arg Xaa Gly Glu Arg
1 5

<210> 9

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (..
<223> Ac modified

<220>

<221> MISC_FEATURE

<222> (D..(D

<223> Xaa = d or 1 isomer Agl

<220>

<221> MOD_RES

<222> ..
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 9

Xaa Tyr Arg Arg §aa Gly Glu Arg
1

<210> 10

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Ssynthetic construct

<220>

<221> MOD_RES
<222> (..
<223> Ac modified

<220>

<221> MOD_RES

<222> (..
<223> Lactam bridge

<220>

<221> MOD_RES
<222> A..4
<223> d isomer

<220>
Pigina 7



I, 7

X17256W0ST25
<221> MISC_FEATURE
<222> (5)..(5
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE
<222> (D)..(D
<223> Xaa = Dap

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 10
Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 11

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MISC_FEATURE
<222> (..

<223> Xaa = Glu(0tBu)

<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE
<222> (3)..03)

<223> Xaa = Arg(Pbf)

<220>

<221> MISC_FEATURE

<222> 4).. (4

<223> Xaa = d isomer Arg(pPbf)

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE
<222> (D)..(D

<223> Xaa = Dap(Boc)

<220>

<221> MISC_FEATURE
<222> (8)..(8) :
<223> Xaa = Arg(Pbf)

<400> 11

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> 12

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
(D..L)
Ac modified

MISC_FEATURE
..
Xaa = Glu(otBu)

MISC_FEATURE

(2)..(2)
Xaa = Tyr(tBu)

MISC_FEATURE

(3)..03
Xaa = Arg(Pbf)

MISC_FEATURE
(4)..4)
Xaa = d isomer Arg(Pbf)

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MISC_FEATURE
..
Xaa = Dap(Boc)

MISC_FEATURE
(8)..(8)
Xaa = Arg(pPbf)

MOD_RES
(8)..(8)
AMIDATION

12

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

13

8

PRT
Artificial

Synthetic construct

MOD_RES

L..(D).
Ac modified

MOD_RES
(4)..(D

d isomer

MISC_FEATURE

5)..(5)
Xaa = 2Nal

X17256WO0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE

(7..)
Xaa = Dap
MOD_RES
8)..(8
AMIDATION
13

Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

14

8

PRT
Artificial

Synthetic construct

MOD_RES
(..
Bz modified

MOD_RES
L..7)
Lactam bridge

MOD_RES
(4)..(D

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MISC_FEATURE

7..("D
Xaa = Dap
MOD_RES
(8)..(8)
AMIDATION
14

Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210>
<211>
- <212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

15

8

PRT
Artificial

Synthetic construct

MOD_RES
(D..(1)

Ac modified

MOD_RES

X17256W0ST25
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

.7
Lactam bridge

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..05)
Xaa = 2Nal

MISC_FEATURE
(7)..(7)

Xaa = d isomer Dap

MOD_RES
(8)..(8)
AMIDATION

15

g]u Tyr Arg Arg Xaa Gly Xaa Arg
5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

16

8

PRT
Artificial

Synthetic construct

MOD_RES

.. (1)
Ac modified

MOD_RES
L..7
Lactam bridge

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal
MOD_RES
(8)..(8)
AMIDATION
16

Glu Tyr Arg Arg Xaa Gly Lys Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

17

8

PRT
Artificial

synthetic construct

X17256W0ST25

pPagina 11



<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
(L.
Ac modified

MOD_RES
..

Lactam bridge

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MISC_FEATURE

..7)
Xaa = Dab
MOD_RES
(8)..(8
AMIDATION
17

Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

18

8

PRT
Artificial

Synthetic construct

MOD_RES
(D..(D
Ac modified

MOD_RES
..

Lactam bridge

MOD_RES
4)..(®

d isomer

MISC_FEATURE
5)..(5)
Xaa = 2Nal

MISC_FEATURE
(7)..(7)

Xaa = d or 1 isomer Agl

MOD_RES

(8)..(8)
AMIDATION

18

X17256W0ST25
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X17256W0ST25

Glu Tyr Arg Arg éaa Gly Xaa Arg
1

<210> 19

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Ssynthetic construct

<220>

<221> MOD_RES
<222> (..
<223> Bz modified

<220>

<221> MOD_RES

<222> (..
<223> Lactam bridge

<220>

<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE

<222> (D)..(D)

<223> Xaa = d or 1 isomer Agl

<220>

<221> MOD_RES
<222> (8)..(8
<223> AMIDATION

<400> 19

Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 20

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..()
<223> Bz modified

<220>

<221> MOD_RES

<222> (D..(TD)
<223> Lactam bridge

<220>

<221> MOD_RES

<222> A1..4D
<223> d isomer

<220>
<221> MISC_FEATURE
<222> (5)..(5)
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa = 2Nal

MISC_FEATURE

D..(7)
Xaa = Dab
MOD_RES
3)..(8
AMIDATION
20

Asp Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

21

8

PRT
Artificial

Synthetic construct

MOD_RES
(D..(1)
Ac modified

MOD_RES
D..7D

Lactam bridge

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE
(5)..(5)
Xaa = 2Nal

MISC_FEATURE

(7..(7)
Xaa = Dab
MOD_RES
(8)..(8
AMIDATION
21

?sp Tyr Arg Arg §aa Gly Xaa Arg

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

22

8

PRT
Artificial

Synthetic construct
MOD_RES

(D.. (1)
Ac modified

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
D.."N

Lactam bridge

MOD_RES
(4)..(H

d isomer

MISC_FEATURE

5)..(5)
Xaa = 2Nal

MISC_FEATURE
..M
Xaa = Dap

MOD_RES

(8)..(8)
AMIDATION

22

Asp Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

23

8

PRT
Artificial

Synthetic construct

MOD_RES
(D..() .
Bz modified

MOD_RES
D..7)

Lactam bridge

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

5)..(5)
Xaa = 2Nal

MISC_FEATURE

(7)..(7N
Xaa = Dap
MOD_RES
8..(8)
AMIDATION
23

Asp Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210>

24

X17256W0ST25
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<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

8
PRT_ L
Artificial

Synthetic construct

MOD_RES
(D..()
Ac modified

MOD_RES
0.7 .
Lactam bridge

MOD_RES
(4)..(%

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal

MISC_FEATURE
(7)..(7M

Xaa = d or 1 isomer Agl

MOD_RES

(8)..(8)
AMIDATION

24

Asp Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

25

8

PRT
Artificial

Synthetic construct

MOD_RES
...
Ac modified

MOD_RES
..

Lactam bridge

MISC_FEATURE
3..03)
Xaa = Lys(Me2)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE
3)..(5
Xaa = 2Nal

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE

..
Xaa = Dap
MOD_RES
(8)..(8)
AMIDATION
25

Asp Tyr Xaa Arg éaa Gly Xaa Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

26

8

PRT
Artificial

Synthetic construct

MOD_RES
(D..(D
Bz modified

MOD_RES
..M |
Lactam bridge

MISC_FEATURE
(3)..03
Xaa = Lys(Me2)

MOD_RES
(4)..(H

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MISC_FEATURE

..
Xaa = Dap
MOD_RES
(8)..(8)
AMIDATION
26

?sp Tyr Xaa Arg éaa Gly Xaa Arg

<210>
<211>
<212>
<213>

<220>
<223>

<220>

27

7

PRT
Artificial

Synthetic construct

X17256W0ST25

Pdgina 17



<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
(1)..(6)

Lactam bridge

MOD_RES

M..aQ
succinyl modified

MOD_RES
(3)..03)

d isomer

MISC_FEATURE

@..4
Xaa = 2Nal

MISC_FEATURE
(6)..(6)

Xaa = d or 1 isomer Agl

MOD_RES

(7)..(7)
AMIDATION

27

'{yr Arg Arg Xaa G'Iy Xaa Arg
5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

28

7

PRT
Artificial

Synthetic construct

MOD_RES

M..aQy
Succinyl modified

MOD_RES
(D..6) |
Lactam bridge

MOD_RES
(3)..03)

d isomer

MISC_FEATURE

®..4
Xaa = 2Nal

MISC_FEATURE

(6)..(6)
Xaa = Dap
MOD_RES
(7)..(7)
AMIDATION
28

Tyr Arg Arg Xaa Gly Xaa Arg

X17256W0ST25
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5
29
7
PRT
Artificial

Synthetic construct

MOD_RES
..
Succinyl modified

MOD_RES
(1..(6)

Lactam bridge

MOD_RES
(3)..03)

d isomer

MISC_FEATURE

®.. 4D
Xaa = 2Nal

MISC_FEATURE

(6)..(6)
Xaa = Dab
MOD_RES
@..(7
AMIDATION
29

Iyr Arg Arg Xaa §1y Xaa Arg

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

30

7

PRT
Artificial

Synthetic construct

MOD_RES
(D..A)

succinyl modified

MOD_RES
(1..(6)

Lactam bridge

MOD_RES
(3)..03)

d isomer

MISC_FEATURE
4..4D
Xaa = 2Nal

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE

(6)..(6)
Xaa = 0Orn
MOD_RES
@..(7NH
AMIDATION
30

Tyr Arg Arg Xaa §1y Xaa Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

31

7

PRT
Artificial

Synthetic construct

MOD_RES
..V

Ssuccinyl modified

MOD_RES

(D..6)
Lactam bridge

MOD_RES
(3)..03

d isomer

MISC_FEATURE

@®..(4
Xaa = 2Nal
MOD_RES
(..
AMIDATION
31

Iyr Arg Arg Xaa g]y Lys Arg

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

32

8

PRT
Artificial

Synthetic construct

MOD_RES
1..(7)

Lactam bridge

MISC_FEATURE
3)..03

Xaa = Lys(iPr)

MOD_RES

X17256W0ST25
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

(4)..(4)

d isomer

MISC_FEATURE

..
Xaa = 2Nal
MOD_RES
(7)..(7

d isomer
MOD_RES
(8)..(8
AMIDATION
32

Gly Tyr Xaa Arg éaa Gly Glu Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

33

8

PRT
Artificial

Synthetic construct

MISC_FEATURE
..
Xaa = Tyr(tBu)

MISC_FEATURE
).
Xaa = Lys(iPr)(Boc)

MISC_FEATURE
4..4)
Xaa = d isomer Arg(Pbf)

MISC_FEATURE
(5)..(5)
Xaa = 2Nal

MISC_FEATURE
..(7
Xaa = d isomer Glu(oallyl)

MISC_FEATURE

(8)..(8)
Xaa = Arg(Pbf)
33

Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

34

8

PRT
Artificial

Synthetic construct

X17256WO0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

. <221>

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
D..(7) .
Lactam bridge

MISC_FEATURE
3)..(3 .
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

5)..(5
Xaa = 2Nal

MOD_RES
7)..(7

d isomer

MOD_RES
(8)..(8)
AMIDATION

MISC_FEATURE

(8)..(8) |
acetic acid salt
34

Gly Tyr Xaa Arg éaa Gly Glu Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

35

8

PRT
Artificial

synthetic construct

MOD_RES
(1..D

Fmoc modified

MISC_FEATURE

(2)..(2)
Xaa = Tyr(tBu)

MISC_FEATURE

(3..3) |
Xaa = Lys(iPr)(Boc)

MISC_FEATURE
@..(4
Xaa = d isomer Arg(Pbf)

MISC_FEATURE

(5)..(5
Xaa = 2Nal

X17256W0ST25
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE

..
Xaa = d isomer Glu(oaliyl)

MISC_FEATURE

(8)..(8
Xaa = Arg(pbf)

MOD_RES
(8)..(8)
AMIDATION

35

Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210>
<211>

- 212>

<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>

36

8

PRT
Artificial

synthetic construct

MOD_RES
.7
Lactam bridge

MISC_FEATURE
(2)..(2)
Xaa = Tyr(tBu)

MISC_FEATURE

. 3
Xaa = Lys(iPr)(Boc)

MISC_FEATURE
(4)..(4)
Xaa = d isomer Arg(Pbf)

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MOD_RES
(7)..(7)

d isomer

MISC_FEATURE
®)..®
Xaa = Arg(pPbf)

MOD_RES

(8)..(8)
AMIDATION
36

Gly Xaa Xaa Xaa Xaa Gly Glu Xaa
5

37
7

X17256WO0ST25
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<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

PRT o
Artificial

Synthetic construct

MOD_RES
..7
Lactam bridge

MISC_FEATURE

3..3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal
MOD_RES
7.."H

d isomer
MOD_RES

@ ..
AMIDATION
37

§1y Tyr Xaa Arg gaa Gly Glu

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

38

7

PRT
Artificial

Synthetic construct

MOD_RES
@..7)

Lactam bridge

MISC_FEATURE

3)..3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

)..(5
Xaa = 2Nal

MOD_RES
(7)..(7)

d isomer

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
..
AMIDATION

MISC_FEATURE

DD
acetic acid salt
38

Gly Tyr Xaa Arg Xaa Gly Glu
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

39

8

PRT
Artificial

Synthetic construct

MOD_RES
.7
Lactam bridge

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal
MOD_RES
..

d isomer
MOD_RES
(8)..(8
AMIDATION
39

Gly Tyr Arg Arg éaa Gly Glu Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

40

8

PRT
Artificial

Synthetic construct

MOD_RES
L..7
Lactam bridge

MISC_FEATURE

(3.°3)
Xaa = Lys(iPr)

MOD_RES

X17256W0ST25
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<222> (4)..(4
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MOD_RES

<222> (@)..(D)
<223> d isomer

X17256WOST25 \ \O

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222> (8)..(8)
’. <223> AMIDATION

<400> 40

Gly Tyr Xaa Arg éaa Gly Glu Xaa
1

<210> 41

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(6)
<223> Lactam bridge

<220>

' <221> MOD_RES

W <222> (3)..(03)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (4..(4)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (D..(D)
<223> AMIDATION

<400> 41

Tyr Arg Arg Xaa §1y Glu Arg
1

<210> 42

<211> 7

<212> PRT

<213> Artificial

<220> )
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(6)
<223> Lactam bridge
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<220>

<221> MOD_RES

<222> (3)..(3)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> 4)..(4)
<223> Xaa = 2Nal

X17256WO0ST25 '\O\

<220>

<221> MOD_RES

<222> (6)..(6)
<223> d isomer

<220>

<221> MOD_RES
<222> (D)..(D)
<223> AMIDATION

’ <400> 42

Tyr Arg Arg Xaa g1y Glu Arg
1

<210> 43

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1D..(6)
<223> Lactam bridge

<220>
<221> MOD_RES
<222> (3)..(3)

“ <223> d isomer

<220>

<221> MISC_FEATURE
<222> 4)..(4)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (..
<223> AMIDATION

<400> 43
Tyr Arg Arg Xaa Gly Asp Arg
1 5

<210> 44

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (..
<223> Lactam bridge

<220>
pPagina 27
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<222> (4)..(4)
<223> d isomer

X17256W0ST25
<221> MOD_RES

<220>

<221> MISC_FEATURE
<222> (5)..(5
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 44
Gly Tyr Arg Arg éaa Gly Asp Arg
1

<210> 45

2 <211> 8
’ <212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> ()..(7)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(Me2)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

L <220>
¢ <221> MISC_FEATURE

<222> (5)..(5%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 45

Gly Tyr Xaa Arg éaa Gly Asp Arg
1

<210> 46

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (D..7)
<223> Lactam bridge

<220>
<221> MISC_FEATURE
<222> (3)..(3)
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal
MOD_RES
(8)..(8
AMIDATION
46

Gly Tyr Xaa Arg Xaa Gly Asp Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

47

7

PRT
Artificial

synthetic construct

MOD_RES
V.7

Lactam bridge

MISC_FEATURE
.73
Xaa = Lys(iPr)

MOD_RES
(4)..(®

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal
MOD_RES
(7..(7)
AMIDATION
47

Gly Tyr Xaa Arg Xaa Gly Asp
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

48

8

PRT
Artificial

Synthetic construct

MOD_RES
..

Lactam bridge

X17256WOST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE
3..3 .
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

B)..(5
Xaa = 2Nal

MISC_FEATURE
(8)..(8)
Xaa = Lys(iPr)

MOD_RES

(8)..(8)
AMIDATION

48

Gly Tyr Xaa Arg Xaa Gly Asp Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

49

8

PRT
Artificial

Synthetic construct

MOD_RES

L..7
Lactam bridge

MISC_FEATURE
3..3
Xaa = Lys(Me2)

MOD_RES
(4)..(H

d isomer

MISC_FEATURE

5..(5
Xaa = 2Nal
MOD_RES
(8)..(8)
AMIDATION
49

Gly Tyr Xaa Arg éaa Gly Glu Arg
1

<210>
<211>
<212>
<213>

<220>

50

8

PRT
Artificial

X17256W0ST25
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Synthetic construct

MOD_RES

..M |
Lactam bridge

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal
MOD_RES
(8)..(8)
AMIDATION
50

Gly Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

51

8

PRT
Artificial

Synthetic construct

MOD_RES
.7
Lactam bridge

MISC_FEATURE

3)..3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal
MOD_RES
(8)..(8)
AMIDATION
51

§1y Tyr Xaa Arg §aa Gly Glu Arg

<210>
<211>
<212>
<213>

<220>
<223>

52

7

PRT
Artificial

Synthetic construct

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
L..7
Lactam bridge

MISC_FEATURE
3)..(3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal
MOD_RES
..M
AMIDATION
52

g]y Tyr Xaa Arg Xaa Gly Glu
5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

53

7

PRT
Artificial

synthetic construct

MOD_RES

D..7)
Lactam bridge

MISC_FEATURE

3..33) |
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MOD_RES

..
Amidated as NHEt

53

%1y Tyr Xaa Arg éaa Gly Asp

<210>
<211>
<212>
<213>

54

7

PRT
Artificial

X17256W0ST25
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<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Synthetic construct

MOD_RES
D..7) .
Lactam bridge

MISC_FEATURE
3..3
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

B)..(5)
Xaa = 2Nal
MOD_RES
..

Amidated as NHEt
54

g]y Tyr Xaa Arg Xaa Gly Glu
5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

55

7

PRT
Artificial

Synthetic construct

MOD_RES
D..7)
Lactam bridge

MISC_FEATURE
.-3)
Xaa = Lys(iPr)

MOD_RES
(4)..(

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal
MOD_RES
n.."

d isomer
MOD_RES
(..M

Amidated as NHEt
55

Gly Tyr Xaa Arg Xaa Gly Glu

X17256W0ST25
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5
56
8
PRT
Artificial

synthetic construct

MOD_RES
.. |
Lactam bridge

MISC_FEATURE

3..33)
Xaa = Lys(iPr)

MOD_RES
(4)..(H

d isomer

MISC_FEATURE

5)..(5)

Xaa = 2Nal
MOD_RES

..

d isomer

MOD_RES

(8)..(8)
Amidated as NHEt
56

g]y Tyr Xaa Arg §aa Gly Glu Arg

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

57

8

PRT
Artificial

Synthetic construct

MOD_RES
.7
Lactam bridge

MISC_FEATURE

(3..3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..05)
Xaa = 2Nal

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
@7.."1D

d isomer

MOD_RES
(8)..(8)
Amidated as NHEt

MISC_FEATURE

(8)..(8) |
acetic acid salt
57

Gly Tyr Xaa Arg gaa Gly Glu Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

58

8

PRT
Artificial

synthetic construct

MOD_RES
D..7 .
Lactam bridge

MISC_FEATURE

3..3
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE
(5)..(5
Xaa = 2Nal

MOD_RES
(7)..(7)

d isomer

MISC_FEATURE
(8..8)
Xaa = Lys(iPr)

MOD_RES

(8)..(8)
Amidated as NHEt

58

Gly Tyr Xaa Arg Xaa Gly Glu Xaa
1 5

<210>
<211>
<212>
<213>

<220>

59

8

PRT
Artificial

X17256W0ST25
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Synthetic construct

MOD_RES
@..7) .
Lactam bridge

MISC_FEATURE
..
Xaa = Lys(Ac)

MISC_FEATURE

3)..(3
Xaa = Lys(Me2)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal
MOD_RES
(8)..(8)
AMIDATION
59

Xaa Tyr Xaa Arg Xaa Gly Glu Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

60

7

PRT
Artificial

Synthetic construct

MOD_RES
D..ND

Lactam bridge

MISC_FEATURE
..
Xaa = Dap(Ac)

MISC_FEATURE

3..03)
Xaa = Lys(Me2)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MOD_RES
@..N
AMIDATION

X17256W0ST25
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<400>

60

Xaa Tyr Xaa Arg Xaa Gly Glu
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

- <220>

<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

61

7

PRT
Artificial

Synthetic construct

MOD_RES
M..7N

Lactam bridge

MISC_FEATURE
»N..3
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal
MOD_RES
(7)..(7
AMIDATION
61

Ala Tyr Xaa Arg Xaa Gly Glu
5

62

7

PRT
Artificial

synthetic construct

MOD_RES
..

Lactam bridge

MOD_RES
(1)..(1)

d isomer

MISC_FEATURE

(3).-3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer

X17256W0ST25
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE
(5)..(5

Xaa = 2Nal
MOD_RES
..M
AMIDATION

62

é]a Tyr Xaa Arg éaa Gly Glu

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

63
7

PRT. L
Artificial

Synthetic construct

MOD_RES
.7
Lactam bridge

MOD_RES
(D..D

d isomer

MISC_FEATURE

3)..3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5..(5
Xaa = 2Nal
MOD_RES
..N

d isomer
MOD_RES
(D..(D
AMIDATION
63

§1a Tyr Xaa Arg Xaa Gly Glu
5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>

64

7

PRT
Artificial

Synthetic construct

MOD_RES
L..N"

X17256W0ST25
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Lactam bridge

MISC_FEATURE

(3..3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

5)..(5
Xaa = 2Nal
MOD_RES
..

d isomer
MOD_RES
@..(7"
AMIDATION
64

§1a Tyr Xaa Arg éaa Gly Glu

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

65

7

PRT
Artificial

synthetic construct

MOD_RES
(L..(7)

Lactam bridge

MISC_FEATURE
3)..3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

B)..(5)
Xaa = 2Nal
MOD_RES
..

d isomer
MOD_RES
@..(7ND
AMIDATION
65

Leu Tyr Xaa Arg Xaa Gly Glu
1 5

X17256W0ST25
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

66

7

PRT
Artificial

Synthetic construct

MOD_RES
1..7)

Lactam bridge

MISC_FEATURE

.3
Xaa = Lys(iPr)

MOD_RES
(4)..(D

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal
MOD_RES
@..(7)
AMIDATION
66

Leu Tyr Xaa Arg Xaa Gly Glu
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

67

7

PRT
Artificial

Synthetic construct

MOD_RES
(1)..(7)

Tactam bridge

MOD_RES
(..

d isomer

MISC_FEATURE
.73
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal

MOD_RES

X17256W0ST25
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X17256W0ST25
<222> (@)..(D)
<223> AMIDATION

<400> 67

Phe Tyr Xaa Arg §aa Gly Glu
1

<210> 68
<211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (..
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDATION

<400> 68

Phe Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 69

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (D..(7)
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (..
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> 4..(4
<223> d isomer
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE

(5)..05)
Xaa = 2Nal
MOD_RES
Nn..("O

d isomer
MOD_RES
(7)..(7)
AMIDATION
69

Phe Tyr Xaa Arg Xaa Gly Glu
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

70
8

. PRT

Artificial

Synthetic construct

MOD_RES
1..(7)

Lactam bridge

MISC_FEATURE
(3)..3) |
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal

MOD_RES
(7).

d isomer

MISC_FEATURE
(8)..(8) |
Xaa = Lys(iPr)

MOD_RES

(8)..(8)
AMIDATION

70

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
5

71

8

PRT
Artificial

X17256W0ST25
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<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

Synthetic construct

MOD__RES
..

Lactam bridge

MISC_FEATURE
(.. .
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

5)..(%
Xaa = 2Nal

MOD_RES
(7)..(7N

d isomer

MISC_FEATURE
(8)..(8)
Xaa = Lys(iPr)

MOD_RES
(8)..(8)
AMIDATION

MISC_FEATURE

(8)..(8) |
acetic acid salt
71

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
5

72

8

PRT
Artificial

Synthetic construct

MOD_RES
..

Lactam bridge

MISC_FEATURE

3)..3)
Xaa = Lys(iPr)

MOD_RES
(4)..(D

d isomer

MISC_FEATURE
5)..(%

X17256W0ST25
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

Xaa = 2Nal

MOD_RES
7.7

d isomer

MOD_RES
(8)..(8)
AMIDATION

72

Phe Tyr Xaa Arg éaa Gly Glu Arg

73

7

PRT
Artificial

Synthetic construct

MOD_RES
..(7N

Lactam bridge

MISC_FEATURE

3..3
Xaa = Lys(iPr)

MOD_RES
(4)..(8

d isomer

MISC_FEATURE

5)..(5%
Xaa = 2Nal
MOD_RES
..N

d isomer
MOD_RES

@ ..(7)
AMIDATION
73

Phe Tyr Xaa Arg éaa Gly Glu

74

8

PRT
Artificial

Synthetic construct

MOD_RES
..

Lactam bridge

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE

(3).°3)
Xaa = Lys(iPr)

MOD_RES
4..(4D

d isomer
MISC_FEATURE
5)..(5)

Xaa = 2Nal
MOD_RES
7..(N"

d isomer
MISC_FEATURE
(8)..(8)
Xaa = Lys(iPr)
MOD_RES
(8)..(8
Amidated as NHEt
74

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

75

8

PRT
Artificial

Synthetic construct

MOD_RES
..

Lactam bridge

MISC_FEATURE

3)..3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(H

d isomer

MISC_FEATURE
(5)..(%)
Xaa = 2Nal

MOD_RES
(7)..(7)

d isomer

MISC_FEATURE

(8)..(8)
Xaa = Lys(iPr)

MOD_RES

X17256WOST25
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<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

(8)..(8)
Amidated as NHEt

MISC_FEATURE

(8)..(8) |
acetic acid salt
75

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
5

76

7

PRT
Artificial

synthetic construct

MOD_RES
..

Lactam bridge

MOD_RES
(1)..(D

d isomer

MISC_FEATURE

3..3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5

Xaa = 2Nal
MOD_RES

..
Amidated as NHEt
76

Ala Tyr Xaa Arg Xaa Gly Glu
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

77

7

PRT
Artificial

Synthetic construct

MOD_RES
D..7) |
Lactam bridge

MISC_FEATURE
@D..
Xaa = 2Nal

X17256WOST25

Pagina 46




<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE
3)..(3) .
Xaa = Lys(iPr)

MOD_RES
4)..(®

d isomer

MISC_FEATURE

5)..(5
Xaa = 2Nal

MOD_RES

(7..(NH
Amidated as NHEt

77

Xaa Tyr Xaa Arg Xaa Gly Glu
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

78

7

PRT
Artificial

Synthetic construct

MOD_RES
.7 |
Lactam bridge

MOD_RES
(..M

d 1isomer

MISC_FEATURE
3)..3 .
Xaa = Lys(iPr)

MOD_RES
4..(»

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal

MOD_RES
..
Amidated as NHEt

78

Phe Tyr Xaa Arg Xaa Gly Glu
1 5 ‘

<210>
<211>
<212>
<213>

79
7

PRT_ o
Artificial

X17256W0ST25
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<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Synthetic construct

MOD_RES
0.7
Lactam bridge

MISC_FEATURE
OO
Xaa = Lys(iPr)

MOD_RES
(4)..(H

d isomer

MISC_FEATURE
(5)..(5)
Xaa = 2Nal

MOD_RES
..
Amidated as NHEt

79

;he Tyr Xaa Arg §aa Gly Glu

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

80

9

PRT
Artificial

synthetic construct

MOD_RES
.7 .
Lactam bridge

MISC_FEATURE

(3..3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE
(5)..(5)
Xaa = 2Nal

MOD_RES
(7)..(7D

d isomer

MISC_FEATURE
(9..(9
Xaa = 2Nal

MOD_RES
®..®

X17256W0ST25
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<223>
<400>

AMIDATION
80

Gly Tyr Xaa Arg éaa Gly Glu Gly Xaa
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

81

9

PRT
Artificial

Synthetic construct

MOD_RES
V..

Lactam bridge

MISC_FEATURE

3).-3) .
Xaa = Lys(iPr)

MOD_RES
(4)..(4D

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MISC_FEATURE

8..(8
Xaa = beta-Ala

MISC_FEATURE
(9)..®

Xaa = d isomer 2Nal

MOD_RES

(9)..(9
AMIDATION
81

Gly Tyr Xaa Arg Xaa Gly Glu Xaa Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

82

8

PRT
Artificial

synthetic construct

MOD_RES
MD..7)
Lactam bridge

MISC_FEATURE
D..D
Xaa = beta-Ala

X17256WO0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal
MOD_RES
(8)..(8)
AMIDATION
82

Xaa Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

83

8

PRT
Artificial

Synthetic construct

MOD_RES
..7) |
Lactam bridge

MISC_FEATURE

..
Xaa = beta-Ala

MOD_RES
(4)..(4

d isomer

MISC_FEATURE
(5)..(5)
Xaa = 2Nal

MOD_RES

(8)..(8)
AMIDATION

83

Xaa Tyr Arg Arg Xaa Gly Asp Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

84

7

PRT
Artificial

synthetic construct

MOD_RES
(D..M

S5-aminovaleryl modified

MOD_RES

X17256W0ST25
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L

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

(D..(6)
Lactam bridge

MOD_RES
(3)..(3

d isomer

MISC_FEATURE

@..4
Xaa = 2Nal
MOD_RES
..
AMIDATION
84

Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

85

7

PRT
Artificial

Synthetic construct

MOD_RES
(D..D

5-aminovaleryl modified

MOD_RES
(1)..(6)

Lactam bridge

MOD_RES
(3)..03)

d isomer

MISC_FEATURE

4..4
Xaa = 2Nal
MOD_RES
(7)..(7)
AMIDATION
85

Iyr Arg Arg Xaa §1y Asp Arg

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

86

7

PRT
Artificial

Synthetic construct

MOD_RES
(L..L
4-AMPA modified

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
D..6) |
Lactam bridge

MOD_RES
(3)..(3)

d isomer

MISC_FEATURE

®.. 4D
Xaa = 2 Nal
MOD_RES
@..(7)
AMIDATION
86

Tyr Arg Arg Xaa §1y Asp Arg
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

87

7

PRT
Artificial

Synthetic construct

MOD_RES

(..
4-AMPA modified

MOD_RES
(1)..(6)

Lactam bridge

MOD_RES
(3)..03)

d isomer

MISC_FEATURE

®..4
Xaa = 2Nal
MOD_RES
(7)..(7)
AMIDATION
87

Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>

88
7

PRT_ o
Artificial

Synthetic construct

X17256W0ST25
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
..
4-AMPA modified

MOD_RES
(1..(6)

Lactam bridge

MOD_RES
(3)..03)

d isomer

MISC_FEATURE

®..4
Xaa = 2Nal
MOD_RES
n..(1"H

d isomer
MOD_RES
..M
AMIDATION
88

Iyr Arg Arg Xaa §1y Glu Arg

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

89

7

PRT
Artificial

Synthetic construct

MOD_RES

M..A)
4-AMB modified

MOD_RES
(1)..(6)

Lactam bridge

MOD_RES
(3)..03

d isomer

MISC_FEATURE
@..(4
Xaa = 2Nal

MOD_RES
(7)..C7)
AMIDATION

89

Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210>
<211>

90
10

X17256WOST25
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<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

X17256WOST25

PRT
Artificial

Synthetic construct

MOD_RES
..7)
Lactam bridge

MISC_FEATURE

3..3 .
Xaa = Lys(iPr)

MOD_RES
(4)..(D

d isomer

MISC_FEATURE

5..(5%
Xaa = 2Nal

MOD_RES
(7)..(7D

d isomer

MISC_FEATURE

(8)..(8)
Xaa = Lys(iPr)

MISC_FEATURE

(10)..(10)
Xaa = 2Nal
MOD_RES
(10)..(10)
AMIDATION
90

Gly Tyr Xaa Arg Xaa Gly Glu Xaa Gly Xaa
1 5 10

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

91

10

PRT
Artificial

Synthetic construct

MOD_RES
@)..(7)

Lactam bridge

MISC_FEATURE
(3..3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isomer
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X17256W0ST25
<220>
<221> MISC_FEATURE
<222> (5)..(5
<223> Xaa = 2Nal

<220>

<221> MOD_RES

<222> (D)..(D)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>

<221> MISC_FEATURE
<222> (10)..(10)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (10)..(10)
<223> AMIDATION

<400> 91

Phe Tyr Xaa Arg Xaa Gly Glu Xaa Gly Xaa
1 5 10

<210> 92

<211> 9

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (D..(D
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (..

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> 4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (D..(D
<223> d isomer

<220>

<221> MOD_RES
<222> (9)..09
<223> d isomer

<220>

<221> MOD_RES
<222> (9..(®
<223> AMIDATION

<400> 92
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X17256W0ST25
Gly Tyr Xaa Arg Xaa Gly Glu Gly Phe
1 5

<210> 93

<211> 9

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (..
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..03)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (D..(D
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (9)..(9)
<223> d isomer

<220>

<221> MOD_RES
<222> (9)..(9)
<223> AMIDATION

<400> 93

Gly Tyr Xaa Arg Xaa Gly Glu Xaa Phe
1 5

<210> 94

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (..
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE
(5)..(5)
Xaa = 2Nal

MOD_RES
(7)..(7)

d isomer

MISC_FEATURE

(8)..(8)
Xaa = Lys(iPr)

MOD_RES
(8)..(8)
AMIDATION

94

Lys Tyr Xaa Arg Xaa Gly Glu Xaa
1 5 ,

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

95

8

PRT
Artificial

synthetic construct

MOD_RES
.. (7

Lactam bridge

MOD_RES
(4)..(48

d isomer

MISC_FEATURE
(5..(5)
Xaa = 2Nal

MOD_RES
(7)..(7)

d isomer

MISC_FEATURE

(8)..(8)
Xaa = Lys(ipPr)

MOD_RES
(8)..(8)
AMIDATION

95

Phe Tyr Lys Arg Xaa Gly Glu Xaa
1 5

X17256WOST25
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
© <223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

96

8

PRT
Artificial

Ssynthetic construct

MOD_RES
..7) |
Lactam bridge

MISC_FEATURE
3..3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

5)..(5
Xaa = 2Nal
MOD_RES
M.."D

d isomer
MOD_RES
(8)..(8)
AMIDATION
96

Phe Tyr Xaa Arg éaa Gly Glu Lys

97

8

PRT
Artificial

Synthetic construct

MOD_RES
W..7N

Lactam bridge

MISC_FEATURE
3)..3)
Xaa = Lys(iPr)

MOD_RES
(4)..(®

d isomer

MISC_FEATURE
(5)..(5
Xaa = 2Nal

MOD_RES
..

