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SUPERINTENDENCIA DE INDUSTRIA Y COMERC.
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. 03 046600
Solicitud de patente PCT fase nacional

Solicitante: SCHERING AKTIENGESELLSCHAFT

Yo, GUSTAVO HOLLMANN RESTREPO, vecino de Bogoté D.C., portador de la tarjeta
profesional No. 5903, obrando como apoderado en este negocio, digo a usted que
acompaiio al presente memorial, para que sean agregados al expediente de 1a referencia los

siguientes documentos:

- Con caricter de anexién voluntaria, copia certificada de la solicitud de patente
No. 6{-)124'6,299 presentada en Estados Unidos el 6 de noviembre de 2000, con su
correspondiente traduccién al espafiol de la cardtula y Reivindicaciones y que ha
servido de base para la reivindicacién de prioridad de la solicitud internacional No.
12607.

Los documentos de cesién de los inventores al solicitante, debidamente traducidos y
legalizados.

T.P. No. 5903

CARRERA 11ANGC.94-78 OF. 308 - TLA: 816 1428 - 616 1040 - 616 1638 - 818 1981 FAX: 616 3078 A AInEo 3830
CANLES HOLLMANN - BOGOTA



S1FE3A
240

DOCUMENTO DE CESION
ASSIGNMENT DOCUMENT

Los suscritos,
(We, the undersigned)

CHRISTOPH-STEPHAN HWL.GER -.
con domicilio en Beriin, Alemania

BERND JOHANNSEN ¢
con domicilio an Dresden, Alemanla -

JORG STEINBACH -
con domiclllo en Bischofswerda, Alemania

PETER MADING -
con domiclllo en Dresden, Alemanla

MEREDITH HALKS-MILLER P
con domidllio en Woods!de, Estados Unidos de Amdrica .

RICHARD HORUK
con domicliio en Lafayette, Estados Unidos de América

HARALD DINTER
con domicilio en San Rafael, Estados Unidos de América

RAJU MOHAN
con domicllio en Moranga, Estados Unidos de América

JOSEPH E. HESSELGESSER
con domicilio en San Francisco, Estados Unidos de América

declaramos que somos los Inventoras de la Invencidn que lieva el titulo
(deciare that we are the Inventors of the invention titled)

RADIOPHARMACEUTICALS FOR DIAGNOSING ALZHEIMER'S DISEASE

PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAGNOSTICO DE LA
ENFERMEDAD DE ALZHEIMER

y qua hemos cedido el derecho sobre esta invencién en Colombla, junt o con los
privilegios

(and that we have assigned our righis over this invention in Colombia, together with iis
privileges)

y anexidedes a favor de SCHERING AKTIENGESELLSCHAFT

(and attachments, to) Berlin, Alemania



Gl e

ristop -Stephan
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Urkundenrolle-Nr. R 275/2003

. Ich habe das Mitwirkungsverbot nach § 3 Abs. 1 Nr. 7 BeurkG erliiutert. Meine Frage, ob eine
Vorbefassung im Sinne der Vorschrift vorliege, wurde vemneint.

Die vor mir geleistete Unterschrift
des Herrn Dr. Christoph Stephan Hilger,
geboren am 29. Juni 1955,

geschﬁflsa.nsﬁssig in 13353 Berlin, MiillerstraBe 178,

- ausgewiesen durch Vorlage seines Reisepasses Nr. 2471693259 -

Kostenberechnung gem. §§ 141, 154 KostO L 3
Geschiiftswert: 12.000,00 €
Beglaubigungsgebiihr §§ 32,451 15,00 €
Wegegebiihr gem. § 58 15,00 €
Schreibauslagen §§ 136, 152 1,00 €
Pastauslagen §§ 137, 152 1,44 €
32,44 €

20. Mai 2003

b

Notar

AN
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Apostille
(Convention de La Haye du § octobre 1961)

Land: Bundesrepublik Deutschland
Diese dffentliche Urkunde

ist untarschrieben von Dimiti Rempen
in seiner Eigenschaft als Notar
sie ist versehen mit dem Siegel
des Notars
Best#tigt
in Berlin - 8. am 23.Mai 2003
durch den Présidenten des Landgerichts in Berlin
unter Nr.9101aE-F. 1531/2003
Siegel
10. Unterschrift
/-J*"‘\_ " Im Auftrage
: ~
T Bl
- \ L~

- \ (Bﬂnnjng)_)
Vorsitzende Richterin am Landgericht
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Traduccidn oficial del alemin de las autenticaclones de firmas
y las apostillas adjuntas al documento de cesién mediante el
cual la invenciétn PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAG-
NOSTICO DE LA ENFERMEDAD DE ALZHEIMER es cedida por sus inven-

tores a Schering Aktiengesellschaft de Berlin, Alemania.

Registro Notarial No. R 275 para el afio 2003

Yo expliqué la prohibiclén de participacién seg@in el Articulo
3 inciso 1 No. 7 de la Ley de Notarizaciédn. Mi pregunta sobre
81 existia algin impedimente de acuerdo con la mencionada dis-

posicién fue contestada negativamente.

Autentico la firma que aparece anterlormente, ejecutada en mi
presencia por el

Sefior Dr. Christoph Stephan Hilger,

nacido el 29 de Junio de 1955,

domicilio comercial 13353 Berlin, MillerstraBe 178,
quien se identificéd presentando su pasaporte No. 2471693259.

Berlin, 20 de Mayo del 2003

Dimitrli Rempen, Notario en Berlin
(Firma y Sello Oficial)

Nota de gastos Articulos 141,154 Disposicién de Impuestos

Valor del negocio: 12,000,00 EUROS

Impuesto Articulos 32, 451 15,00 EUROS
Impuesto Articulo 58 15,00 EUROS
Impuesto Articulos 136, 152 1,00 EUROS
Impuesto Articulos 137, 152 1,44 EUROS
16% IVA 5,19 EUROS

Total 37,63 EUROS

Berlin, 20 de Mayo del 2003

Dimitri Rempen, Notario en Berlin (Firma)
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Apostilla
{(Convencién de La Haya del 5 de Octubre de 1961)

Pais: Republica Federal de Alemania
Este documento pablico

Ha sido firmado por: Dimitri Rempen
En su calidad de: Notario

Y lleva el sello: Del Notario

Confirmado

En: Berlin

El: 23 de Mayo del 2003 i
Por: El Presidente del Tribuﬁal Regional en Berlin
Bajo el No.: 9101 a E-F. 1531/2003

Sello: EL PRESIDENTE DEL TRIBUNAL REGIONAL EN BERLIN
Firma: Por encargo: Binning, Jueza Presidenta en el

Tribunal Regional

Sk

ADOLF WATZKE
Tradustor Ofietal
Res. 8433 Minjusticia
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Nummer 0 6 4 8 der Urkundenrolle des Jahrgangs 2003 der ?’B
Notarin Bettina Korting mit Amtssitz in 01309 Dresden, HaydnstraBe 21

Vorstehende, vor mir der unterzeichnenden Notarin vollzogeﬁa—Untérsch;iﬂen von
- "

1. Hermn Prof. Dr. Bemd Johannsen,
geboren am 27. Mai 1839,
wohnhaft in 01324 Dresden, Lausitzer Strae 5,

2. Herm Dr. Jorg Steinbach,
geboren am 28. November 1952,
wohnhatt in 01877 Bischofswerda, Geschwister-Scholl-Stralle 14,

3. Herrn Peter Mading,
geboren am 10. Juni 1855,
wohnhatt in 01277 Dresden, Voglerstrale 19,

ausgewlesen durch amtlichen Personalausweis Nr.
Zu 1. 7881142227,

2u 2. 79685126141,

zu 3. 76586039983,

beglaubige ich.

Dresden, am 29. August 204







Apostille

(Convention de la Haye du 5 octobre 1961)

1.) Land: Bundesrepublik Deutschland

Diese Sffentliche Urkunde
2.) ist unterschrieben von Bettina Korting
3.) in ihrer Eigenschaft als Notarin in Dresden
4.) sie ist verschen mit dem Siegel der Notarin Bettina Korting
in Dresden
Bestitigt
5.) in Dresden 6.) am 02.09.2003
7.) durch den Priisidenten des Landgerichts Dresden
8.) unter Nummer E 910a-247/03

9.) Siegel FREISTAAT 10,) Unterschyifl
SAHSN
h e/«/
— erd Hdlfar
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COLOMBIA

DOCUMENTO DE CESION
ASSIGNMENT DOCUMENT

Los suscritos,
{We, the undersigned)

CHRISTOPH-STEPHAN HILGER
con domicilio en Beriin, Alemania

BERND JOHANNSEN
con domiclito en Dresden, Alemanla

JORG STEINBACH
con domicllio en Blschofswerda, Alemania

PETER MADING
con domicllio en Dresden, Alemania

MEREDITH HALKS-MILLER
con domicllic en Woodside, Estados Unidos de América

RICHARD HORUK
con domicilio en Lafayette, Estados Unldos de América

HARALD DINTER
con domicllio en San Rafael, Estados Unidos de América

RAJU MOHAN
con domicilioc en Morangs, Estados Unidos de América

JOSEPH E. HESSELGESSER
con domicllio en San Francisco, Estados Unidos de América

declaramos que somos los inventores de la Invencién que lieva el titulo
(declare that we are the inventors of the invention tiled)

RADIOPHARMACEUTICALS FOR DIAGNOSING ALZHEIMER'S DISEASE

PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAGNOSTICO DE LA
ENFERMEDAD DE ALZHEIMER

y que hemos cedido el derecho sobre esta invencion en Colombia, junt o con los
privileglos

(and that we have assigned our rights over this invention Iin Colombia, together with Its
privileges) .

y anexidades a favor de SCHERING AKTIENGESELLSCHAFT

(and attachments, to) Berlin, Alemania
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1)

HILGER Christoph-Stephan

A Bernd w

STIN ACH, Jorg v

Y BGC A n

MADING, Peter ./
5)

HALKS-MILLER, Meredith
6)

HORUK, Richard
7)

8) DINTER, Harald

MOHAN, Raju
9)

HESSELGESSER, Joseph E.
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Traduccién oficial del aleman de las autenticaciones de filrmas
y las apostillas adjuntas al documento de cesidén mediante el
cual la invenciédn PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAG-
NOSTICO DE LA ENFERMEDAD DE ALZHEIMER es cedida por sus inven-
tores a la compafiia Schering Aktiengesellschaft domiciliada en

Berlin, Alemania.

Reglstro Notarial No. 0648 para el aflo 2003

Notaria Bettina Kdrting en 01309 Dresden, HaydnstraBe 21

Autentico las firmas que apareces anteriormente, ejecutadas en

ml presencia por

1. Sefior Prof. Dr. Bernd Johannsen,
naclido el 27 de Mayo de 1939,,
domicllio 01324 Dresden, Lausitzer StraBe 5,

2, Sefior Dr. Jbrg Steinbach,
nacido el 2B de Noviembre de 1952,
domicilio 01877 Bischofswerda, Geschwister-Scholl-Str. 14,

3. Seflor Peter Miding,
nacido el 10 de Junio de 1955,
domicilio 01277 Dresden, Voglerstrahe 19,

cada uno de ellos identificado respectivamente mediante su
cédula de identidad

1. No. 7881142227,

2. No. 7965126141,

3. No. 7658603993.

Dresden, 29 de Agosto del 2003

BETTINA KORTING, NOTARIA EN DRESDEN
(Firma y Sello Oficial)
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3.
4.

10.

Apostilla
(Convencién de La Haya del 5 de Octubre de 1961)

Pais: Replblica Federal de Alemania

Este documento pablico

Ha sido firmado por: Bettina K&rting
En su calidad de: Notaria en Dresden

Y lleva el sello: De la Notarlia Bettina Kdrting en Dresden
Confirmado

En: Dresden

El: 02.09.2003

Por: El Presidente del Tribunal Regional en Dresden
Bajo el No.: E 910a - 247/03

Sello: EL PRESIDENTE DEL TRIBUNAL REGIONAL EN DRESDEN
Firma: Gerd Halfar

,ﬂzh

ADOLF WATZKE
Tradueior Ofictal

Rea. 8438 Minjusticia
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COLOMBIA

DOCUMENTO DE CESION
ASSIGNMENT DOCUMENT

Los suscritos,
{We, the undersigned)

CHRISTOPH-STEPHAN HILGER
con domiclllo en Berlin, Alemania

BERND JOHANNSEN
con domicilio en Dresden, Alemania

JORG STEINBACH
con domicliio en Bischofswerda, Alomania

PETER MADING
con domicllio en Dresden, Alemania

MEREDITH HALKS-MILLER
con domicilio en Woodside, Estados Unidos de América

RICHARD HORUK
con domicillo en Lafayetis, Estados Unidos de América

HARALD DINTER
con domiclllo en San Rafael, Eatados Unidoa de América

RAJU MOHAN
con domiclllo en Moranga, Estados Unidos de América

JOSEPH E. HESSELGESSER. »
con domicllio en San Francisco, Estados Unidos de América

declaramos que somos los inventores de la Invencidn que Reva el titulo
{declare that we are the Inventors of the Invention titted)

RADIOPHARMACEUTICALS FOR DIAGNOSING ALZHEIMER'S DISEASE

PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAGNOSTICO DE LA
ENFERMEDAD DE ALZHEIMER

y qus hemos cadido el derecho sobre esia Invencidn en Colombla, junt 0 con los
privisglos

(and that we have assigned our rights over this invention in Colombla, together with Its
privileges)

y anexkiades a favor de SCHERING AKTIENGESELLSCHAFT

{and attachments, o) Berlin, Alemania

+3

JTvae 2
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1)

HILGER, Christoph-Stephan
2)

JOHANNSEN, Bernd
3)

STEINBACH, Jsrg '
4)

HKDING' Peter LB N A ] LN BN BN ] - a L ] s a
)

HALKS-MILLER, Meredith
8)

.HCO.R.U.K.'.- ii.cu ..r-d- ® g &a v e a8 4 % 9 28 8 9SS
7)

DINTER, Harald

8)
) MOHAN, Raju

SYELGESSER, Jpfeph E.
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APOSTILLE

(Convention de La Haye du 5 octobre 1961)

Country: United States of America
This public document

has been signed by RICHARD DAVID DUPLER
acting in the capacity of Notary Public, State of California

bears the seal/stamp of RICHARD DAVID DUPLER, Notary Pubilic,
State of Califonia

CERTIFIED
At Sacramento, Califomia
the 6th day of June 2003
by Deputy Secretary of State, State of California
No. 158062 |

Seal/Stamp:

10. Signature

e

KEVIN SHELLE
Secretary of State

py_~1/4 lh (7 - |
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GALIF IIIIIA ALL-PURPOSE AGKIIOWI.EDGHEN‘I‘

State of Californla
San Francisco 8

Gountyof

on NN 1T 1003 hetore me, Richard David Dupler, Notary Publ1c.

lh-.lﬁdﬁhl. “ma Doy, Nolry Publn")

personally appeared jo SeoH E HGS'E CBESSER.

Marma(a) of Eigrais)

~E-personaliy-imevwn-to-me—
¥ proved to ma on the basle of aatlefactory
avidence

to be the person{s) whose namels) la/asg
subscribed to the within [nstrument and
acknowledged to me that h executed
the same In his/erthel thorized
capaciy(tes), and that by histherthalr
aignature{s) on the Instrument the paraon(s}, or
the entity upon behalf of which the personts)
actaed, exacuted the instrument.

WITNESS mj hand

Ny Pl B
Richard David Dupler, Notary Public
OPTIONAL

Thaugh the informalion baiow is not recesred by inw; § may prove veluable 1 parsons relying on ihe document and could prevant )
frauckdern removed and reatinciynant of this form o another documant.

T —
- Capacity(les) Clalmed by mgv
Signer's Name:

O Individual / \ _‘uumm
1 Corporate Officer — Tite{a):

O Partner — (1 Limited [J
O Attomey-in-Fact

- O Trast
0 Guardlan ar

D Other: _, ' \

.l-_ﬂl_yl-hll = FIN0 Du Sain Awvi, PO B B4R « Chusimteth, GA 11313-8408 « weniisrminglant ang P, o SNOT Fasrw: Call Tol-Fres 1-S-079-00ET

all
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TRADUCCION OFICIAL DEL INGLES de la autenticacién de firmas y la
apostilla adjunta al documento de cesiétn mediante -el cual la inven-
cién PRODUCTOS RADIOFARMACEUTICQS PARA EL DIAGNOSTICO DE LA ENFERME-
DAD DE ALZHEIMER es cedida por sus inventores a la compafiia Schering
Aktiengesellschaft de Berlin, Alemania.
RECONOCIMIENTO HECHO CALIFORNIA PARA TODO PROFOBITO
Estado ge California, Condadoc de San Francisco
El dia 17 de Mayo del 2003 ante Richard David Dupler, Notario Pdbli-
co, comparecié personalmente Joseph E. Hesselgesser, quien sobre la
base de evidencia satisfactoria demostré ser una de las personas cu-
yo némbre aparece suscrito en el instrumento adjunto y reconocié ha-
ber ejecutado dicho instrumento en calidad de persona autorizada y
que mediante su firma en dicho instrumento entonces ese instrumento
fue ejecutado por la persona o por la entidad en nombre de la cual
61 actuaba.
En testimonio de lo cual coloco mi firma y mi sello oficial.
RICHARD DAVID DUPLER, Notario Pdblico
(Firma y Sello Oficial)
Estado de California
SECRETARIA DE ESTADO
Apostilla
{(Convencién de La Haya del 5 de Octubre de 1961)
1. Pais: Estados Unidos de América
Este documento ptdblico
2. Ha sido firmado por: RICHARD DAVID DUPLER
3. En su calidad de: Notario Pdblico, Estado de California
4. Y lleva el sello: De RICHARD DAVID DUPLER, Notario Pdblico,
Estado de California

Confirmado
5. En: Sacramento, California
6. El: 6 de Junio del 2003
7. Por: El Secretario Suplente del Estado de California
8. Bajo el No.: 158062
9. Sello: GRAN SELLO DEL ESTADO DE CALIFORNIA
10. Firma: KEVIN SHELLEY, Secretario de Estado M. M . 5.