X17256W0ST25
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

d isomer

MISC_FEATURE

(8)..(8)
Xaa = 0Orn
MOD_RES
(8)..(8)
AMIDATION
97

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
5

98

8

PRT
Artificial

Synthetic construct

MOD_RES
D..7) .
Lactam bridge

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

(5)..(5)
Xaa = 2Nal
MOD_RES
n.."D

d isomer
MOD_RES
(8)..(8
AMIDATION
98

Phe Tyr Lys Arg Xaa Gly Glu Lys
1 5 .

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

99

8

PRT
Artificial

Synthetic construct

MOD_RES
L..N"D

Lactam bridge

MOD_RES
(4)..(

d isomer

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE

(5)..(5)

Xaa = 2Nal
MOD_RES

..M

d isomer

MOD_RES

(8)..(8)
Amidated as NHEt
99

Phe Tyr Lys Arg Xaa Gly Glu Lys
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

100

8

PRT
Artificial

Synthetic construct

MOD_RES
D..A),
FMOC modified

MISC_FEATURE
(2)..(2)
Xaa = Tyr(tBu)

MISC_FEATURE
3)..(3)
Xaa = Lys(Boc)

MISC_FEATURE
4..(4)
Xaa = d isomer Arg(pPbf)

MISC_FEATURE

5)..(5
Xaa = 2Nal

MISC_FEATURE
(..,
Xaa = d isomer Glu(OAlly1)

MISC_FEATURE
(8)..(8)
Xaa = Lys(Boc)

MOD_RES
(8)..(8)
AMIDATION

100

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa

1

<210>

5

101

X17256W0ST25
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<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

<210>
<211>

8
PRT_ L
artificial

Synthetic construct

MOD_RES
(D..7) .
Tactam bridge

MISC_FEATURE
2..(2)
Xaa = Tyr(tBu)

MISC_FEATURE
3..(»
Xaa = Lys(Boc)

MISC_FEATURE
4..(4)
Xaa = d isomer Arg(Pbf)

MISC_FEATURE
(5)..(5
Xaa = 2Nal

MOD_RES
(7)..(7)

d isomer

MISC_FEATURE
8)..(8
Xaa = Lys(Boc)

MOD_RES

(8)..(8)

AMIDATION

101

;he Xaa Xaa Xaa Xaa Gly Glu Xaa

5

102

8

PRT

<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

artificial

synthetic construct

MOD_RES
(1)..(D

Fmoc modified

MISC_FEATURE
(2)..(2)
Xaa = Tyr(2-Br-2z)

MISC_FEATURE
3..03
Xaa = Lys(2-C1-2)

X17256W0ST25
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MISC_FEATURE
4)..4D

Xaa = d isomer Arg(7os)

MISC_FEATURE

(5)..(5)
Xaa = 2Nal

MISC_FEATURE
(7). (D)
Xaa = d isomer Glu(OFm)

MISC_FEATURE

(8)..(8)
Xaa = Lys(2-Cl1-2)
102

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

103

8

PRT
artificial

synthetic construct

MOD_RES
..

Boc modified

MISC_FEATURE

(2)..(2)
Xaa = Tyr(2-Br-2)

MISC_FEATURE
3)..03)
Xaa = Lys(Fmoc)

MISC_FEATURE
(4)..(4

Xaa = d isomer Arg(Tos)

MISC_FEATURE

5..(5
Xaa = 2Nal

MISC_FEATURE
(7.7
Xaa = d isomer Glu(oBz1)

MISC_FEATURE

(8)..(8)
Xaa = Lys(Fmoc)
103

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa
5

X17256WO0ST25
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

104

8

PRT
artificial

synthetic construct

MISC_FEATURE
..
Xaa = Lys(Fmoc)

MOD_RES
(4)..(4)

d isomer

MISC_FEATURE

(5)..(5
Xaa = 2Nal

MOD_RES
7)..(7N

d isomer

MISC_FEATURE

(8)..(8)
Xaa = Lys(Fmoc)

MOD_RES

(8)..(8)
AMIDATED

104

ihe Tyr Xaa Arg éaa Gly Glu Xaa

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

105

8

PRT
artificial

synthetic construct

MISC_FEATURE
(2)..(2)
Xaa = Tyr(tBu)

MISC_FEATURE
(..
Xaa = Lys(iPr,Boc)

MISC _FEATURE

4..(4)
Xaa = d isomer Arg(Pbf)

MISC_FEATURE

3..(5
Xaa = 2Nal

MISC_FEATURE
@..7ND

X17256W0ST25
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

X17256WOST25

Xaa = d isomer Glu(2-CTC resin)

MISC_FEATURE
(8)..08) .
Xaa = Lys(iPr,Zz)

MOD_RES
(8)..(8)
AMIDATION

105

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

106

8

PRT
artificial

synthetic construct

MISC_FEATURE
(2)..(»
Xaa = Tyr(tBu)

MISC_FEATURE

3..3
Xaa = Lys(iPr,Boc)

MISC_FEATURE
4)..4)
Xaa = d isomer Arg(Pbf)

MISC_FEATURE

B5)..5)
Xaa = 2Nal

MISC_FEATURE
..M
Xaa = d isomer Glu(OH)

MISC_FEATURE
(8)..(8)
Xaa = Lys(iPr,z)

MOD_RES
(8)..(8)
AMIDATION

106

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210>
<211>
<212>
<213>

<220>
<223>

107

8

PRT
artificial

synthetic construct
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L |

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

MOD_RES
1)..(7N

Tactam bridge

MISC_FEATURE

2..(2)
Xaa = Tyr(tBu)

MISC_FEATURE
3..3 .
Xaa = Lys(iPr,Boc)

MISC_FEATURE
4)..(4)
Xaa = d isomer Arg(pPbf)

MISC_FEATURE
(5..(5)
Xaa = 2Nal

MOD_RES
(7)..(7D

d isomer

MISC_FEATURE
(8)..(8)
Xaa = Lys(iPr,2z)

MOD_RES
(8)..(8)
AMIDATION

107

Phe Xaa Xaa Xaa Xaa Gly Glu Xaa
5

108

8

PRT
artificial

synthetic construct

MOD_RES
..

Tactam bridge

MISC_FEATURE
3)..3) |
Xaa = Lys(iPr-d6)

MOD_RES
(4)..(4

d isomer

MISC_FEATURE

5)..(5
Xaa = 2Nal

MOD_RES

X17256WO0ST25
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
1 5

(7)..(7)

d isomer

MISC_FEATURE
(8)..(8)
Xaa = Lys(iPr-d6)

MOD_RES

8)..(8)
AMIDATION

108

X17256WO0ST25
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ANTAGONISTAS CICLICOS DE PEPTIDO CXCR4

La presente invencién se refiere a compuestos
antagonistas CXCR4 de péptidos ciclicos novedosos y su uso en
el tratamiento de enfermedades en las cuales la patogénesis
estd mediada por CXCR4 y SDF-1.

CXCR4, wun receptor acoplado a la proteina G, y su
ligando que se presenta naturalmente, el factor 1 derivado de
células estromales (SDF-1; CXCL12), son un par ligando-
receptor de quimiocinas. CXCR4 se expresa constitutivamente
o0 se sobreexpresa en una amplia variedad de céanceres humanos.
SDF-1, el Unico ligando conocido de CXCR4, se expresa
ampliamente en los microambientes de tumor, asi como en la
médula 6sea, pulmdn, higado, y ganglios linfaticos, esto es,
los sitios de o6rganos mas comunmente involucrados en
metastasis de tumor. La interaccién de CXCR4/SDF-1 Jjuega
papeles importantes en multiples etapas de la tumorigénesis,
incluyendo crecimiento de tumores, invasién, angiogénesis, vy
metidstasis, asi como en artritis reumatoide, fibrosis
pulmonar, e infeccidén por VIH (Tsutsumi et al. (2006) Peptide
Science 88(2):279—289).

En vista de la participacién de CXCR4/SDF-1 en estas
enfermedades serias, CXCR4 es un objetivo terapéutico

atractivo.
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AMD3100, un antagonista de Dbiciclama CXCR4, estéd
actualmente en ensayos c¢linicos de Fase III para la
movilizacién de células madre para el transplante de células
madre en pacientes con mieloma multiple y linfoma que no es
de Hodgkins. AMD070, otro antagonista de molécula pequefia de
CXCR4, estd actualmente en ensayos clinicos de Fase Il para
la infeccién por VIH. CTCE9908, wun antagonista péptido
bivalente (dimérico) CXCR4, estd actualmente en ensayos
clinicos de Fase Ib/II para el céancer. FC131, un antagonista

de pentapéptido ciclico de CXCR4, inhibe el enlace de 1257~

SDF-1 a los transfectantes de CXCR4 con un ICsg de 4 nM

(Fujii et al. (2003) Angew. Chem. Int. Ed. 42:3251-3253;
Araki et al. (2003) Peptide Science. The Japanese Peptide
Society (2004):207-210).

Existe la necesidad de antagonistas mejorados de CXCR4
que sean potentes y selectivos, que muestren poca © ninguna
actividad en otros receptores de quimiocina. Los compuestos
de la presente invencidén aon tales antagonistas potentes vy
selectivos de CXCR4. Su alta potencia permite el uso de dosis
bajas en regimenes terapéuticos, mientras que su alta
selectividad minimiza los efectos colaterales adversos no
relacionados con el objetivo. Ademas, los compuestos
descritos en la presente poseen otras propiedades
farmacoldgicas altamente deseables, tales como wuna alta

biodisponibilidad cuando se administran subcutaneamente,
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buena estabilidad metabdlica in vivo, y propiedades
farmacocinéticas/farmacodinamicas que permiten una
dosificacidédn conveniente.

De esta manera, en un primer aspecto, 1la presente

invencién proporciona un péptido ciclizado por lactamas de la

féormula I:

R; - ciclo[X; - Tyr - X3 =-DArg - 2Nal - Gly - Xy] - Xg — Xg — -
X10 = Ry
(I)

(SEQ ID NO:1)
en donde:

a) la lactama se forma por un enlace amida entre el

grupo amino de cadena lateral de X; y el grupo carboxilo de

cadena lateral de X5, en donde X; y X7 son, respectivamente,
un par seleccionado del grupo que consiste de (p/L)Agl/Glu,
Dab/Glu, y Dap/Glu, y R; es Ac o n-hexanoilo; ©

b) la lactama se forma por un enlace amida entre el

grupo carboxilo de cadena lateral de X; and el grupo amino de

cadena lateral de X5, en donde X; y X7 son, respectivamente,

un par seleccionado del grupo que consiste de Asp/(p/L)Agl,
Asp/Dab, Asp/Dap, Glu/(p/rL)Agl, Glu/Dab, Glu/Dap, Glu/pDap, Yy

Glu/Lys, y Ry es Ac o Bz, o en donde X; y X7 son,
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respectivamente, un par seleccionado del grupo que consiste
de succinilo/ (p/L)Agl, succinilo/Dab, succinilo/Dap,
succinilo/Lys, y succinilo/Orn, y R; estad ausente; o

c) la lactama se forma por un enlace amida entre el

grupo a-amino de X; y el grupo carboxilo de cadena lateral de

X7, en donde X; y X7 son, respectivamente, un par seleccionado

del grupo que consiste de Ala/Glu, Ala/pGlu, DAla/Glu,
pAla/pGlu, Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/pGlu, Leu/Glu,

Leu/pGlu, Lys/pGlu, Lys(Ac)/Glu, 2Nal/Glu, Phe/Glu, Phe/DGlu,
pPhe/Glu, y pPhe/pGlu, y R; estd ausente; o
d) la lactama se forma por un enlace amida entre un

grupo amino que no es o, sin cadena lateral de X; y el grupo

carboxilo de cadena lateral de X5, en donde X; y X7 son,

respectivamente, un par seleccionado del grupo que consiste
de B-Ala/Asp, B-Ala/Glu, 5-amino-valerilo/Asp, 5-
aminovalerilo/Glu, 4-AMB/Glu, 4-AMPA/Asp, y 4-AMPA/Glu, y R;

estd ausente; o

e) la lactama se forma por un enlace amida entre el

grupo a-amino de X, y el grupo carboxilo de cadena lateral de
X7, en donde X, y X7 son, respectivamente, un par seleccionado
del grupo que consiste de Tyr/Asp, Tyr/Glu, y Tyr/pGlu, y R

y X1 estan cada uno ausentes;
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R; es un sustituyente sobre el grupo oa-amino de X

cuando X; contiene un grupo a-amino y el grupo a-amino no es

un constituyente del enlace de lactama y amida, seleccionado

del grupo que consiste de Ac, Bz, y n-hexanoilo, o esté
ausente, en donde X; es seleccionado del grupo que consiste
de (p/vL)Agl, Asp, Dab, Dap, y Glu;

X, es seleccionado del grupo que consiste de (p/r)Agl,
Ala, B-Ala, bpAla, 5-aminovalerilo, 4-AMB, 4-AMPA, Asp, Dab,
Dap, Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, DPhe, y
succinilo, o estd ausente;

X3 es seleccionado del grupo que consiste de Arg, Lys,
Lys (iPr), y Lys(Mej);

X7 es seleccionado del grupo que consiste de (p/r)Agl,
Asp, Dab, Dap, bbap, Glu, bGlu, Lys, y Orn;

Xg es seleccionado del'grupo que consiste de (-Ala, Arg,
pArg, Gly, Lys, Lys(iPr), y Orn, o esta ausente;

X9 es seleccionado del grupo que consiste de Gly, 2Nal,
p2Nal, y DPhe, o estd ausente;

X1p is 2Nal, o estd ausente;

en donde cuando Xg estd ausente, Xg y Xj0 estan cada uno

ausentes, y cuando Xg estd ausente, X;p estéd ausente, y

L
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R, es seleccionado del grupo que consiste de NH; y NHET,

una sal farmacéuticamente aceptable del mismo.
Expresado de forma alternativa, esto es equivalente

al péptido ciclizado por lactamas de férmula I:

Ry - ciclo[X; - Tyr - X3 -DArg - 2Nal - Gly - X7] - Xg - X9 —
X10 = Rz
(L)

(SEQ ID NO:1)
en donde:

Ry es un sustituyente sobre el grupo oa-amino de X3

cuando X; contiene un grupo oa-amino y el grupo a-amino no es
un constituyente del enlace de lactama y amida, seleccionado
del grupo que consiste de Ac, Bz, y n-hexanoilo, o esta
ausente, en donde X; es seleccionado del grupo que consiste
de (p/L)Agl, Asp, Dab, Dap, y Glu;

X, es seleccionado del grupo que consiste de (p/L)Agl,
Ala, pB-Ala, DbpAla, 5-aminovalerilo, 4-AMB, 4-AMPA, Asp, Dab,
Dap, Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, pPhe, vy
succinilo, o esté& ausente;

X3 es seleccionado del grupo que consiste de Arg, Lys,

Lys(iPr), y Lys(Mej);
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X7 es seleccionado del grupo que consiste de (b/r)Agl,
Asp, Dab, Dap, bpDap, Glu, bGlu, Lys, y Orn;

Xg es seleccionado del grupo que consiste de PB-Ala, Arg,
DArg, Gly, Lys, Lys(iPr), y Orn, o estd ausente;

X9 es seleccionado del grupo que consiste de Gly, 2Nal,
p2Nal, y DPhe, o esta ausente;

Xi0 is 2Nal, o estd ausente;

en donde cuando Xg estd ausente, Xg y Xjp estan cada uno

ausentes, y cuando Xg estd ausente, X;p estd ausente, y

R, es seleccionado del grupo que consiste de NH; y NHEt,

en donde:

a) la lactama se forma por un enlace amida entre el

grupo de cadena lateral amino de X; y el grupo carboxilo de

cadena lateral de X7, cuando X; y X7 son, respectivamente, un
par seleccionado del grupo que consiste de (p/L)Agl/Glu,
Dab/Glu, y Dap/Glu, y R; is Ac o n-hexanoilo; o

b) la lactama se forma por un enlace amida entre el
grupo carboxilo de cadena lateral de X; y el grupo amino de
cadena lateral de Xy, cuando X; y X7 son, respectivamente, un

par seleccionado del grupo que consiste de Asp/(b/L)Agl,
Asp/Dab, Asp/Dap, Glu/(p/L)Agl, Glu/Dab, Glu/Dap, Glu/pDap, Yy
Glu/Lys, y Ry es Ac o Bz, o cuando X; y X7 son,

respectivamente, un par seleccionado del grupo que consiste
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de succinilo/ (p/L)Agl, succinilo/Dab, succinilo/Dap,
succinilo/Lys, y succinilo/Orn, y R; estd ausente; o
c) la lactama se forma por un enlace amida entre el

grupo a-amino de X; y el grupo carboxilo de cadena lateral de

X7, cuando X; y X7 son, respectivamente, un par seleccionado

del grupo que consiste de Ala/Glu, Ala/pGlu, DAla/Glu,
pAla/pGlu, Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/pGlu, Leu/Glu,

Leu/pGlu, Lys/pGlu, Lys(Ac)/Glu, 2Nal/Glu, Phe/Glu, Phe/DpGlu,
DPhe/Glu, y pPhe/pGlu, y R; estd ausente; o

d) la lactama se forma por un enlace amida entre un
grupo amino que no es o, sin cadena lateral de X; y el grupo
carboxilo de cadena lateral de X5, cuando X; y X5 son,

respectivamente, un par seleccionado del grupo gue consiste
de B-Ala/Asp, B-Ala/Glu, 5-amino-valerilo/Asp, 5-

aminovalerilo/Glu, 4-AMB/Glu, 4-AMPA/Asp, y 4-AMPA/Glu, y Rg

estd ausente; o

e) la lactama se forma por un enlace amida entre el

grupo a-amino de X, y el grupo carboxilo de cadena lateral de
X7, cuando X, y X7 son, respectivamente, un par seleccionado
del grupo que consiste de Tyr/Asp, Tyr/Glu, y Tyr/pGlu, y R;

y X; estan cada uno ausentes, ©

una sal farmacéuticamente aceptable del mismo.
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En otro aspecto, la presente invencién proporciona un

péptido ciclizado por lactamas de férmulé I:

R; - ciclo[X; - Tyr - X3 — DArg - 2Nal - Gly - Xy] - Xg - X9 -
X10 = Rp
(I)
(SEQ ID NO:1)

o una sal farmacéuticamente aceptable del mismo,

en donde:

X; es seleccionado del grupo que consiste de (p/L)Agl,
Ala, B-Ala, DbpAla, 5-aminovalerilo, 4-AMB, 4-AMPA, Asp, Dab,
Dap, Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, pPhe, y
succinilo, o estd ausente,

en donde cuando X; is (p/L)Agl, Dab, o Dap y el grupo a-
amino de X; no es un constituyente del enlace amida de
lactama, el grupo o-amino se sustituye con R; el cual es
seleccionado del grupo que consiste de Ac y n-hexanoilo;

en donde cuando X; es Asp o Glu y el grupo o-amino de X;
no es un constituyente del enlace amida de lactama, el grupo
o—amino se sustituye con R; el cual es seleccionado del grupo
que consiste de Ac y Bz; y

en donde cuando X; es Ala, PB-Ala, DAla, 5-aminovalerilo,
4-AMB, 4-AMPA, Dap(Ac), Gly, Leu, Lys, Lys(Ac), 2Nal, Phe,

DPhe o succinilo, R; estd ausente;
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X3 es seleccionado del grupo gque consiste de Arg, Lys,

Lys (iPr), y Lys(Mejp):;

X7 es seleccionado del grupo que consiste de (p/L)Agl,
Asp, Dab, Dap, bpbDap, Glu, bpGlu, Lys, y Orn;

Xg es seleccionado del grupo que consiste de B-Ala, Arg,
DArg, Gly, Lys, Lys(iPr), y Orn, o esta ausente;

X9 es seleccionado del grupo que consiste de Gly, Z2Nal,
p2Nal, y bPhe, o estd ausente;

X109 €s 2Nal, o esté ausente,

en donde cuando Xg estd ausente, Xg y Xjp estén cada uno
ausentes, y cuando Xg estd ausente, Xjo estéd ausente; y

R, es seleccionado del grupo que consiste de NH, y NHEtL,

y ademds en donde:

la lactama se forma por un enlace amida entre el grupo
amino de cadena lateral de X; y el grupo carboxilo de cadena
lateral de X7, y X3 y Xy son, respectivamente, un par
seleccionado del grupo que consiste de (p/L)Agl/Glu, Dab/Glﬁ,
y Dap/Glu, y Ry is Ac o n-hexanoilo; o©

la lactama se forma por un enlace amida entre el grupo
carboxilo de cadena lateral de X; y el grupo amino de cadena
lateral de X3, y X7 y X3 son, respectivamente, un par

seleccionado del grupo que consiste de Asp/(p/L)Agl, Asp/Dab,

;
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Asp/Dap, Glu/(p/n)Agl, Glu/Dab, Glu/Dap, Glu/pDap, y Glu/Lys,

y Ry is Ac o Bz, o en donde X; y X7 son, respectivamente, un
par seleccionado del grupo que consiste de
succinilo/(D/L)Agl; succinilo/Dab, succinilo/Dap,
succinilo/Lys, y succinilo/Orn, y Ry estd ausente; o

la lactama se forma por un enlace amida entre el grupo

o-amino de X; y el grupo carboxilo de cadena lateral de X7, y

X1 y X7 son, respectivamente, un par seleccionado del grupo
gue consiste de Ala/Glu, Ala/pGlu, DpAla/Glu, DAla/pGlu,
Dap (Ac) /Glu, Gly/Asp, Gly/Glu, Gly/pGlu, Leu/Glu, Leu/bdGlu,
Lys/pGlu, Lys{(Ac)/Glu, 2Nal/Glu, Phe/Glu, Phe/pGlu, DPhe/Glu,
y DPhe/pGlu, y R; esta ausente;'o

la lactama se forma por un enlace amida entre un grupo

amino que no es o, sin cadena lateral de X; y el grupo

carboxilo de cadena lateral de Xy, y X1y X7 son,

respectivamente, un par seleccionado del grupo que consiste
de B-Ala/Asp, B-Ala/Glu, 5-amino-valerilo/Asp, 5-
aminovalerilo/Glu, 4-AMB/Glu, 4-AMPA/Asp, y 4-AMPA/Glu, y Rj

estd ausente; o

la lactama se forma por un enlace amida entre el grupo

o-amino de Tyr en X, y el grupo carboxilo de cadena lateral
de X7, y X7 es seleccionado del grupo que consiste de Asp,

Glu, y pGlu, y Ry y X; estan cada uno ausentes.
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Una porcién de secuencia recurrente en todos los

compuestos de férmula I es la presencia de Tyr en la posicidn
X,, DArg en la posicidén X4, 2Nal en la posicidén X5, y Gly en
la posicién Xg.

En otro aspecto, la presente invencién proporciona un

péptido ciclizado por lactamas o sal farmacéuticamente

aceptable del mismo de férmula I (SEQ ID NO:1), en donde:

R; es seleccionado del grupo que consiste de Ac y Bz, o
estd ausente;

X, es seleccionado del grupo que consiste de fB-Ala, 4-
AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, vy
succinilo, o estd ausente;

X3 es seleccionado del grupo que consiste de Arg, Lys,
Lys(iPr), y Lys(Mey);

X7, es seleccionado del grupo que consiste de Asp, Dab,
Dap, Glu, bGlu, Lys, y Orn;

Xg es seleccionado del grupo que consiste de Arg y Lys,
o estd ausente;

X9 estd ausente;

Xip estéd ausente; vy

R, es seleccionado del grupo que consiste de NH,; y NHEt.



13 /L

En otro aspecto, la presente invencién proporciona un
péptido ciclizado por lactamas o sal farmacéuticamente

aceptable del mismo de férmula I (SEQ ID NO:1), en donde:
R; es seleccionado del grupo que consiste de Ac y Bz, o
5 estd ausente;

X1 es seleccionado del grupo que consiste de DAla, 5-
aminovalerilo, 4-AMPA, Asp, Glu, Leu, Lys(Ac), Phe, DPhe, y
succinilo;

X3 es seleccionado del grupo que consiste de Arg, Lys,

10 Lys(iPr), y Lys(Mej);

X7 es seleccionado del grupo que consiste de (p/L)Agl,
Asp, Dab, Dap, bpDap, Glu, y DGlu;

Xg es seleccionado del grupo que consiste de Arg, DArg,
y Lys, o estd& ausente;

15 Xg estd ausente;

X1p estd ausente; y

R, es seleccionado del grupo que consiste de NH; y NHEt.

En otro aspecto, la presente invencidén proporciona un
péptido ciclizado por lactamas o sal farmacéuticamente

20 aceptable del mismo de fédrmula I (SEQ ID NO:1), en donde:
R; es seleccionado del grupo que consiste de Ac, Bz, vy

n-hexanoilo, o esté& ausente;
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X, es seleccionado del grupo que consiste de (p/L)Agl,
Ala, B-Ala, Asp, Dap, Glu, Gly, Lys, y Phe;
X3 es seleccionado del grupo que consiste de Arg, Lys,
Lys (iPr), y Lys{(Mey);
5 _ X7 es seleccionado del grupo que consiste de (b/1)Agl,
Asp, Dap, Glu, y DGlu;
Xg es seleccionado del grupo que consiste de B-Ala,
Arg, Gly, Lys, Lys(iPr), y Orn, o esté& ausente;
X9 es seleccionado_ del grupo que consiste de Gly,
10 2Nal, p2Nal, y DpPhe, o estd ausente;
X109 1s 2Nal, o esta ausente; y
R, es seleccionado del grupo gque consiste de NHy vy

NHEt.
En un aspecto adicional, la presente invencién
15 proporciona un péptido ciclizado por lactamas o sal
farmacéuticamente aceptable del mismo de férmula I (SEQ ID
NO:1), en donde:

R; es seleccionado del grupo que consiste de Ac y Bz,

o0 estd ausente;

20 X, es seleccionado del grupo que consiste de Ala, O5-

aminovalerilo, Asp, Glu, Gly, Phe, bPhe, y succinilo;

X3 es seleccionado del grupo que consiste de Arg,

Lys (iPr), y Lys(Mej);
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X7 es seleccionado del grupo que consiste de (p/L)Aqgl,
Asp, Dap, Glu, y bDGlu;

Xg es seleccionado del grupo que consiste de f-Ala,

Arg, Gly, Lys, Lys(iPr), y Orn, o esta ausente;
5 X9 es seleccionado del grupo que consiste de Gly,

D2Nal, y DPhe, o esté ausente;

X109 is 2Nal, o esté& ausente; and

R, es seleccionado del grupo que consiste de NHy; y

NHEt.

10 En otro aspecto, la presente invenciédn proporciona un
péptido ciclizado por lactamas o sal farmacéuticamente
aceptable del mismo de férmula I (SEQ ID NO:1), en donde:

X, es seleccionado del grupo que consiste de Gly y
Phe;
15 X3 es Lys(iPr); and
X7 es DGlu.

En otro aspecto, la presente invencién proporciona un
péptido ciclizado por lactamas o sal farmacéuticamente

aceptable del mismo de férmula I (SEQ ID NO:1), en donde:
20 R, estd ausente;
X; es seleccionado del grupo dque consiste de Gly vy

Phe;

X3 es Lys(iPr);
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Xg es seleccionado del grupo que consiste de Arg y

X7 es pGlu;

Lys(iPr), o esta ausente;

X9 estd ausente;
5 X1p estd ausente; y

R, es seleccionado del grupo que consiste de NH; vy

NHEt.
En otro aspecto, la presente invencidén proporciona un
péptido ciclizado por lactamas o sal farmacéuticamente
10 aceptable del mismo de férmula I (SEQ ID NO:1), en donde:

la lactama se forma por un enlace amida entre el grupo
amino de cadena lateral de X; y el grupo carboxilo de cadena
lateral de X5;

Ry es seleccionado del grupo que consiste de Ac y n-

15 hexanoilo;
X, es seleccionado del grupo que consiste de (p/L)Agl,
Dab, y Dap:;
X3 es seleccionado del grupo gque consiste de Arg vy
Lys (iPr);
20 X7 es Glu;
Xg es Arg;

X9 estd ausente;
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Xip esta ausente; vy
R, es NH,.
En una modalidad preferida de este aspecto de la
invencién, X; es (p/L)Agl o Dap.
5 En otro aspecto, la presente invencidén proporciona un
péptido ciclizado por lactamas o sal farmacéuticamente

aceptable del mismo de férmula I (SEQ ID NO:1), en donde:

la lactama se forma por un enlace amida entre el grupo

carboxilo de cadena lateral de X; y el grupo amino de cadena
10 lateral de X7;
R; es seleccionado del grupo que consiste de Ac y Bz;
X; es seleccionado del grupo que consiste de Asp y Glu;
X3 es seleccionado del grupo gque consiste de Arg vy
Lys (Mey) ;
15 X; es seleccionado del grupo que consiste de (p/L)Agl,
Dab, Dap, bpDap, y Lys;
Xg is Arg;
X9 estd ausente;
X1p estd ausente; and

20 R, es NH,.
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En una modalidad preferida de este aspecto de la
invencién, X; es (p/L)Agl, Dab, Dap, o pDap. En una modalidad
méas preferida, X7 es (p/L)Agl o Dap.

En otro aspecto, la presente invencidén proporciona un

5 ©péptido ciclizado por lactamas o sal farmacéuticamente

aceptable del mismo de férmula I (SEQ ID NO:1), en donde:

la lactama se forma por un enlace amida entre el grupo
carboxilo de cadena lateral de X; y el grupo amino de cadena
lateral de Xq;
10 R; esta ausente;
X1 es succinilo;
X3 es Arg;
X7 es seleccionado del grupo que consiste de (p/L)Agl,
Dab, Dap, Lys, y Orn;
15 Xg es Arg;
X9 estd ausente;
X1p esta ausente; y
Ry, es NH»,.
En una modalidad preferida de este aspecto de la
20 invencién, X5 es (p/L)Agl o Dap.
En otro aspecto, la presente invencién proporciona un

péptido <ciclizado por lactamas o sal farmacéuticamente

aceptable del mismo de férmula I (SEQ ID NO:1), en donde:
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la lactama se forma por un enlace amida entre el grupo
o~amino de X; y el grupo carboxilo de cadena lateral de Xy;

R, estd ausente;

X, es seleccionado del grupo que consiste de Ala, DAla,
Gly, Dap(Ac), Leu, Lys, Lys(Ac), 2Nal, Phe, y DPhe;

X3 es seleccionado del grupo que consiste de Arg, Lys,
Lys(iPr), y Lys(Mey):;

X7 es seleccionado del grupo que consiste de Asp, Glu, y
DGlu; |

Xg es seleccionado del grupo que consiste de B-Ala, Arg,
Gly, Lys, Lys(iPr), y Orn, o esta ausente;

X9 es seleccionado del grupo que consiste de Gly, 2Nal,
p2Nal, y DpPhe, o estd ausente;

X10 1s 2Nal, o estd ausente;

en donde cuando Xg estd ausente, Xg y X190 estan cada uno
ausentes; y

R, es seleccionado del grupo que consiste de NH, y NHEt.

En una modalidad preferida de este aspecto de la
invencién, X; es Ala, bpAla, Gly, Leu, Lys, Lys(Ac), Phe, o
pPhe. En una modalidad més preferida, X; es Ala, Gly, Lys, ©

Phe.



En una modalidad preferida de este aspecto de la
invencién, X3 es Arg, Lys, Lys(iPr), o Lys{(Mey). En una
modalidad més preferida, X3 es Arg.

En una modalidad preferida de este aspecto de la

invencién, X7 es Asp, Glu, o bpGlu. En una modalidad méas

preferida, X7 es Asp.

En una modalidad preferida de este aspecto de la
invencién, Xg es p-Ala, Arg, Gly, Lys, Lys(iPr), Orn, o esté
ausente. En una modalidad méas preferida, Xg es p-Ala, Gly,
Lys, Lys(iPr), Orn, o esta ausente.

En una modalidad preferida de este aspecto de la
invencién, X¢ es Gly, 2Nal, bp2Nal, bpPhe, o esté& ausente. En
una modalidad mas preferida, Xy es Gly, 2Nal, Dp2Nal, o DPhe.

En una modalidad preferida de este aspecto de la
invencién, Xip es 2Nal, o estd ausente. En una modalidad mas
preferida, X, es 2Nal.

En una modalidad preferida de este aspecto de la
invencién, R, es NHEt.