JOSE MIGUEL MENDEZ
Traductor Oficial

Res. 911 do RMaye 1988 MINJUBTICIA
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'f I S FPIA
: L. ' COLOMBIA
DOCUMENTO DE CESION
ASSIGNMENT DOCUMENT
Los susacritos,

(We, the undersigned)

CHRISTOPH-STEPHAN HILGER
con domicillo en Berlin, Alemania

BERND JOHANNSEN
con domicilio en Dresdsn, Alemanla

JORG STEINBACH
con domidlio en Blschofswerda, Alemanla

PETER MADING
con domicllio en Dresdan, Alemania

MEREDITH HALKS-MILLER,
con domicllio en Woodskde, Estados Unidos de América

RICHARD HORUK.
con domicliio en Lafayette, Estados Unidos de América

HARALD DINTER .
con domicllio en San Rafael, Estados Unkdos de América

RAJU MOHAN
con domichio en Moranga, Estados Unidos de América

JOSEPH E. HESSELGESSER.
con domicillo an San Francisco, Estados Unidos de América

declaramos que somos los Inventores de la Invencion que leva sl tiulo
{deciare that we are the inventors of the Invention tited)

RADIOPHARMACEUTICALS FOR DIAGNOSING ALZHEIMER'S DISEASE

PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAGNOSTICO DE LA
ENFERMEDAD DE ALZHEIMER

y que hemos cedido el derecho sobre esta Invencidn en Colombia, junt o con los
privieglos

(and that we have assigned our rights over this invention In Colombia, together with ite
privileges)

y anexidades a favor de SCHERING AKTIENGESELLSCHAFT

(and attachments, to) Berlin, Alamania



1)

HILGER, Christoph-Stepham
2)

JOHANNSEN, Bernd

HESSELGESSER, Joseph E.



SECRETARY OF STATE

APOSTILLE

(Convention de La Haye du 5 octobre 1961)

| 1. Country: United States of America
i‘ . & This public document
[

. has been signed by CINDY LOU STEWART

A)
N

3. acting in the capacity of Notary Public, State of California

4. bears the seal/stamp of CINDY LOU STEWART, Notary Public,
State of Califomnia

CERTIFIED
At Sacramento, California
the 6th day of June 2003
by Depuly Secretary of State, State of Califomnia
No. 158063

5.
6.
7.
8.
9.

10. Signature

KEVIN SHELLEY
Secretary of State

N NP-2¢ A (REV. 109

b/ , 4 K




State of Califomia

Courty of Wﬂ

3 proved to me on the basla of satistactory
_evldame

to ba the person({s) whose name{s) Is/are
subscribed to the within Instrument and
acknowiedged to me that he/she/they executed
the eame in hig/herithelr authorized
capacity{les), and that by histherihelr
signature{s) on the instrument the person(s), or
the entity upon behalf of which the person(s)
acted, executed the instrument.

wi hand

Sigrabwe of Nolary

OPTIONAL
Though the information balow is nat required by law, i may prove vakaable to persons relying on the docurnant and could prevent
frauchsdant removal and roattachment of this form i another documert.

Description of Attached Document

Tile or Typa of Document:

Document Date: Number of Pages:

Signer{s) Other Than Named Above:

Capaclty(les) Claimed by Signer

Signer's Name: m
" Tap of thumb hare

O Individual

O Corporate Officer — Title(s):
O Parmer — [ Limited [ General
O Attomey-in-Fact

O Trustee

O Guardian or Consarvator

0 Other

Signer |1s Representing:___

© 1690 Nabxrml Nolary Assockslon + 6350 De Soko Ave., P.C. Box B402 « Chalewarth, CA §1313-84G2 « werw.railiorainoleryorg Prod. No. 207 Reciar: Call Toll-Fres 1-800-878-8027

‘47.E 9-



SECRETARY OF STATE
APOSTILLE

(Convention de La Haye du 5 octobre 1961)

1. Country: United States of America
This public document

) 2. has been signed by Carole J. Smith
| 3. acting in the capacity of Notary Public, State of Califomia
4. bears the seal/stamp of Carole J. Smith, Notary Public,

State of Califomnia
CERTIFIED

: 5. At Sacramento, Califonia
| 6. the 28th day of June 2003
7. by Depuly Secretary of State, State of California

8. No. 160559
‘ 9. Seal/Stamp:
| 10. Signature

Ve

KEVIN SHELLEY
Secretary of State

NP-24 A {REV. 1-00)
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State of Californla
88

comyot (nthe (Jaald.

i °nM&WE&?&M
§  porsonaly appeared / ]

Newis) of Gigraris}

O personally known o me
to me on the basls of satisfactory
idence

o be the person{sy whose nama(s). is/are

subscribead to the within instrument and

acknowledged to me that he/shafhey executed

CAROLE J. SMITH the same in hishesteir authorized

r Commission # 1383400 capacity{ies), and that by his/haskhelr
Notary Public - Cailfomio signature(s} on the instrument the person(s), or

Contro Costa County [ the entity upon behalf of which the person(s)
My Cornm, Expires Dec 1 2006 acted, executed the Instrument.

WITNESS my hand and official eeal.

o Nowsy Pubic

OPTIONAL
Though the information balow I8 not required by iaw; & mey prove vakuahle io persons relying on the documen and could pravent
frauckdent removel and reattachmant of this form io anociher docurment.

Description of Attached Document

Tiie or Type of Document; _M@MM

Document Date: Number of Pages: _é"___

Signen(s) Other Than Named Above:

Capacity(ies) Claimed by Signer
Signer's Name:

O Individual

O Corporata Officer — Thle(s):
O Partner — O Limited (] General
O Attomay-n-Fact

0O Trustee

O Guardlan or Conservator

O Other:

Signer ls Repreaanting:

-—_ ) i’

N 3V

© 1000 Naliorml Notary Associaion « S350 De Bom Aus., P.O. Bom NI » Chaiswcrth, CA 41313-2402 » wemnafonsiroiery.org Prod. No. 3907 Rorder: Coll Toll-Free 1-800-570-0837



SECRETARY OF STATE
APOSTILLE

(Convention de La Haye du 5 octobra 1961)

1. Country: United States of America
This public document

2 has been signed by Carole J. Smith
3. acting in the capacity of Notary Public, State of California
4. bears the seal/stamp of Carole J. Smith, Notary Public,

State of Californie

CERTIFIED
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(1 personally known to me
,%ro;d to me on the basis of satisfactory
avi

to be the person{e} whose name(s)- la/are
subscribed to the within Instrument and
acknowiadged to me that he/she/they axecuted

same hisherAbelr authorized
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tha entity upon bahalf of which the person(s)
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TRADUCCION OFICIAL DEL INGLES de las autenticaciones de firmas y las
apostillas adjuntas al documento de cesién mediante el cual la
invencifétn PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAGNOSTICO DE LA EN-
FERMEDAD DE ALZHEIMER es cedida por sus inventores a la compafia
Schering Aktiengesellschaft de Berlin, Alemania.

RECOMOCIMIENTO HECRO EN CALIFORNIA PARA TODO FROFOBITO
Eatado de California
Condado de San Diego

El dia 14 de Mayo del 2003 ante Cindy Lou Stewart, Notaria Pdblica,
compareci® personalmente Raju Mohan, conocido personalmente por 1la
suscrita Notaria, y reconocié ser una de las personas cuyo nombre
aparece suscrito en el instrumento adjunto y haber ejecutado dicho
instrumento en calidad de persona autorizada, y que mediante su fir-
ma en dicho instrumento entonces ese instrumento fue ejecutado por
la persona o por la entidad en nombre de la cual &1 actuaba.

En testimonio de lo cual coloco mi firma y mi sello oficial.

CINDY LOU STEWART, Notaria Piblica
(Firma y Sello Oficial)

Estado de California
SECRETARIA DE ESTADO

Apostilla
{Convenclén de La Haya del 5 de Octubre de 1961)

1. Pais: Estados Unidos de América
Este documento pdblico
2. Ha sido firmado por: CINDY LOU STEWART
3. En su calidad de: Notaria Pdblica, Estado de California
4. Y lleva el sello: De CINDY LOU STEWART, Notaria Pdblica,
Estado de California

Confirmado

5. En: Sacramento, Callifornia

6. El: 6 de Junio del 2003

7. Por: El Secretario Suplente del Estado de California
8. Bajo el No.: 158063

9. Sello: GRAN SELLO DEL ESTADO DE CALIFORNIA

10. Firma: KEVIN SHELLEY, Secretario de Estado M. m’ (2 S
[Firma Tlegible del Secretario Suplente de Estado] JOSE MIGUEL MENDEZ
Traductor Oficlal

N Bes. 911 de Maye 1968 MINJURTION
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Estado de California

Condado de Contra Costa

El dia 16 de Mayo del 2003 ante Carole J. Smith, Notaria Pdblica,
comparecié personalmente Harald Dinter, quien sobre la base de evi-
dencia satisfactoria demostrd ser una de las personaf'cuyo nombre
aparece suscrito en el instrumento adjunto y reconocidé haber ejecu-
tado dicho instrumento en calidad de persona autorizada, y gque me-
diante su firma en dicho instrumento entonces ese instrumento fue
ejecutado por la persona o por la entidad en nombre de la cual él
actuaba.