En otro aspecto, la presente invencidén proporciona un
péptido ciclizado por lactamas o sal farmacéuticamente

aceptable del mismo de férmula I (SEQ ID NO:1), en donde:
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la lactama se forma por un enlace amida entre un Jgrupo
amino que no es «, sin cadena lateral de X; y el grupo
carboxilo de cadena lateral de Xy;
R, estd ausente;
5 X; es seleccionado del grupo que consiste de p-Ala, 4-
AMB, b5-aminovalerilo, y 4-AMPA;
X3 es Arg;
X7 es seleccionado del grupo que consiste de Asp y Glu;
Xg es seleccionado del grupo que consiste de Arg y DArg;
10 X9 estd ausente;
Xi1p esta ausente; y
R, es NH,.
En una modalidad preferida de este aspecto de la
invencién, X; es B-Ala, 5-amino-valerilo, o 4-AMPA. En una
15 modalidad mds preferida, X; es B-Ala.
En una modalidad preferida de este aspecto de la
invencidén, X7 es Asp.
En una modalidad preferida de este aspecto de la
invencién, Xg es Arg.
20 En otro aspecto, la presente invencidén proporciona un

péptido ciclizado por lactamas o sal farmacéuticamente

aceptable del mismo de férmula I (SEQ ID NO:1), en donde:
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la lactama se forma por un enlace amida entre el grupo

o-amino de X, y el grupo carboxilo de cadena lateral de Xy;
R; estd ausente;
X, estd ausente;
5 X3 es Arg;

X7 es seleccionado del grupo que consiste de Asp, Glu, y

Xg es Arg;
Xg estd ausente;

10 X1p estd ausente; y
R, es NH,.

En otro aspecto, la presente invencién proporciona un

péptido ciclizado por lactamas de la fdérmula:

15 on NHNH ;>_—NH
A J'L ¢ A
©/\ N/\”/ N/\ﬂ/ N Nz

20 HN‘<

HN

(SEQ ID NO:70)
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o una sal farmacéuticamente aceptable del mismo. La lactama
se forma por un enlace amida entre el grupo oa-amino de Phe y
el grupo carboxilo de cadena lateral de DpGlu. La sal
farmacéuticamente acceptable puede ser wuna sal de acido
acético.

En otro aspecto, la presente invencidén proporciona una
composicién farmacéutica, que comprende un péptido ciclizado
por lactamas o sal farmacéuticamente aceptable del mismo como
se describe diversamente arriba, y un portador, diluyente, o
excipiente farmacéuticamente aceptable.

En otro aspecto, la presente invencidén proporciona un
péptido «ciclizado ©por lactamas o sal farmacéuticamente
aceptable del mismo como se describe diversamente arriba,
para uso en terapia.

En otro aspecto, la presente invencidédn proporciona un
péptido ciclizado por lactamas o sal farmacéuticamente
aceptable del mismo como se describe diversamente arriba,
para el tratamiento de artritis reumética, fibrosis pulmonar,
infeccién por VIH, o un céancer seleccionado del grupo que
consiste de céncer de mama, céancer pancreatico, melanoma,
céancer de préstata, cancer de rifidn, neuroblastoma, linfoma
que no es Hodgkin, céncer de pulmén, cancer ovarico, cancer
colorectal, mieloma multiple, glioblastoma multiforme, vy

leucemia linfocitica crédnica.
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En otro aspecto, la presente invencidén proporciona el
uso de un péptido ciclizado por lactamas o) sal
farmacéuticamente aceptable del mismo como se describe
diversamente arriba, para la manufactura de a medicament para
el tratamiento de artritis reumatica, fibrosis pulmonar,
infeccién por VIH, o un céncer seleccionado del grupo que
consiste de céncer de mama, cancer pancreadtico, melanoma,
cancer de préstata, cancer de rinén, neuroblastoma, linfoma
gque no es Hodgkin, céncer de pulmén, céncer ovarico, cancer
colorectal, mieloma maltiple, glioblastoma multiforme, vy
leucemia linfocitica crénica.

En otro aspecto, la presente invencidén proporciona un
método de tratamiento de artritis reumatica, fibrosis
pulmonar, infeccién por VIH, o un cancer seleccionado del
grupo que consiste de céncer de mama, cancer pancreatico,
melanoma, cancer de préstata, cancer de rifndén, neuroblastoma,
linfoma que no es Hodgkin, céncer de pulmdén, cancer ovarico,
céancer colorectal, mieloma miltiple, glioblastoma multiforme,
y leucemia linfocitica crénica, que comprende administrar a
un paciente que necesite del mismo una cantidad efectiva de
péptido ciclizado por lactamas o sal farmacéuticamente
aceptable del mismo como se describe diversamente arriba.

En los compuestos peptidicos macrociclicos de la

presente invencién (SEQ ID NO:1), los aminoédcidos X; hasta el
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Xip se refieren en la presente por sus simbolos comunmente

empleados de tres letras, que se muestran de izquierda a
derecha desde el extremo de la terminal amino al extremo de
la terminal carboxi. bp- y L- (letras mayusculas pequenias) se
refieren a la estereoquimica absoluta. Donde no se indica

ninguna designacién en una férmula en particular, la forma L-
del aminodcido estd presente. X; también puede ser un

residuo de &cido dicarboxilico, es decir, un grupo succinilo.
Los residuos de aminodcidos o de &cido carboxilico dentro de
los paréntesis Y| 1” estén dentro de la estructura ciclica;
los grupos externos a los paréntesis estan fuera del anillo

ciclizado. En todos los casos, la ciclizacidén es por medio

del enlace de lactama (amida) entre X; (o X, es decir, Tyr)
y X7, el cual se puede formar en varias formas diferentes,

dependiendo de las estructuras de X;, X3, y X7.
Cuando el enlace de lactama se forma entre el grupo

amino de cadena lateral de X; y el grupo carboxilo de cadena
lateral de X7 (Esquemas de Reaccidén 1 y 2; Ejemplos 1-5), el

grupo o-amino de X; se cierra con Ac o n-hexanoilo.
Cuando el enlace de lactama se forma entre el grupo

carboxilo de cadena lateral de X; y el grupo amino de cadena
lateral de X7, el grupo a-amino de X; se cierra con Ac o Bz

(Esquemas de Reaccién 3 y 4; Ejemplos 6-19). X, también
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puede ser una residuo bifuncional diferente al a-aminodcido,
por ejemplo uno con dos grupos carboxilo, es decir, un

residuo de succinilo. En este caso, un grupo carboxilo forma
un enlace amida con el grupo oa-amino de Tyr, y las otras
formas de la estructura ciclica de lactama a través de un

enlace amida con el grupo amino de cadena lateral de Xy
(Esquemas de Reaccidén 3 y 4; Ejemplos 20-24). Cuando X; is

succinilo, R; esta ausente.

En la mayoria de los péptidos ciclizados por lactamas

aqui descritos (Esquemas de Reaccidén 5-15; Ejemplos 25-28,
32-66, y 75-89), el grupo a-amino de X; forma la estructura
de lactama por medio de un enlace de amida con el grupo
carboxilo de cadena lateral de X7, y R; estd ausente. También
se incluyen en los Esquemas de Reaccidén sintéticos de esta
categoria, los péptidos ciclicos que contienen residuos X,
es decir, P-Ala, 4-AMB, 5-aminovalerilo, y 4-AMPA, en donde
el grupo amino es un grupo gque no es o-amino sin cadena
lateral (Esquemas de Reaccidén 5 y 6; Ejemplos 67-74). R,
también estd ausente en estos casos.

Cuando ambos R; y X; estdn ausentes, la estructura de
lactama se forma a través ed un enlace amida entre el grupo

o—-amino de Tyr (X;) y el grupo carboxilo de cadena lateral de

X7 (Esquemas de Reaccién 5 y 6; Ejemplos 29-31).
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Las estructuras de

estructuras

presentes

NH,
H,N
0
HO

Aminoglicina
(Agl)

NH,

HN
HO

Dab

HN

O

HO

Lys(Me,)

glicina,

en los

A6

aminodcidos comunes, por ejemplo,

etc., son bien conocidas en la técnica. Las

de aminodcidos no estédndar y substituidos

compuestos de la invencidén actual se

muestran a continuaciédn.

HLN H,N

2

H,N

0
Ho O 0 HO

Acido 3-amino

Acido 4-aminometil  Acido 4-aminometil

benzoico fenilacético proAp'anoico
(4-AMB) (4-AMPA) (R-Ala)
H H
N—v\< N-<
J: 8]
HN 0 H,N '
HHN H,N H,N H,N
0 @] 0 0
HO HO HO HO
Dap(Ac) Dap Lys(Ac) Lys(iPr)
vy 8 "
HN H,N HN
1Nal Z2Nal Orn
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Los péptidos ciclizados por lactamas de la presente
invencién se pueden preparar como sales farmacéuticamente
aceptables. Tales sales, y la metodologia comun para preparar
los mismos, son bien conocidas en la técnica. Ver, por
ejemplo, P. Stahl et al. (2002) Handbook de Pharmaceutical
Salts: Properties, Selection y Use, VCHA/Wiley-VCH; Berge et
al. (1977) “Pharmaceutical Salts,” Journal de Pharmaceutical
Sciences 66(1):1-19.

Los compuestos de la presente invencién son
antagonistas potentes de la interaccién CXCR4/SDF-1. Los
compuestos de la férmula (I) y sus sales farmacéuticamente
aceptables especificamente ejemplificados en la presente
muestran un valor K; promedio de alrededor de 7.5 nM o
menos como se determina por el ensayo de enlace CXCR4/1%°1-
SDF-1la decrito a continuacién. Los compuestos mas
preferidos de la férmula (I) y sus sales farmacéuticamente

aceptables muestran un valor K; promedio en el rango de

desde alrededor de 0.2 nM hasta alrededor de 1 nM en este
ensayo. Los compuestos especialmente preferidos de la
férmula (1) y sus sales farmacéuticamente aceptables
muestran un valor K; promedio menos de alrededor de 0.2 nM
en este ensayo.

Ademas, los compuestos y sales farmacéuticamente

aceptables de la presente invencién son preferiblemente
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selectivos altamente para el receptor CXCR4, muestra poca O
no muestra actividad inhibitoria contra otros receptor de
quimiocina, incluyendo CCR1, CCR2, CXCR2, CXCR3, y otros
receptores acoplados a la proteina G en las concentraciones
probadas, y sin actividad importante contra receptores de
serotonina, dopamina, vy opioide. También preferiblemente
muestra buena estabilidad en la sangre y plasma, buena
biodisponibilidad subcuténea, propiedades
farmacocinéticas/farmacodindmicas deseables, y eficacia in
vitro potente en la inhibicién del crecimiento del tumor,
como un margen de seguridad amplio.

En vista de estas pfopiedades farmacoldégicas, 1los
compuestos de la presente 1invencidén se indican para el
tratamiento de trastornos que involucran la interaccidén de
CXCR4/SDF-1, o actividad del receptor, actividad de CXCR4,
tal como en infeccidén por VIH. En particular, los compuestos
actuales son utiles en el tratamiento de malignidades en las
cuales las trayectorias angiogénicas, de crecimiento, de
sobrevivencia y y metastdticos mediadas por CXCR4 y SDF-1 se
implican en la patogenesis, incluyendo cancer de mama, cancer
pancredtico, melanoma, cdancer de préstata, cancer de rindn,
neuroblastoma, linfoma que no es Hodgkin, céancer de pulmén,
cancer ovarico, cancer colorectal, mieloma multiple,
glioblastoma multiforme, y leucemia linfocitica crénica, asi

como en artritis reumatica, fibrosis pulmonar, e infeccidn
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por VIH (Tsutsumi et al. (2006) Peptide Science 88(2):279-
289).
El Agl (aminoglicina) es un bloque de construccidén pro-

quiral. Cuando este residuo aparece en una férmula de péptido

en la presente, el a-carbono se vuelve un centro quiral en el

cual los dos grupos oa-amino asociados son cada uno
individualmente enlazados a porciones diferentes. En este
caso, el producto final de péptidos contiene dos
diaesteredmeros que no son resueltos, y gue pueden
presentarse diferenta a una relacién 1:1. “(p/L)Agl” en una
férmula de péptido denota tal mezcla de diaesteredmeros.
“um)Agl” denota un derivado Agl que es racémico, por ejemplo
Fmoc- (pL) Agl (Boc) .

Los wvalores “Ki” se calculan wusando valores IC50
determinados en el “~ensayo de enlace CXCR4/125I-SDF-la
descrito a continuacidén al emplear la ecuacién 7.22 de
Enzymes, A Practical Introduction to Structure, Mechanism,
and Data Analysis,_Robert A. Copeland, Wiley-VCH, New York,
1996, pagina 207.

El términc “SDF-1” incluye dos isoformas, SDF-la y SDF-
1B, se entiende actualmente para mostrar una funcionalidad
similar.

“Tratamiento” como se usa en la presente se refiere al

tratamiento curativo de trastornos asociados con la
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interaccién de CXCR4/SDF-1 o la actividad del receptor
CXCR4. el tratamiento curativo se refiere a procesocs dgue
involucran retardar, interrumpir, detener, controlar o
detener el progreso de la enfermedad, pero no
necesarimente involucra una eliminaciéﬁ total de todos los
sintomas, condiciones, o trastornos relacionados a 1la
enfermedad.

Los compuestos de la presente invencidén se pueden usar
como medicamentos en la medicina humana o veterinaria,
administrados por una variedad de rutas. Mas preferiblemente,
tales composiciones son para administracidén parenteral. Tales
composiciones farmacéuticas se pueden preparar por métodos
bien conocidos en la técnica. Ver, por ejemplo, Remington:
The Science vy Practice de Pharmacy, 19%a ed. (1995), A.
Gennaro et al., Mack Publishing Co., y comprende uno o mas
compuestos de la férmula (I) o unas sales farmacéuticamente
aceptables de los mismos, y un portador, diluyente, o
excipiente farmacéuticamente aceptable.

La cantidad efectiva de los compuestos actuales estd en
el rango de desde alrededor de 1 mg hasta alrededor de 300
mg, mas preferiblemente desde alrededor de 1 mg hasta
alrededor de 200 mg, mé&s preferiblemente desde alrededor de 1
mg hasta alrededor de 100 mg, y aun mas preferiblemente desde
alrededor de 1 mg hasta alrededor de 50 mg, en una base

diaria.
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Todos los péptidos <ciclizados por lactamas de la
presente invencidén se pueden sintetizar ya sea por sintesis
de fase sélida o sintesis de fase de solucidén, o una
combinacidén de ambos, con la cadena de péptido ensamblada en
la fase sdélida y ciclizacidén u otras modificaciones en resina
o en solucibén. Tales métodos son bien conocidos en la
técnica.

Las siguientes abreviaturas usadas en la presente tienen
los significados indicados:

Ac: acetilo; Agl: aminoglicina; AMB: acido aminometil
benzoico; AMPA: dcido aminometil fenil acético; Bn:
bencilo; Boc: tert-butiloxicarbonilo; BOP: (benzotriazol-1-
iloxi)-tris(dimetilamino) fosfoniohexafluorofosfato; 2-Br-2Z:
2-bromobencilooxicarbonilo; Bz: benzoilo; Bzl: bencilo; 2-
Cl-2: 2-clorobencil-oxicarbonilo; Dab: acido 2,4-
diaminobutirico; Dap: &cido 2,3-diamino-propionico; DCC:
diciclohexil-carbodiimida; DCM: diclorometano; DIC:
diisopropil carbodiimida; DIEA: diisopropil-etilamina; DMF:
N,N-dimetil formamida; DMSO: dimetil-sulfdéxido; EDT: 1,2-
etan-ditiol; Et: etilo; Fm: 9-fluorenilmetilo; Fmoc: 9-
fluor-enilmetoxi carbonilo; HATU: N-6xido de N-
[ (dimetilamino)-1H-1,2,3-triazolo[4,5-b]piridin-1-
ilmetilen]-N-metilmetanaminio hexafluorofosfato; HBTU: O-
benzo-triazolil-N,N,N’ ,N’-tetrametiluronio

hexafluorofosfato; HCTU: 1-[bis{(dimetilamino)metilen]~5-
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cloro-3-6xido hexafluorofosfato l1H-benzotriazo-1lio; HF:
fluoruro de hidrégeno; HOBt: hidroxibenzotriazol; IBCF:
cloroformiato de isobutilo; 4iPr: isopropilo; IPA: alcohol
de isopropilo; Me: metilo; 2Nal: 2-naftilalanina; NMM: N-
metilmorfolina; NMP: N-metil-pirrolidona; OtBu: éster de
tert-butilo; Pbf: 2,2,4,6,7-pentametil-dihidrobenzofuran-5-
sulfonilo; PBS: solucién amortiguadora salina de fosfato;
PyBOP: (benzotriazol—l—iloxi)—tris(pirrolidino)—fosfonio
hexafluoro-fosfato; PyBrOP: bromotris(pirrolidino)fosfonio
hexafluorofosfato; tBu: tert-butilo; TFA: acido
trifluoroacético; THF: tetrahidrofurano; TIS: triisopropil
silano; Tos: p-toluen-sulfonilo; Z2Z: benciloxicarbonilo;
ZOSu: N-{benciloxicarbonil-oxi) succinimida.

La preparacién de los compuestos de la presente
invencién éomo se describe en los siguientes ejemplos
significa para ilustrar en vez de limitar. En cada uno de
estos ejemplos, el peso molecular observado se reporta como
un valor sin 1ldébulos. El valor sin 1lébulos se deriva de la
férmula PM(observado) = n(m/z)-n, donde m/z representa el idn
cargado (modo positivo) y n es el numero de cargas de las
especies especificas. Cuando las especies cargadas multiples
se presentan en el espectro de masas, el peso molecular
observado se reporta como un promedio.

Los procesos sintéticos descritos en los Ejemplos 85-87,

y procedimientos etiquetados isotépicos descritos en el
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Ejemplo 89, para péptidos ciclizados por lactamas que
contiene cadenas laterales de isopropil lisina son igualmente
aplicables a otros péptidos descritos en 1la presente dque
contienen cadenas laterales de lisina alquilo, con
modificaciones apropiadas. Los métodos sintéticos de los
Ejemplos 86-88, los cuales eliminan 1la necesidad para
catalizadores de paladio toéxicos, también son igualmente
aplicables a otros péptidos descritos en la presente, con

modificaciones apropiadas.

Ejemglo 1

Ac-ciclo[Dap-Tyr-Arg-pArg-2Nal-Gly-Glu] ~-Arg-NH, (SEQ ID NO:2)

La secuencia Ac-Dap(Alloc)-Tyr (tBu)-Arg(Pbf)-DArg(Pbf)-
2Nal-Gly-Glu(Oalilo)-Arg(Pbf) (SEQ ID NO:3) se ensambla por
guimica estdndar Fmoc utilizando un Sintetizador de péptido
ABI 431 (Applied Biosystems) como se resume en el Esquema
de reaccidén 1 a continuacién. E1 ensamble automatizado se
lleva a cabo al wusar el protocolo de quimica Applied

Biosystems DCC/HOBt o© protocolo HBTU/DIEA de quimica

FastMoc siguiendo las instrucciones del proveedor (PE
Applied Biosystems Inc., Foster City, CA). El soporte
s6lido es la resina de amida Rink (resina 4-(2',4'-
dimetoxifenil-Fmoc-aminometil)-fenoxi) para amidas de

terminal C o resina indol, resina AM [3-({etil-Fmoc-amino}-

metil)-indol-1-il]-acetilo para amidas etilo de terminal C
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(NovaBiochem, EMD Biosciences, 1Inc., San Diego, CA).El
ensamble de cadenas por etapas inicia del extremo terminal
C del péptido lineal y se realiza en 9 etapas principales.
En la etapa 1, cuatro equivalentes de aminodcido protegido
Fmoc-Arg (Pbf) se activan con DCC/HOBt (o HBTU/DIEA para
quimica FastMoc) en NMP, y se acoplan para desproteger la
resina de amida Rink usando 20% de piperidina. En la etapa
2, cuatro equivalentes de Fmoc-Glu(Oalilo) se activan vy
acoplan a la resina de péptido desprotegida de la etapa 1.
Se llevan a cabo las.etapas apropiadas hasta la etapa 8, el
acoplamiento de Fmoc-Dap(Alloc). Luego, Fmoc en el extremo
de terminal N se remueve usando 20% de piperidina en DMF vy
la acetilacién del grupo a-amino se lleva a cabo la linea
completa usando 5 equivalentes de anhidrido acético, 10
equivalentes de DIEA en DMF o NMP seco, durante 1 h a
temperatura ambiente.

Los grupos protegidos de cadena lateral alilo y Alloc se
remueven con 0.1 equivalente de Pd(PhsP), en la presencia de
24 equivalentes de fenilsilano en diclorometano (Esquema de
reaccién 2). Este proceso se repite wuna vez para la
desproteccién de cadena lateral completa. La porcién de acido
carboxilico desprotegida de Glu se activa con PyBOP/DIEA y se
cicliza para el grupo amino de cadena lateral de Dap en la
resina. El péptido <ciclizado se desprotege y escinde

simultaneamente de la resina al usar un cédctel de
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secuestrantes de TFA/H,0/TIS/EDT (95/2/1/2, v/v/v/v), o
TFA/H,0/TIS/anisol (92/2/4/2, v/v/v/v) durante 2 horas a
temperatura ambiente. Luego se evaporan los solventes bajo
vacio, y el péptido se precipita y se lava tres veces con
éter dietilico frio para re.tirar los secuestrantes. Peso
molecular calculado (PM cal.): 1142.30; PM observado (PM

obs.): 1142.50.

H,N - Resina Rink

1. Fmoc-Arg(Pbf)
2. Fmoc-Glu(OAililo)
3. Fmoc-Gly Ensamble de fase sélida en etapas:
4. Fmoc-2Nal - Aminoacidos protegidos Fmoc,
5. Fmoc-D-Arg(Pbf) Desproteccion de piperidina acoplada
6. Fmoc-Arg(Pbf) por DCC/HOBt o HBTU/DIEA
7. Fmoc-Tyr(tBu)
8. Fmoc-Dap(Alloc)
9. Ac20/DIEA
\
/
\
Pbf Pbf
O-tBu HN\fNH HN\fNH
NH NH

H
N—Resina Rink

H H H 0 Q
0 /; o g‘ O o) \It O
HN
OA [ ko
o—~~ HN O
Pbf

(SEQ ID NO:4)

V
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Esquema de reaccién 1. Cadena lateral amino para ensamble de

péptido de cadena lateral carboxilo

La purificacién de péptidos se efectuia al usar técnicas
CLAR preparativas esténdar. Inmediatamente después de la
ciclizaciébn, la solucidén de péptidos se diluye con agua que
contiene 0.1% (v/v) TFA, cargada en una columna C18 CLAR de
fase inversa, y eluida con un gradiente de acido
trifluoroacético al 0.1% acuoso/acetonitrilo (v/v) mientras
se monitorea a 214 nm. Las fracciones apropiadas se acumulan
y liofilizan. La caracterizacidén adicional del producto final
se efectua al usar CLAR analitica y andlisis espectral de
masas por técnicas convencionales. Para los péptidos con una
cadena lateral basica, el producto final liofilizado es una

sal de TFA.
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Pof Phf
HN '

0 -1Bu \fNH HN \T-;NH

/l/NH NH
0 0 0 o

H H H H H
A N AN N A N— Resina Rink
HN
0

:z 0 r (8] 8] 0
g ¢ 1
O 0’=0 (SEQIDNO:4)

1. Eliminacion de alilo con Pd{Ph,P),4(0)
2. Ciclizacion con PyBOP/DIEA

Fof Phf

|
0-1Bu HN\fNH HN \F,NH
' /(NH NH
0 0 = 0
0

ZT
Lo
O

H H . i

N N—Resina Rink
M N
H /\fr i H

- \)‘k
: o 7 0 & 0
g O 1 (SEQID NO:5)
N

N =0

Desproteccitn de cadena
lateral y desdoblamiento TFA

N - -
0 : H 0 é— H : H 0 _\\ H
HN Q (SEQ ID NO:2)
HN "L:“NH
b =0
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Esquema de reaccién 2. Cadena lateral amino para ciclizacidn

y desdoblamiento del anillo de cadena lateral carboxilo

Ejeleo 2

5 Ac-ciclo[Dab—Tyr-Arg—DArg-2Nal-Gly-Glu]-Arg-NHz(SEQ ID NO:6)

Preparar como en el Ejemplo 1, excepto que Fmoc-

Dap (Alloc) en la etapa 8 se reemplaza con Fmoc-Dab(Alloc). PM

cal.:1156.33; PM obs.: 1156.10.

10 Ejemplo 3

Ac—ciclo[Dap-Tyr—Lys(iPr)-DArg-ZNal—Gly—Glu]—Arg-NHz(SEggID

NO:7)
Preparar como en el Ejemplo 1, excepto que Fmoc-Arg(Pbf)

en la etapa 6 se reemplaza con Fmoc-Lys(iPr) (Boc). PM cal.:

15 1156.37; PM obs.: 1156.78.

Ejemplo 4

n-Hexanoil-ciclo[Dap-Tyr-Lys (iPr) -pDArg-2Nal-Gly-Glu] -Arg-NH;

(SEQ ID NO:8)

20 Preparar como en el Ejemplo 1, excepto que Fmoc-Arg(Pbf)
en la etapa 6 se reemplaza con Fmoc-Lys (iPr) (Boc) .
Adicionalmente, anhidrido acético en la etapa 9 se reemplaza
con Aacido hexanoico activado <con PyBOP/DIEA. PM cal.:
1212.47; PM obs.: 1212.92.

25
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Ejemplo 5
Ac-ciclo[ (p/L) Agl-Tyr-Arg-pArg-2Nal-Gly-Glu] -Arg-NH, (SEQ ID NO:9)

Preparar como en el Ejemplo 1, excepto que Fmoc-Glu(Oalilo)
en la etapa 2 se reemplaza con Fmoc-Glu(OtBu), y Fmoc-Dap(Alloc)
en la etapa 8 se reemplaza con Fmoc-(pL)Agl(Boc). Después del
ensamble de cadenas, no hay tratamiento Pd(Phs;P); ya que la
proteccién de alilo no estd presente. En lugar de eso, la
ciclizacién se lleva a cabo en solucibén después de que el
péptido lineal se desdobla del soporte sdlido y se desprotege.
El péptido lineal crudo (0.25 mmol) de la escisién se seca bajo
vacio y se disuelve en 10 mL de DMF seco. Esta solucidén de
péptidos se suministra a la siguiente solucién por medio de una
bomba de jeringa durante un periodo de 2 h: 15 mL de
diclorometano seco y 15 mL de DMF seco que contiene 1.0 mmol de
PYyBOP y 4.0 mmoles de DIEA. La reaccién luego se permite que
avance a temperatura ambiente durante 2 h. Luego se evaporan los
solventes bajo vacio, el residuo se carga sobre una columna CLAR
Cl8 de fase inversa preparativa, y se aisla y caracteriza el
péptido ciclico objetivo como se describe en Ejemplo 1. PM cal.:

1128.27; PM obs.: 1128.26.

Ejemplo 6

Ac-ciclo[Glu—Tyr—Arg-DArg—2Na1-Gly-Dap]—Arg—NHz(SEQﬁID NO:10)

La secuencia Glu (OtBu)-Tyr (tBu) -Arg (Pbf)-DArg (Pbf) -

2Nal-Gly-Dap (Boc)-Arg (Pbf) (SEQ ID NO:11) se ensambla por
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guimica estandar Fmoc utilizando un instrumento ABI 431
como se resume en el Esquema de reaccién 3 a continuacidn.
El ensamble automatizado se lleva a cabo al wusar el
protocolo de quimica Applied Biosystems DCC/HOBt o
protocolo de quimica FastMoc (HBTU/DIEA) siguiendo las
instrucciones del proveedor (PE Applied Biosystems 1Inc.,
Foster City, CA). El soporte sélido es la resina de amida
Rink para amidas de terminal C o resina indol, resina AM
[3-({etil-Fmoc-amino}-metil)-indol-1-il]-acetilo para
amidas de etilo de terminal C. El1 ensamble de cadeﬁas por
etapas inicia del extremo de terminal C del péptido lineal
y se realiza en 9 etapas principales. En la etapa 1, cuatro
equivalentes de Fmoc-Arg(Pbf) de aminodcido protegido se
activan con DCC/HOBt (o HBTU/DIEA para gquimica FastMoc) en
NMP, y se acopla para desproteger la resina de amida Rink.
En la etapa 2, cuatro equivalentes de Fmoc-Dap(Boc) se
activan y acoplan a la resina desprotegida de la etapa 1.
Se llevan a cabo las etapas apropiadas hasta la etapa 8, el
acoplamiento de Fmoc-Glu(OtBu). Para la etapa 9, Fmoc en el
extremo de terminal N se remueve usando 20% de piperidina
en DMF y la acetilacién del grupo oa-amino se lleva a cabo
fuera de linea con 5 equivalentes de anhidrido acético, 10
equivalentes DIEA en DMF seco o NMP, durante 1 h a
temperatura ambiente. El péptido terminado se desprotege vy

escinde simultdneamente de la resina al usar un coéctel de
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secuestrantes de TFA/H,0/TIS/EDT (95/2/1/2, v/v/v/v), o
TFA/H,0/TIS/anisol (92/2/4/2, v/v/v/v) durante 2  horas a
temperatura ambiente (Esquema de reaccién 4). Luego se
evaporan los solventes bajo vacio, y el péptido se
precipita y se lava tres veces con éter dietilico frio para
retirar los secuestrantes. El producto crudo se usa
directamente en la reaccién de ciclizacién. PM cal.:

1142.30; PM obs.: 1142.83.

H,N-Resina Rink

1. Fmoc-Arg(Pbf)
2. Fmoc-Dap(Boc)
2' Emgg:glilyal Ensamble de fase sélida en etapas:
5. Fmoc-D-Arg(Pbf) Aminoacidos protegidos Fmoc,
6. Fmoc-Arg(Pbf) Desproteccion de piperidina acoplada
7. Fmoc-Tyr(tBu) por DCC/HOBt o HBTU/DIEA
8. Fmoc-Giu(OtBu)
9. Ac20/DIEA
\
/
]
d Pbf
0-tBu HN\fNH HN\fNH
g 0 gy 9 74 9 y 9 H _
\ﬂ/N\')J\N NVU\N/:\H/N\_)J\N/\H/N\_)]\N N—Resina Rink
6 i H § : H g i H g i H
= X o
NH
"!i boc
© O—tBu HN 0
Pbf—N~  NH
H

(SEQ ID NO:12)
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Esquema de reaccién 3. Cadena lateral de &cido para ensamble

de péptido de cadena lateral amino

La ciclizacién se lleva a cabo en solucidén después de
que el péptido lineal se desdobla del soporte sdélido con
todas las cadenas laterales desprategidas (Esquema de
reaccién 4). El péptido lineal crudo escindido (0.25 mmol)
se seca bajo vacio y se disuelve en 10 mL de DMF seco.
Esta solucién de péptidos se suministra a la siguiente
mezcla de reaccién por medio de una bomba de jeringa
durante un periodo de 2 h: 15 mL de diclorometano seco Yy
15 mL de DMF seco que contiene 1.0 mmol de PyBOP y 4.0
mmoles de DIEA. La reaccidén luego se permite que avance a
temperatura ambiente durante 2 h. Los solventes se
evaporan bajo vacio, el residuo se carga sobre una columna
CLAR Cl8 de fase inversa preparativa, y se aisla vy
caracteriza el péptido ciclico objetivo como se describe

en Ejemplo 1.
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Pbf Phf

HN __NH HN
0-tBu e ~NH

w\)\g\)\/\ﬁ\%wﬂdj\“‘dh’ Resina Rink

g boc

0O —iBu O
J‘“*NH (SEQ IDNO:12)

Pbf —N
H

Desproteccion de cadena lateral y
desdohlamiento TFA

OH HZN\i:ﬂ HN \T;:NH

w%g\%w%«w\%é

0! Hé O “NH,

oH O (SEQ ID NO:13)
H"N ’JhNH
Ciclizacion en solucion
PyBOP/DIEA
on ~phiH HaN ~pNH

wﬁﬁgwﬁwAd
B

H,‘N’L‘NH 0 (SEQ IDNO:10)

NH
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Esquema de reaccién 4. Cadena lateral de acido para

ciclizacién de anillo de cadena lateral amino

Ejemplo 7

5 Bz—ciclo[Glu—Tyr-Arg—DArg—ZNal—Gly—Dap]—Arg—NHz(SEQ ID

NO:14)
Preparar como en el Ejemplo 6, excepto que anhidrido
acético en la etapa 9 se reemplaza con anhidrido del acido

benzoico. PM cal.: 1204.37; PM obs.: 1204.87.

10
Ejemplo 8
Ac—ciclo[Glu-Tyr—Arg—DArg—ZNal—Gly—DDap]—Arg-NHz(Sggg;D
NO:15)
Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)
15 en la etapa 2 se reemplaza con Fmoc-bDap(Boc). PM cal.:
1142.30; PM obs.: 1142.73.
Ejemplo 9
Ac-ciclo[Glu-Tyr-Arg-pArg-2Nal-Gly-Lys]-Arg-NH, (SEQ ID
20 NO:16)

Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)
en la etapa 2 se reemplaza con Fmoc-Lys (Boc) . PM

cal.:1184.38; PM obs.: 1184.23.
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Ejemplo 10

Ac-ciclo[Glu—Tyr-Arg—DA;g-2Na1-G1y—Dab]—Arg-NHg(SEQ ID

NO:17)
Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)
5 en la etapa 2 se reemplaza con Fmoc-Dab(Boc). PM cal.:

1156.33; PM obs.: 1156.07.

Ejemplo 11

Ac—ciclo[Glu—Tyr-Agg:Dggg-2Nal—Gly-(D/L)Agl]—Agg-NHz(SEQ ID

10 NO:18)
Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)

en la etapa 2 se reemplaza con Fmoc-(pL)Agl(Boc). PM cal.:

1128.27; PM obs.: 1128.86.

15 Ejemplo 12

Bz-ciclo[Glu-Tyr-A;ngArg-ZNal-Gly—(D/L)Agl]-Arg-NHz(SEQ ID

NO:19)
Preparar como en el Ejemplo 6, excepto que Fmoc-
Dap (Boc) en la etapa 2 se reemplaza con Fmoc-(pL)Agl (Boc).
20 Ademés, anhidrido acético en la etapa 9 se reemplaza con
anhidrido.del dcido benzoico. PM cal.: 1190.34; PM obs.:

1190.99.