En testimonio de lo cual coloco mi firma y mi sello oficial.

Carole J. Smith, Notaria Pdblica
{Firma y Sello Oficial)

Descripoién del Documanto Adjunto
Tipo de documento: Documento de Cesién para Colombia 51783
Ndmero de piginas: 2

Estado de California
SECRETARIA DE ESTADO

Apoatilla
{(Convencién de La Haya del 5 de Octubre de 1961)

1. Pals: Estados Unidos de América
Este documento ptblico
2. Ha sido firmado por: Carole J. Smith
En su calidad de: Notaria Pdblica, Estado de California
4. Y lleva el sello: De Carole J. Smith, Notaria Pdblica,
Estado de California

Confirmado

5 En: Sacramento, California

6. El: 28 de Junio del 2003

7. Por: El Secretario Suplente del Estado de California
8

9

Bajo el No.: 160559
Sello: GRAN SELLO DEL ESTADO DE CALIFORNIA

10. Firma: KEVIN SHELLEY, Secretario de Estado LA I{; di}:s’
Stacy M°'Elyea, Secretaria Suplente de Estado JOSE MIGUEL MENDE2
Traductor Oficlat

Res. 911 de Moyo 1988 MINJUBTICIA
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RECOMOCIMIENTO HECHO EN CALIFORMNIA PARA TODO PROPOBITO
Estado de California
Condado de Contra Costa

El dia 21 de Mayo del 2003 ante Carole J. Smith, Notaria Pdblica,
comparecid personalmente Meredith Halks-Miller, quien sobre la base
de evidencia satisfactoria demostré ser una de las personas cuyo
nombre aparece suscrito en el instrumento adjunto y reconocid haber
ejecutado dicho instrumento en calidad de persona autorizada, y que
mediant; su firma en dicho instrumento entonces ese instrumento fue
ejecutado por la persona o por la entidad en nombre de la cual él
actuaba.

En testimonio de lo cual coloco ml firma y mi sello oficial.

Carole J. Smith, Notaria Pfdblica
(Firma y Sello Oficial)

Descripoién dal Documento Adjunto
Tipo de documento: Cesién de Patente 51783 Colombla
Ndmero de paginas: 2

Estado de California
SECRETARIA DE ESTADO

Apostilla
(Convencidén de La Haya del 5 de Octubre de 1961)

1. Pais: Estados Unidos de América
Este documento pdblico
2. Ha sido firmado por: Carole J. Smith
3. En su calidad de: Notaria PGblica, Estado de California
4, Y lleva el sello: De Carole J. Smith, Notaria Pdblica,
Estado de California

Confirmado

5. En: Sacramento, California

6. El: 28 de Junio del 2003

7 Por: E1l Secretario Suplente del Estado de California
8 Bajo el No.: 160560

9. Sello: GRAN SELLO DEL ESTADO DE CALIFORNIA

10. Firma: KEVIN SHELLEY, Secretario de Estado ”lf et <
Stacy M°Elyea, Secretaria Suplente de Estado JOSE MIGUEL MENDEZ
Traductor Oficiat

tes. 9TV do Naye 1968 minJunTiis
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RECONOCIMIENTO HECEO EN CALIFORNIA PARA TODO FROPOSITO

Estado de California
Condado de Contra Costa

El dia 22 de Mayo del 2003 ante Carole J. Smith, Notaria Piblica,
comparecié personalmente, Richard Horuk, conocido personalmente por
la suscrita notaria y reconocidé ser una de las personas cuyo nombre
aparece suscrito en el instrumento adjunto y haber ejecutado dicho
instrumento en calidad de persona autorizada, y que mediante su fir-
ma en dicho instrumento entonces ese instrumento fue ejecutado por

la persona o por la entidad en nombre de la cual &1 actuaba.

En testimonio de lo cual coloco mi firma y mi sello oficial.

Carole J. Smith, Notaria Péblica
(Firma y Sello Oficial)

Dascripcién del Documanto Adjunto
Tipo de documento: Cesién de Patente 51783 Colombia
NGmero de paginas: 2

Estado de California
SECRETARIA DE ESTADO

Aposatilla
{Convencitn de La Haya del 5 de Octubre de 1961)

1. Pais: Estados Unidos de América
Este documento pifiblico
2. Ha sido firmado por: Carole J. Smith
En su calidad de: Notaria Pdblica, Estado de California
4. Y lleva el sello: De Carole J. Smith, Notaria Pdblica,
Estado de California

Confirmado

5 En: Sacramenfo, California

6. El: 28 de Junio del 2003

7. Por: El Secretario Suplente del Estado de California
8 Bajo el No.: 160561

9. Sello: GRAN SELLO DEL ESTADO DE CALIFORNIA

10. Firma: KEVIN SHELLEY, Secretario de Estado

Stacy M°Elyea, Secretaria Suplente de Estado M Me_ {

JOSE MIGUEL MENDEZ
Traductor Oficial
Res. 911 de Maye 1908 MinJuSTICIA
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United States Patent and Trademark Office - S
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¥ October 10, 2001 gL
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. THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 'Tr
| THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK ‘
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1 APPLICATION NUMBER: 60/246,299 ;e
|  FILING DATE: November 06, 2000 i
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By Authority of the :
= COMMISSIONER OF PATENTS AND TRADEMARKS
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Certifying Officer
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I harsby oartify that this correspondenes and the documents referred to se sitached thereln are baing
depoaliud with the Unitad Sixtes Postal Bervice on November 8, 2000, In an snvelops as “Express Mal Past
Offios te Addreasse” sarvice under 3T CFR 1.10, Malling Label Number ELA{4974025US sddresypd to Bax
Provislonal Petant Application, Assistent Commissionsr for Patsts, Weshington, DC 20234

By: Carole J. Smith By bR
— sfure

N THE UNTTED STATES PATENT AND TRADEMARK OFFICE
In re spplication of
For: Rediophamacsutissls for Diagnosing Alzheimers Dissass
Adaiart ot s Paarts
Washingtan, D.C. 20231
This Is & recuast for fling & PROVISIONAL APPUICATION FOR PATENT under 37 CF.R §1.51cX1)0)
The following comgrises the informalion required by 37 CF.R. §1.51(cX1x
The nameais) of the Inventors are:

I'ATENT

P10

91
60

jc

tllml-.l!ht middia, f any) Fumily Nems Burnams Resldence
T s ool Galffarnia
ﬂﬁ Halica-Milller Californla
3. E [ ™

4, m%_ﬁ_l& [ n

[ Hondk a

6. Bernd Johannean Dreaden

T. Puinr

[} Mohan orage,

9. Steinbach

The title of the invention Is: : Radiopharmacauticats for Disgnosing Althaimer’s Disesse
The name, registration, and telsphone number of the stiomay or agent:

Caral J. Roth
Reg. No. 22,783
Telephona Numbar: 510 888-4483

The docket humber usad to identily this application is; 51783AUSTY
The cormaspondencs eddress for this sppliaation ln:

Carol J. Roth

Beriex Blosclancas

15049 San Pubio Averns
P.D. Bax 4099

Richmond, Callfornia 84804-0088

Telephone: 510 8054423
Fecairmily; 510 202-7098

Thia (nvention was not mads by an sgency of the U.S, Govarnment ar under s contract with an sgancy of the U3,
Government
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Kiantification of documants accompanying this cover sheet

Documants recalired by 37 CFR §51.659(c)2){3: Spealication No. of Pages 80 [lnd_.lhl_ and Drawings, Drawings
No. of Pages 10, Addiional documents: Clsime 15 Power of Allomery , Assignment

Fas

The fiing fee for the provisionsl sppiication, as eet in 37 C.FR §1.16(x) Is $150.00 for other than a small entity.
Fos paywment

Fes paymant In the srnount of $150.00 is being made at this time.
Method of fae puyment

The Commissionsr Is herby suthortrad to charge fling fess o credit any ovarpayment to Deposit Account No, 02-2117.
A duplicate of this cover shest Is stiached.

Bariex Bioscionces Rag. No. 32,783

16048 Ban Pabio Averns Attorrwy for Applicants
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Radlopharmaceuticals for Diagnosing Alzhelmer's Disease

Fleld of the Invention

Thea present Invention reiates to novel radiopharmaceuticals useful for the dlagnosis of
Alzheimer's disease.

Brief deacription of the background art

Alzhsimer’s disease is a severe neurodegenerative disorder, and curmently about 4
milllon Americans suffer from this disease. As the aging population continues to grow, this
number could reach 14 million by the middie of next century unigss a cure or prevention is
found. At present, there is no sensitive and spacific premortam test for early diagnosis of this
disease. Alzheimer's disease is currently dlagnosed based on the dinical observation of
cognitive dediine, coupled with the systematic elimination of other posaible causes of thoae
symptoms. The confirmation of the dlinical diagnosis of "probable Alzhelmer's disease" can
only be made by examination of the postmortem brain. The Aizheimer's disease brain is
characterized by the appearance of two distinct abnormal proteinaceous deposlts in regions
of the brain responsible for leaming and memory (e.g., cersbral cortex and hippocampus).
These daposits are exiracellular amyloid plaques, which are characteristic of Alzheimer's
disease, and intracsliular neurcfibillary tangles (NFTs), which can be found in other
neuradegenamtive disordars as well. Amyloid peptidea are typically elther 40 or 42 amino
acids In length ("AB™*™ or "AB™*", respeciively) and are formed from abnormal processing of
a larger membrane-associated protein of unknown funciion, the amylold precurser protein
("APP"). Oligomeric aggregates of these peptides are thought to be neurctoxic, eventually
rasuiting in synaptic degeneration and neurcnal loss. The amount of amylold deposition
roughly comrelates with the severity of symptoms at the time of death.

in the past, there have been severa! attempts for the deaign of radiopharmacsuticals
that could be used as diagnostic agents for a premortem diagnoals of Alzhelmer's disease.

Bomebroek ef &l. showed that the amyloki-assodlated protein serum amyiold P
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componant (SAP), labeled with '], accumuiates at low levels in the cerebral cortex, possibly
in vassel walls, of patients with cerebral amyloidosls (Bomebroek, M., et &l., Nucl. Med.
Commun. (1986), Vol. 17, pp. 920-933).

Salio et al. proposed a vector-mediated delivery of #|-iabeled A8**° through the
blood-brain bamier. Itis reported that the lodinated AR'° binds A amylokd plaque In tissue
sections (Saito, Y., ef al., Proc. Natl. Acad. Sci. USA 18985, Vol. 82, pp.10227-10231),

U.S. Patent No. 5,231,000 discioses antibodies with specificty to A4 amyloid
polypeptida found in the brain of Alzhaimer's disease patients. However, a method to defiver
thesa antibodles acrass the blood-brain barrier has not been described.

Zhen et al. described modifications of the amylold-binding dye known as "Congo
Red™", and complaxes of these madlfied molecules with technetium and rhenium. The
complexes with radloactive lons are purported to be potential Imaging agents for Alzhelmer's
digease (Zhen et a/., J. Med. Chem.(1889), Vol. 42, pp. 2805-2815). However, the potential
of the complexes to croes the blood-brain barrier is limited.

A group at the University of Penngyivania In the U.8.A. (Skovronsky, M., et &l., Proc.
Natl. Acad. Scl. 2000, Vol. 87, pp.7608-76814) has deveioped a fiuorescently labeled
derivative of Congo Red that Is brain parmeable and that non-specifically binds to amyloid
materials (that is, peptides in B-pleated sheet conformation). This compound would need to
be radiolabeled and then run through pre-dinical screens for pharmacokinetics and toxicity
before clinical testing.

Klunk et al. reported experiments with a derivative of Congo Red™, Chrysamine G
(CG). Itls reported that CG binds synthetic f-amylold well in vitro, and crosses the biood-
brain barrfer In normal mice (Klunk ef al., Neurobiol. Aging (1894), Vol. 15, No. 6, pp. 681-
668).

Bergstrdm et al. presented a compound labeled with lodine-123 as a potential
radloligand for visualtzation of My and M2 muscarinic acetylcholine receptors In Alzhelmer's
disease (Bargstrdm ef &l., Eur. J. Nudl. Med. (1998), Vol. 26, pp. 1482-1485 ).

Recently, it has been discoverad that certain spacific chemokine receptors are
upregulated in the brains of patients with Alzhelmer's disease (Horuk, R. et &/., J. Immunal.
(1997), Vol. 158, pp. 2882-2890); XIa et &/., J. NeuroVirol, (1998), Vol. 5, pp. 32-41). In
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addition, it has been shown recently that the chemokine receptor CCR1 is upregulated In the
brains of patients with advanced Alzheimer's disease and absent in normal-eged brains
(Halks-Miller ot a8/, CCR1 Immunoreactivity in Alzheimer's Disease Brains, Society for
Neurcecience Meeting Abstract, #767.6, Volume 24, 1988). Antagonists to the CCR1
receptor and their use as anti-nflammatory agents are described in the PCT Published
Patent Appllcation, WO 98/56771.

None of the above described proposals have resulted in a dlinical development of an
imaging agent for the early diagnoasis of Alzheimer’s disease. Accordingly, there Is stiiia

clinical need for a diagnostic agent that could be used for a relflable and early dlagnoasis of
Alzheimer's disease.

SUMMARY OF THE INVENTION

The present Invention Is directed to rediopharmacsuticals that bind to the CCR1
receptor and are able to pass through the blood-braln barrier, and are therafore useful in
dlagnosing Alzheimer's disease, preferably at an early stage of the diseasa.

Accordingly, In one aspect, the invention Is directed to compounds of formula (I):

R* /——.N/_-<:__—>/xa
O_ _/ n= ()
wherein;

X' and X2 are each independently halo;

R! and R? are each independently hydrogen or alkyi; and

R® is hydrogen, amino, moncalkylamino, dialkylamino, monoaraliylamino,
alkylcarbonylamino, atkenyicarbonylamino, haloalkyicarbonylamino,
aryicarbonylamino, alkoxyalkylcarbonylamino, alkoxycarbonylalkyicarbonylamino,
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glycinamido, monoalkyiglyctnamido, arylcarbonyiglycinamido,
aminocarbonyliglycinamido, (aminocarbonyi)alkyl)glycinamido,
(alkoxyalkyicarbonyl)glycinamido, ureldo, monoalkylureido, monoarylureido,
monoanalkylureldo, or alaninamido;

and wherein elther one of X' or X2 Is selected from the group of 12, 12, 128 131; Tg, 78g,
%8r and '°F; or wherein ane of the carbon atoma in the compound Is '1C;

or a phamaceutically acceptable salt thereaf.
in ancther aspect, the invention Is directad to compounds of formule (ll):

O

N(R‘)R-"
wherein
X' and X2 are each Independently halo;
R! and R? are each Independently hydrogen or alkyl; and
R* is hydrogen; and
R® comprises a chelator capable of binding a radioactive metal atomn chosen from the group
of ®™Tc, "®Ra and "“Re;
or as a complex with ™" Tc, 1®Ra and 1¥Re;
or a pharmaceutically acceptable salt thereof.

In another espect, this Invention Is diracted to a method of dlagnosing Alzhelmer's
diesase In a human which comprises administering to a human In need of such dlagnosis
a compound of formula (1) or formula (ll), as described above and herein, and measuring
the radioactivity arising from the administration of the compound to the human elther by
using a gamma camera or by positron emission tomography (PET).

In another aspect, the Invention Is directad to a method of using a compound of the
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invention for the manufachure of a radiopharmaceutical for the diagnosis of Alzheimer's
disease In a2 human.

In another aspect, the Invention is directed to a method of preparing compounds of the
invention,

Brief Description of the Figures

Figure 1 shows the axpression of CCR1 in Alzheimer's disease braln fissue .

Figure 2 shows CCR1 antibady apecificity In Alzheimer’s disease braln tissue.

Figure 3 shows CCR1-AB"* double-labeled tissue sections

Figure 4 shows neurltic plaques double-labeled for CCR1 and AB™2,

Figure 5 shows diffuse AB' stalning in Alzheimer's disease brain.

Figure 6 is a graph showing the relationship between CCR1 and AB™® by CDR score.
Flgure 7 Is & graph showing the relationship between CCR1 and AB"“2 by CDR score.
Figure 8 is a graph demonstrating the decrease In total brain radioactivity over time.
Figure 9 Is a graph showing the percant of Injected dose in brain and plasma.

Figure 10 are graphs showing CCR1 exprassion in other neurodegenerative diseases.

Detalled Dascription of the Invention
Definitions

As used In the specification and appended claims, uniess specified to the contrary, the
following terms have the meaning Indicated;

*Alky!" refars to a stralght or branched chain monovalent or divalent radical consisting
solely of carbon and hydrogen, containing no unsaturation and having from one to eight
carbon atoms, e.g., methyl, ethyl, n-propyl, 1-methylsthyl (iso-propyl), n-butyl, n-pentyl,
1,1-dimethylethyt (t-butyl), n-hepty!, and the liks.

"Alkylcarbonylamino” refers to a radical of the formula -N(H)}C{0)-R, where R, is an

alkyl radical as defined above, 6.g., acetylamino, sthyicarbonyiamino, n-propyicarbonylamino,
and the like.

"Alkeny!" refers to a stralght or branched chaln monovalent or divalent radicat
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consisting solety of carbon and hydrogen, containing at least one double bond and having
from two to eight carbon atoms, e.g., ethenyl, prop-1-anyl, but-1-enyl, pent-1-enyl,
penta-1,4-dienyl, and the like.

"Alkenyicarbonylaminc” refers to a radical of the formula -N{H)-C(O)-R. where R. is an
alkeny! radical as defined above, a.g., ethenyicarbonylamino, prop-2-enylcarbonylamino,
but-2-enyicarbonylamino, and the like.

"Alkoxy" rafers to a radical of the formula -OR, where R, is an alkyl radical as defined
above, 6.g., methoxy, ethoxy, n-propoxy, 1-methylethaxy (iso-propoxy), n-butaxy, n-pentoxy,
1,1-dimethylethoxy (t-butoxy), and the like.

*Alkoxycarbonylalkylcarbonylamino® refers to a radical of the formula
-N(H)-C(O)-R.-C{O)OR, where each R, Is ndependently an alkyl radical as defined above,
a.g., ethoxycarbonyimethylcarbonylamino, methoxycarbonyimethylcarbonylamino,
(2-ethaxycarbonylaethyl)carbonylamino, (2-methoxycarbonylethyl)carbonylamino, and the like.