25
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Ejemplo 13

Bz-ciclo[Asp-Tyr-Arg-pArg-2Nal-Gly-Dab] -Arg-NH, (SEQ ID

NO:20)
Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)
5 en la etapa 2 se reemplaza con Fmoc-Dab(Boc), y Fmoc—
Glu(OtBu) en la etapa 8 se reemplaza con Fmoc-Asp(OtBu).
Ademas, anhidrido acético en la etapa 9 se reemplaza con

anhidrido del &cido benzoico. PM cal.: 1204.37; PM obs.:

1204.87.
10
Ejemplo 14
Ac-ciclo[Asp-Tyr-Arg-DArg-2Nal-Gly-Dab] -Arg-NH, (SEQ ID
NO:21)
Preparar como en el Ejemplo 6, excepto gque Fmoc-Dap (Boc)
15 en la etapa 2 se reemplaza con Fmoc-Dab(Boc), y Fmoc-
Glu(OtBu) en la etapa 8 se reemplaza con Fmoc-Asp(OtBu). PM
cal.: 1142.30; PM obs.: 1142.81.
Ejemplo 15
20 Ac-ciclo[Asp-Tyr-Arg-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID
NO:22)

Preparar como en el Ejemplo 6, excepto que Fmoc-
Glu (OtBu) en la etapa 8 se reemplaza con Fmoc-Asp(OtBu). PM-
cal.: 1128.27; PM obs.: 1128.78.
25
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Ejemplo 16

Bz-ciclo [Asp-Tyr-Arg-pArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID

NO:23)
Preparar como en el Ejemplo 6, excepto que Fmoc-
5 Glu(OtBu) en la etapa 8 se reemplaza con Fmoc-Asp(OtBu).
Ademds, anhidrido acético en la etapa 9 se reemplaza con
anhidrido del &cido benzoico. PM cal.: 1190.34; PM obs.:

1190.69.

10 Ejemplo 17

Ac—ciclo[Asp-Tyr—Arg—DArg—2Na1-Gly-(D/L)Agl]-Arg-NHz(SEgg;D

NO:24)
Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)
en la etapa 2 se reemplaza con Fmoc-(pL)Agl(Boc), y Fmoc-
15 Glu(OtBu) en la etapa 8 se reemplaza con Fmoc-Asp(OtBu). PM

cal.: 1114.24; PM obs.: 1114.85.

Ejemplo 18

Ac-ciclo[Asp-Tyr-Lys (Me,) -DArg-2Nal-Gly-Dap] -Arg-NH, (SEQ ID

20 NO:25)

Preparar como en el Ejemplo 6, excepto que Fmoc-Arg(Pbf)
en la etapa 6 se reemplaza con Fmoc-Lys(Mez), y Fmoc-
Glu(OtBu) en la etapa 8 se reemplaza con Fmoc-Asp(OtBu). PM
cal.: 1128.31; PM obs.: 1128.92.

25
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Ejemplo 19

Bz-ciclo[Asp-Tyr-Lys (Me;) -DArg-2Nal-Gly-Dap] -~Arg-NH, (SEQ ID

NO:26)
Preparar como en el Ejemplo 6, excepto que Fmoc-Arg (Pbf)
5 en la etapa 6 se reemplaza con Fmoc-Lys(Mez), y Fmoc-Glu(OtBu)
en la etapa 8 se reemplaza con Fmoc-Asp(OtBu). Ademés,
anhidrido acético en la etapa 9 se reemplaza con anhidrido del

4cido benzoico. PM cal.: 1190.38; PM obs.: 1191.14.

10 Ejemplo 20

ciclo[Succinilo—Tyr-Arg—DAgg—2Nal—Gly-(D/L)Agl]-Arg-NHz(SEQ

ID NO:27)
Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)
en la etapa 2 se reemplaza con Fmoc-(pL)Agl (Boc), Fmoc-
IS5 Glu(OtBu) en la etapa 8 no se usa, y se omite esta etapa.
Ademds, anhidrido acético en la etapa 9 se reemplaza con

anhidrido succinico. PM cal.: 1057.19; PM obs.: 1057.87.

Ejemplo 21

20 ciclo[Succinilo-Tyr-Arg-pArg-2Nal-Gly-Dap] -Arg-NH, (SEQ ID

NO:28)
Preparar como en el Ejemplo 6, excepto que Fmoc-
Glu(OtBu) en la etapa 8 no se usa, y se omite esta etapa.
Ademés; anhidrido acético en la etapa 9 se reemplaza con

25 anhidrido succinico. PM cal.: 1071.22; PM obs.: 1071.85.
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ciclo[Succinilo-Tyr—Arg-DArg-ZNal-Gly—Dab]-Arg—NHz(SEQ ID NO:29)

Ejemplo 22

Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)
en la etapa 2 se reemplaza con Fmoc-Dab (Boc), Fmoc-Glu (OtBu)
en la etapa 8 no se usa, y se omite esta etapa. Ademéas,
anhidrido acético en la etapa 9 se reemplaza con anhidrido

succinico. PM cal.: 1085.25; PM obs.: 1085.87.

Ejemplo 23

ciclo[Succinilo-Tyr-Arg-pDArg-2Nal-Gly-Orn] -Arg-NH, (SEQ ID NO:30)

Preparar como en el Ejemplo 6, excepto que Fmoc-Dap (Boc)
en la etapa 2 se reemplaza con Fmoc-Orn(Boc), Fmoc-Glu(OtBu)
en la etapa 8 no se usa, y se omite esta etapa. Ademas,
anhidrido acético en la etapa 9 se reemplaza con anhidrido

succinico. PM cal.: 1099.27; PM obs.: 1100.23.

Ejemplo 24

ciclo[Succinilo-Tyr-Arg-pArg-2Nal-Gly-Lys] -Arg-NH, (SEQ ID NO:31)

Prepérar como en el Ejemplo 6, ekcepto que Fmoc-Dap (Boc)
en la etapa 2 se reemplaza con Fmoc-Lys(Boc), Fmoc-Glu(OtBu)
en la etapa 8 no se usa, y se omite esta etapa. Ademas,
anhidrido acético en la etapa 9 se reemplaza con anhidrido

succinico. PM cal.: 1113.30; PM obs.: 1114.25.
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q/

ciclp[Gly—Tyr—Lys(iPr)—DArg-2Nal—Gly—DGlu]—Arg-NHz(SEg ID NO:32)

| Ejemplo 25

La secuencia Gly-Tyr (tBu)-Lys (iPr) (Boc)-DArg (Pbf)-2Nal-
Gly-pGlu(Oalilo)-Arg(Pbf) (SEQ ID NO:33) se ensambla por
guimica esténdar Fmoc utilizando un instrumento ABI 431 como se
resume en el Esquema de reaccién 5 a continuacidén. El ensamble
automatizado se lleva a cabo al usar el protocolo de quimica
Applied Biosystems DCC/HOBt o protocolo de quimica FastMoc
HBTU/DIEA siguiendo las instrucciones del proveedor (PE Applied
Biosystems Inc., Foster City, CA). El soporte sdélido es la
resina de amida Rink para amidas o resina indol, resina AM ([3-
({etil-Fmoc-amino}-metil)-indol-1-il]-acetilo para amidas de
etilo de terminal C. El ensamble de cadenas por etapas inicia
del extremo de terminal C del péptido lineal y se realiza en 8
etapas principales (Esquema de reaccién 5). En la etapa 1,
cuatro equivalentes de Fmoc-Arg(Pbf) de aminodcido protegido se
activan con DCC/HOBt (5 HBTU/DIEA para quimica FastMoc) en NMP,
y se acoplan para desproteger la resina de amida Rink. En la
etapa 2, cuatro equivalentes de Fmoc-bGlu(Oalilo) se activan y
acoplan a la resina de péptido desprotegida de la etapa 1. Se
llevan a cabo las etapas apropiadas hasta la etapa 8, el
acoplamiento de Fmoc-Gly.

El grupo de proteccién de cadena lateral de éster de
alilo se remueve con 0.1 equivalente de Pd(Ph3P)s; en la

presencia de 24 equivalents de fenilsilano en diclorometano
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(Esquema de reaccidén 6). Este proceso se repite una vez para la
desproteccién de cadena lateral completa. Luego Fmoc en el

extremo de terminal N se remueve usando 20% de piperidina en
DMF. La porcién de &cido carboxilico desprotegida de pGlu se
activa con PyBOP/DIEA, y se cicliza al grupo a-amino de glicina
en la resina. El péptido ciclizado se desprotege y escinde
simultdneamente de la resina al usar un cédctel de secuestrantes
de TFA/H,0/TIS/EDT (95/2/1/2, ~v/v/v/v), o TFA/H,0/TIS/anisol
(92/2/4/2, v/v/v/v) durante 2 horas a temperatura ambiente.
Luego se evaporan los solventes bajo vacio, y el péptido se
precipita y se lava tres veces con éter dietilico frio para

retirar los secuestrantes. PM cal.: 1085.29; PM obs.: 1085.32.

Ejemplo 25a

ciclo[Gly-Tyr-Lys (iPr) -pDArg-2Nal-Gly-pGlu] -Arg-NH, -sal de

dcido acético (SEQ ID NO:34)

La sal de TFA del péptido de Ejemplo 25 se convierte a
una sal de &cido acético al adsorber el material sobre una
columna preparativa C18 de tamafio adecuado, equilibrada con
dcido acético al 2%/H,O0 (v/v). La columna luego se lava con
tres a cinco volumenes de columna de acido acético acuoso al
2% (v/v). El péptido se eluye al usar 1:1 agua/acetonitrilo
(v/v) que contiene acido acético al 2% en volumen, y se

liofiliza. PM cal.: 1085.29; PM obs.: 1085.32.
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H,N—Resina Rink

1. Fmoc-Arg(Pbf)
2. Fmoc-D-Glu(OAlilo)
3. Fmoc-Gly Ensamble de fase sélida en etapas:
g' EmOC'ZDNAa' Pb Aminoacidos protegidos Fmoc,
6 Fmﬁl -s(ri%(r)(Bch) Desproteccion de piperidina
R/ acoplada por DCC/HOB o
7. Emoc-Tyr(tBu) HBTU/DIEA
8. Fmoc-Gly
\
Pof Pbf
O-tBu HN\fNH HN\fNH

o e A

H H 9§ ¢ H
fmoc/N\/Lk” N\)Lu/\n/N\/U\”/\ﬂ/N\i N—Resina Rink

o) o) 0]

>;
QO

(SEQ ID NO:35)

Esquema de reaccién 5. Grupo o-amino para ensamble de péptido
de cadena lateral carboxilo

La purificacién de péptidos se efectila al usar técnicas
CLAR ©preparativas estandar. Inmediatamente después de 1la
ciclizacidén, la solucidén de péptidos se diluye con agua que
contiene 0.1% (v/v) TFA, cargada en una columna Cl18 CLAR de fase
inversa, y se eluye con un gradiente de é&cido trifluorcacético
al 0.1% acuoso/acetonitrilo (v/v) mientras se monitorea a 214

nm. Las fracciones apropiadas se acumulan y liofilizan. La
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caracterizacién adicional del producto final se efectua al usar

CLAR analitica y analisis espectral de masas por metodos

convencionales. Para los péptidos con una cadena lateral béasica,

el producto final liofilizado es una sal de TFA.
szf be
0-tBu Dl
NH

: J

0 =
H i H H
N N N \-/U\N /'\n/N \/U\ N 4[“ Resina Rink
fmoc H 5 I H 5

5/[\ (SEQ ID NO:35)

N
|

hoc l

10 : R .
1. Eliminacion de alilo con Pd{Ph;P )40}
2. Eliminacién Fmoc con piperidina
3. Ciclizacion con PyBOP/DIEA

be Phf
|
HN NH
\r/."

NH

0-tBu \FNH

I

H

0
\/LN N ~ Resina Rink
15 /Y 0

(SEQ 1D NO:36)

Iz

Desproteccién de cadena lateral
y desdaoblamienta TFA

OH \FNH HN \r/.,NH
NH

H o)
\)J\N /\n/N ) H2

(SEQ ID NO:32)

20

I=

25
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Esquema de reaccién 6. Grupo o-amino para ciclizacién vy

desdoblamiento del anillo de cadena lateral carboxilo

Ejemplo 26

5 ciclo[Gly-Tyr-Lys (iPr) -DArg-2Nal-Gly-pGlu] -NH, (SEQ ID

NO:37)
Preparar como en el Ejemplo 25, excepto que se omite la

etapa 1. PM cal.: 929.10; PM obs.: 929.39.

10 Ejemplo 26a

ciclo[Gly-Tyr-Lys (iPr) -pDArg-2Nal-Gly-DGlu] -NH,-sal de acido

acético (SEQ ID NO:38)

La sal de TFA del péptido de Ejemplo 26 se convierte a

una sal de &cido acético al adsorber el material sobre una

15 <columna preparativa C18 de tamafio adecuado, equilibrada
con acido acético al 2%/H,O (v/v). La columna luego se lava

con tres a cinco volumenes de columna de &cido acético
acuoso al 2% (v/v). El péptido se eluye al wusar 1:1
agua/acetonitrilo (v/v) que contiene &cido acético al 2%

20 en volumen, y se liofiliza. PM cal.: ©929.10; PM obs.:

929.39.
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Ejemplo 27

ciclo[Gly-Tyr-Arg-pArg-2Nal-Gly-pGlu] -Arg-NH, (SEQ ID NO:39)

Preparar como en el Ejemplo 25, excepto gque Fmoc-
Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-Arg(Pbf).

5 PM cal.: 1071.22; PM obs.: 1071.02.

Ejemplo 28

ciclo[Gly-Tyr-Lys (iPr) ~-pDArg-2Nal-Gly-pGlu] -Lys (iPr) ~NH, (SEQ

ID NO:40)
10 Preparar como en el Ejemplo 25, excepto que Fmoc-
Arg (Pbf) en la etapa 1 se reemplaza con Fmoc-Lys(iPr) (Boc).

PM cal.: 1099.35; PM obs.: 1099.91.

Ejemplo 29

15 ciclo[Tyr-Arg-DArg-2Nal-Gly-Glu] -Arg-NH, (SEQ ID NO:41)

Preparar como en el Ejemplo 25, excepto que Fmoc-
DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),
Fmoc-Lys (iPr) (Boc) en 1la etapa 6 se reemplaza con Fmoc-
Arg(Pbf), Fmoc-Gly en la etapa 8 no se usa, y se omite la

20 etapa 8. PM cal.: 1014.17; PM obs.: 1014.78.

Ejemplo 30

ciclo[Tyr-Arg-pArg-2Nal-Gly-pGlu] -Axrg-NH, (SEQ ID NO:42)

Preparar como en el Ejemplo 25, excepto que Fmoc-

25 Lys(iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-Arg(Pbf),
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Fmoc-Gly en la etapa 8 no se usa, y se omite la etapa 8.

cal.: 1014.17; PM obs.: 1014.65.

Ejemplo 31

ciclo[Tyr—Arg—DAgg-ZNal—Gly-Asp]—A;g-NHz(SEg ID NO:43)

Preparar como en el Ejemplo 25, excepto gue Fmoc-
DGlu(OalilQ) en la etapa 2 se reemplaza con Fmoc-Asp(alilo),
Fmoc—Lys(iPr)(Boc) en la etapa 6 se reemplaza con Fmoc-
Arg (Pbf), Fmoc-Gly en la etapa 8 no se usa, y se omite la

etapa 8. PM cal.: 1000.14; PM obs.: 1000.63.

Ejemplo 32

ciclo[Gly-Tyr-Arg-pArg-2Nal-Gly-Asp] -Arg-NH, (SEQ ID NO:44)

Preparar como en el Ejemplo 25, excepto que Fmoc-
pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Asp(alilo),
y Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-

Arg(Pbf). PM cal.: 1057.19; PM obs.: 1057.35.

Ejemplo 33

ciclo[Gly-Tyr-Lys (Me,) -DArg-2Nal-Gly-Asp] -Arg-NH, (SEQ ID NO:45)

Preparar como en el Ejemplo 25, excepto gque Fmoc-
DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Asp(alilo),
y Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-

Lys(Me,). PM cal.: 1057.23; PM obs.: 1057.86.
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Ejemplo 34

ciclo[Gly-Tyr-Lys (iPr) ~-pArg-2Nal-Gly-Asp] ~Arg-NH, (SEQ ID

NO:46)
Preparar como en el Ejemplo 25, excepto que Fmoc-

5 pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Asp(alilo).

PM cal.: 1071.26; PM obs.: 1071.76.

Ejemplo 35

ciclo[Gly-Tyr-Lys (iPr) -DArg-2Nal-Gly-Asp] -NH, (SEQ ID NO:47)

10 Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, y Fmoc-pGlu(Oalilo) en la etapa 2 se reemplaza con

Fmoc-Asp(alilo). PM cal.: 915.07; PM obs.: 915.38.

Ejemplo 36

15 ciclo[Gly-Tyr-Lys (iPr)-DArg-2Nal-Gly-Asp]-Lys (iPr) ~-NH, (SEQ ID

NO:48)

Preparar como en el Ejemplo 25, excepto que Fmoc-
Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-Lys (iPr) (Boc), y
Fmoc-pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-

20 Asp(alilo). PM cal.: 1085.33; PM obs.: 1085.78.

Ejemplo 37

ciclo[Gly-Tyr—Lys(Meﬁ-@Arg—ZNal—Gly-Glu]—Arg-NHz(SEQ ID NO:49)

Preparar como en el Ejemplo 25, excepto que Fmoc-

25 pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),
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y Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-

Lys(Mey). PM cal.: 1071.26; PM obs.: 1071.05.

Ejemplo 38

5 ciclo[Gly-Tyr-Arg-pArg-2Nal-Gly-Glu] -Arg-NH, (SEQ ID NO:50)

Preparar como en el Ejemplo 25, excepto que Fmoc-
DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),
y Fmoc-Lys(iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-
Arg (Pbf). PM cal.: 1071.22; PM obs.: 1071.50.
10

Ejemplo 39

ciclo[Gly-Tyr-Lys (iPr) -pDArg-2Nal-Gly-Glu] ~Arg-NH, (SEQ ID

NO:51)
Preparar como en el Ejemplo 25, excepto que Fmoc-
15 DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo).

PM cal.: 1085.29; PM obs.: 1085.91.

Ejemplo 40

ciclo[Gly-Tyr-Lys (iPr) -pDArg-2Nal-Gly-Glu] -NH, (SEQ ID

20 NO:52)
Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, y Fmoc-bGlu(Oalilo) en la etapa 2 se reemplaza con

Fmoc-Glu(Oalilo). PM cal.: 929.10; PM obs.: 929.309.

25
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Ejemplo 41

ciclo[Gly-Tyr-Lys (iPr) -DArg-2Nal-Gly-Asp] -NHEt (SEQ ID

NO:53)

Preparar como en el Ejemplo 25, excepto que la resina de

amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-
amino}-metil)-indol-1-il]-acetilo, se omite la etapa 1, vy
Fmoc-pGlu{Oalilo) en la etapa 2 se reemplaza con Fmoc-

Asp(alilo). PM cal.: 943.13; PM obs.: 943.36.

Ejemplo 42

ciclo[Gly~Tyr-Lys (iPr) -DArg-2Nal-Gly-Glu] -NHEt (SEQ ID

NO:54)

Preparar como en el Ejemplo 25, excepto que la resina de

amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-
amino}-metil)-indol-1-il]-acetilo, se omite la etapa 1, vy
Fmoc-pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-

Glu(Oalilo). PM cal.: 957.15; PM obs.: 957.50.

Ejemplo 43

ciclo[Gly-Tyr-Lys (iPr) -DArg-2Nal-Gly-DGlu] -NHEt (SEQ ID

NO:55)

Preparar como en el Ejemplo 25, excepto que la resina de

amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-

amino}-metil)-indol-1-il]-acetilo, y se omite la etapa 1. PM

957.15; PM obs.: 957.4¢.
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Ejemplo 44

ciclo[Gly-Tyr-Lys (iPr) -DArg-2Nal-Gly-pDGlu] -Arg-NHEt (SEQ ID

NO:56)
5 Preparar como en el Ejemplo 25, excepto que la resina de
amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-amino}-

metil)-indol-1-il]-acetilo. PM cal.: 1113.34; PM obs.: 1113.81.

Ejemplo 44a

10 ciclo[Gly-Tyr-Lys (iPr) -pArg-2Nal-Gly-pGlu] -Arg-NHEt -sal de

dcido acético (SEQ ID NO:57)

La sal de TFA del péptido del Ejemplo 44 se convierte a
una sal de éacido acético al adsorber el material sobre una
columna preparativa C18 de tamafio adecuado, equilibrada con

15 &cido acético al 2%/H,O0 (v/v). La columna luego se lava con
tres a cinco volumenes de columna de &acido acético acuoso al
2% (v/v). El péptido se eluye al usar 1l:1 agua/acetonitrilo
(v/v) que contiene &cido acético al 2% en volumen, y se
liofiliza. PM cal.: 1113.34; PM obs.: 1113.81.

20

Ejemplo 45

ciclo[Gly—Tyr-Lys(iPr)—DArg-ZNal—Gly-DGlu]—Lys(iPr)—NHEt (SEQ

ID NO:58)
Preparar como en el Ejemplo 25, excepto que la resina de

25 amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-
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amino}-metil)-indol-1-il]-acetilo, y  Fmoc-Arg (Pbf) en 1la

etapa 1 se reemplaza con Fmoc-Lys(iPr) (Boc). PM cal.:

1127.41; PM obs.: 1127.35.

Ejemplo 46

ciclo[Lys (Ac) ~Tyr-Lys (Me,) -DArg-2Nal-Gly-Glu] -Arg-NH, (SEQ ID

NO:59)

Preparar como en el Ejemplo 25, excepto que Fmoc-
DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(OtBu),
Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-
Lys (Me;), y Fmoc-Gly en la etapa 8 se reemplaza con Boc-
Lys (Fmoc) . Después del ensamble de cadenas, Fmoc en la cadena
lateral de la terminal N, Lys se remueve con 20% de
piperidina en DMF y la cadena lateral Lys luego es acetilada
usando 10 equivalentes de anhidrido acético/DIEA a
temperatura ambiente durante una hora. Se remueven todos los
grupos protegidos de cadena lateral y el péptido lineal se
desdoble del soporte sélido usando una mezcla de
TFA/agua/TIS/anisol (90/5/2.5/2.5, v/v/v/v) durante 2 h a
temperatura ambiente. La ciclizacién del péptido lineal crudo
se lleva a cabo en solucién. E1 péptido 1lineal crudo
escindido (~0.25 mmol) se seca bajo vacio y se disuelve en 10
mlL de DMF seco. Esta solucién de péptido se suministra a la
siguiente mezcla de reaccién por medio de una bomba de

jeringa durante un periodo de 2 h: 15 mL de diclorometano
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seco y 15 mL de DMF seco que contiene 1.0 mmol de PyBOP y 4.0
mmoles de DIEA. La reaccidén luego se permite que avance a
temperatura ambiente durante 2 h. Luego se evaporan los
solventes bajo vacio, el residuo se carga en una columna CLAR
preparativa Cl18 de fase inversa, y se aisla y caracteriza el

péptido ciclico objetivo como se describe en Ejemplo 1. PM

cal.: 1184.42; PM obs.: 1184.06.

Ejemplo 47

ciclo[Dap(Ac)-Tyr—Lys(Meﬂ-oAgg-ZNal-Gly—Glu]-NH2(Sgg ID

NO:60)

Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, Fmoc-pGlu(Oalilo) en la etapa 2 se reemplaza con
Fmoc-Glu (OtBu), Fmoc-Lys(iPr) (Boc) en la etapa 6 se reemplaza
con Fmoc-Lys (Me;), y Fmoc-Gly en la etapa 8 se reemplaza con
Boc-Dap (Fmoc) . Después del ensamble de cadenas, Fmoc en la
cadeﬁa lateral de la terminal N, Dap se remueve usando 20% de
piperidina en DMF, y la cadena lateral Dap luego es acetilada
con 10 equivalentes de anhidrido acético/DIEA a temperatura
ambiente durante una hora. Todos los grupos protegidos de
cadena lateral luego se remueven y el péptido lineal se
desdobla del soporte sélido usando una mezcla de
TFA/agua/TIS/anisol (90/5/2.5/2.5, v/v/v/v) durante 2 h a
temperatura ambiente. La ciclizacién del péptido lineal crudo

se lleva a <cabo en solucién. E1 péptido 1lineal crudo
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escindido (~0.25 mmole) se seca bajo vacio y se disuelve en
10 mL de DMF seco. Esta solucién de péptidos se suministra a
la siguiente mezcla de reaccidén por medio de una bomba de
jeringa durante un periodo de 2 h: 15 mL de diclorometano
5 seco y 15 mL de DMF seco que contiene 1.0 mmole de PyBOP vy
4.0 mmoles de DIEA. La reaccidén se permite procesar a
temperatura ambiente durante 2 h. Luego se evaporan los
solventes bajo vacio, el residuo se carga sobre una columna
CLAR preparativa, y se aisla y caracteriza el péptido ciclico
10 objetivo como se describe en Ejemplo 1. PM cal.: 986.15; PM

obs.: 985.97.

Ejemplo 48

ciclo[Ala-Tyr-Lys (iPr) -DArg-2Nal-Gly-Glu] -NH, (SEQ ID NO:61)

15 Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, Fmoc-bGlu(Oalilo) en la etapa 2 se reemplaza con
Fmoc-Glu(Oalilo), y Fmoc-Gly en la etapa 8 se reemplaza con

Fmoc~Ala. PM cal.: 943.13; PM obs.: 942.92.

20 Ejemplo 49

ciclo[pAla-Tyr-Lys (iPr) -DArg-2Nal-Gly-Glu] -NH, (SEQ ID NO:62)

Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, Fmoc-pGlu(Oalilo) en la etapa 2 se reemplaza con
Fmoc-Glu(Oalilo), y Fmoc-Gly en la etapa 8 se reemplaza con

25 Fmoc-pAla. PM cal.: 943.13; PM obs.: 943.44.
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Ejemplo 50

ciclo[pAla-Tyr-Lys (iPr) -DArg-2Nal-Gly-pGlu] -NH, (SEQ ID NO:63)

Preparar como en el Ejemplo 25, excepto que se omite la
5 etapa 1, y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-DAla.

PM cal.: 943.13; PM obs.: 943.42.

Ejemplo 51

ciclo[Ala—Tyr—Lys(iPr)—DA;g-ZNal—Gly—DGlu]-NH2(Sgg ID NO:64)

10 Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-Ala.

PM cal.: 943.13; PM obs.: 943.48,

Ejemplo 52

15 ciclo[Leu-Tyr-Lys (iPr) -DArg-2Nal-Gly-pGlu] -NH, (SEQ ID NO:65)

Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-Leu.

PM cal.: 985.21; PM obs.: 985.56.

20 Ejemplo 53

ciclo[Leu-Tyr-Lys (iPr) -DArg-2Nal-Gly-Glu] -NH, (SEQ ID NO:66)

Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, Fmoc-bpGlu(Oalilo) en la etapa 2 se reemplaza con
Fmoc-Glu(Oalilo), y Fmoc-Gly en la etapa 8 se reemplaza con

25 Fmoc-Leu. PM cal.: 985.21; PM obs.: 985.49.
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Ejemplo 54

ciclo[DPhe—Tyr—Lys(iPr)-DArg-ZNal-Gly-Glu]-NHz(SEQ ID

NO:67)
5 Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, Fmoc-pGlu(Oalilo) en la etapa 2 se reemplaza con
Fmoc-Glu (Oalilo), y Fmoc-Gly en la etapa 8 se reemplaza con

Fmoc-pPhe. PM cal.: 1019.22; PM obs.: 1019.52.

10 Ejemplo 55

ciclo[Phe-Tyr-Lys(iPr)—DArg-ZNal-Gly—Glu]—NHz(SEQ ID

NO:68)
Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, Fmoc-pGlu(Oalilo) en la etapa 2 se reemplaza con
15 Fmoc-Glu(Oalilo), y Fmoc-Gly en la etapa 8 se reemplaza con

Fmoc-Phe. PM cal.: 1019.22; PM obs.: 1019.53.

Ejemplo 56

ciclo[pPhe-Tyr-Lys (iPr) -pDArg-2Nal-Gly-pGlu] -NH, (SEQ ID

20 NO:69)
Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-DPhe.

PM cal.: 1019.22; PM obs.: 1019.50.

25
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Ejemplo 57

ciclo[Phe—Tyr-Lys(iPr)-DArg-ZNal—Gly-DGlu]-Lys(iPr)-NHg(SEQ

ID NO:70)
Preparar comc en el Ejemplo 25, excepto que Fmoc-
5 Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-Lys(iPr) (Boc), y
Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-Phe. PM cal.:

1189.48; PM obs.: 1189.92.

Ejemplo 57a

10 ciclo[Phe-Tyr-Lys (iPr)-pDArg-2Nal-Gly-pGlu]-Lys (iPr) -NH,-sal de

dcido acético (SEQ ID NO:71)

La sal de TFA del péptido de Ejemplo 57 se convierte a
una sal de acido acético al adsorber el material sobre una
columna preparativa Cl8 de tamafio adecuado, equilibrada con

15 A4cido acético al 2%/H,0 (v/v). La columna luego se lava con
tres a cinco volumenes de columna de &cido acético acuoso al
2% (v/v). El péptido se eluye al usar 1:1 agua/acetonitrilo
(v/v) que contiene 4&cido acético al 2% en volumen, y se
liofiliza. PM cal.: 1189.48; PM obs.: 1189.92.

20

Ejemplo 58

ciclo[Phe-Tyr-Lys (iPr) -DArg-2Nal-Gly-pGlu] ~Arg-NH, (SEQ ID NO:72)

Preparar como en el Ejemplo 25, excepto que Fmoc-Gly en
la etapa 8 se reemplaza con Fmoc-Phe. PM cal.: 1175.41; PM

25 obs.: 1175.81.
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Ejemplo 59

ciclo[Phe-Tyr-Lys(iPr)-DArg—ZNal—Gly—DGlu]—NH2(SEQ ID NO:73)

Preparar como en el Ejemplo 25, excepto que se omite la
etapa 1, y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-Phe.

PM cal.: 1019.22; PM obs.: 1019.56.

Ejemplo 60

ciclo[Phe-Tyr-Lys (iPr) ~-DArg-2Nal-Gly-pGlu] -Lys (i.Pr) -NHEt (SEQ

ID NO:74)

Preparar como en el Ejemplo 25, excepto que la resina de
amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-
amino}-metil)-indol-1-il]}-acetilo, Fmoc-Arg(Pbf) en la etapa
1 se reemplaza con Fmoc-Lys(iPr) (Boc), y Fmoc-Gly en la etapa
8 se reemplaza con Fmoc-Phe. PM cal.: 1217.53; PM obs.:

1217.97.

Ejemplo 60a

ciclo[Phe-Tyr-Lys (iPr) -DArg-2Nal-Gly-pGlu] -Lys (iPr) -NHEt -sal

de acido acético (SEQ ID NO:75)

La sal de TFA del péptido de Ejemplo 60 se convierte a
una sal de &acido acético al adsorber el material sobre una
columna preparativa Cl8 de tamafio adecuado, equilibrada con
dcido acético al 2%/H;O0 (v/v). La columna luego se lava con

tres a cinco volumenes de columna de &acido acético acuoso
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al 2% (v/v). El péptido se eluye al usar
agua/acetonitrilo (v/v) que contiene acido acetico al 2% en
volumen, y se liofiliza. PM cal.: 1217.53; PM obs.:

1217.97.

Ejemplo 61

ciclo[DAla—Tyr-Lys(iPr)—DA:g-ZNal—Gly-Glu]-NHEt (SEQ ID
NO:76)

Preparar como en el Ejemplo 25, excepto que la resina de
amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-
amino}-metil)-indol-1-il]-acetilo, se omite la etapa 1, Fmoc-
DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo},
y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-pAla. PM cal.:

971.18; PM obs.: 971.49.

Ejemplo 62

ciclo[2Nal-Tyr-Lys (iPr) -DArg-2Nal-Gly-Glu] -NHEt (SEQ ID

NO:77)

Preparar como en el Ejemplo 25, excepto que la resina de
amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-
amino}-metil)-indol-1-il]-acetilo, se omite la etapa 1, Fmoc-
DGlu (Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),
y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-2Nal. PM cal.:

1097.34; PM obs.: 1097.53,.
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Ejemplo 63

ciclo[pPhe-Tyr-Lys (iPr) -DArg-2Nal-Gly-Glu] -NHEt (SEQ ID

NO:78)
Preparar como en el Ejemplo 25, excepto que la resina de
5 amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-
amino}-metil)-indol-1-il]-acetilo, se omite la etapa 1, Fmoc-
DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),
y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-pPhe. PM cal.:
1047.28; PM obs.: 1047.51.
10

Ejemplo 64

ciclo[Phe-Tyr-Lys(iPr)—DA;Q:ZNal-Gly—Glu]-NHEt (SEQ ID NO:79)

Preparar como en el Ejemplo 25, excepto que la resina de

amida Rink se reemplaza con resina AM de [3-({etil-Fmoc-

15 amino}-metil)-indol-1-il)-acetilo, se omite la etapa 1, Fmoc-
DGlu (OCalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),

y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc- Phe. PM cal.:

1047.28; PM obs.: 1047.57.

20 Ejemplo 65

ciclo[Gly-Tyr-Lys (iPr) -DArg-2Nal-Gly-pGlu] -Gly-2Nal-NH, (SEQ

ID NO:80)
Preparar como en el Ejemplo 25, excepto que Fmoc-

Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-2Nal, y una
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etapa se agrega entre las etapas 1 y 2 usando Fmoc-Gly. PM

cal.: 1183.39; PM obs.: 1183.26.

Ejemplo 66

5 ciclo[Gly-Tyr—Lys(iPr)-DArngNal-Gly—Glu]-ﬁ—Ala—DZNal—NHz(SEQ

ID NO:81)
Preparar como en el Ejemplo 25, excepto que Fmoc-
Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-bZ2Nal, una etapa
se agrega entre las etapas 1 y 2 usando Fmoc-fB-Ala, y Fmoc-

10 pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo).

PM cal.: 1197.40; PM obs.: 1196.70.

Ejemplo 67

ciclo[B-Ala—Tyr—Arg-DArg—ZNal—Gly-Glu]—A;g-NHz(SEQ ID NO:82)

15 Preparar como en el Ejemplo 25, excepto que Fmoc-
DGlu (Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),

Fmoc-Lys (iPr) (Boc) en 1la etapa 6 se reemplaza con Fmoc-

Arg(Pbf), y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-f-

Ala. PM cal.: 1085.25; PM obs.: 1085.05.

20

Ejemplo 68

ciclo[B-Ala-Tyr-Arg-pArg-2Nal-Gly-Asp] -Arg-NH, (SEQ ID NO:83)

Preparar como en el Ejemplo 25, excepto que Fmoc-

pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Asp(Oalilo),
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Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-
Arg(Pbf), y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-f-

Ala. PM cal.: 1071.22; PM obs.: 1071.15.

Ejemplo 69

ciclo[5-aminovalerilo-Tyr-Arg-pArg-2Nal-Gly-Glu] -Arg-NH, (SEQ

ID NO:84)

Preparar como en el Ejemplo 25, excepto gque Fmoc-
pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-
Glu(Oalilo), Fmoc-Lys(iPr) (Boc) en la etapa 6 se reemplaza
con Fmoc-Arg(Pbf), y Fmoc-Gly en la etapa 8 se reemplaza
con &cido Fmoc-5-aminovalérico. PM cal.: 1113.30; PM obs.:

1113.40.

Ejemplo 70

ciclo[5-aminovalerilo-Tyr-Arg-pArg-2Nal-Gly-Asp] -Arg-NH, (SEQ

ID NO:85)
Preparar como en el Ejemplo 25, excepto que Fmoc-
DGlu (Oalilo) en la etapa 2 se reemplaza con Fmoc-
Asp (Oalilo), Fmoc-Lys(iPr) (Boc) en la etapa 6 se reemplaza
con Fmoc-Arg(Pbf), y Fmoc-Gly en la etapa 8 se reemplaza
con &cido Fmoc-5-amino valérico. PM cal.: 1099.27; PM obs.:

1100.25.
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Ejemplo 71

ciclo[(4-AMPA)-Tyr—A;g-DArg—ZNal-Gly—Asp]—A;g-NHz(SEQ ID

NO:86)

Preparar como en el Ejemplo 25, excepto que Fmoc-
DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Asp(Oalilo),
Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-
Arg(Pbf), y Fmoc-Gly en la etapa 8 se reemplaza con acido
Fmoc-4-aminometil fenilacético (4-AMPA). PM cal.: 1147.32; PM

obs.: 1148.20.

Ejemplo 72

ciclo[(4-AMPA)-Tyr-Arg—DArg—ZNal-Gly—Glu]—A;g-NHz(SEQ ID

NO:87)

Preparar como en el Ejemplo 25, excepto que Fmoc-
pGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),
Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-
Arg(Pbf), y Fmoc-Gly en la etapa 8 se reemplaza con acido
Fmoc-4-aminometil fenilacético (4-AMPA). PM cal.: 1161.34; PM

obs.: 1161.99.

Ejemplo 73

ciclo[(4-AMPA)-Tyr—ArngArg—ZNal-Gly-Glu]—DArg—NHz(SEgg;D

NO:88)
Preparar como en el Ejemplo 25, excepto que Fmoc-

Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-bDArg(Pbf), Fmoc-
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DGlu(Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),
Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-
Arg (Pbf), y Fmoc-Gly en la etapa 8 se reemplaza con acido
Fmoc-4-aminometil fenilacético (4-AMPA). PM cal.: 1161.34; PM

obs.: 1161.83.

Ejemplo 74

ciclo[ (4-AMB) -Tyr-Arg-pArg-2Nal-Gly-Glu] -Arg-NH, (SEQ ID

NO:89)
Preparar como en el Ejemplo 25, excepto que Fmoc-
DGlu (Oalilo) en la etapa 2 se reemplaza con Fmoc-Glu(Oalilo),
Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-
Arg(Pbf), y Fmoc-Gly en la etapa 8 se reemplaza con acido
Fmoc-4-aminometil benzoico (4-AMB). PM «cal.: 1147.32; PM

obs.: 1147.66.

Ejemplo 75

ciclo[Gly—Tyr—Lys(iPr)-DArg-ZNal—Gly—DGlu]-Lys(iPr)—Gly—2Nal—

NH, (SEQ ID NO:90)

Preparar como en el Ejemplo 25, excepto que la etapa 1
se reemplaza con tres acoplamientos de residuo secuencial:
primero Fmoc-2Nal, luego Fmoc-Gly, y luego Fmoc-

Lys (iPr) (Boc). PM cal.: 1353.69; PM obs.: 1354.03.
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Ejemplo 76

ciclo[Phe-Tyr-Lys (iPr) -pDArg-2Nal-Gly-pGlu] -Lys (iPr) ~-Gly-2Nal-

NH, (SEQ ID NO:91)

Preparar como en el Ejemplo 25, excepto que la etapa 1

se reemplaza con tres acoplamientos de residuo secuencial:

primero Fmoc-2Nal, luego Fmoc-Gly, y luego Fmoc-

Lys (iPr) (Boc). Ademéds, Fmoc-Gly en la etapa 8 se reemplaza

con Fmoc-Phe. PM cal.: 1443.82; PM obs.: 1444.13.

Ejemplo 77

ciclo[Gly-Tyr-Lys (iPr) -DArg-2Nal-Gly-pGlu] -Gly-DPhe-NH, (SEQ

ID NO:92)
Preparar como en el Ejemplo 25, excepto que la etapa 1
se reemplaza con dos acoplamientos de residuos secuenciales:
1133.36; PM obs.:

primero Fmoc-bpPhe, luego Fmoc-Gly. PM cal.:

1133.73.

Ejemplo 78

ciclo[Gly-Tyr-Lys (iPr) -pDArg-2Nal-Gly-pGlu] -Lys (iPr) -pPhe-NH;

(SEQ ID NO:93)

Preparar como en el Ejemplo 25, excepto que la etapa 1
se reemplaza con dos acoplamientos de residuos secuenciales:
primero Fmoc-DPhe, luego Fmoc-Lys (1Pr) (Boc) . PM cal.:

1246.58; PM obs.: 1246.88.

\
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Ejemplo 79

ciclo[Lys-Tyr-Lys (iPr) -DArg-2Nal-Gly-pGlu] -Lys (iPr) -NH, (SEQ

ID NO:94)
Preparar como en el Ejemplo 25, excepto que Fmoc-
5 Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-Lys(iPr) (Boc), ¥y

Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-Lys(Boc). PM

cal.: 1170.50; PM obs.: 1169.80.

Ejemplo 80

10 ciclo[Phe-Tyr-Lys-pArg-2Nal-Gly-pGlu] -Lys (iPr) -NH, (SEQ ID

NO:95)
Preparar como en el Ejemplo 25, excepto que Fmoc-
Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-Lys(iPr) (Boc),

Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplaza con Fmoc-

15 Lys(Boc), y Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-Phe.
PM cal.: 1147.40; PM obs.: 1146.70.
Ejemplo 81
ciclo[Phe-Tyr-Lys (iPr) -pDArg-2Nal-Gly-pGlu] -Lys-NH, (SEQ ID
20 NO:96)

Preparar como en el Ejemplo 25, excepto que Fmoc-
Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-Lys(Boc), ¥

Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-Phe. PM cal.:
1147.40; PM obs.: 1146.70.
25
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Ejemplo 82

ciclo[Phe—Tyr—Lys(iPr)-DArg:ZNal-Gly-DGlu]-Orn—NHz(SEQgED

NO:97)
Preparar como en el Ejemplo 25, excepto que Fmoc-
5 Arg(Pbf) en la etapa 1 se reemplaza con Fmoc-Orn(Boc), vy
Fmoc-Gly en la etapa 8 se reemplaza con Fmoc-Phe. PM cal.:

1133.40; PM obs.: 1132.70.

Ejemplo 83

10 ciclo[Phe-Tyr-Lys-pArg-2Nal-Gly-pGlu] -Lys-NH, (SEQ ID NO:98)

Preparar como en el Ejemplo 25, excepto gque Fmoc-
Arg(Pbf) en la etapa 1 y Fmoc-Lys(iPr) (Boc) en la etapa 6 se
reemplazan cada uno con Fmoc-Lys(Boc), y Fmoc-Gly en la etapa
8 se reemplaza con Fmoc-Phe. PM cal.: 1105.37; PM obs.:

15 1105.40.

Ejemplo 84

ciclo[Phe-Tyr-Lys-DArg-2Nal-Gly-pGlu] -Lys-NHEt (SEQ ID NO:99)

Preparar como en el Ejemplo 25, excepto que la resina

20 Rink se reemplaza con resina AM de [3-({etil-Fmoc-amino}-
metil)-indol-1-il]-acetilo, Fmoc-Arg(Pbf) en 1la etapa 1 vy
Fmoc-Lys (iPr) (Boc) en la etapa 6 se reemplazan cada uno con
Fmoc-Lys (Boc), y Fmoc-Gly en la etapa 8 se reemplaza con

Fmoc-Phe. PM cal.: 1133.36; PM obs.: 1133.82.
25
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Ejemplo 85

Sintesis Alternativa I de ciclo[Phe-Tyr-Lys (iPr) -dArg-2Nal-

Gly-dGlu] -Lys (iPr) -NH2 (SEQ ID NO:70)

El ejemplo 57 describe la sintesis de SEQ ID NO:70 por
medio de guimica de sintesis de péptidos en fase sdlida
Fmoc empleando el Fmoc-Lys (iPr)Boc que bloquea la
construccidén comercialmente disponible, el cual es costoso
y dificil de obtener en cantidad grande. El proceso
descrito en este ejemplo permite la sintesis de SEQ ID
NO:70 usando menos Fmoc-Lys(Boc) costoso, ciclizacidén de
solucién, y alquilacién de lisina a través de aminacidn
reductora usando cianoborohidruro de sodio, proporcionando
una ruta mds economica para este producto final. Las
ventajas adicionales son que el medio de reaccidédn (acido
acético, acetona, y metanol) son relativamente barato, las
condiciones de reaccidn se controlan facilmente, la
relacién dg solventes puede variar de manera importante sin
afectar la reaccién de alquilacidén, y el rendimiendo
recuperado es 90% o mayor.

La secuencia Phe-Tyr (tBu)-Lys(Boc)-bDArg(Pbf)-2Nal-Gly-
pGlu(Oalilo)-Lys (Boc) (SEQ ID NO:100) se ensambla en la
resina de amida Rink por quimica Fmoc estdndar utilizando
un Sintetizador de péptido ABI 431 como se resume en el
Esquema de reaccidén 7. El ensamble automatizado se lleva a

cabo usando el protocolo de quimica Applied Biosystems

)\
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DCC/HOBt o protocolo de quimica FastMoc (HBTU/DIER)

siguiendo las instrucciones del proveedor (PE Applied
Biosystems 1Inc., Foster City, CA). El esquema de grupos
protectores de cadenas laterales es: Lys (Boc),

pGlu(Oalilo), DArg(Pbf), Tyr(tBu). El ensamble de cadenas
por etapas inicia del extremo de terminal C del péptido
lineal y se realiza en 8 steps. En la etapa 1, cuatro
equivalentes de Fmoc-Lys(Boc) de aminodcido protegido se
activan con DCC/HOBt (o HBTU/DIEA para quimica FastMoc) en
NMP, y se acopla para desproteger la resina de amida Rink.
En la etapa 2, cuatro equivalentes de Fmoc-pGlu(Oalilo) se
activan y acoplan a la resina de péptido desprotegida de la
etapa 1. Estas etapas se repiten apropiadamente hasta la
etapa 8, el acoplamiento de Fmoc-Phe.

El grupo protegido de cadena lateral de éster de alilo
se remueve con 0.1 equivalente de Pd(Ph3P)s; en la presencia
de 24 equivalentes de fenilsilano en diclorometano (Esquema
de reaccidén 8). Este proceso se repite una vez para la
desproteccién de cadena lateral completa. El Fmoc en el
extremo de terminal N luego se remueve usando 20% de
piperidina en  DMF. La porcién de 4&cido carboxilico
desprotegida de pGlu se activa con PyBOP/DIEA y se cicliza
al grupo a-amino de Phe en la resina. El péptido ciclizado

se desprotege y escinde simultdneamente de la resina al

usar un cbctel de secuestrantes de TFA/H,O/TIS/EDT
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(95/2/1/2, v/v/v/v) o TFA/H,0/TIS/anisol (92/2/4/2, v/v/v/V)
durante 2 horas a temperatura ambiente. Luego se evaporan
los solventes bajo vacio, y el péptido se precipita y se
lava tres veces con éter dietilico frio para retirar los

5 secuestrantes.

H,N—Resina Rink

1. Fmoc-Lys(Boc)

2. Fmoc-D-Glu(OAlilo)

3. Fmoc-Gly Ensamble de fase sélida en etapas:
10 4. Fmoc-2Nal Aminoacidos protegidos Fmoc,

5. Fmoc-D-Arg(Pbf) Desproteccidn de piperidina

6. Fmoc-Lys(Boc) acoplada por DCC/HOBt o

7. Fmoc-Tyr(tBu) HBTU/DIEA

8. Fmoc-Phe

\
/
\
s Pbf
HN
O-tBu YNH HN-boc
/(NH
0 0 = 0 0
H H I H H H
NI N AN N N—Resina Rink
fmoc” m : N/A\H/ : H/A\W/ ”
0] 0] 0 0
[ ko
o)

20 NH O

(SEQ ID NO:100)
Esquema de reaccidén 7. Ensamble de cadena de péptido en fase
sélida

25
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_ HN-_-NH
0-tBu F HN—boc

H—Resina Rink

0 o o) 0

NH H (SEQ ID NO:100)
|
boc l
1. Eliminacién de alilo con Pd(PPh3)4(0)
2. Eliminacién Fmoc con piperidina
3. Ciclizacion con PyBOP/DIEA
be‘
HN
O-tBu \fNH HN/bOC

H B H H H
N - N-Resina Rink
N \;)J\N/\H/N\;)J\N/\”/N N
H = H d H H
0 (0] O (0]
O (SEQ ID NO:101)
”'—boc

HN

Desproteccién de cadena lateral y
desdoblamiento TFA

HoN
OH 2 \fNH NH,

0

NH, O

(SEQ ID NO:98)

HN

Aodon o Zow o "
H (o] : H/\([)]/ : ﬁ/\‘c])/ ” (o] 2
~o
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Esquema de reaccién 8. Preparacién de péptido precursor ciclico

La purificacién del péptido precursor ciclico se realiza
al wusar técnicas CLAR preparativas estandar. El producto
escindido crudo se disuelve en una cantidad minima de DMSO,
cargado en una columna CLAR C18 de fase inversa, y se eluye
con un gradiente de 4cido trifluoroacético acuoso al
0.1%/acetonitrilo (v/v) mientras se monitorea a 214 nm. Las
fracciones apropiadas se acumulan y liofilizan. La
caracterizacién adicional del ©péptido precursor ciclico
intermediario se efectia al usar CLAR analitica y analisis
espectral de masas por técnicas convencionales.

El péptido ciclico precursor liofilizado luego se alquila
en una solucién de acido acético/acetona/metanol (1:1:4, v/v/v)
a través de aminacién reductora usando cianoborohidruro de
sodio (Esquema de reaccién 9). La concentracién de péptidos es
alrededor de 10mg/mL, y puede variar de manera importante sin
afectar los resultados. Tres hasta 5 equivalentes se usan del
reactivo reductor cianoborohidruro de sodio, y la reaccidn se
completa normalmente dentro de 2 h a temperatura ambiente. El
rendimiento recuperado es de 90% o mayor. Por ejemplo, 20 mg
del péptido precursor ciclico se disuelven en 2 mL de metanol,
para el cual 0.5 mL de &cido acético y 0.5 mL de acetona se
agregan, se mezclan bien, y luego 5.6 mg de cianoborohidruro de
sodio (2.5 equivalentes en metanol) se agregan bajo agitacién.

La mezcla de reaccién se agita a temperatura ambiente durante
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30 min, durante lo cual otros 5.6 mg de cianoborohidruro de
sodio se agregan. La reaccién se monitorea por CLAR y analisis
espectral de masas. Después de que se termina la reaccidn, la
desalacién de la mezcla de reaccidén y la liofilizacidn
proporciona 18.9 mg de producto final (SEQ ID NO:70) con una

pureza de 97.5%. PM cal.: 1189.48; PM obs.: 1189.6.

HN N

(SEQ ID NO:98)

AcOH/acetona/metanol 1/1/4 (viviv)
NaBH3CN en metanol, 5 eq

NH,
NH “NH

OH
0 :/(
H 0O : H o) H 0O

A

0]

N
H o

HN

(SEQ ID NO:70)
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Esquema de reaccién 9. Aminacién reductora que convierte Lys

hasta Lys(iPr)

El compuesto del Ejemplo 60 (SEQ ID NO:74) también se
puede preparar en una manera andloga, con modificaciones
apropiadas con base en sus aminodcidos constituyentes, usando
resina AM de [3-({etil-Fmoc-amino}-metil)-indol-1-il1]-
acetilo. Primero, el péptido precursor (SEQ ID NO:99) se
prepara como se describe en el Ejemplo 84, y luego la
aminacién reductora se lleva a cabo como se muestra en el
Esquema de reaccién 9. Esto proporciona un péptido de amina
etilo de terminal C ciclico final con una pureza de 99.16%.

PM cal.:1217.53; PM obs.: 1217.84.

Ejemplo 86

Sintesis Alternativa II de ciclo[Phe-Tyr-Lys (iPr)-dArg-2Nal-

Gly-dGlu] -Lys (iPr) -NH2 (SEQ ID NO:70)

El ejemplo 85 describe una sintesis eficiente en costo
de SEQ ID NO:70 por medio de quimica de sintesis de péptidos
en fase sbélida Fmoc empleando Fmoc-Lys(Boc) relativamente
barato y alquilacién de lisina a través de aminacidn
reductora usando cianoborohidruro de sodio en solventes
relativamente baratos (4cido acético, acetona, y metanol).
Sin embargo, este proceso involucra el wuso del paladio

catalizador de metal pesado para la eliminacidn del grupo
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protegido de cadena lateral de éster de alilo. El paladio es
altamente téxico, y el control de calidad para eliminacidn
completa segura de este elemento se complica y dificulta. El
proceso de sintesis de péptido de fase sbélida Boc con
ciclizacidén en la resina descrita en este ejemplo permite la
produccidn de SEQ ID NO:70 usando Boc-Lys (2-Cl-2)
relativamente barato sin la ﬁecesidad de un catalizador de
paladio costoso y téxico, proporcionando una ruta menos
tdéxica, se pueden escalar hacia arriba facilmente, menos ruta
téxia para un producto final que requiere un proceso de
control de calidad simple.

La secuencia Fmoc-Phe-Tyr (2-Br-Z)-Lys(2-Cl-Z)-DArg(Tos) -~
2Nal-Gly-pGlu (OFm) -Lys (2-C1-Z) (SEQ ID NO:102) se ensambla
manualmente en MBHA resina (4-metil-benzhidril-amina) (Cat.
No. D-2095, BaChem California 1Inc., Torrance, CA) usando
quimica Boc de sintesis de péptido de fase sdlida establecida
(Schndlzer et al. (1992) Int. J. Pept. Protein Res. 40:180-
193) como se resume en el Esquema de reaccién 10. El ensamble
de las cadenas se lleva a cabo usando un procedimiento de
neutralizacidén in situ/HBTU/activacién DIEA como se describe
en esta referencia. El1 esquema de grupos protectores de
cadenas laterales es: Lys{(2-Cl-Z), bDGlu(OFm), DArg(Tos), vy
Tyr (2-Br-Z). el grupo alfa-amino de todos los blogques de
construccién de aminocdcido se protege con tert-butoxicarbonil

(Boc) excepto el Phe de residuo de terminal N, el cual se
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protege con Fmoc para eficiencia de la sintesis. El ensamble
de cadenas por etapas inicia del extremo de terminal C del
péptido lineal y se realiza en 8 etapas. En la etapa 1, cinco
equivalentes de Boc-Lys(2-Cl-Z) de aminoacido protegido se
activan con HBTU/DIEA en DMF, y se acoplan para la resina
MBHA. En la etapa 2, cinco equivalentes de Boc-DGlu(OFm) se
activan y acoplan a la resina de péptido desprotegida de la
etapa 1 usando TFA puro. Estas etapas se repiten
apropiadamente hasta la etapa 8, el acoplamiento de Fmoc-Phe.

El grupo protector de cadena lateral Fm de DGlu, junto
con el Fmoc en el extremo de terminal N, se remueve usando
20% de piperidina en DMF. La porcién de &acido carboxilico
desprotegida de DGlu se activa con PyBOP/DIEA, HCTU/DIEA, u
otros reactivos de activacidén apropiados, y se cicliza para
el grupo oa-amino de Phe en la resina. El péptido ciclico se
desprotege y escinde simulténeamente de la resina usando HF
con 5% de m-cresol o p-cresol como un depurador durante 1
hora a 0°C. Los solventes luego se evaporan y el péptido
crudo se precipita y se lava tres veces con éter dietilico

frio.
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HN\
Fmoc O
0 0]

HN

87

H,N-resina MBHA

1.Boc-Lys(2-Cl-Z)

%' ggﬁ:g'lflu (OFm) Ensamble de fase sélida en etapas:
' R aminoacidos protegidos por Boc,

4. Boc-2Nal -

5. Boc-D-Arg(T os) desproteccion TFA acoplada a

6. Boc-Lys(2-Cl-Z) HBTU/DIEA

7. Boc-Tyr(2-Br-2Z)

8. Fmoc-Phe

'Iros
2,Cl-Z
0 HN NH HN

)/NH
H\/ﬁ\ : H\/ﬁ\ H H—Resina
<N YN
z H 0 =

H o 0

I=z

)

HN—2-CI-Z O ,I_-m

(SEQID NO:102)

a. piperidina (20%) en DMF
b. ciclizacién, PyBOP/DIEA
¢. desdoblamiento HF, 0°C, 1 h

o  HN~e=NH NH,
NH

J

(SEQ ID NO:98)
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Esquema de reaccién 10. Ensamble de la cadena de péptido en

fase sélida usando quimica Boc

La purificacién del péptido precursor ciclico (SEQ ID
NO:98 como se muestra en el Esquema de reaccidn 10) se
realiza al usar técnicas CLAR preparativas estandar. El
producto escindido crudo se disuelve en una cantidad minima
de DMSO, cargado en una columna CLAR C18 de fase inversa, Yy
se eluye con un gradiente de &cido trifluorocacético acuoso al
0.1%/acetonitrilo (v/v) mientras se monitorea a 214 nm. Las
fracciones apropiadas se acumulan y liofilizan. La
caracterizacién adicional del péptido precursor ciclico
intermediario se efectya al usar CLAR analitica y analisis
espectral de masas por técnicas convencionales. Para SEQ ID
NO:98, PM cal.: 1105.29; PM obs.: 1105.4.

El péptido ciclico precursor liofilizado (SEQ ID NO:98)
luego se algquila en una solucidn de acido
acético/acetona/metanol (1:1:4, v/v/v) a través de aminacidn
reductora usando cianoborohidruro de sodio como en el Esquema
de reaccidén 9. La concentracidén de péptidos es alrededor de
10mg/mL, y puede variar de manera importante sin afectar los
resultados. Cinco equivalentes del reactivo reductor
cianoborohidruro de sodio se wusaron, Yy la reaccidn se

completa normalmente dentro de 2 h a temperatura ambiente. El
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rendimiento recuperado es 90% o mayor. Por ejemplo, 6.6 mg
del péptido precursor ciclico se disuelven en 0.8 mL de
metanol, para el cual 0.2 mL de &cido acético y 0.2 mL de
acetona se agregaron, mezclaron bien, y luego 1.9 mg de
cianoborohidruro de sodio (2.5 equivalentes en metanol) se
agregaron bajo agitacién en dos porciones iguales. La mezcla
de reaccidédn se agita a temperatura ambiente durante 30 min,
durante lo cual otros 1.9 mg de cianoborohidruro de sodio se
agregan. La reaccién se monitorea por CLAR vy analisis
espectral de masas. Después de que se termina la reaccidn, la

desalacién de la mezcla de reaccidén y la liofilizacidn

.proporciona el producto final (SEQ ID NO:70) con una pureza

de 96.5%. PM cal.: 1189.45; PM obs.: 1189.6.

Ejemplo 87

Sintesis Alternativa III de ciclo[Phe-Tyr-Lys (iPr)-dArg-2Nal-

Gly-dGlu] -Lys (iPr) -NH2 (SEQ ID NO:70)

El compuesto del Ejemplo 57 (SEQ ID NO:70) también se
puede preparar sin el uso de un catalizador de paladio por
medio de ciclizacidén de solucidén, que facilita el aumento
progresivo, como sigue.

La secuencia Boc-Phe-Tyr(2-Br-Z)-Lys (Fmoc)-bArg(Tos) -
2Nal-Gly-pGlu (OBzl)-Lys (Fmoc) (SEQ ID NO:103) se ensambla
manualmente en resina MBHA usando quimica Boc de sintesis

de péptido de fase sdélida (Schnolzer et al. (1992) Int. J.
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Pept. Protein Res. 40:180-193) como se resume en el Esquema
de reaccién 11. El1 ensamble de las cadenas se lleva a cabo
usando el procedimiento de neutralizaciédn in
situ/HBTU/activacién DIEA como se describe en Schndlzer et
al. El esquema de grupos protectores de cadenas laterales
es: Lys(Fmoc), bpGlu{(OBzl), DArg(Tos), Tyr(2-Br-Z). El grupo
alfa-amino de todos los bloques de construccidén de
aminodcido se protege con tert-butoxicarbonilo (Boc). El
ensamble de cadenas por etapas inicia del extremo de
terminal C del péptido lineal y se realiza en 8 etapas como
se muestra en el Esquema de reaccién 11. En la etapa 1,
cinco equivalentes de Boc-Lys (2-Cl1-2) de aminoacido
protegido se activan con HBTU (4 eq) /DIEA (10 eq) en DMF,
y acoplan para resina MBHA. En la etapa 2, cinco
equivalentes de Boc-bGlu(OBzl) se activan y acoplan a la
resina de péptido desprotegida de la etapa 1 usando TFA
puro. Estas etapas se repiten apropiadamente hasta la etapa
8, el acoplamiento de Boc-Phe. El grupo protector Boc se
remueve con TFA puro, la resina se neutraliza con DIEA, y
se lava con DMF y metanol y se seca en aire antes del
desdoblamiento de HF. El péptido lineal se desprotege vy
escinde simultédneamente de la resina usando HF con 5% de m-
cresol o p-cresol como un depurador durante 1 hora a 0°c.
Los solventes 1luego se evaporan y el péptido crudo se

precipita y se lava tres veces con éter dietilico frio.
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.Boc-Lys(Fmoc)

. Boc-D-Glu(OBzi)
. Boc-Gly

. Boc-2Nal

. Boc-D-Arg(Tos)
. Boc-Lys(Fmoc)

. Boc-Tyr(2-Br-2)
. Boc-Phe

CO~NODNHWN =

Br

HN

91 %
H,N-resina MBHA

Ensamble de fase sélida en etapas:
aminoacidos protegidos por Boc,
desproteccion TFA acoplada a
HBTU/DIEA

Tos
|
HN ,Fmoc

NH HN

NH

N N N N—Resina
: N : N N
O : /\”/ H/\ﬂ/

H o5 = 0 Ho o

L o

(SEQ ID NO:103)

NH,

ng JLNW " NW”Y

Desdoblamiento HF, 0°C, 1 h

HaN \[4NH Fmoc~NH

HN\Fmoc ‘

(SEQ ID NO:104)

Esquema de reaccidén 11. Ensamble de cadena usando quimica Boc
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La purificacién del péptido precursor lineal (SEQ ID
NO:104) se realiza al wusar técnicas CLAR preparativas
estandar. El producto escindido crudo se disuelve en una
cantidad minima de DMSO, cargado en una columna CLAR Cl8 de
fase inversa, y se eluye con un gradiente de &cido
trifluorocacético acuoso al 0.1%/acetonitrilo (v/v) mientras
se monitorea a 214 nm. Las fracciones apropiadas se acumulan
y liofilizan. La caracterizacién adicional del péptido
precursor ciclico intermediario se efectia al wusar CLAR
analitica y andlisis espectral de masas por técnicas
convencionales. Para SEQ ID NO:104, PM cal.: 1567.78; PM
obs.: 1567.6.

La ciclizacién del péptido lineal precursor
liofilizado (SEQ ID NO:104) se lleva a cabo en solucidn
(Esquema de reaccidén 12). El péptido lineal se disuelve
en una cantidad pequefia de DMF seco (~10 mg/mL). Esta
solucién de péptidos se administra lentamente por medio
de una bomba de jeringa a la mezcla de reaccidén de PyBOP
(2 eq, u otros reactivos de activacidédn apropiados, fales
como HCTU, BOP, HBTU, etc.) y DIEA (10 eq) en DMF seco
bajo agitacién magnética. La reaccidén luego se permite
gue avance a temperatura ambiente durante 2 h. La
piperidina pura luego se agrega a la mezcla de reaccidn a

una concentracién final de 25% (v/v). La mezcla de
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reaccidén se mantiene bajo agitacidn durante otros 20 min
para remover completamente la proteccidn Fmoc. Los
solventes se evaporan bajo vacio y el residuo se carga
sobre una columna CLAR C18 de fase inversa preparativa, y
se eluyen con un gradiente de acido trifluorocacético
acuoso al 0.1%/acetonitrilo (v/v) mientras se monitorea a
214 nm. Las fracciones apropiadas se acumulan y
liofilizan, y proporcionan el péptido precursor ciclico
(SEQ ID NO:98). La caracterizacidén adicional del péptido
precursor ciclico intermediario se efectla al usar CLAR
analitica y andlisis espectral de masas por técnicas
convencionales. Para SEQ ID NO:98, PM cal.: 1105.29; PM
obs.: 1105.4.

La alquilacidén de péptido ciclico SEQ ID NO:98 se lleva
a cabo en una solucién de 4&cido acético/acetona/metanol
(1:1:4, v/v/v) a través de aminacidén reductora usando
cianoborohidruro de sodio como en el Esquema de reaccidén 9
para generar el producto final (SEQ ID NO:70). PM cal.:

1189.45; PM obs.: 1189.6.
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NH

J

AR i ﬁj

HN—Fmoc
(SEQ ID NO: 104)

1. ciclizacion, PyBOP/DIEA/DMF
2. Eliminacién Fmoc: piperidina (20%) en DMF

Irz

NH,

HN
oH OpENH NH,

/(NH
0O

)LN N\)kN/\[(N\/”\ /\mHﬁ?\\N NH,

HN

(SEQ ID NO: 98)

Esquema de reaccidén 12. Ciclizacién y eliminacidén Fmoc

H,N ,Fmoc
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Sintesis Alternativa IV de ciclo[Phe-Tyr-Lys (iPr)-dArg-2Nal-

Ejemplo 88

Gly-dGlu] -Lys (iPr) -NH2 (SEQ ID NO:70)

El compuesto del Ejemplo 57 (SEQ ID NO:70) también
se puede preparar sin el uso de un catalizador de paladio
por el proceso sintético resumido en el Esquema de
reaccién 13 a continuacidén. E1 dipéptido Fmoc-DGlu-
Lys(iPr,Z)-NH, se prepara primero en solucidn coh una
cadena lateral de &cido DGlutédmico expuesto. El1 dipéptido
se liga a una resina (resina PS de 2-clorotritilcloruro,
1% DVB (100-200 malla) CTC inestable de hiper-acido (Senn
Chemicals USA Inc., San Diego, CA; numero de catalogo
40207), y el producto final de péptidos luego se
sintetiza en esta resina por medio de sintesis Fmoc
estandar como se describe arriba. La eliminacién
selectiva del péptido de la resina CTC permite solamente
la cadena lateral de &acido bGlutédmico para reaccionar con
la terminacién N del péptido en solucidén y generar el
producto de péptido ciclico. Posteriormente, las cadenas
laterales restantes se desdoblan con 95% de TFA u otro

dcido grande.
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Fmoe-D-Glu (resina 2-CTC)- Lys(iPr,Z)-NH:
|
Ensamble por Fmoc-SPPS l

H-Phe-Tyr(tBu)-Lys(iPr,Boc)-D-Arg(Pbf)-2Nal-Gly-D-Glu (resina 2-CTC)-
Lys(iPr,Z)-NH:  (5eq D NO:105)

Desdoblamiento
 /

H-Phe-Tyr(tBu)-Lys(iPr,Boc)-D- Arg(Pbf)-2Nal-Gly-D-Glu(OH)-Lys(iPr,Z)-NH:

Ciclizacion (SEQID NO:1086)

L

Pl\er-Tyr(tBu)—Lys(iP‘r,Boc) -D—Arg(l’bf)-2Nal-Gly—D-CElu—Lys(iPr,Z)-NHz

(SEQID NO:107)

Desproteccion v

| |
Phe-Tyr-Lys(iPr)-D-Arg-2Nal-Gly-D-Glu-Lys(iPr)-NH:
(SEQID NO:70)

Esquema de reaccidén 13. Esquema de reaccidédn sintético general

de Fmoc-bDGlu-Lys (iPr,Z)-NH;

El dipéptido Fmoc-DGlu-Lys (iPr,Z)-NH, primero se
prepara como se muestra a continuacidn (Esquema de

reaccidén 14):
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Boc-Lys(iPr,Z)-OH

Aminolisis l
Boc-Lys(iPr,Z)-NH:

Desproteccién (25-50% TFA) l

H-Lys(iPr,Z)-NH:

Fmoc-D-Glu(OtBu)-OH l

Fmoc-D-Glu(OtBu)-Lys(iPr,Z)-NHa
Desproteccion (25-50% TFA) l
Fmoc-D-Glu-Lys(iPr,Z)-NH.