*(Alkoxyalkyicarbonyl)glycinamido® refers to a radical of the formula -N{H)}-C{O)}-CHx-
N(H)}-C{O)-Rs-0-Rq where each R, is Independently an alkyl radical as defined above, e.g.,
(methoxyacetyl)glycinamido, (ethoxyacetyl)glycinamido, and the like.

"Amino" refers to the radical -NH,.

"Aminocarbonyiglycinamicdo® refers to a radical of the formula -N(H)}-C(O)}-CHx-N(H)-
C(O)-NH..

*{AminocarbonyiXalkyl)glycinamido® refers to a radical of the formula
<N(H)-C(O)}CHxN(R4)-C{O)-NH, where R, is an alkyl mdical as defined above.

*Aryl® refers to a phenyl or naphthyl radical. Unless stated otherwise specifically in the
spacification, the term "aryl” or the prefix "ar-" (such as in "aralkyl”) is meant to Includa aryl
radicals optionally substituted by one or more substituents selected from the group consisting
of halo, alkyl, alkoxy, haloalkyl, haloalkoxy, nitro, amino, monoalkylamino, and dialkylamino,
as defined herein.

“Aryicarbonylamino® refers to a radical of the formula -N(H)-C(O)-R, where R Is an
aryl radical as defined above, e.g., (4-methoxyphenyl)carbonylamino,
(4-flucrophenyl)carbonylamino, (4-chiorophenyi)carbonylamino, and the like.

"Arylcarbonyiglycinamido® refers to a radical of the formula
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-N{H)-C{O)}-CHN{H)-C(O)-R» where Ry, Is an aryl radical as defined above, 6.g.,
phenyicarbonyiglycinamido, (4-fluoro-3-trifiucromethyiphenyl)carbonyliglycinamido,
(4-flucrophenyi)carbonyiglycinamido, and the llke.

"Aralkyl® refars to a radical of the formula -R,Rp where R, is an alkyl radical as defined
above and R, is an aryl radical as defined above, e.g., benzyl, and the like.

"Alkoxyalkylcarbonylaminc® refers to a radical of the formula -N(H}C(O)-Re-O-R,
where sach R, Is an alkyl radical as defined above, a.g., mathoxymethyicarbonylamino,
ethaxyethyicarbonylamino, methoxysthylcarbonylamino, and the llke.

"Alaninamido" refers to a radical of the formula -N{H)}-C(O)-C{CHa)H-NH,.

*Banzyf* refers to a radical of the formula -CH>-R;, where R, is a phenyl radical
optionally substituted by one or more substituents selected from the group consisting of halo,
alkyt, heloalkyl, alkoxy, niiro, amino, monoalkylamino, and dialkylamino.

*Dialkylamino® refers to a radical of the formula -N{R,)R, where sach R, is
independently an alkyl radical as defined above, 6.g., dimethylamino, methylethylamino,
dlethylamino, dipropylamino, ethylpropylamino, and the fike.

*Glycinamido” rafers to a radical of the formuta -N(H)-C{O)-CH-NHz.

"Halo" refers to bromo, chioro, lodo or fluoro.

"Haloalkyi" refers to an aiky! radical, as defined above, that is substituted by one or
more halo radicals, as defined above, e.g., triflucromaethyl, difiuoromethy!, trichioromethyl,
2-irifluoroethyl, 1-flucromethyl-2-iuoroethyl, 3-bromo-2-fluoropropyl,
1-bromomethyl-2-bromoethyl, and the Iike.

*Haloalkylcarbonylamino® refers to a radical of the formula -N(H)-C(O)-R; where R Is
an haloalky! radical as defined above, e.g., tiflucromethylcarbonylamino,
trifluoromethyicarbonytamino, 2-bromoethyicarbonylamino, and the fke.

"Monoalkylamino® refers o a radical of the formula -N(H)R, where R, is an alkyl
radical as defined above, 8.g., methylamino, ethylamino, propylamino, and the like.

"Monoaralkylamino® refers to a radical of the formula -N(H)Rs where Rg s an aralkyl
radical as defined above, e.g., benzylamino, (3,4,5-tdmethoxybenzyl)armino,
{4-chlorobenzyl)amino,and the like.

"Monoalkylglycinamido® refers to a radical of the formula -N(H)}-C(O)}-CH-N(H)R,



-
(=]

» 6629h209
(2]

QouaoTT
[=]

51783AUST1
-8-

where Ry Is an alkyl radical as defined above.

"Monoalkylureldo” refars to a radical of the formula -N{H)-C{O)-N(H)R, or a radical of
the formula -N({Ra)-C(O)-NHz where R, is an alkyl radical as defined above.

"Monoaryiurekio” refers to a radical of the formula -N{H)}-C{O)-N(H)R,, or a radical of
the formula -N(Ry)-C(O)-NH; whera R, is an aryl radical as defined above

"Manoaralkylureldo™ refars to a radical of the formula -N{H)}-C(O}-N(H)Rq or a radical
of the formula -N(R¢)}-C(O)-NH2 where Ry is an aralkyl radical as defined above.

“Optional” or "optionally” means that the subsequently described event of
circumstances may or may not occur, and that the description includes instances where sald
event or circumnstance occurs and instances in which it does not. For axampis, "optionally
substituted aryl” means that the aryl radical may or may not be substiuted and that the
description inciudes both substifuted aryl radicals and aryl radicals having no substitution.

"Pharmaceutically acceptable salt" Includes both acid and base addition salts.

"Pharmacsutically acceptable acld addlition salf® refars to those salts which retain the
biological effectiveness and properties of the free bases, which are net biologically or
otherwise undesirable, and which are formed with inorganic acids such as hydrochloric add,
hydrobromic acid, sulfuric acid, niiric acld, phosphoric acid and the Iike, and organic acids
such as acetic acid, proplonic acld, pyruvic acid, maleic acid, malonic acid, succinic acid,
fumaric aclid, tartaric acid, citric acid, benzolc acld, mandelic acid, methanesulfonic acid,
ethanesulfonic acld, p-oluanesulfonic ackd, salicylic add, and the like. Particularly preferred
salts of compounds of the invention are the monochioride salts and the dichloride salts.

"Pharmaceutically acceptable base addition salt® refers to those salts which retain the
biclogical effectivensss and propertias of tha free acids, which are not blologically or
otherwise undesirable. These salts are prepared from addition of an Inorganic base or an
organic base to the frae ackl. Salts derived from Inorgankc bases inciude, but are not limited
{o, the sodium, potassium, ithium, ammonium, caiclum, magnesium, zinc, aluminum salts
and the like. Preferred Inorganic salts are the ammonium, sodium, potassium, calcium, and
magnesium salts. Salts derived from organic bases Include, but are not limited to, salts of
primary, secondary, and tertiary amines, substituted amines Induding naturally occurring
substitited amines, cyclic amines and baslc jon exchange resins, such as lsopropylamine,

%5
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timethylamine, disthylamine, triethylamine, tripropylamine, ethanolamine,
2-dimethylaminoethanol, 2-dlethylaminoethanol, irimethamine, dicyciohexylamine, lysine,
amginine, histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine,
glucosamine, methyiglucamine, thecbromine, purines, piperazine, piperidine,
N-athyipiperidine, polyamine resins and the ike. Particularly prefermad organic bases are
Isopropylamina, dlgthytamine, ethanolamine, rimsthylamine, dicyciohexylamine, choline and
caffeine.

"Ureido® refers to a radical of the formula -N(H)-C(O)-NH;.

It Is understood from the above definitions and examples that for radicals containing a
substituted alkyl group any substitution thereon can occur on any carbon of the alkyl group.

The compounds of the Invention, or their pharmaceutically acceptable salts, may have
asymmaetric carbon atoms In their structure. The compounds of the invention and their
pharmaceutically accepiable salts may therefore exist as single enantiomers,
diestereolsomers, racemates, and mixtures of enantiomers and diastereomers. All such
single enantiomers, diasterecisomers, racemates and mbdures thereof are intended to be
within the acope of this [nvention. Absolute configuration of certain carbon atoms within the
compaounds, if known, are Indicated by the appropriate absolute descriptor R or S.

Utllity and Adminlstration

The compounds of the invention as described hereln are antagonists to the
chamokine receptor known as CCR1 and have the abillity to pass the blood-brain barrier.
The campounds are therefore suited as /n vive dlagnostic agents for Imaging of
Alzheimer's diseasa. The detaction of radioactivity Is performed according to well-known
procedures In the art, either by using a gamma camera or by positron emisslon
tomography (PET).

Preferably, the free base or a pharmaceutically acceptable salt form, e.g. a
monochloride or dichloride salt, of a compound of the Invention used in a galenical
formulation as dlagnostic agent. The galenical formulation containing the compound of the
invention optionally contalns adjuvants known In the art, e.g. buffers, sodium chioride,
lactic acid, surfactants eic. A sterlization by filtration of the galenical formulation under

2% 4
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sterlle conditions prior to usage s possible.
The redicactive dose shouid be In the range of 1 to 100 mCl, preferably 5 to 30 mCi,
and most praferably 5 to 20 mCl per application.