Esquema de reacciédn 14. Preparaciédn de Fmoc-DGlu-Lys (iPr,Z)-NH;

El Boc-Lys(iPr,Z)-OH se hace reaccionar con NMM y IBCF en
THF. Después de la adicidén de NH4OH, los solventes se remueven por
evaporacién rotatoria y el producto se toma en acetato de etilo.

La fase de acetato de etilo se lava ampliamente con 5% NaHCO3; y

luego con HC1 0.1 N, y luego se seca sobre sulfato de sodio
anhidro. El1 sulfato de sodio se remueve por filtracién y el
acetato de etilo se remueve por evaporacién a presidén reducida.
El Boc-Lys(iPr,Z)-NH, resultante se disuelve en DCM, y TFA se
agrega. Una vez que la reaccién ha avanzado hasta terminacidn,
los solventes se remueven por evaporacién rotatoria. E1 H-
Lys (iPr,Z)-NH, luego se disuelve en DMF. El pH se ajusta hasta 8

con DIEA. En un recipiente separado, Fmoc-bGlu(OtBu)-OH, HBTU, vy
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HOBt se disuelven en DMF; DIEA se agrega para ajustar el pH hasta
8. Las dos soluciones se mezclan, y la reaccidén se monitorea por
CLAR de fase inversa Cl1l8. El pH se monitorea y ajusta, donde sea
necesario, con DIEA. Los solventes se remueven por evaporacién

rotatoria, y el producto se disuelve en acetato de etilo. La fase
de acetato de etilo se lava ampliamente con NaHCO3 al 5% y luego

con HC10.1 N, y luego se seca sobre sulfato de sodio anhidro. El
sulfato de sodio se remueve por filtracidén y el acetato de etilo
se remueve por evaporacidén a presién reducida. La evaporacidn
rotatoria se continta hasta que se forma un residuo seco. El
Fmoc-DGlu (OtBu) -Lys (iPr,2) -NH, resultante se disuelve en DCM, y
TFA se agrega. Una vez que la reaccién ha avanzado hasta
terminacién, los solventes se remueven por evaporacién rotatoria.
El producto sélido se obtiene por trituracién con éter de
dietilo. Después el precipitado se lava con éter, el producto se
seca en un horno al vacio.

La sintesis del péptido de fase sdélida del producto final
se lleva a cabo como sigue. El Fmoc-DGlu(OtBu)-Lys (iPr,Z)-NH, se
disuelve en DCM y se hace reaccionar con resina CTC en la
presencia de DIEA en un recipiente de reaccién. Después de 3 h,
la resina-péptido se lava libre de reactivos con DCM y Z-0OSu se
agrega. El pH se monitorea y ajusta hasta pH 8-9 al agregar DIEA
si es necesario. Después de 8 h, la resina-péptido se lava libre
de reactivos <con DCM, se transfiere a un contenedor de

polipropileno, y se seca en un horno al vacio.
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La resina-péptido protegida se ensambla usando quimica
Fmoc como sigue. E1 <ciclo de acoplamiento wusado es: 1)
Desbloqueo: tratamiento con 25% de piperidina en DMF; 2) ciclos
de lavado con DMF, IPA y DMF nuevamente; 3) prueba Ninhidrina
(cualitativo: si es positivo, se procesa para acoplar la etapa
4); 4) acoplamiento con 2 equivalentes de aminoadcido Fmoc en
presencia de HOBt /DIC en DMF; 5) ciclos de lavado con DMF; 6)
prueba Ninhidrina (cualitativo: si es negativo, se procesa para
el siguiente desbloqueo/ciclo de acoplamiento; si es positivo,
se procesa para re-acoplar la etapa 7; si es positivo
ligeramente, se procesa para acetilacién de la etapa 10); 7) Re-
acoplamiento (si se requiere), con 1 equivalente de aminoacido
Fmoc en la presencia de HOBt, HBTU/DIEA en DMF; 8) ciclos de
lavado con DMF; 9) prueba Ninhidrina (cualitativo: si es
negativo, se procesa para el siguiente desbloqueo/ciclo de
acoplamiento; si es positivo, se procesa para acetilacidn de la
etapa 10); 10) acetilacidén (si se requiere) con 2% de anhidrido
acético en 4% de DIEA en DMF; 11) ciclos de lavado (con DMF,
IPA, y DMF nuevamente); 12) prueba Ninhidrina (cualitativo:
si es positivo, se procesa para el siguiente desbloqueo/ciclo
de acoplamiento). Después del ciclo de acoplamiento final, la
resina-péptido (SEQ ID NO:105) se lava con éter y se seca
bajo vacio.

La resina-péptido protegida se lava con DCM. El

desdoblamiento del péptido lineal protegido completamente de
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la resina se lleva a cabo con 2% de TFA en DCM seguido por
filtracién. Los solventes se remueven por evaporacién
rotatoria, y el péptido protegido completamente lineal (SEQ
ID NO:106) se precipita por trituracién con éter. El péptido
lineal completamente protegido se transfiere a un contenedor
de polipropileno y se seca en un horno al vacio.

El péptido lineal completamente protegido se cicliza en
la presencia de PyBOP, HOBt, y DIEA en DMF. El pH se mantiene
entre pH 7-8 por la adicién de DIEA, si es necesario. Después
la reaccidén se procesa para completarse, los solventes se
remueven por evaporacién rotatoria, y el producto se toma en
acetato de etilo. La fase de acetato de etilo se lava

ampliamente con NaHCO3; al 5% y luego con HC1 0.1 N y solucién

NaCl saturada. Luego se seca sobre sulfato de sodio anhidro.
El sulfato de sodio se remueve por filtracidén y el acetato de
etilo se remueve por evaporacidén rotatoria a presidn
reducida. El péptido ciclico protegido (SEQ ID NO:107) se
precipita por trituracidén con éter y se seca en un horno al
vacio.

La desproteccidédn se lleva a cabo en TFA:H;0:TIS. Cuando

la reaccidén se completa, los solventes se remueven por
evaporacidén rotatoria y el péptido ciclico (SEQ ID NO:70) se
precipita por trituracidén con éter y se seca en un horno al

vacio. PM cal.: 1189.48; PM obs.: 1189.50.



10

15

20

101

Ejemplo 89

Incorporacién de las Etiquetas Isotdpicas:

Sintesis de ciclo[Phe-Tyr-Lys (iPr-d¢) -DArg-2Nal-Gly-pGlu] -

Lys (iPr—dg) -NH»

(SEQ ID NO:108)

Partiendo de la acetona isotdépicamente etiquetada tales
como las acetonas etiquetadas con B¢, Yc, deuterio, o tritio
como se muestran a continuacién, los procesos de los Ejemplos
85-87 permiten un etiquetado isotépico especifico del sitio
de antagonistas del péptido ciclico CXCR4 para diversos
estudios de formacién de imdgenes vy farmacoldgicos. Las
acetonas isotdépicamente etiquetadas estdn comercialmente
disponibles de diversas fuentes. Un ejemplo se da a
continuacién al usar acetona-dg para preparar un péptido que
contiene 12 &atomos de deuterio. E1 compuesto resultante, que
difiere en peso molecular por 12 Da comparado con la
contraparte no etiquetada, se diferencia facilmente en
espectros de masas y muestra una afinidad de receptor

objetivo i’dentica.

o) 0O
”\C/li\c/“ N /H\C/D
W ™ D/T ™o
H H D D

Acetona Acetona-dg
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\ /13C\C/H \130/0\130/H \130/130\130/H
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H / H H | H H H
H H H H H H
Acetona-3C Acetona-2-13C Acetona-3-13C

Al usar cualquiera de los métodos en los Ejemplos 85-87,
se pueden preparar y purificar precursores de péptidos
ciclicos (SEQ ID NO:98, SEQ ID NO0O:99, etc.). La alquilacidn
se lleva a <cabo en una solucidén de acido acético
/acetona/metanocl (1:1:4, v/v/v) a través de aminacidn
reductora al usar cianoborohidruro de sodio como en el
Esquema de Reaccidén 9, con la excepcidn de que la acetona
estandar se reemplaza con la acetona etiquetada
isotdépicamente deseada. En el presente ejemplo, se wusa
deuterio acetoné—dG.

El péptido (97 mg) se disuelve en 15 mL de &acido acético
/acetona-d¢/metanol (1:1:4, v/v/v). La concentracidén de
péptidos puede variar significativamente sin afectar los
resultados. Cinco equivalentes de cianoborohidruro de sodio
se usan, y la reaccidén se completa normalmente dentro de 2 h
a temperatura ambiente. La reaccidén se observa por CLAR vy
andlisis espectral de masas. Después de que se termina la
reaccién, el desalado de la mezcla de reaccién y la

liofilizacién produce 90.5 mg de producto final (SEQ 1ID
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NO:108)

1201.7.

con una pureza de 99.9%. PM cal.:

0O

HN

Ir=z

103

OH

L0 i, 00 e
N\:/”—N/\”O—N.:/u—”/\”—N N

o)

P

Irz

(SEQ ID NO:98)

AcOH/DB-i acetonaimetanol
(17114, v/,
NaBH3CN in methanol, 5 eq

NH,
NH NH

OH /[/
jLNﬁrN Oy

\i‘

HN

(SEQ ID NO:108)

1201.48;

Iz

G

PM obs.:

NH,
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Esquema de Reaccién 15. Etiquetado con deuterio especifico
del sitio del antagonista CXCR4

El wuso de <cianoborohidruro de sodio isotdpicamente
etiquetado (tal como NaBD3CN, NaBT3C N, etc.) permite la
incorporacién de variaciones adicionales a los patrones de
etiquetado especificos del sitio.

Las propiedades farmacoldgicas de los compuestos
actuales se pueden determinar al emplear los ensayos abajo

descritos.

Ensayo de Inhibicidén de Enlace de CXCR4 Humano/msI—SDF—la

El enlace de SDF-1 a CXCR4 es la primera etapa de
activacién de la trayectoria de sefializacidédn intracelular de
CXCR4. Para determinar si un compuesto puede bloquear la
interaccién de SDF-1 y CXCR4, se emplean células de leucemia
humana CCRF-CEM (ATCC CCL 119) gque expresan el CXCR4
endégeno, en un ensayo de enlace de SDF-la etiquetado con

125 . . . .
I. El ensayo se efectla en una placa de poliestireno sin

tratar, con fondo en “U” de 96 pozos (Corning Incorporated,
Costar, No. 3632). La solucidédn amortiguadora del ensayo de
enlace se prepara con medio RPMI 1640 (Gibco, Grand Island,

NY) que contiene 10 mM HEPES, pH 7.5, y 0.2

o

BSA.

Brevemente, 200 plL de mezclas de reaccién que contienen 300
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pM del ligando SDF (60 pM de '*°I-SDF-la (Perkin Elmer) y 240

pM de SDF-lo frio (R&D Systems), concentraciones diferentes
del compuesto de prueba en la solucidén amortiguadora de
ensayo, 100,000 células humanas CCRF-CEM, y 0.5 mg de perlas
SPA (perlas de aglutinina de germen de trigo; Amersham) se
incuban a temperatura ambiente por 2 hr. Se cuentan luego las
placas en un contador de luminiscencia y escintilacidn
liguida 1450 (Wallac) en el modo SPA. Los antagonistas CXCR4

disminuyen la radioactividad enlazada en este ensayo en una

forma dependiente de la dosis. La potencia inhibidora (K; ©

ICsp) de un compuesto de prueba se calcula al usar el

software GraphPad Prism, con base en la disminuciédn
dependiente de la dosis de la radiocactividad de enlace.

Todos 1los compuestos antes ejemplificados muestran un
valor promedio de K; de alrededor de 7.5 nM o menos en este
ensayo. Por ejemplo, el compuesto del Ejemplo 1 muestra un Kj
promedio de 3.45 nM en este ensayo. Muchos de estos
compuestos muestran un valor promedio Kiventre alrededor de
0.2 nM y alrededor de 1 nM. Por ejemplo, el compuesto del
Ejemplo 50 muestra un valor promedio de Kj de 0.285 nM en
este ensayo. Otros compuestos muestran un valor promedio K;

menor de alrededor de 0.2 nM. Por ejemplo, el compuesto del
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Ejemplo 75 muestra un valor promedio de K; de 0.096 nM en

este ensayo.

Ensayo de Quimiotaxis

La interacciédn CXCR4/SDF-1 regula la migracidén
(quimiotaxis) de células que 1llevan CXCR4 sobre  su
superficie. Para determinar las actividades antagonista vy
celular de un compuesto de prueba, se emplea un ensayo de
quimiotaxis que usa células U937 de 1linfoma histiocitico
humano (ATCC CRL 1593) que expresan CXCR4 enddgeno.
Brevemente, células U937, que crecen en medio DMEM (Gibco,
Grand Island, NY) que contiene 10% FBS, 1% MEM de piruvato de
sodio (Gibco), 1% MEM de aminodcidos no esenciales (Gibco), y
1% GlutaMAX 1 (Gibco), se cosechan y se lavan una vez con
solucién amortiguadora de ensayo de quimiotaxis preparada con
medio 1x RPMI (Gibco) que contiene 10 mM HEPES, pH 7.5, vy
0.3% BSA. Después del lavado, las células se vuelven a
suspender en solucién anmortiguadora de ensayo a una
concentracién de 5 x 10° células/mL. El ensayo se efectud en
una placa de 96 pozos ChemoTx (NeuroProbe) segin las
instrucciones del fabricante. Generalmente, 50 pL de mezcla
de células con o sin compuestos de prueba se colocan en
placas sobre la cé&mara superior, y 30 pL de SDF-la (R&D
Systems, 10 ng/mlL) preparados en solucidén amortiguadora de

quimiotaxis 1 x se agregan a la cdmara inferior. Después del
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ensamble, se incuba la placa durante 2.5 hr a 37°C bajo 5% de
CO,;. Después de la incubacidén, se agregan 5 pL de CellTiter
96 AQ (Promega, Madison, WI) dentro de la cadmara inferior. La
placa luego se incuba durante 60 min a 37°C, y se detectan
las células migradas al medir la absorbancia a 492 nm con un
Lector de Microplacas Tecan Spectrafluor Plus (Salzburg,
Austria). Los antagonistas CXCR4 inhiben la migracién
celular, al reducir la lectura de absorbancia. La potencia
inhibidora (ICsg) de un compuesto de prueba en este ensayo se
calcula al usar el software GraphPad Prism, con base en la
disminucién dependiente de la dosis de absorbancia a 492 nm.
La mayoria de los compuestos antes ejemplificados
muestran un valor promedio de ICsg de alrededor de 60 nM o
menos en este ensayo. Muchos de estos compuestos muestran un
valor promedio de ICsg de alrededor de 6 nM o menos, por
ejemplo, el compuesto de Ejemplo 19 muestra un valor promedio

ICs;g de 2.05 nM en este ensayo. Muchos de estos compuestos
muestran un valor promedio ICsg de alrededor de 0.6 nM o

menos, por ejemplo, el compuesto de Ejemplo 50 muestra un

valor promedio ICsg de 0.171 nM en este ensayo.

Ensayos de Selectividad de Enlace del Receptor de Quimiocinas
La selectividad de enlace de los compuestos actuales

para el receptor CXCR4 comparada con aquella de los otros
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receptores de quimiocina, tales como los CCR1l, CCR2, CXCRZ, o
CXCR3 humanos, y otros receptores acoplados a la proteina G,
se puede evaluar en células transfectadas con &cido nucleicos
que codifica y expresa tales receptores, o en células en las
cuales tales receptores se expresan enddgenamente. Las
células enteras o fragmentos de membrana se pueden usar para
evaluar la competencia de compuestos de prueba con los
ligandos respectivos para estos receptores en wuna forma

similar a aquella antes descrita para el ensayo de inhibicidn
de enlace CXCR4/'*>I-SDF-la.

Por ejemplo, el compuesto del Ejemplo 57a muestra un
valor K; mayor gque 73,000 nM en un ensayo de enlace de

ligandos al usar el receptor de quimiocina humana CXCRZ.

Movilizacién de Neutréfilos y de Células de Glébulos Blancos
Inducida por el Compuesto en Ratones CS57BL/6

Las células madre dentro de la médula &ésea mantienen
activamente la produccidén continua de todos los linajes de
células maduras sanguineas a lo largo de la vida. La médula
bsea es el sitio primario para la produccidén de células de
gldébulos blancos (WBC) /neutrdéfilos y  liberarlas a la
circulacién. El eje CXCR4/SDF-1 parece ser critico para la
retencién y liberacién de WBCs, neutréfilos, y células

hematopoyéticas progenitoras en la médula ésea, vy la
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interrupcién de la interaccidén de CXCR4/SDF-1 en la medula
6sea conduce a un incremento de estas células en la sangre
periférica. Se puede usar un modelo de movilizacidén de
neutréfilos/WBC de ratén de corto plazo para determinar la
actividad de'modulacién del objetivo in vivo de un compuesto
de prueba. Brevemente, ratones hembras C57BL/6 libres de
patégenos de 5-6 semanas de edad (Taconic) se alojan durante
al menos una semana previo al ensayo. Se les permitidé un
acceso continuo a los animales a alimento esterilizado para
roedores y agua acidificada. Grupos de 5 ratones se
inyectaron subcuté&neamente con compuestos de prueba en
solucién salina, o con el control en solucidén salina, y luego
se sacrificaron por asfixia con CO; y dislocacidén cervical en
diversos puntos de tiempo posteriores a la administracidén del
compuesto. La sangre periférica se recolecta por puncidn
cardiaca al usar jeringas y tubos recubiertos con EDTA. Se
efectlla un anédlisis completo de gldébulos en un analizador dé
hematologia Hemavet Mascot (Drew Scientific Group, Dallas,
TX) . Se registran los WBCs, neutrdéfilos, y 1linfocitos
totales en la sangre periférica. Los antagonistas efectivos
de CXCR4 administrados subcuténeamente a ratones se
incrementan con los conteos de neutréfilos y WBC en la sangre
periférica en comparacién con el control salino.

Un nUmero importante de compuestos arriba ejemplificados

muestra una relacién promedio de neutrdéfilo (relacidn del
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incremento de neutréfilo en el grupo de tratamiento vs.
incremento de neutréfilo en el grupo de control de solucidn
salina), medido 3 horas después de la administracién del
compuesto, mayor que alrededor de 2 en este ensayo. Por
ejemplo, el compuesto de Ejemplo 39 muestra una relacidn de
valor promedio de neutréfilo de 4.6 a una dosis de 5 mg/kg en

este ensayo.

Actividad Anti-Tumor en un Modelo de Xenoinjerto SCID/Namalwa

La interaccién SDF-1/CXCR4 parece jugar un papel
importante en las etapas multiples de la tumorigénesis,
incluyendo el crecimiento de tumor, invasién, angiogénesis, y
metdstasis. Para evaluar la actividad anti-tumor in vivo de
un compuesto de prueba, se emplea un modelo de xenoinjerto de
tumor al wusar ratones NOD/SCID (Jackson Laboratories) y
células Namalwa humanas de linfoma que no es Hodgkin (ATCC
CRL 1432). Brevemente, 200,000 células Namalwa mezcladas con
matrigel (1:1) se implantan subcutdneamente dentro del flanco
trasero de los animales. Las células de tumor crecen coOmo
tumores sdélidos, las dimensiones de las cuales se pueden
monitorear y medir usando un calibrador. Para determinar la
eficacia in vivo de un compuesto de prueba en este modelo, se
pueden tratar animales (10/grupo) con dosis diferentes de los
compuestos de prueba disueltas en solucidén salina o PBS,

comenzando 48 horas después de la implantacidén de células de
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tumor. Los compuestos se dosifican subcutédneamente, y volumen
del tumor y peso corporal se determinan cada 2 o 3 dias. Los
estudios generalmente duran 3-4 semanas, dependiendo del
crecimiento del tumor. La actividad de crecimiento anti-
tumor de un compuesto de prueba se determina por la reduccidn
en porcentaje del volumen del tumor en grupos de tratamiento
en comparacién con el volumen del tumor en grupos de control
tratados solo con el vehiculo.

Varios compuestos antes ejemplificados, por ejemplo el
compuesto de Ejemplo 26, inhiben significativamente el
crecimiento del tumor en este ensayo cuando se administran a
1 mg/kg de BID.

Las propiedades farmacoldgicas tales como la
biodisponibilidad del compuesto, estabilidad metabdlica in
vivo, y propiedades farmacocinéticas/farmacodinamicas se
pueden determinar por métodos bien conocidos en el arte del
desarrollo de farmacos. Los compuestos preferidos de la
presente invencidén muestran una alta biodisponibilidad cuando
se administran subcuténeamente. Tales compuestos
ejemplificados en la presente, muestran una biodisponibilidad
cercana a 100% en ratas, por ejemplo el compuesto del Ejemplo
44, Los compuestos preferidos también muestran una buena
estabilidad metabdlica in vivo. Por ejemplo, no se observan
metabolitos detectables en el plasma y orina de perro y mono

hasta las 24 horas después de la administracidén del compuesto
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del Ejemplo 57a. Los compuestos preferidos también muestran
propiedades farmacocinéticas/farmacodinamicas favorables que
permiten una dosificacién conveniente. Por ejemplo, en
ratones, la vida media (T1/2) del compuesto del Ejemplo 58 es
alrededor de 3 horas. Con respecto a las propiedades
farmacodinadmicas, los <compuestos preferidos inducen una
movilizacién prolongada de neutrdéfilos y células de glébulos
blancos en ratones. Por ejemplo, el compuesto del Ejemplo 25
induce un incremento importante de neutréfilos y células de
glébulos blancos en sangre periférica por al menos 6 horas
después de una administracién subcutanea de dosis sencilla a

5 mg/kg en ratones.
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REIVINDICACIONES

1. Un péptido ciclizado por lactamas de férmula I:

Ry - CiClO[Xl - Tyr - X3 - DArg - 2Nal - Gly - X9] - Xg - X9 -~
X10 = R
(I)
(SEQ ID NO:1)

caracterizado porque:

a) la lactama se forma por un enlace amida entre el
grupo amino de cadena lateral de X; y el grupo carboxilo de
cadena lateral de X3, en donde X; y X7 son, respectivamente,
un par seleccionado del grupo que consiste de (p/r)Agl/Glu,
Dab/Glu, y Dap/Glu, y R; es Ac o n-hexanoilo; o

b) la lactama se forma por un enlace amida entre el
grupo carboxilo de cadena lateral de X; y el grupo amino de
cadena lateral de X5, en donde X; y X7 son, respectivamente,
un par seleccionado del grupo que consiste de Asp/(p/L)Agl,
Asp/Dab, Asp/Dap, Glu/(p/L)Agl, Glu/Dab, Glu/Dap, Glu/pDap, y
Glu/Lys, y Ry es Ac o Bz, o en donde X; y X7 son,

respectivamente, un par seleccionado del grupo que consiste

de succinilo/ (p/L)Agl, succinilo/Dab, succinilo/Dap,

succinilo/Lys, y succinilo/Orn, y R; esté& ausente; o
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c) la lactama se forma por un enlace amida entre el
grupo oa-amino de X; y el grupo carboxilo de cadena lateral de
X7, en donde X; y X7 son, respectivamente, un par seleccionado

del grupo que consiste de Ala/Glu, Ala/pGlu, DbpAla/Glu,
pAla/pGlu, Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/pGlu, Leu/Glu,

Leu/pGlu, Lys/pGlu, Lys(Ac)/Glu, 2Nal/Glu, Phe/Glu, Phe/bGlu,
pPhe/Glu, y pPhe/pGlu, y R; estd ausente; o

d) la lactama se forma por un enlace amida entre un
grupo amino no , sin cadena lateral de X; y el grupo
carboxilo de cadena lateral de X3, en donde X; y X7 son,

respectivamente, un par seleccionado del grupo que consiste
de R-Ala/Asp, B-Ala/Glu, 5-amino-valerilo/Asp, 5-

aminovalerilo/Glu, 4-AMB/Glu, 4-AMPA/Asp, y 4-AMPA/Glu, y R;

estd ausente; o

e) la lactama se forma por un enlace amida entre el

grupo o-amino de X, y el grupo carboxilo de cadena lateral de
X7, en donde X, y X7 son, respectivamente, un par seleccionado
del grupo que consiste de Tyr/Asp, Tyr/Glu, y Tyr/pGlu, y R
y X1 estan cada uno ausentes;

R; es un sustituyente sobre el grupo a-amino de X;

cuando X; contiene un grupo a-amino y el grupo o-amino no es

un constituyente del enlace amida de la lactama, seleccionado

del grupo que consiste de Ac, Bz, y n-hexanoilo, o esta
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ausente, en donde X; es seleccionado del grupo que consiste
de (p/v)Agl, Asp, Dab, Dap, y Glu;

X, es seleccionado del grupo que consiste de (b/L)Agl,
Ala, B-Ala, DpAla, 5-aminovalerilo, 4-AMB, 4-AMPA, Asp, Dab,
Dap, Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, pPhe, y
succinilo, o estéd ausente;

X3 es seleccionado del grupo que consiste de Arg, Lys,
Lys (iPr), y Lys(Mey);

X, es seleccionado del grupo que consiste de (b/1)Agl,
Asp, Dab, Dap, bDap, Glu, bGlu, Lys, y Orn;

Xg es seleccionado del grupo que consiste de B-Ala, Arg,
pArg, Gly, Lys, Lys(iPr), y Orn, o estd ausente;

X9 es seleccionado del grupo que consiste de Gly, 2Nal,
pD2Nal, y DPhe, o esta ausente;

X109 €s 2Nal, o esta ausente;

en donde cuando Xg estd ausente, Xg y Xjg estan cada uno

ausentes, y cuando Xg estd ausente, Xjg estd ausente, y

R, es seleccionado del grupo que consiste de NH, y NHEt,

una sal farmacéuticamente aceptable del mismo.



116

2. El péptido ciclizado por lactamas o) sal
farmacéuticamente aceptable del mismo de la reivindicacidén 1,
caracterizado porque:

R; es seleccionado del grupo que consiste de Ac y Bz, o

5 estéd ausente;

X; es seleccionado del grupo que consiste de (-Ala, 4-AMB,
4-pAMPA, Asp, Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, y succinilo,
o esta ausente;

X3 es seleccionado del grupo que consiste de Arg, Lys,
10 Lys(iPr), y Lys(Mejy);
X7 es seleccionado del grupo que consiste de Asp, Dab, Dap,
Glu, bGlu, Lys, y Orn;
Xg es seleccionado del grupo que consiste de Arg y Lys, ©
esta ausente;
15 X9 estd ausente;
X190 esté& ausente; vy

R, es seleccionado del grupo que consiste de NH; y NHEt.

3. El péptido ciclizado por lactamas o) sal
20 farmacéuticamente aceptable del mismo de la reivindicacidn 1,
caracterizado porque:

R; es seleccionado del grupo que consiste de Ac y Bz,

o estd ausente;



117

X, es seleccionado del grupo que consiste de DbpAla, 5-
aminovalerilo, 4-AMPA, Asp, Glu, Leu, Lys(Ac), Phe, bpPhe, y
succinilo;

X3 es seleccionado del grupo que consiste de Arg, Lys,

5 Lys(iPr), y Lys(Mey):
X7 es seleccionado del grupo que consiste de (p/L)Agl,

Asp, Dab, Dap, bpDap, Glu, y bGlu;

Xg es seleccionado del grupo gque consiste de Arg,
pArg, y Lys, o estd ausente;
10 Xg estd ausente;
X109 esta ausente; y
R, es seleccionado del grupo que consiste de NH; vy

NHEt.

15 4, E1l péptido ciclizado por lactamas o sal
farmacéuticamente aceptable del mismo de la reivindicacién 1,
caracterizado porque:

R; es seleccionado del grupo que consiste de Ac, Bz, Yy
n-hexanoilo, o estéa ausente;

20 X, es seleccionado del grupo que consiste de (p/L)Agl,
Ala, PB-Ala, Asp, Dap, Glu, Gly, Lys, y Phe;

X3 es seleccionado del grupo que consiste de Arg, Lys,

Lys(iPr), y Lys(Mey);
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X7 es seleccionado del grupo que consiste de (p/L)Agl,
Asp, Dap, Glu, y DGlu;
Xg es seleccionado del grupo que consiste de B-Ala,
Arg, Gly, Lys, Lys(iPr), y Orn, o esta ausente;
5 Xg es seleccionado del grupo que consiste de Gly,
2Nal, bp2Nal, y pPhe, o ésté ausente;

X1p es 2Nal, o esta ausente; y

R, es seleccionado del grupo que consiste de NHp vy

NHEt.
10
5. El péptido ciclizado por lactamas o sal
farmacéuticamente aceptable del mismo de la reivindicacién 1,
caracterizado porque:
R; es seleccionado del grupo que consiste de Ac y Bz,
15 o estd ausente;
X; es seleccionado del grupo que consiste de Ala, 5-
aminovalerilo, Asp, Glu, Gly, Phe, bpPhe, y succinilo;
X3 es seleccionado del grupo que consiste de Arg,
Lys (iPr), y Lys (Mey);
20 X, es seleccionado del grupo que consiste de (p/L)Agl,

Asp, Dap, Glu, y DGlu;

Xg es seleccionado del grupo que consiste de B-Ala,

Arg, Gly, Lys, Lys(iPr), y Orn, o esta ausente;
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X9 es seleccionado del grupo que consiste de Gly,
D2Nal, y DPhe, o estd ausente;

X190 1is 2Nal, o estad ausente; vy

R, es seleccionado del grupo que consiste de NH, vy

5 NHEt.

6. El péptido ciclizado por lactamas o) sal
farmacéuticamente aceptable del mismo de la reivindicacién 1,

4, o 5, caracterizado porque:
10 X1 es seleccionado del grupo gque consiste de Gly vy
Phe;
X3 es Lys(iPr); and

X7 es DGlu.

15 7. El péptido ciclizado por lactamas o sal
farmacéuticamente aceptable del mismo de la reivindicacidén 5,
caracterizado porque:

R; estd ausente;
X; es seleccionado del grupo gque consiste de Gly y

20 Phe;

X3 es Lys(iPr);

X7 es DGlu;
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Xg es seleccionado del grupo que consiste de Arg y

Lys(iPr), o estd ausente;

X9 estd ausente;

X190 estd ausente; y

R, es seleccionado del grupo que consiste de NHpy y

NHEt.

8. El péptido ciclizado por lactamas de la fdérmula:

OH N NHNH ;>—-NH
M ﬂ ! A
Y T m( i

an—L

HN

(SEQ ID NO:70)

o una sal farmacéuticamente aceptable del mismo.

9. El péptido <ciclizado por lactamas de
reivindicacidén 8, caracterizado porque la

farmacéuticamente aceptable es una sal de acido acético.

la

sal
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10. Una composicién farmacéutica, caracterizada porque
comprende un  péptido ciclizado  por lactamas o sal
farmacéuticamente aceptable del mismo de cualesquiera de las
reivindicaciones 1-9, y un portador, diluyente, o excipiente

farmacéuticamente aceptable.

11. El péptido ciclizado por lactamas o sal
farmacéuticamente aceptable del mismo de cualesquiera de las

reivindicaciones 1-9, para uso en terapia.

12. El péptido ciclizado por lactamas o) sal
farmacéuticamente aceptablé del mismo de cualesquiera de las
reivindicaciones 1-9, para el tratamiento de artritis
reumatica, fibrosis pulmonar, infeccidén por VIH, o un céncer
seleccionado del grupo que consiste de cancer de mama, cancer
pancreatico, melanoma, cancer de préstata, cancer de rifidn,
neuroblastoma, linfoma que no es Hodgkin, cancer de pulmdn,
cancer ovarico, cancer colorectal, mieloma multiple,

glioblastoma multiforme, y leucemia linfocitica crénica.

13. E1l uso de un péptido ciclizado por lactamas o sal
farmacéuticamente aceptable del mismo de cualesquiera de las
reivindicaciones 1-9, para la manufactura de un medicamento
para el tratamiento de artritis reumdtica, fibrosis pulmonar,

infecciédn por VIH, o un céncer seleccionado del grupo que
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consiste de céncer de mama, céancer pancredtico, melanoma,
cidncer de probstata, céancer de rifdén, neuroblastoma, linfoma
que no es Hodgkin, céncer de pulmbébn, cancer ovarico, cancer
colorectal, mieloma multiple, glioblastoma multiforme, vy

leucemia linfocitica crdénica.

14. Un método para el tratamiento de artritis
reumdtica, fibrosis pulmonar, infeccidén por VIH, o un céncer
seleccionado del grupo que consiste de cdncer de mama, cancer
pancreatico, melanoma, céancer de prodstata, cancer de rifidn,
neuroblastoma, linfoma que no es Hodgkin, cancer de pulmén,
cancer ovarico, cancer colorectal, mieloma multiple,
glioblastoma multiforme, vy leucemia linfocitica «crénica,
caracterizado porque comprende administrar a un paciente que
necesita del mismo, una cantidad efectiva de ©péptido
ciclizado por lactamas o sal farmacéuticamente aceptable del

mismo de cualesquiera de las reivindicaciones 1-9.
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RESUMEN DE LA INVENCION

Se proporcionan antagonistas CXCR4 de péptidos
5 ciclizados por lactamas uUtiles en el tratamiento de cénceres,

artritis reumatica, fibrosis pulmonar, e infeccidn por VIH.
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<110>

<120>

<130>

<150>
<151>

<150>
<151>

<160>

<170>

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

LISTADO DE SECUENCIAS
Eli Lilly y Company
Antagonistas ciclicos de péptido CXCR4
X17256_WO

60/940996
2007-05-31

60/940802
2007-05-30

108

PatentIn versidén 3.4
1

10

PRT
Artificial

Constructo sintético

MOD_RES
(1)y..(1)

Ac, Bz o n-hexanoilo o esta ausente

MOD_RES
(1)..(7)

Puente de lactama, cuando Xaa en la posicién 1 is present

ASPECTO_DIVERSO

(1)..(1)

Xaa = d o 1 isémero Agl, Dab, Dap, Asp,
Gly, Dap(Ac), Leu, Lys, Lys(Ac), 2Nal,
beta-Ala o esta ausente

MOD_RES
(2)..(7

Puente de lactama, cuando Xaa en la posicidén 1 estd ausente

MOD_RES
(2)..(2)

S5-amino-valerilo, 4-AMB, 4-AMPA, succinilo o estd ausente

ASPECTO_DIVERSO

d isbémero Ala,
d isbémero Phe,



10

15

20

25

30

35

40

45

50

55

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

estéan

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

(3)..(3)
Xaa = Arg, Lys, Lys(iPr) o Lys(Me2)

MOD RES
(4)..(4)
d isdémero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO

(7)..(7)

Xaa = Glu, d o 1 isdémero Agl, Dab, Dap, d isdémero Dap, Lys, Orn, d
isémero Glu, o Asp

ASPECTO DIVERSO

(8)..(8) ,

Xaa = beta-Ala, Arg, d isdémero Arg, Gly, Lys, Lys(iPr), Orn o estéd
ausente, y cuando ausente, Xaa en las posiciones 9 y 10 también

ausentes

ASPECTO_DIVERSO

(9)..(9)

Xaa = Gly, 2Nal, d isémero 2Nal, d isémero Phe, o estd ausente, y
cuando ausente, Xaa en la posicién 10 también esta ausente

ASPECTO_DIVERSO
(10) .. (10)
Xaa = 2Nal o esta ausente

MOD_RES
(10)..(10)
Amidado como NHZ o NHEt

1

Xaa Tyr Xaa Arg Xaa Gly Xaa Xaa Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

5 10
2
8
PRT
Artificial

Constructo sintético
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<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa Tyr Arg Arg Xaa Gly Glu Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
222>
<223>

<220>
<221>
222>
<223>

MOD_RES
(1)..

Ac modificado

(1)

MOD_RES
(1)..(7

Puente de lactama

ASPECTO_DIVERSO

(1)..(1)
Xaa = Dap
MOD RES
(4)..(4)

d isbémero

ASPECTO_DIVERSO
(5)..

Xaa

(5)
2Nal

MOD_RES
. (8)
AMIDACION

(8).

2

5
3
8
PRT
Artificial

Constructo sintético

MOD _RES
(1)..(1)
Ac modificado

ASPECTO_DIVERSO
. (1)

(1).

Xaa

Dap (Alloc)




<220>

<221> ASPECTO DIVERSO
<222> (2)..(2)

<223> Xaa = Tyr(tBu)

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Arg(Pbf)

<220>

<221> ASPECTO DIVERSO

<222>  (4)..(4)

<223> Xaa = d isdémero Arg(Pbf)

<220>
<221> ASPECTO DIVERSO
<222>  (5)..(5)

<223> Xaa = 2Nal

<220>

<221> ASPECTO_DIVERSO
222> (7)y..{(7)

<223> Xaa = Glu(0alil)

<220>

<221> ASPECTO DIVERSO
<222> (8)..(8)

<223> Xaa = Arg(Pbf)
<400> 3

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa

1 5
<210> 4

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1)..(1)

<223> Ac modificado

<220>

<221> ASPECTO_DIVERSO
222> (1)..(1)

<223> Xaa = Dap(Alloc)
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

ASPECTO_DIVERSO
(2)..(2)
Xaa = Tyr (tBu)

ASPECTO DIVERSO
(3)..(3)
Xaa = Arg(Pbf)

ASPECTO_DIVERSO
(4)..(4)
Xaa = d isdémero Arg(Pbf)

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(7) .. (7)
Xaa = Glu(OAlil)

ASPECTO_DIVERSO
(8)..(8)
Xaa = Arg(Pbf)

MOD_RES
(8)..(8)
AMIDACION

4

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
L222>
<223>

<220>

5
5
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(1)
Ac modificado




10

15

20

25

30

35

40

45

50

55

<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

MOD_RES

(8)..(8)

AMIDACION

5

Xaa Xaa Xaa Xaa Xaa Gly Glu Xaa

5

6

8

PRT

Artificial

<220>
<223>

<220>
<221>

MOD RES
(1)y..(7)
Puente de lactama

ASPECTO_DIVERSO
(1)..(1)
Xaa = Dap

ASPECTO_ DIVERSO
(2)..(2)
Xaa = Tyr (tBu)

ASPECTO_DIVERSO
(3)..(3)
Xaa = Arb (Pbf)

ASPECTO_DIVERSO
(4)..(4)
Xaa = d isdémero Arg(Pbf)

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(8)..(8)
Xaa = Arg(Pbf)

Constructo sintético

MOD_RES
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa Tyr Arg Arg Xaa Gly Glu Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>

Ac modificado

Puente de lactama

ASPECTO_DIVERSO

d isdémero

ASPECTO_DIVERSO

AMIDACION

Artificial

Constructo sintético

Ac modificado

ASPECTO_DIVERSO
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<400>

Xaa Tyr Xaa Arg Xaa Gly Glu Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdbmero

ASPECTO_DIVERSO
(5)..1(5)
Xaa = 2Nal

MOD_RES
(8)..(8)
AMIDACION

7

5
8
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(1)
n-Hexanoilo modificado

MOD_RES
(1)..(7)

Puente de lactama

ASPECTO DIVERSO
(1)..(1)
Xaa = Dap

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)



<220>

<221> MOD_RES
222> (4)..(4)
<223> d isodémero

<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION
<400> 8

Xaa Tyr Xaa Arg Xaa Gly Glu Arg

1 5
<210> 9

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

222> (1)..(1)
<223> Ac modificado

<220>

<221> ASPECTO_DIVERSO

<222> (1)..(1)

<223> Xaa = d o 1 isdmero Agl

<220>

<221> MOD RES

<222> (1)..(7)

<223> Puente de lactama

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isdmero

<220>
<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> ¥Xaa = 2Nal
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<220>
<221> MOD _RES
<222> {8)..(8)
<223> AMIDACION

<400> 9

Xaa Tyr Arg Arg Xaa Gly Glu Arg

1 5
<210> 10

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD RES

222> (1)..(1)
<223> Ac modificado

<220>

<221> MOD _RES

<222> (1)..(7)

<223> Puente de lactama

<220>
<221> MOD_RES
<222>  (4)..(4)

<223> d isdmero

<220>
<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> ASPECTO DIVERSO
<222> (T7)..(7)

<223> ¥Xaa = Dap

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION

<400> 10

Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

10
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>

11

8

PRT
Artificial

Constructo sintético

ASPECTO_DIVERSO
(1)..(1)
Xaa = Glu{OtBu)

ASPECTO_DIVERSO
(2)..(2)
Xaa = Tyr (tBu)

ASPECTO_DIVERSO
(3)..(3)
Xaa = Arg(Pbf)

ASPECTO_DIVERSO
(4)..(4)

Xaa = d isdbmero

ASPECTO_DIVERSO
{5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(7)y..(7)
Xaa = Dap (Boc)

ASPECTO_DIVERSO
(8)..(8)
Xaa = Arg(Pbf)

11

5
12
8
PRT
Artificial

Arg(Pbf)

11
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa

1

<210>
<211>

Constructo sintético

MOD RES
(1)..(1)
Ac modificado

ASPECTO_DIVERSO
(1)..(1)
Xaa = Glu (OtBu)

ASPECTO_DIVERSO
(2)..(2)
Xaa = Tyxr (tBu)

ASPECTO_DIVERSO
(3)..(3)
Xaa = Arg(Pbf)

ASPECTO_DIVERSO
(4)..(4)
Xaa = d isébmero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO DIVERSO
(7) .. (7)
Xaa = Dap (Boc)

ASPECTO_DIVERSO
(8)..(8)
Xaa = Arg(Pbf)

MOD_RES
(8)..(8)
AMIDACION

12

5

13
8

Arg (Pbf)

12
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<212>
<213>

<220>
<223>

<220>
<221>
222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Glu Tyr Arg Arg Xaa Gly Xaa Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

PRT
Artificial

Constructo sintético

MOD RES
(1)..(1)
Ac modificado

MOD_RES
(4) .. (4)

d isémero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(7)..(7)
Xaa = Dap

MOD_RES
(8)..(8)
AMIDACION

13

5
14
8
PRT
Artificial

Constructo sintético

MOD RES
(1)y..(1)
Bz modificado

MOD RES
(LY .. (7)
Puente de lactama

13
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Glu Tyr Arg Arg Xaa Gly Xaa Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

d isdémero

ASPECTO_DIVERSO

ASPECTO_DIVERSO

AMIDACION

Artificial

Constructo sintético

Ac modificado

Puente de lactama

d isémero

ASPECTO_ DIVERSO
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

MOD_RES

(8)..(8)

AMIDACION

15

Glu Tyr Arg Arg Xaa Gly Xaa Arg

5

16

8

PRT

Artificial

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Glu Tyr Arg Arg Xaa Gly Lys Arg

1

ASPECTO_DIVERSO
(7)..(7)
Xaa = d isémero Dap

Constructo sintético

MOD_RES
(1) .. (1)

Ac modificado

MOD RES
(1)..(7)
Puente de lactama

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD_RES
(8)..(82
AMIDACION
16

5

15
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Glu Tyr Arg Arg Xaa Gly Xaa Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>

17

8

PRT
Artificial

Constructo sintético

MOD_RES
(1)..(1)

Ac modificado

MOD RES
(1y..(7)
Puente de lactama

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO

(7) .. (7)
Xaa = Dab
MOD RES
(8)..(8)
AMIDACION
17

5
18
8
PRT
Artificial

Constructo sintético

MOD_RES

16
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222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Glu Tyr Arg Arg Xaa Gly Xaa Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>

(1)..

Ac modificado

(1)

MOD_RES
(1) ..

Puente de lactama

(7)

MOD_RES
(4) ..

d isdémero

(4)

ASPECTO _DIVERSO
(5)..

Xaa

{5)
2Nal

ASPECTO _DIVERSO

{(7)..(7

Xaa = d o 1 isdémero Agl
MOD RES

(8)..(8)

AMIDACION

18

5
19
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)

Bz modificado

(1) .

MOD_RES
(1) ..

Puente de lactama

(7)

MOD_RES
(4)..

(4)

17
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

{(7)..¢(7)
Xaa = d o 1 isdmero Agl
MOD RES
(8)..(8)
AMIDACION
19
Glu Tyr Arg Arg Xaa Gly Xaa Arg
5
20
8
PRT
Artificial

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

d isdémero

ASPECTO_DIVERSO
- (3)

(5).

Xaa

2Nal

ASPECTO_DIVERSO

Constructo sintético

MOD_RES
(1)..

Bz modificado

(1)

MOD_RES

(1)..
Puente de lactama

(7)

MOD_RES
. (4)

d isdmero

(4).

ASPECTO_DIVERSO
. (5)

(5).

Xaa

2Nal

ASPECTO_DIVERSO
(7)..(7)

Xaa

Dab

18
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<220>
<221>
<222>
<223>

<400>

Asp Tyr Arg Arg Xaa Gly Xaa Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Asp Tyr Arg Arg Xaa Gly Xaa Arg

1

MOD_RES
(8)..(8)
AMIDACION
20

5
21
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(1)
Ac modificado

MOD_RES
(1) .. (7)

Puente de lactama

MOD_RES
(4)..(4)

d isdmero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO

(7 .. (7)
Xaa = Dab
MOD_RES
(8)..(8)
AMIDACION
21

5

19
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

Xaa = Dap

MOD RES

(8)..(8)

AMIDACION

22

Asp Tyr Arg Arg Xaa Gly Xaa Arg

5

23

8

PRT

Artificial

220>
<223>

<220>

22

8

PRT
Artificial

Constructo sintético

MOD RES
(1) ..(1)
Ac modificado

MOD_RES
(1) ..(7
Puente de lactama

MOD_RES
(4)..(4)

d isdmero

ASPECTO#DIVERSO
(5).,.(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(7)..(7)

Constructo sintético

20
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<400>

1

<210>
<211>
<212>
<213>

Xaa = Dap

MOD_RES

(8)..(8)

BMIDACION

23

Asp Tyr Arg Arg Xaa Gly Xaa Arg

5

24

8

PRT

Artificial

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

MOD_RES
(1).. (1)

Bz modificado

MOD_RES
(1y..(7)
Puente de lactama

MOD_RES
(4)..(4)
d isémero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(7). (7)

Constructo sintético

MOD_RES
(1)..(1)
Ac modificado

MOD_RES
(1) ..(7)
Puente de lactama

MOD_RES

21
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Asp Tyr Arg Arg Xaa Gly Xaa Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

(4) ..

d isémero

(4)

ASPECTO_DIVERSO
(5)..(5)

Xaa

2Nal

ASPECTO_DIVERSO

(7)..(7)

Xaa = d o 1 isdmero Agl
MOD_RES

(8)..(8)

AMIDACION

24

5
25
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(1)
Ac modificado

MOD RES
(1) ..
Puente de lactama

(7)

ASPECTO_DIVERSO

(3)..(3)
Xaa = Lys(Me2)
MOD_RES

(4)..

d isdbémero

(4)

ASPECTO_DIVERSO
. (5)

(5).

22
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Asp Tyr Xaa Arg Xaa Gly Xaa Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

Xaa

ASPECTO_DIVERSO

2Nal

(7)..(7)
Xaa = Dap
MOD RES
(8)..(8)
AMIDACION
25

5
26
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)
Bz modificado

(1).

MOD_RES
(1) ..

Puente de lactama

ASPECTO_DIVERSO
(3).

(7)

. (3)

Xaa = Lys(Me2)
MOD_RES
(4) .. (4)

d isdémero

ASPECTO_DIVERSO

(5)..

Xaa

ASPECTO_DIVERSO

(7) ..

Xaa

(5)
2Nal

(7
Dap

23
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<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

MOD_RES

(8)..(8)

AMIDACION

26

Asp Tyr Xaa Arg Xaa Gly Xaa Arg

5

27

7

PRT

Artificial

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<400>

Constructo sintético

MOD_RES
(1)..(6)
Puente de lactama

MOD_RES
(1) .. (1)
Succinilo modificado

MOD_RES
(3)..(3)
d isdémero

ASPECTO_DIVERSO
(4)..(4)
Xaa = 2Nal

ASPECTO_DIVERSO
(6)..(6)
Xaa = d o 1 isdémero Agl

MOD_RES
(7Y ..(7)
AMIDACION

27

Tyr Arg Arg Xaa Gly Xaa Arg

1

5

24
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25

<210> 28
<211> 7
<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

220>
<221> MOD_RES
<222> (1)..(1)

<223> Succinilo modificado

<220>

<221> MOD_RES

<222> (1)..(6)

<223> Puente de lactama

<220>

<221> MOD_RES
<222> (3)..(3)
<223> d isdémero

<220>
<221> ASPECTO_DIVERSO
<222> (4)..(4)

<223> Xaa = 2Nal

<220>

<221> ASPECTO_DIVERSO
<222> (6)..(6)

<223> Xaa = Dap

<220>
<221> MOD_RES
<222> (7)..(7)

<223> AMIDACION
<400> 28

Tyr Arg Arg Xaa Gly Xaa Arg

1 5
<210> 29

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
L222>
<223>

<220>
<221>
L222>
<223>

<220>
<221>
222>
<223>

<400>

1

<210>
<211>
<212>

MOD_RES
(1)..(1)

Succinilo modificado

MOD_RES
(1)..(6)
Puente de lactama

MOD_RES
(3)..(3)
d isdbmero

ASPECTO_DIVERSO
(4)..(4)
Xaa = 2Nal

ASPECTO_DIVERSO
(6)..(6)

Xaa = Dab

MCD_RES

(7) .. (7)

AMIDACION

29

Tyr Arg Arg Xaa Gly Xaa Arg

5

30

7

PRT

Artificial

<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

Constructo sintético

MOD RES
(1)..(1)
Succinilo modificado

MOD_RES
(1)..(6)
Puente de lactama

MOD_RES

26
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27

<222> (3)..(3)
<223> d isdmero

<220>
<221> ASPECTO_DIVERSO
<222> (4)..(4)

<223> Xaa = 2Nal

<220>

<221> ASPECTO_ DIVERSO
<222> (6)..{6)

<223> Xaa = Orn

<220>
<221> MOD_RES
<222> {7)..(7)

<223> BAMIDACION
<400> 30

Tyr Arg Arg Xaa Gly Xaa Arg

1 5
<210> 31

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(1)

<223> Succinilo modificado

<220>

<221> MOD_RES

<222> (1)..1(6)

<223> Puente de lactama

<220>

<221> MOD_RES
222> (3)..(3)
<223> d isdmero

<220>
<221> ASPECTO DIVERSO
<222>  (4)..(4)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..(7)
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28

<223> AMIDACION
<400> 31

Tyr Arg Arg Xaa Gly Lys Arg

1 5
<210> 32

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
222>  (4)..(4)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
222> (7)..(7)

<223> d isdmero

<220>
<221> MOD_RES
<222> (8)..(8)

<223> AMIDACION
<400> 32

Gly Tyr Xaa Arg Xaa Gly Glu Arg

1 5
<210> 33
<211> 8

<212> PRT

Y
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29

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> ASPECTO_DIVERSO
<222> (2)..(2)

<223> Xaa = Tyr (tBu)

<220>

<221> ASPECTO_DIVERSO
222>  (3)..(3)

<223> Xaa = Lys(iPr) (Boc)

<220>

<221> ASPECTO_DIVERSO

<222> (4)..(4)

<223> Xaa = d isdémero Arg(Pbf)

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5H)

<223> ¥Xaa = 2Nal

<220>
<221> ASPECTO_DIVERSO
<222> (7)..(7)

<223> Xaa = d isdmero Glu(Calil)
220>

<221> ASPECTO_DIVERSO

222> (8)..(8)

<223> Xaa = Arg(Pbf)

<400> 33

Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa

1 5
<210> 34

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..{7)

<223> Puente de lactama

>




30

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222>  (4)..(4)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..(7)

<223> d isémero

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION

<220>

<221> ASPECTO_DIVERSO
<222>  (8)..(8)

<223> sal de acido acético

<400> 34

Gly Tyr Xaa Arg Xaa Gly Glu Arg

1 5
<210> 35

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(1)

<223> Fmoc modificado

<220>
221> ASPECTO_DIVERSO
<222> (2)..(2)

<223> Xaa = Tyr (tBu)

<220>
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<221> ASPECTO_DIVERSO
<222>  (3)..(3)
<223> Xaa = Lys(iPr) (Boc)

<220>

<221> ASPECTO_DIVERSO

<222> (4)..(4)

<223> Xaa = d isdémero Arg(Pbf)

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> ASPECTO_DIVERSO

<222> (7)..(7)

<223> Xaa = d isdémero Glu(Oalil)

<220>

<221> ASPECTO_DIVERSO
<222> (8)..(8)

<223> Xaa = Arg{Pbf)

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION
<400> 35

Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa

1 5
<210> 36

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(T)

<223> Puente de lactama

<220>
<221> ASPECTO DIVERSO
<222> (2)..(2)

<223> Xaa = Tyr(tBu)

<220>
<221> ASPECTO_DIVERSO



<222> (3)..(3)
<223> Xaa = Lys(iPr) (Boc)

<220>

<221> ASPECTO_DIVERSO

<222>  (4)..(4)

<223> Xaa = d isébémero Arg(Pbf)

<220>
<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
222> (7)..(7)

<223> d isbmero

<220>

<221> ASPECTO DIVERSO
<222> (8)..(8)

<223> Xaa = Arg(Pbf)

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION
<400> 36

Gly Xaa Xaa Xaa Xaa Gly Glu Xaa

1 5
<210> 37

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_ DIVERSO
<222> (3)..(3)

<223> Xaa = Lys{(iPr)

<220>
<221> MOD_RES
<222>  (4)..(4)
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Glu

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

d isdmero

ASPECTO_DIVERSO
(3)..(5)

Xaa = 2Nal
MOD_RES
(7)..(7)

d isdmero

MOD_RES
(7)..(7)
AMIDACION

37

5
38
7
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(7)

Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
{4)..(4)

d isdmero

ASPECTO_DIVERSO
(5)..(5)

Xaa = 2Nal
MOD_RES
(7y .. (7)

d isbmero

33
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<220>

<221> MOD RES
<222> (1)..(7)
<223> AMIDACION

<220>

<221> ASPECTO DIVERSO
222> {(7)..(7)

<223> sal de Aacido acético

<400> 38

Gly Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 39

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)y..(7)

<223> Puente de lactama

<220>
<221> MOD_RES
<222> (4)..(4)

<223> d isémero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> d isobmero

<220>
<221> MOD_RES
<222> (8)..(8)

<223> AMIDACION
<400> 39

Gly Tyr Arg Arg Xaa Gly Glu Arg
1 5
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

MOD_RES

(8)..(8)

AMIDACION

40

Gly Tyr Xaa Arg Xaa Gly Glu Xaa

5

41

7

PRT

40

8

PRT
Artificial

Constructo sintético

MOD_RES
(1)..(7)

Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD_RES
(7)..(7)

d isdbémero

ASPECTO_DIVERSO
(8)..(8)
Xaa = Lys(iPr)

Artificial

35
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36

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(6)

<223> Puente de lactama

<220>

<221> MOD_RES
<222> (3)..(3)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
222> (4)..(4)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..(7)

<223> AMIDACION
<400> 41

Tyr Arg Arg Xaa Gly Glu Arg

1 5
<210> 42

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1l)..(6)

<223> Puente de lactama

<220>

<221> MOD_RES
<222> (3)..(3)
<223> d isébmero

<220>

<221> ASPECTO_DIVERSO
<222>  (4)..(4)

<223> ¥Xaa = 2Nal

<220>
<221> MOD_RES
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222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>

(6)..(6)
d isdémero

MOD_RES
(7)..(72
AMIDACION
42
Tyr Arg Arg Xaa Gly Glu Arg
5
43
7
PRT
Artificial

<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Constructo sintético

MOD RES
(1)..(6)
Puente de lactama

MOD_RES
(3)..(3)
d isdémero

ASPECTO_DIVERSO

(4)..(4)
Xaa = 2Nal
MOD_RES
(7)..(7)
AMIDACION
43

Tyr Arg Arg Xaa Gly Asp Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

5
44
8
PRT
Artificial

Constructo sintético

37
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
223>

<220>
221>
222>
<223>

<400>

Gly Tyr Arg Arg Xaa Gly Asp Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

MOD_RES
(1) ..

Puente de lactama

(7)

MOD_RES
(4)..

d isbémero

ASPECTO_DIVERSO

(4)

{(5)..(5)
Xaa = 2Nal
MOD RES
(8)..(8)
AMIDACION
44

5
45
8
PRT
Artificial

Constructo sintético

MOD_RES
(1) ..

Puente de lactama

ASPECTO_DIVERSO

(7)

(3)..(3)
Xaa = Lys(Me2)
MOD RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO

(5)..

Xaa

(5)
2Nal

38
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<220>
<221>
222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Asp Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Asp Arg

1

<210>
<211>
<212>
<213>

MOD_RES
(8)..(8)
BAMIDACION

45

5
46
8
PRT
Artificial

Constructo sintético

MOD RES
(1)..(7)
Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdmero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

MOD_RES
(8)..(8)
AMIDACION

46

5
47
7
PRT
Artificial

39
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40

<220>
<223> Constructo sintético

<220>

<221> MOD RES

222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>
<221> MOD_RES
222> (4)..(4)

<223> d isébmero

<220>

<221> ASPECTO_DIVERSO
222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..{(7)

<223> AMIDACION
<400> 47

Gly Tyr Xaa Arg Xaa Gly Asp

1 5
<210> 48

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1)y..(7)

<223> Puente de lactama

<220>

<221> ASPECTO DIVERSO
<222>  (3)..(3)

<223> Xaa = Lys(iPr)

<220>
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41

<221> MOD RES
<222>  (4)..(4)
<223> d isbmero

<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> ASPECTO_DIVERSO
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>

<221> MOD RES
<222> (8)..(8)
<223> AMIDACION
<400> 48

Gly Tyr Xaa Arg Xaa Gly Asp Xaa

1 5
<210> 49

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD RES

<222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(Me2)

<220>
<221> MOD_RES
<222>  (4)..(4)

<223> d isémero

<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
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42

<222> (8)..(8)
<223> AMIDACION

<400> 49

Gly Tyr Xaa Arg Xaa Gly Glu Arg

1 5
<210> 50

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..{7)

<223> Puente de lactama

<220>

<221> MOD_RES
<222>  (4)..(4)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> ¥Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8)..(8)
<223> BAMIDACION
<400> 50

Gly Tyr Arg Arg Xaa Gly Glu Arg

1 5
<210> 51

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1)..(7)

O
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Glu Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)
d isémero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD_RES
(8)..(82
AMIDACION
51

5
52
7
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(7)
Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdbémero

ASPECTO_DIVERSO
{5)..(5)
Xaa = 2Nal

43
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44

<220>
<221> MOD RES
<222> (7)..(7)

<223> AMIDACION
<400> 52

Gly Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 53

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD _RES
<222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
222>  (3)..(3)

<223> Xaa = Lys(iPr)

<220>
<221> MOD _RES
<222>  (4)..(4)

<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..(7)

<223> DBAmidado como NHEt
<400> 53

Gly Tyr Xaa Arg Xaa Gly Asp

1 5
<210> 54

<211> 7

<212> PRT

<213> Artificial
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45

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..{(7)

<223> Puente de lactama

<220>

<221> ASPECTO DIVERSO
<222>  (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
222>  (4)..(4)
<223> d isébmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> ¥Xaa = 2Nal

<220>

<221> MOD_RES

222> (7)) ..(7)

<223> Amidado como NHEt
<400> 54

Gly Tyr Xaa Arg Xaa Gly Glu

1 ) 5
<210> 55

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD RES

<222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO DIVERSO
<222>  (3)..(3)

<223> Xaa = Lys(iPr)

<220>



10

15

20

25

30

35

40

45

50

55

46

<221> MOD_RES
<222>  (4)..(4)
<223> d isbmero

<220>

<221> ASPECTO_ DIVERSO
222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD _RES
<222> (7y..(7)
<223> d isdbmero

<220>

<221> MOD_RES

<222> (7)..(7) )
<223> Amidado como NHEt
<400> 55

Gly Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 56

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>
<221> MOD RES
<222> (4)..(4)

<223> d isdbmero

<220>
<221> ASPECTO DIVERSO
<222> {(5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD RES



<222> (7)y..(7)
<223> d isbmero

<220>

<221> MOD_RES

<222> (8)..(8)

<223> Amidado como NHEt
<400> 56

Gly Tyr Xaa Arg Xaa Gly Glu Arg

1 5
<210> 57

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isédmero

<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (1)..(7)
<223> d isodémero

<220>
<221> MOD_RES
<222> (8)..(8)

<223> Amidado como NHEt

<220>
<221> ASPECTO_DIVERSO
<222> (8)..(8)
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<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Glu Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Glu Xaa

1

sal de &acido acético

57

5
58
8
PRT
Artificial

Constructo sintético

MOD_RES
(1) .. (7)
Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys{(iPr)

MOD_RES
(4)..(4)

d isdmero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD_RES
(7). (7)

d isdémero

ASPECTO_DIVERSO
(8)..(8)
Xaa = Lys(iPr)

MOD_RES
(8)..(8)
Amidado como NHEt

58

5
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa Tyr Xaa Arg Xaa Gly Glu Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

59

8

PRT
Artificial

Constructo sintético

MOD RES
(1)..(7)
Puente de lactama

ASPECTO_DIVERSO
(1)..(1)
Xaa = Lys{Ac)

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(Me2)

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

MOD_RES
(8)..(8)
BMIDACION

59

5
60
-
PRT
Artificial

Constructo sintético

49
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Xaa Tyr Xaa Arg Xaa Gly Glu

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

Puente de lactama

ASPECTO_DIVERSO

ASPECTO_DIVERSO

d isdémero

ASPECTO_DIVERSO

AMIDACION

Artificial

Constructo sintético

Puente de lactama

ASPECTO_DIVERSO
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51

<221> MOD_RES
222>  (4)..(4)
<223> d isodmero

<220>

<221> ASPECTO _DIVERSO
<222>  (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..{7)

<223> AMIDACION
<400> 61

Ala Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 62

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222>  (1)y..(7)

<223> Puente de lactama

<220>

<221> MOD_RES
<222> (1)..(1)
<223> d isémero

<220>

<221> ASPECTO DIVERSO
<222>  (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isdbmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
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<222> (7)..(7)
<223> AMIDACION

<400> 62

Ala Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 63

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

222> (1)..{7)

<223> Puente de lactama

<220>

<221> MOD RES
<222> (1)..{(1)
<223> d isbmero

<220>

<221> ASPECTO _DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isodmero

<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> ¥Xaa = 2Nal

<220>
<221> MOD_RES
<222> (T)..(7)

<223> d isodmero
<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDACION
<400> 63

Ala Tyr Xaa Arg Xaa Gly Glu
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Ala Tyr Xaa Arg Xaa Gly Glu

1

<210>
<211>
<212>
<213>

<220>
<223>

5
64
7
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(7)

Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdmero

ASPECTO_DIVERSO
(5)..(5)

Xaa = 2Nal
MOD_RES
{7y ..(7)

d isdémero

MOD_RES
(7)..(7)
AMIDACION
64

5
65
7
PRT
Artificial

Constructo sintético

53
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<220>

<221> MOD_RES

<222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222>  (3)..(3)

<223> Xaa = Lys(iPr)

<220>
<221> MOD_RES
<222> (4)..(4)

<223> d isdémero

<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
222> A(7)..(7)

<223> d isdmero
<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDACION
<400> 65

Leu Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 66

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(7)

<223> Puente de lactama

<220>
<221> ASPECTO DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)
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<220>

<221> MOD RES
<222>  (4)..(4)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..(T)

<223> AMIDACION
<400> 66

Leu Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 67

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD RES

<222> (L)..(7)

<223> puente de lactama

<220>
<221> MOD_RES
222> (1)..(1)

<223> d isdmero

<220>

<221> ASPECTO DIVERSO
<222>  (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isdbmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> ¥Xaa = 2Nal

<220>
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<221>
<222>
<223>

<400>

Phe Tyr Xaa Arg Xaa Gly Glu

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<400>

Phe Tyr Xaa Arg Xaa Gly Glu

1

<210>
<211>
<212>
<213>

<220>

MOD_RES
(7)..(7)
AMIDACION

67

5
68
7
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(7)

Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO
(3)..(5)

Xaa = 2Nal
MOD_RES
(7)..(72
AMIDACION
68

5
69
7
PRT
Artificial

56
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Constructo sintético

MOD_RES
(1) .. (7)
Puente de lactama

MOD_RES
(1) ..(1)
d isdbémero

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO
(3)..(3)

Xaa = 2Nal
MOD RES
(7Y ..(7)

d isdémero

MOD_RES
(7)..(7)
AMIDACION

69

Phe Tyr Xaa Arg Xaa Gly Glu

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>

5
70
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(7)

57
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<223> Puente de lactama

<220>

<221> ASPECTO DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isbmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..(T)

<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION
<400> 70

Phe Tyr Xaa Arg Xaa Gly Glu Xaa

1 5
<210> 71

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)y..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)



<220>

<221> MOD_RES
<222>  (4)..(4)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..{T)
<223> d isdmero

<220>

<221> ASPECTO DIVERSO
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION

<220>

<221> ASPECTO_DIVERSO
<222> (8)..(8)

<223> sal de a4cido acético

<400> 71

Phe Tyr Xaa Arg Xaa Gly Glu Xaa

1 5
<210> 72

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)y..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222>  (3)..(3)

<223> Xaa = Lys(iPr)
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Phe Tyr Xaa Arg Xaa Gly Glu Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

MOD_RES
(4) ..

d isdémero

ASPECTO_DIVERSO

(4)

(5)..(5)
Xaa = 2Nal
MOD_RES
(7)..(7)

d isdémero

MOD_RES
(8)..
AMIDACION

72

(8)

5
73
7
PRT
Artificial

Constructo sintético

MOD_RES
(1) ..

Puente de lactama

ASPECTO_DIVERSO

(7)

(3)..(3)
Xaa = Lys(iPr)
MOD_RES
(4)..(4)

d isdémero

ASPECTO DIVERSO

(5)..