Testing

The suitabliity of the compounds as Imaging agents for Alzheimer’s disease can be
demonstrated by experimental protocols known to those of ordinary ekill in the art. For
example, the upragulation of CCR1 receptors in Aizheimer's disease brains can be
demonstrated in immunohistochemical staining experiments of autopsy braln tissue collected
from Alzheimer's disease patients as described In detall below In the Examples. The abifity of
the compounds of the Invention to bind to the CCR1 recaptor and their ability to pass through
the blood-brain barrler, can also be assessed in known in vitro end in vivo assays g8
deecribed below In the Exampies. In particular, Example 10 describes a large study that was
undertakan to address the degres of CCR1 axpression in different stages of Alzheimer's
dissase. Brain tissue from 50 autopsy cases ehowed a correlation betwsen degree of clinical
severity (dementia) In Alzheimer's disease and CCR1 exprassion in dystrophic neurttes.
CCR1 expression in plaque-llke structures within the brains of dlinically normal Individuals Is
rare., Also, CCR1 expression is not found In the breins of individuals with other
neurodegensrative diseases unless there is a concomitant Alzhelmer's disease pathology
(specifically, AB** in plaques).

Preferred Embodiments

Of the various aspects of the Invention, certain compounds of formula (1) are
preferred. In particular, compounds of formula (i) wherein X' Is a chioro at the 4-position
of the phenyl ring and X2 Is a " atom at the 4-position of the phenyl ring are preferred.
Espedially preferred are such compounds for use as diagnostic agents in positron
aemisslon tomography (PET).

Even more preferred are those compounds of formula {I) whereln R® Is in the 2-
position of the phenyl ring and R Is a methyl at the 2-position of the piperazinyl ring and
R?is a methyl at the 5-position of the piperazinyl ring. Equally preferred are those

R 1
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compounds of formula (1) whereln R® Is In the 2-posltion of the phenyl ring and R! is a
methy! in the 2-position of the piperezinyl ring and RZ Is hydrogen.

Further preferred are these preferred compounds in their In their mono- or dichloride
salt form.

Of the varlous aspects of the Invantion, certain compounds of formula (i) are
preferred. In particular, compounds of formula (1) wherein -N(RYR® Is in the 2-position of
the phenyl ring and R! is in the 2-position of the plperaziny! ring and R? s In the 5-position
of the piperazinyl ring. Equally preferred are those compounds of formula (If) wherein R?
is In the 2-position of the phenyl ring and R' is & methy! in the 2-poeltion of the plperazinyl
ring and R? is hydrogen.

Even more preferred are those compounds of formula (ll) whersin R? comprises e
chelator according to formula (1l1):

H
YT

SH
or formuta (IV):

\“/\N/\/n\/\SH

|
| v

SH
as well as thelr complexes with *™Tc, "Re and '**Re. Of these preferrad compounds, even
more prafarred-are those compounds of formula (ll) wherein R® comprises a chelator
according to formula (lIl) or (IV), and whereln the chelator Is bound to the nitrogen in the
-N(RYR® group of the non-radioaciive compound of formula (If) via a linker moiety comprising
an alkyl radical having one to ten carbon atoms, wherein the alkyl radical optionally contains
one to ten -C(O)-groups, one to ten -C{OIN(R)- groups, one to tan -N(R)C{O)- groups, one to
ten -N(R}- groups, one to ten -N(R): groups, one to ten hydroxy groups, one to ten -C(O)OR-
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groupe, one to tsn oxygen atoms, ane to tan sulfur atoms, one to ten nitrogen atome, one to
ten helogen atoms, one to ten aryl groups, and one to ten saturated or unsaturated
heterocyclic rings whereln R Is hydrogen or alkyl. A prefarmed linker molety Is -C(O}»CHax-
N{H)-.
Of the compounds of the Invention, the most preferred compounds of formula (i) are
thoss compounds selected from the group consisting of the following:
1-{5-chloro-2{2{(2R)-4-{4-ucro-"*F-benzyl)-2-methylpiperazin-1-yl}-2-
oxoethoxy}phenyl)urea;
N{mercaptosth-1-yl)}-N"-(5+nercapto-3-aza-2-oxopent-1-yi}-N-{5-chloro-2-[2-[4-(4-
fluorobenzyl)-22R}-methylpiperazin-1-yil-2-oxoethaxy]phen-1-yliglycyliglycinamide,
technetium-88m-complex;

142-{2{(2R)-4-(4-uorobenzyl)-2-methyipiperazin-1-yl}-2-cxoethaxy}-5-lodo-'*1-phenyl)uree;

N-<(2-mercaptoeth-1-yi)}-N"{5-mercapto-3-aza-2-oxopeni-1-yl}-N-{5-chloro-2-[2-[4-{4-
fluorobenzyl)-2-(2R)-methyipiperazin-1-yl}-2-oxosthoxy]phen-1-yljglycinamkle,
technetium-99m-compilex;

N-{2-mercaptoeth-1-yl)-N'-{(5-mercapto-3-azapent-1-y}-N-{5-chioro-2-{2-{4-(4-fluorobenzyl)-
2-{2R)-methylpiperazin-1-ylJ-2-oxoethoxy]phen-1-yljglycinamide, technetium-g8m-
complex;

2-(2-amino-4-chlorophenaxy)-1-{(2SR,5R S)4-(4-fluoro-"*F-benzyl}-2,5-dimethylpiperazin-1-
yljethan-1-one;

2-(2-amino-4-chlorophenaxy)-1-[(2RS,5R S)-4-(4-fluoro-"*Fbenzyl)-2 5-dimethylpiperazin-1-
yljethan-1-one;

2-(2-amino-4-chlorophanoxy)-14(2SR,5 SR)4-(4-fluoro-"*F-benzyi)-2,5-dimethyipiperazin-1-
yljethan-1-one;

2-(2-amino-4-chlorophenaxy)-1{{2R'S,5SR)4~(4-fluoro-*F-benzyl)-2,5-dimethylpiperazin-1-

- yijethan-1-one;

2-{4-chloro-2-{dlethylamino)phenaxyl-1-[(2SR 5RS)4-{4-fluoro-"F.benzyl)-2,5-
dimethyipiperazin-1-yijethan-1-one;

2-{4-chloro-2-{diethylamino)phencxy}-1(2RS,5RS)-4-(4-lucro-"*F-benzyl)-2,5-
dimethyipiperazin-1-yflethan-1-one;
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2-/A-chloro-2-{dlethylamino)phenoxy}-1-[(2SR,5SR}4-{4-lucro-*F~benzyl)-2, 5-
dimethyipiperazin-1-yfjethan-1-one;
2-{4-chioro-2-{dlethylamino)phencxy}-1-{(2RS,5 SR)4-{4-fluoro-"* ~benzyl)-2,5-
dimethylipiperazin-1-yfjethan-1-one;
1-(5-chloro-2-{2{(2RS,5SR)4-{4-luoro- * F-benzyl)-2,5-dimethyipiperazin-1-yi}-2-
axoethoxy}phenyl)-3-(2,4-dichlorophenyljures;
1-{5-chioro-2{2-{(2SR,5SR)4-{4-fluoro-"* Fbenzyl)-2, 5-dimethyipiperazin-1-yl}-2-
oxoethoxy}phenyl)-3-{2,4-dichlorophenyljurea;
1-{5-chloro-2-{2-{(2RS,5RS)-4-{4-Muoro-"°Fbenzyi)-2,5-dimethylplperazin-1-yi}-2-
oxoethoxy)phenyi)}-3-(2,4-dichlorophenyl)ures;
1-{5-chiaro-2-{2-{(2SR.5RS)-4-{4-fluoro-® F-banzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-(2 4-dichiorophenyl)urea;
1-{5-chloro-2-{2-{(2RS,5SR)-4-{4-fluoro-"*F-benzyl)-2,5-dimethylplperazin-1-yi}-2-
oxoethaxy}phenyljurea;
1-{5-chloro-2-{2-{(2SR,5SR)-4-{4-fluoro-"® ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
axoethaxy}phenyijurea;
1-{5-chioro-2-{2-{(2RS,5RS)4~{4-fluoro-'8F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyljurea;
1-(5-chioro-2-{2-{(2SR,5RS)-4-(4-flucro-'*F-banzyl)-2, 5-dimethyipiperazin-1-yi}-2-
oxoethaxy}phenyl)urea;
1-{5-chloro-2-{2-[(2R'S,5SR)-4-(4-fluoro-"°F-benzyl)-2,6-dimethylplperazin-1-y}-2-
axnethaxylphenyl)urea;
1-{5-chloro-2-{2-{{2SR,55R)-4-(4-fluoro-"® F-benzyl)-2,5-dimethyiplperazin-1-yi}-2-
oxoethoxy}phenyl)urea;
1-(5-ehlom-2_-[2-[(2RS.5RS)-4-(4—ﬂuoro-"'F-benzyl)-2.5-dimuﬂ1ylpiperazin—1-yI]-2-
oxoethaxy}phenyl)urea;
1-{(S-chloro-2-{2{(2SR 5RS)-4-{4-fluoro-'*F-benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenylijurea;