Xaa

(5)
2Nal

60
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<221> MOD RES
<222> (7)..(7)
<223> d isdbmero

<220>

<221> MOD_RES
<222> {7)..(7)
<223> AMIDACION
<400> 73

Phe Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 74

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1) ..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>
<221> MOD RES
<222> (4)..(4)

<223> d isdémero

<220>
<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
222> (7) ..(7)
<223> d isdmero

<220>
<221> ASPECTO_DIVERSO
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>
<221> MOD_RES
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<222> (8)..(8)
<223> Amidado como NHEt

<400> 74

Phe Tyr Xaa Arg Xaa Gly Glu Xaa

1 5
<210> 75

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD RES

222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> {(4)..(4)
<223> d isébmero

<220>
<221> ASPECTO_DIVERSO
222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
222> (7)..(7)
<223> d isdbmero

<220>
<221> ASPECTO DIVERSO
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222> (8)..(8)

<223> Amidado como NHEt

<220>
<221> ASPECTO_DIVERSO
<222> (8)..(8)
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<223> sal de &cido acético
<400> 75

Phe Tyr Xaa Arg Xaa Gly Glu Xaa

1 5
<210> 76

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD RES

<222> (1)..(7)

<223> Puente de lactama

<220>
<221> MOD_RES
<222> (1)..(1)

223> d isodmero

<220>

<221> ASPECTO_DIVERSO
<222> (3)..{(3)

<223> Xaa = Lys(iPr)

<220>
<221> MOD_RES
<222>  (4)..(4)

<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222>  (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> A7) ..(7)

<223> DBAmidado como NHEt
<400> 76

Ala Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 77
<211> 7

<212> PRT
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<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
222> (1)..{(7)

<223> Puente de lactama

<220>

<221> ASPECTO DIVERSO
<222> (1)..{(1)

<223> Xaa = 2Nal

<220>

<221> ASPECTO_DIVERSO
222>  (3)..(3)

<223> Xaa = Lys({iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isdémero

<220>

<221> ASPECTO_DIVERSO
<222>  (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD RES

222> (7)y..{7)

<223> Amidado como NHEt
<400> 77

Xaa Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 78

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD RES
<222> (1)..(7)

<223> Puente de lactama
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<220>

<221> MOD_RES
<222> {1)..(1)
<223> d isdbmero

<220>

<221> ASPECTO DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>
<221> MOD_RES
<222>  (4)..(4)

<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD _RES
<222> (7)..(7)

<223> Amidado como NHEt
<400> 78

Phe Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 79

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1)..(M)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isdbmero

<220>
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<221> ASPECTO_DIVERSO
222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MOD_RES

<222> (T1)Y..(T)

<223> Amidado como NHEt
<400> 79

Phe Tyr Xaa Arg Xaa Gly Glu

1 5
<210> 80

<211> 9

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO DIVERSO
222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222>  (4)..(4)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD RES
<222> (7)..(7)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222> (9)..(9)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
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<222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Glu Gly Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Glu Xaa Xaa

(9)..(9)
AMIDACION

80

5

81

9

PRT
Artificial

Constructo sintético

MOD_RES
(1) ..(7)
Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)
d isdémero

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(8)..(8)
Xaa = beta-Ala

ASPECTO_DIVERSO
(9)..(9)
Xaa = d isdmero 2Nal

MOD RES
(9)..(9)
AMIDACION

81
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1 5
<210> 82

. <211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(7)

<223> Puente de lactama

<220>

<221> ASPECTO_DIVERSO
222> (1)..(1)

<223> Xaa = beta-Ala

<220>

<221> MOD_RES
<222>  (4)..(4)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION
<400> 82

Xaa Tyr Arg Arg Xaa Gly Glu Arg

1 5
<210> 83

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(7)

<223> Puente de lactama




<220>

<221> ASPECTO_DIVERSO
222> (1)..(1)

<223> Xaa = beta-Ala

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isémero

<220>

<221> ASPECTO_DIVERSO -
<222> (5)..{(5)

<223> Xaa = 2Nal

<220>

<221> MOD RES
<222> (8)..(8)
<223> BAMIDACION
<400> 83

Xaa Tyr Arg Arg Xaa Gly Asp Arg

1 5
<210> 84

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
222> (1)..(1)

<223> 5-aminovalerilo modificado

<220>
<221> MOD_RES
<222> (1)..(6)

<223> Puente de lactama

<220>

<221> MOD_RES
<222> (3)..(3)
<223> d isdmero

<220>
<221> ASPECTO_DIVERSO
<222>  (4)..(4)

<223> Xaa = 2Nal
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<220>
<221>
<222>
<223>

<400>

MOD_RES
(7). (7)
AMIDACION

84

Tyr Arg Arg Xaa Gly Glu Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>

5
85
7
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(1)

S5-aminovalerilo modificado

MOD_RES
(1)..(6)
Puente de lactama

MOD_RES
(3)..(3)
d isdémero

ASPECTO_DIVERSO

(4)..(4)

Xaa = 2Nal

MOD_RES

(7)..(7)

AMIDACION

85

Tyr Arg Arg Xaa Gly Asp Arg

5

86

7

PRT

Artificial

<213>

70
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<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1)..(1)

<223> 4-AMPA modificado

<220>

<221> MOD_RES

<222> (1)..(6)

<223> Puente de lactama

<220>

<221> MOD_RES
222>  (3)..(3)
<223> d isdmero

<220>

<221> ASPECTO_DIVERSO
<222>  (4)..(4)

<223> ¥Xaa = 2 Nal

<220>

<221> MOD_RES
<222> (7)) ..(7)
<223> AMIDACION
<400> 86

Tyr Arg Arg Xaa Gly Asp Arg

1 5
<210> 87

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)y..(1)

<223> 4-DMPA modificado

<220>

<221> MOD _RES

<222> (1)..(6)

<223> Puente de lactama

<220>
<221> MOD_RES
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222> (3)..(3)
<223> d isbmero

<220>
<221> ASPECTO_DIVERSO
<222> (4)..(4)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222>  (7)..(7)

<223> AMIDACION
<400> 87

Tyr Arg Arg Xaa Gly Glu Arg

1 5
<210> 88

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

<222> (1)..(1)

<223> 4-DAMPA modificado

<220>

<221> MOD_RES

<222> (1)..({6)

<223> Puente de lactama

<220>

<221> MOD_RES
<222> (3)..(3)
<223> d isdémero

<220>
<221> ASPECTO DIVERSO
<222>  (4)..(4)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)y..(7)
<223> d isémero

<220>
<221> MOD RES
<222> {7)y..(T)



10

15

20

25

30

35

40

45

50

55

73

<223> AMIDACION
<400> 88

Tyr Arg Arg Xaa Gly Glu Arg

1 5
<210> 89

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>

<221> MOD_RES

222> (1)..(L)

<223> 4-AMB modificado

<220>

<221> MOD_RES

<222> (1)..(6)

<223> Puente de lactama

<220>

<221> MOD_RES
<222> (3)..(3)
<223> d isdmero

<220>

<221> ASPECTO DIVERSO
<222> (4)..(4)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
222> (T7Yy..{(7)

<223> AMIDACION
<400> 89

Tyr Arg Arg Xaa Gly Glu Arg

1 5
<210> 90

<211> 10

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

MOD_RES
(1)..(7)
Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD_RES
(7)..(7)

d isdémero

ASPECTO_DIVERSO
(8)..(8)
Xaa = Lys(iPr)

ASPECTO_DIVERSO

74

Gly Tyr Xaa Arg Xaa Gly Glu Xaa Gly Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

(10)..(10)
Xaa = 2Nal
MOD_RES
(10)..(10)
AMIDACION
90

5
91
10
PRT
Artificial

Constructo sintético

10




10

15

20

25

30

35

40

45

50

55

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

75

MOD_RES
(1)..(7)
Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdmero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD_RES
(7) .. (7)

d isdémero

ASPECTO_DIVERSO
(8)..(8)
Xaa = Lys(iPr)

ASPECTO_DIVERSO

(10)..(10)
Xaa = 2Nal
MOD RES
(10) .. (10)
AMIDACION
91

Phe Tyr Xaa Arg Xaa Gly Glu Xaa Gly Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>

5 10
92
9
PRT
Artificial

Constructo sintético
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Glu Gly Phe

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

MOD_RES
(1) .. (7)
Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr)

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD_RES

(7). (1)

d isdémero

MOD RES
(9)Y..(9)
d isémero

MOD RES
(9)..(9)
AMIDACION
92

5
93
9
PRT
Artificial

Constructo sintético

MOD_RES
(1) ..(7)
Puente de lactama

ASPECTO_DIVERSO

76
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<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Tyr Xaa Arg Xaa Gly Glu Xaa Phe

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
223>

<220>
<221>
<222>

d isdémero

ASPECTO_DIVERSO

d isodémero

ASPECTO_DIVERSO

d isdémero

AMIDACION

Artificial

Constructo sintético

Puente de lactama

ASPECTO_DIVERSO
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Lys Tyr Xaa Arg Xaa Gly Glu Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

Xaa

Lys (iPr)

MOD_RES
(4)..

d isdémero

ASPECTO_DIVERSO

(4)

{5)..(5)
Xaa = 2Nal
MOD_RES
(7)..(7)

d isdmero

ASPECTO_DIVERSO

(8)..(8)

Xaa = Lys{(iPr)
MOD_RES
(8)..(8)
BMIDACION

94

5
95
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)..

Puente de lactama

(7)

MOD_RES
(4)..

d isdémero

ASPECTO_DIVERSO

(5)..

Xaa

(4)

(5)
2Nal

78
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

MOD_RES

(8)..(8)

AMIDACION

95

Phe Tyr Lys Arg Xaa Gly Glu Xaa

5

96

8

PRT

Artificial

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

MOD_RES
(7)..(7)
d isdmero

ASPECTO_DIVERSO
(8)..(8)
Xaa = Lys (iPr)

Constructo sintético

MOD RES
(1)y..(7)
Puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys (iPr)

MOD_RES
(4)..(4)

d isdmero

ASPECTO_DIVERSO
(5)..(5)

Xaa = 2Nal
MOD_RES
(7)..(7)

d isbémero

79
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<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDACION

<400> 96

Phe Tyr Xaa Arg Xaa Gly Glu Lys

1 5
<210> 97

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Constructo sintético

<220>
<221> MOD_RES
<222> (1Y..(7)

<223> Puente de lactama

<220>

<221> ASPECTO DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222>  (4)..(4)
<223> d isdmero

<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222>  (7)..(7)

<223> d isdbmero

<220>
<221> ASPECTO_DIVERSO
<222> (8)..(8)

<223> Xaa = Orn

<220>
<221> MOD_RES
<222> (8)..(8)

<223> AMIDACION

<400> 97
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Phe Tyr Xaa Arg Xaa Gly Glu Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

MOD RES
(8)..(8)
AMIDACION
98
Phe Tyr Lys Arg Xaa Gly Glu Lys
5
99
8
PRT
Artificial

<220>
<223>

<220>
<221>

5
98
8
PRT
Artificial

Constructo sintético

MOD_RES
(1)..(7)

Puente de lactama

MOD_RES
(4) .. (4)

d isdémero

ASPECTO_DIVERSO

(5)..(9)
Xaa = 2Nal
MOD_RES
(7)..(7)

d isdémero

Constructo sintético

MOD_RES

81
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Phe Tyr Lys Arg Xaa Gly Glu Lys

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

(1)..(7)

Puente de lactama

MOD_RES
(4)..(4)

d isdémero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD RES
(7Y .. (7

d isdmero

MOD_RES
(8)..(8)

Amidado como NHEt

99

5
100
8
PRT
Artificial

Constructo sintético

MOD RES
(1)..(1)
FMOC modificado

ASPECTO_DIVERSO
(2)..(2)
Xaa = Tyr (tBu)

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys (Boc)

ASPECTO_DIVERSO
(4)..(4)

82
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>

Xaa

d isémero Arg(Pbf)

ASPECTO_DIVERSO
(5)..(5)

Xaa

2Nal

ASPECTO_DIVERSO
(7)..

Xaa

(7)
d isémero Glu(OAlil)

ASPECTO_ DIVERSO

(8)..(8)

Xaa = Lys (Boc)

MOD_RES

(8)..(8)

AMIDACION

100

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa

5

101

8

PRT

artificial

<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

Constructo sintético

MOD RES
(1)..
puente de lactama

(7)

ASPECTO_ DIVERSO
(2)..

Xaa

(2)
Tyr (tBu)

ASPECTO_DIVERSO
. (3)

(3).

Xaa

Lys (Boc)

ASPECTO_DIVERSO
(4)..(4)

Xaa

d isémero Arg(Pbf)

83
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<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Phe'Xaa Xaa Xaa Xaa Gly Glu Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

ASPECTO_ DIVERSO

d isdémero

ASPECTO _DIVERSO

AMIDACION

artificial

constructo sintético

Fmoc modificado

ASPECTO_DIVERSO

Tyr (2-Br-2)

ASPECTO_DIVERSO

Lys (2-C1-2)

ASPECTO_DIVERSO

d isdémero Arg(Tos)
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<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>
<221> ASPECTO DIVERSO

<222> (T)..(7)
<223> ¥Xaa = d isdémero Glu{OFm)

<220>

<221> ASPECTO DIVERSO
<222> (8)..(8)

<223> Xaa = Lys(2-Cl-2Z)
<400> 102

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa

1 5
<210> 103

<211> 8

<212> PRT

<213> artificial

<220>
<223> constructo sintético

<220>

<221> MOD_RES

<222> (1)..(1)

<223> Boc modificado

<220>

<221> ASPECTO_DIVERSO
222> (2)..(2)

<223> Xaa = Tyr(2-Br-7)

<220>

<221> ASPECTO_DIVERSO
222>  (3)..(3)

<223> Xaa = Lys(Fmoc)

<220>
<221> ASPECTO_DIVERSO
<222> (4)..(4)

<223> Xaa = d isdémexo Arg(Tos)

<220>

<221> ASPECTO DIVERSO
222> (5)..(5)

<223> Xaa = 2Nal

<220>
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

ASPECTO_DIVERSO
(7y..(7)
Xaa = d isdémero Glu(OBzl)

ASPECTO _DIVERSO
(8)..(8)
Xaa = Lys (Fmoc)

103

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5
104
8
PRT
artificial

constructo sintético

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys (Fmoc)

MOD_RES
(4)..(4)

d isdbémero

ASPECTO_DIVERSO
(5)..(5)

Xaa = 2Nal
MOD_RES
(7Y .. (7)

d isdbmero

ASPECTO_DIVERSO
{8)..(8)
Xaa = Lys (Fmoc)

MOD_RES
{8)..(8)
AMIDADO

104

86
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Phe Tyr Xaa Arg Xaa Gly Glu Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5
105
8
PRT
artificial

constructo sintético

ASPECTO_DIVERSO
{(2)..(2)
Xaa = Tyr (tBu)

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr,Boc)

ASPECTO_DIVERSO

(4)..(4)
Xaa = d isdmero Arg(Pbf)

ASPECTO_ DIVERSO
{(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(7)..(7)

87

Xaa = d isdémero Glu(2-CTC resin)

ASPECTO_DIVERSO
(8)..(8)
Xaa = Lys(iPr,Z)

MOD_RES
(8)..(8)
AMIDACION

105

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa

1

<210>
<211>

5

106
8
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<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>
<213>

MOD_ RES

(8)..(8)

AMIDACION

106

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa

5

107

8

PRT

artificial

<220>
<223>

PRT
artificial

constructo sintético

ASPECTO_DIVERSO
(2)..(2)
Xaa = Tyr (tBu)

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr,Boc)

ASPECTO_DIVERSO
(4)..(4)

Xaa = d isdémero Arg(Pbf)

ASPECTO_DIVERSO
(5)..(5)
Xaa = 2Nal

ASPECTO_DIVERSO
(7)..(7)

Xaa = d isdmero Glu(OH)

ASPECTO_DIVERSO
(8)..(8)
Xaa = Lys(iPr, Z)

constructo sintético

88
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89

<220>

<221> MOD RES

<222> (1)..{(7)

<223> puente de lactama

<220>

<221> ASPECTO_DIVERSO
222> (2)..(2)

<223> Xaa = Tyr (tBu)

<220>

<221> ASPECTO_DIVERSO
<222> (3)..(3)

<223> Xaa = Lys(iPr,Boc)

<220>
<221> ASPECTO_DIVERSO
<222> (4)..(4)

<223> Xaa = d isdmero Arg(Pbf)

<220>

<221> ASPECTO DIVERSO
<222> (5)..(5)

<223> Xaa = 2Nal

<220>

<221> MOD_RES
222> (7)..(7)
<223> d isdémero

<220>

<221> ASPECTO_DIVERSO
<222> (8)..(8)

<223> Xaa = Lys(iPr,Z)

<220>

<221> MOD RES
<222> (8)..(8)
<223> BAMIDACION
<400> 107

Phe Xaa Xaa Xaa Xaa Gly Glu Xaa

1 5
<210> 108

<211> 8

<212> PRT

<213> artificial

<220>
<223> constructo sintético
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Phe Tyr Xaa Arg Xaa Gly Glu Xaa

1

MOD_RES
(1)..(7)
puente de lactama

ASPECTO_DIVERSO
(3)..(3)
Xaa = Lys(iPr-de6)

MOD_RES
(4)..(4)
d isdémero

ASPECTO_DIVERSO

(5)..(5)
Xaa = 2Nal
MOD_RES
(7)Y ..(7)

d isdémero

ASPECTO_DIVERSO
(8)..(8)
Xaa = Lys(iPr-deé6)

MOD_RES
(8)..(8)
AMIDACION

108

5

90
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1. [x] The applicant is hereby notified that the international search report and the written opinion of the Intemational Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19;
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
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Where? Directly to the International Bureau of WIPQ, 34 chemin des Colombettes
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For more detailed instructions, see the notes on the accompanying sheet.
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Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. ,

‘ [] no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders

Shortly after the expiration of 18 months from the priority date, the intemational application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bi/s.3, respectively,
before the completion of the technical preparations for international publication. p

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The international Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Ofﬂces the time limit of 30 months (or later) will apply even if no demand is filed wnhm 19
months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Guide, Volume I, National Chapters and the WIPO Internet site.

Name and mailing address of the international Searching Authority | Authorized officer

TN European Patent Office, P.B. 5818 Patentlaan 2 .

NL-2280 HV Rijswijk Katrin Sommermeyer

. Tel. (+31-70) 340-2040, Tx. 31 651 epo ni, ’
= Fax: (+31-70) 340-3016

Form PCT/ISA/220 (October 2005) (See notes on accompanying sheet)




NOTES TO FORM PCT/ISA/220

These Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see also the PCT Applicant’s Guide, a publication of WIPQ.

In these Notes, “Article”, "Rule®, and "Section” refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the internationat
Searching Authority, one opportunity to amend the claims of the international application. It should however be emphasized
that, since all parts of the international application (claims,description and drawings) may be amended during the
international preliminary examination procedure, there is usually no need to file amendments of the claims under Article 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims before international publication. Furthermore, it should be emphasized that provisional
protection is available in some States only (see PCT Applicant’s Guide, Volume I/A, Annexes B1 and B2).

The attention of the applicant Is drawn to the fact that amendments to the claims under Article 19 are not allowed where
the International Searching Authority has declared, under Article 17(2), that no international search report would be
established (see PCT Applicant’s Guide, Volume I/A, paragraph 296).

What parts of the international application may be amended?

’ Under Article 19, only the claims may be amended.

During the international phase, the claims may also be amended (or further amended) under Article 34 before the

International Preliminary Examining Authority. The description and drawings may only be amended under
Article 34 before the International Examining Authority.

Upen entry into the national phase, al! parts of the international application may be amended under Article 28 or,

where applicable, Article 41.

When? Within 2 months from the date of transmittal of the international search report or 16 months from the priority date,
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having
been received on time if they are received by the International Bureau after the expiration of the applicable time

limit but before the completion of the technical preparations for intemational publication (Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the international Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for international preliminary examination has been/is filed, see below.

Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of one

| |
or more of the claims as filed.

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
amendments, differs from the sheet originally filed.

All the claims appsaring on a replacement sheet must be numbered in Arabic numerals. Where a claim is

cancelled, no renumbering of the other claims is required. In all cases where claims are renumbered, they must be

renumbered consecutively (Section 205(b)).

The amendments must be made in the language in which the international application is to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):
The amendments must be submitted with a letter,

The letter will not be published with the international application and the amended claims. It should not be
confused with the “Statement under Article 19(1)" (see below, under *Statement under Articte 19(1)*).

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international application

is French, the letter must be in French.

Notes to Form PCT/NSA/220 (first sheet) (October 2005)
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NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences between the claims as filed and the claims as amended. It must, in
particular, indicate, in connection with each claim appearing in the international application (it being understood
that identical indications concerning several claims may be grouped),whether

(i) the claim is unchanged;
(i) the claim is cancelled;
. (lil) the claim is new;
(iv) the claim replaces one or more claims as filed;
(v) the claim is the result of the division of a claim as filed.

The following examples illustrate the manner in which amendments must be explained in the
accompanying letter:

1. [Where originally there were 48 claims and after amendment of some claims there are 51):
"Claims 1 to 29, 31, 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added."

2. [Where originally there were 15 claims and after amendment of all claims there are 11):
*Claims 1 to 15 replaced by amended claims 1 to 11.”

3. [Where originally there were 14 claims and the amendments consist in cancelling some claims and in adding

new claims}:
’ “Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or

"Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.”

4. {[Where various kinds of amendments are made]:
“Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added."

“Statement under article 19(1)" (Rule 46.4)

The amendments may be accompanied by a statement explaining the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannot be amended under Article 19(1)).

The statement will be published with the international application and the amended claims.
It must be in the language in which the international application is to be published.
It must be briet, not exceeding 500 words if In English or if translated into English.

It should not be confused with and does not replace the letter indicating the differences between the claims as filed
and as amended. It must be filed on a separate sheet and must be identified as such by a heading, preferably by
using the words "Statement under Article 19(1)."

It may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reterence to citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for international preliminary examination has already been filed

It, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any statement ) with the International Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401).

If a demand for international preliminary examination is made, the written opinion of the Internationat Searching
Authority will, except in certain cases where the International Preliminary Examining Authority did not act as
International Searching Authority and where it has notified the International Bureau under Rule 66.1bis(b), be
considered to be a written opinion of the International Preliminary Examining Authority. If a demand is made, the
applicant may submit to the International Preliminary Examining Authority a reply to the written opinion together,
where appropriate, with amendments before the expiration of 3 months from the date of mailing of Form

' PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later (Rule 43bis.1(c)).

Consequence with regard to translation of the international application for entry into the national phase

The appticant’s attention is drawn to the fact that, upon entry into the national phase, a translation of the claims as
amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or in addition to,
the translation of the claims as filed.

For further detalls on the requirements of each designated/elected Office, see the PCT Applicant's Guide,
Volume Il '

‘Notes to Form PCT/1ISA/220 (second sheet) (October 2005)




PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Atticle 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCT/SA/220

X17256 ACTION as well as, where applicable, item 5 below. -
International application No. international filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2008/064177 g 20/05/2008 30/05/2007

Applicant

ELI LILLY AND COMPANY

This interational search report has been prepared by this international Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

< .| This intemational search reportconsistsof atotalof _____ 5 ___ sheets.
Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

[X] the international application in the language in which it was filed

D a translation of the international application into : , which is the language
of a translation furnished for the purposes of internationat search (Rules 12.3(a) and 23.1(b))

u

This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, see Box No. |.

o
]

Certain claims were found unsearchable (See Box No. Ii)

Unity of invention is lacking (see Box No Il})

oo

4. With regard to the title,
' the text is approved as submitted by the applicant
the text has been established by this Authority to read as follows:

E]

5. With regard to the abstract, .
the text is approved as submitted by the applicant

D the text has been established, according to Rule 38.2(b), by this Authority as it appears In Box No. IV. The applicant
may, within one month from the date of mailing of this intermational search report, submit comments to this Authority

6. With rebard to the drawings,
a. thé figure of the drawings to be published with the abstract is Figure No.
[:' as suggested by the applicant .
D as selected by this Authority, because the applicant failed to suggest a figure
. D as selected by this Authority, because this figure better characterlzes the invention
b. D none of the figures is to be published with the abstract

Form PCT/ISA/210 (first shest) (April 2007)
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International application No. \)‘
INTERNATIONAL SEARCH REPORT | . POT/US2008/064177 \C\
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.b of the first sheet) \ \ \/

MV
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed
invention, the international search was carried out on the basis of:

a. type of material

a sequence listing

D table(s) related to the sequence listing

b. format of maierial

on paper .
in electronic form

c.  time of filing/furnishing
contained in the international application as filed
filed together with the international application in electronic form
D furnished subsequently to this Authority for the purpose of search
2. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed

or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/064177

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61P31/18 A61K38/12 CO7K7/54

According to International Patent Classification (IPC) or 1o both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61P A61K CO7K

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal '

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Cration of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A I’/EJEDA,SATOSHI ET AL: "Structure-activity
relationships of cyclic peptide-based
chemokine receptor CXCR4 antagonists:
disclosing the importance of side-chain
and backbone functionalities.”

JOURNAL OF MEDICINAL CHEMISTRY 25 JAN
2007,

vol. 50, no. 2,

25 January 2007 (2007-01-25), pages
192-198, XP009107403

ISSN: 0022-2623

the whole document

A V5? 2004 196769 A (ORPHAN LINK KK; FUJII
NOBUTAKA; STEPHAN C PIPER)

15 July 2004 (2004-07-15)

page 3; claims

m Further documents are listed in the continuation of Box C. , E See patent family annex

* Special categories of cited documents :
P go *T* later document published after the international filing date

or priorty date and not in conflict with the application but

*A* document defining the general state of the art which is not cited to understand the pnnciple or theory underlying the

considered to be of particular relevance - . invention
*E" earher document but published on or after the inlernational *X* document of particular relevance, the claimed invention
fiing date cannot be considered novel or cannot be considered to
‘L" document which may throw doubts on priority claim(s) or - involve an inventive step when the document is taken alone

which is cited to establish the publication date of another sy ; . i f ;
citation or other special reason (as specified) Y". document of particular relevance; the claimed invention

‘0" document referring to an oral disclosure, use, exhibition or

other means . ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art. ‘
later than the priority date claimed *&* document member of the same patent family

cannot be considered to involve an inventive slep when the
document s combined with one or more other such docu-

Date of the actual comptetion of the international search Date of mailing of the intemational search repon

21 October 2008 ‘ 12/11/2008

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk '

Tel. (+31-70) 340-2040, S
Fax:((++31~73) 340-3016 ' Vogt, Titus

Form PCTNSA/210 (sacond sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/064177

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

A

Category*

Chiation of document, with indication, where appropnate, of the relevant passages

Relevant to claim No.

\

Y

A

P,A

P,A

P,A

¢ TAMAMURA HIROKAZU ET AL: "DEVELOPMENT OF
ANTI-HIV AGENTS TARGETING DYNAMIC
SUPRAMOLECULAR MECHANISM: ENTRY AND FUSION
INHIBITORS BASED ON CXCR4/CCR5 ANTAGONISTS
AND GP41-C34-REMODELING PEPTIDES"
CURRENT HIV RESEARCH, BENTHAM SCIENCE
PUBLISHERS, HILVERSUM, NL,
vol. 3, no. 4,
1 October 2005 (2005-10-01), pages
289-301, XP008077509
ISSN: 1570-162X
the whole document

~\ MO 2007/096662 A (TU MUENCHEN [DEJ]; JONES
NICHOLAS ANDREW [GB]; WESTER HANS JURGEN
[DE];) 30 August 2007 (2007-08-30)
claims

TAMAMURA HIROKAZU ET AL: "Development of
low molecular weight CXCR4 antagonists by
exploratory structural tuning of cyclic
tetra- and pentapeptide-scaffolds towards
the treatment of HIV infection, cancer
metastasis and rheumatoid arthritis."
CURRENT MEDICINAL CHEMISTRY 2007,
vol. 14, no. 1, 2007, pages 93-102,
XP009107441
ISSN: 0929-8673

VGRANDE FEDORA ET AL: "Small molecules
anti-HIV therapeutics targeting CXCR4."
CURRENT PHARMACEUTICAL DESIGN 2008,
vol. 14, no. 4, 2008, pages 385-404,
XP009107439
ISSN: 1873-4286

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

International application No

Information on patent family members
: PCT/US2008/064177
Patent document Publication Patent family Publication
cited in search report date - member(s) date

u/ﬁ? 2004196769 A 15-07-2004  NONE

WO 2007096662 A 30-08-2007  NONE

Form PCTASA/210 (patent family annex) (April 2005)



PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

ate of mailing

X , ?Lg & (day/monthirear) see form PCTASA210 (second sheet)
/ .

see form PCTASAR20

Applicant's or agent's file reference FOR FURTHER ACTION

see form PCTASAR20 See paragraph 2 below

International application No. Intemational filing date (daysmonthsear) Priority date (day/month/rear)
PCTAS2008064177 20.05.2008 30'.05.2007

International Patent Classification (IPC) or both nationa! classification and IPC

‘ INV. A61P31A18 A61K38/12 CO7K7/54-

Applicant
ELI LILLY AND COMPANY

1. This opinion contains indications relating to the following items:

& Box No. I Basis of the opinion

0O BoxNo. Il Priority

O Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

O Box No.1V  Lack of unity of invention

& BoxNo.V  Reasoned statement under Rule 43bis.1 {a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

O Box No. VI  Certain documents cited

[J Box No. VIl Certain defects in the international application

J Box No. Vil Certain observations on the international application

‘ 2. FURTHER ACTION

. if a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCT/ISA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/2220.
3. For further details, see notes to Form PCTASA/220.

Name and mailing address of the ISA: + Date of completion of Authorized Officer ™
this opinion T, «
European Patent Office . : i‘g
.-_@) D-80298 Munich 's)ece_rfnosrr:mo Vogt, Titus H )» H
—— Tel. +49 89 2399 - 0 Tx: 523656 epmu d Cs, &
Fax- +49 89 2399 - 4465 Telephone No. +49 89 2399-8477 Mrrg s

Form PCTASAR237 (Cover Sheet) (Aprit 2005)
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WRITTEN OPINION OF THE - International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAS2008/064177

Box No.| Basis of the opinion

. With regard to the language, this opinion has been established on the basis of:

& the international application in the language in which it was filed

O atranslation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

. O This opinion has been established taking into account the rectification of an obvious mistake authorized

by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

. With regard to any nucleotide and/or amino acid sequence disclosed in the iriternational application and

necessary to the claimed invention, this opinion has been established on the basis of:
a. type of material:
& asequence listing
O table(s) related to the sequence Iiéting
b. format of material:
& on paper
& in electronic form
c. time of filingfurnishing:
& contained in the international application as filed.
Xl filed together with the internationél application in electronic form.

O furnished subsequently to this Authority for the purposes of search.

4. O n addition, in the case that more than one version or copy of a sequence listing andfor table relating thereto

has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

5. Additional comments:

Form PCTASA/237 (April 2007)



WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

International application No. kO

PCTAUS2008/064177

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

. Statement

Novelty (N)

Inventive step (IS)

Industrial applicability (1A)

Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE International application NOQ\
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2008/064177

V  Reasoned Statement.

Subject matter of the present application.

The present application is directed to the provision of cyclic peptide antagonists of the
CXC receptor 4, and the pharmaceutical use thereof for the treatment of CXCR4 related
diseases, such as cancer and HIV.

ior nts | T). :
D1: UEDAET AL. (Jan. 2007) J. MED. CHEM. 50, 192-198.
D2: JP 2004 196769 A. |
* D3: TAMAMURA ET AL. (2005) CURR. HIV RESEARCH 3, 289-301.
‘ D4: WO 2007/096662 A.
D5: TAMAMURA ET AL. (2007) CURR. MED. CHEM. 14, 93-102.
D6: GRANDE ET AL. (2008) CURR. PHARM. DESIGN 14, 385-404.

D4, D5 and D6 do not form part of the prior art under Rule 64(1) PCT.

Novelty and Inventive step (Art. 33(2.3) PCT).

The novelty and inventive step of the presently claimed 'subjéct matter are acknowledged
for the following reasons.

The presently claimed subject matter appears to be based on the cyclic pentapeptide
_ FC131 (cyclo[D-Tyr'-Arg®Arg®-Nal*-Gly”]), and differs therefrom in that it comprises two
! more amino acids in the ring and in that it comprises a L-Tyr" and a D-Arg®.

The addition of two amino acids to the ring to create a cyclic lactam appears standard
practice in the art and can in itself not confer an inventive step to the claimed subject
matter. The presently claimed subject matter however appears to deviate from the general
line followed in the prior art, since these documents all disclose the importance of the D-
Tyr' and L-Arg® (see for instance: Table 1 of D1). In other words the prior art seems to
point away from the present solution. Moreover, the applicant indicated that preliminary
tests showed good results for some of the prepared compounds (cf. p. 68-72).

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-Apnl 2005)



WRITTEN OPINION OF THE : International application No.\S\
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2008/064177

Industrial applicability (Art. 33(4) PCT).

The subject matter of claims 1-14 meets the requirement of industrial applicability.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)



INTERNATIONAL SEARCH REPORT

International appiication No

PCT/US2008/064177

A. SSIR!CATION O/ISUBJECT MATTER

IN A61K38/12

According to Inlernational Patent Classification (IPC) or to both national classification and IPC

CO7K7/54

.B. FIELDS SEARCHED

Minimum documentation searched (Classification system followed by classification symbols)

| A61P A61K CO7K

Documentation searched other than minimum docqmenlalion to the exient thal such documents are includad in the fields searched

EPO-Internal

Electronic daia base consulled during the inlernational search (name of data base and, where practical, search lerms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT -

Category® | Chation of document, with indication. where appropriate, of the relevant passages Relevant to claim No.
A UEDA SATOSHI ET AL: - "Structure-activity
relationships of cyclic peptide-based
chemokine receptor CXCR4 antagonists:
disclosing the importance of side-chain
and backbone functionalities.”
JOURNAL OF MEDICINAL CHEMISTRY 25 JAN
2007,
vol. 50, no. 2,
25 January 2007 (2007-01-25), pages
192-198, XP009107403
ISSN: 0022-2623
“the whole document
A JP 2004 196769 A (ORPHAN LINK KK; FUJII
NOBUTAKA; - STEPHAN C PIPER)
15 July 2004 (2004~ 07 15)
page 3; claims
;/__

m Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of ciled documents :

A* document defining the general state of the arl which is not
considered lo be of particular relevance

*E* earlier document but pubtished on or after the internalional
filing date

*L* document which rmay throw doubts on priority claim(s) or
which is cited to eslablish the publication date of another
ciiation or olher special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed .

*T* later document published after the intemational filing dale
or priority date and nol in conflict with the application bul
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be consigered novel or cannol be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannol be considered to involve an inventive step when the
documen is combined with one or more other such docu-
Ime"ri\ls. f‘ucn combination being obvious to a person skilled
in the ani.

*&' document membear of the same patent family

Dale ot the aclual completion of the international search

21 October 2008

Date of mailing of the intemalional search repornt

12/11/2008

Name and mailing address of the ISA/
European Patent Office, P.B. 5816 Patentiaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040.
-Fax: (+#31-70) 340-3016

Authorized officer

Vogt, Titus

Form PCT/ASA/210 {second sheel) (April 2005)




INTERNATIONAL SEARCH REPORT

Intemational application No

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

PCT/U52008/064177-

Category*

Citation of document, with indication, where appropriate, of the relevant passages -

Relevant 1o claim No.

A

1p.A

P,A

P,A

TAMAMURA HIROKAZU ET AL: “DEVELOPMENT OF
ANTI-HIV AGENTS TARGETING DYNAMIC
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