1-{(2SR,5RS)4-{4-fluoro-*F-benzyl)-2.5 -dimethylpiperazin-1-yl}-2-(24acpentytamino-4-

chiorophenoxy)ethan-1-one;
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14(2RS,5RS)-4-{4-fluoro-*Fbenzyl)-2,5,-dimethyipiperazin-1-yl}-2-(2-isopentylamino-4-
chiosophenoxy)ethan-1-one;
14(2SR 5SR)-4-{4-fluoro-"*~-benzy!)-2,5,-dimethyipiperazin-1-yl}- 2-(2-lsopentytamino-4-
chliorophenoxy)ethan-1-one;
1-{(2RS,5SR)4-{4-flucro- " F-benzyl)-2,5,-dimethyipiperazin-1-yf}-2-{2-scpentylamino-4-
chiorophenoxy)ethan-1-one;
N-(5-chloro-2{2{(2SR,5RS)-4-{4-fluoro-'*F-benzyl)-2,5-dimethylplperazin-1-yi}-2-
oxoethoxylphenyl)-2-methyipropanamide;
N-{5-chioro-2-{2-[(2RS,5RS)-4~(4-fluoro-"*F-benzyl)-2,5-dimethyipiperazin-1-yl}-2-
oxoethoxy}phenyl)-2-methyipropanamide;
N-{5-chloro-2-{2{(2SR,5SR)-4-(4-fluoro-'*Fbenzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxylphenyl)-2-methylpropanamide;
N-(5-chioro-2-{2{(2RS,55R)-4-(4-fuoro-"*F-benzyl)-2,5-dimethyipiperazin-1-yl}-2-
oxosethoxy}phenyl)-2-methylpropanamide;
N-(5-chloro-2{2-{(2SR,5RS)-4-(4-fluoro-""F-benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-{methoxy)acetamide;
N-(5-chloro-2-{2-[(2RS,5RS)-4-(4-fluoro-""F-benzyi)-2,5-dimethylpiperazin-1-y{}-2-
oxoethoxy}phanyl)-2-{methoxy)acetamide;
N-{(5-chloro-2-{2{(2SR,5SR)-4-{4-fluoro-"°Fbenzyl)-2,5-dimethyipiperezin-1-y}-2-
oxoethoxy}phenyl)-2-(methoxy)acetamide;
N-{5-chloro-2-{2-[(2RS,6SR)-4-(4-fluoro-"®A-benzyl)-2,5-dimethylpliperazin-1-yl}-2-
oxoethoxy}phenyl)-2-(methoxy)acetamide;
(E)-N-{5-chloro-2-{24(2RS,55R)-4-{4-fluoro-"°Abenzyl)-2,5-dimethyipiperazin-1-yf}-2-
oxoethoxylphenyl)-2-butenamide;
(E)-N-5-chloro-2-{2-[(2SR,5SR)-4-(4-fucro-'*Fbenzyl)-2, 5-dimethyipiperazin-1-y{}-2-
oxoethoxy}phenyl)-2-butenamide;
(E)-N-{5-chloro-2-{2{(2RS,5RS)4-{4-fluoro-"°Fbenzyl)-2 5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-butanamide;
(E}-N-(5-chloro-2-{2{(2SR,5RS)-4~{4-fluoro-'°F-benzy)-2 5-dimethylipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-butenamide;
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methyl N{(5-chloro-2-{2(2SR,5RS)-4-(4-luoro-*Fbenzyl)-2,5-dimethyipiperazin-1-yl]-2-
axoethoxy}phenyl)succinamats;

methyl N-(5-chloro-2{2-{(2RS,5RS)-4~{4-fluoro-"*F-benzyl)-2,5-dimethylpiperazin-1-yf}-2-
axoethoxy}phenyl)euccinamats;

methyl N-{5-chloro-2-{2{(2SR,55R)-4-{4-fluoro-"* F-berzy!)-2, 5-dimethyipiperazin-1-yf}-2-
oxoethoxy}phenyl)succinamate;

methyl N{5-chloro-2-{2{(2R'S,5SR}4-(4-fluoro-"*F.benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyljsuccinamate;

athyl N-{5-chioro-2-{2-{{2SR,5RS)-4-{4-fluoro-"8 ~-benzyl)-2,5-dimethylpiperazin-1-yl}-2-
axoethaxy}phenyl)succinamate;

ethyl N<{5-chloro-2-{2{(2RS,5RS)-4~(4-llucro-"*F-benzyt)-2,5-dimethyipiperazin-1-yi}-2-
oxosethoxy}phenyl)succinamate;

athyl N-(5-chloro-2-{2-[(2SR,5SR)}4-(4-fluoro-"°F-benzyi)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyli)succinamate;

ethyl N=-{5-chloro-2-{(2-J(2RS,55R)-4-(4-fluoro-'*F-benzyl)-2,5-dimethylipiperazin-1-yi}- 2-
oxoethoxy}phenyl)succinamate;

N-(5-chloro-2-{2-](2SR,5RS)-4-{4-flucro-'®F-benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoathaxylphenyllacatamide;

N-(5-chloro-2-{2{(2RS,5RS)-4-{4-fluoro-'*F-benzyl)-2, S-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)acetamide;

N-{5-chloro-2-{2-{(2SR,5SR)-4-{4-fiuoro-"*F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
axoethaxy}phenyljacetamide;

N-{5-chloro-2{2-{(2RS,5SR)-4-{4-fluoro-'*F-benzyl)-2,5-dimethyiplperazin-1-yi}-2-
oxoethoxy}phenyl)acetamice;

N-{5-chioro-2{2-{(25R,5RS)4~{4-fiuoro-"*F-benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoathaxylphenyl)propanamide;

N-{5-chloro-2-{2-{(2RS,5RS)-4-{4-fuoro-'"*F-benzyl)-2,5-dimethyipiperazin-1-yf}-2-
oxoathoxy}phenyl)propanamide;

N-(5-chioro-2-{2-{(2SR,5SR}4-(4-fluoro-"*F-banzy!}-2,5-dimathyipiperazin-1-yi}-2-
oxoethoxy}phenyl)propanamide;

204
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N-{5-chloro-2-{2-{(2RS,5SR)4-(4-fluoro-"*F-berzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)propanamide;
N-{5-chloro-2-{24(2SR,5RS)4-(4-flucro-"°F-benzyl)-2,5-dimethylpiperazin-1-yf}-2-
oxoethoxy}phenyl)-3-fiuorobenzamide;
N-(5-chloro-2-{2-[(2RS,5R S)-4~{4-fluoro-"* F-benzyl)-2, 5-dimethyipiperazin-1-yf}-2-
oxopsthoxy}jphenyi)-3-fiucrobenzamide;
N-{5-chioro-2-{2-{(2SR,5SR)-4~{4-fluoro-'"* ~-benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl}-3-flucrobenzamide;
N-{5-chloro-2-{2-{(2RS,5SR)-4-{4-fluoro-"*F-benzyl)-2,5-dimethyipiperazin-1-yl]-2-
oxoethaxy}phenyl}-3-fiucrobenzamide;
1-{5-chloro-2-{2-{(2SR, 6RS)-4-{4-fluoro-"*F-benzyl)-2 5-dimethyipiperezin-1 -yl]-2-
oxoethoxy)phenyl)-3-{p-tolyl)ures;
1-{5-chloro-2-{2-{(2RS,5RS)4-(4-fuoro-*F-benzyi)-2,5-dimethylpiperazin-1-yi}-2-
axoethaxy}phenyi)-3-(p-tolyljurea;
1-{5-chloro-2-{2-{(2SR,5SR)4-{4-fluoro-*Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethaxy}phenyl}-3-(p-tolyljurea;
14{5-chioro-2-{2-[(2RS,5SR}-4-(4-fluoro-"* F-benzyl)-2 5-dimethylpiperazin-1-yl}-2-
oxoethoxy}phenyl)-3-(p-tolytjurea;
1-(5-chioro-2-{2-[(2R'S,5SR)-4-(4-fluoro-**F-benzyi)-2, 5<dimethyipiperazin-1-yi}-2-
oxoethaxylphenyl)-3-ethylurea;
1-{5-chioro-2-{2-{(2SR 5 5R)-4-(4-fluoro-"*F-benzyl)-2, 5-dmothylplpemz|n-1 wyil-2-
oxoethaxyjphenyl)-3-athylurea;
1-{5-chioro-2{2{(2RS,5RS)-4-{4-fiucro-'"*Fbenzyi)-2,5-dimethylpiparazin-1-yi}-2-
oxoethoxy}phenyl)-3-ethylurea;
1-{5-chioro-2-{2{(2SR,5RS)4-(¢-fiuoro-""F-benzyl)-2,5-dimethyliplperazin-1-yl]-2-
axoethoxy}phenyl)-3-ethylurea;

1-benzyl-3-(5-chloro-2-{2-{(2SR,5RS)4-(4-fluoro-"* F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-

oxoethoxyjphenyllurea;

1-benzyl-3-(5-chioro-2-{2-{(2RS,5RS)-4-{4-fluoro-'"F-benzyl)-2, 5-dimethylpiperazin-1-yi}-2-

oxoethoxy}phenyljurea;

A
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1-benzy}-3-{5-chioro-2-{2-[(2SR.5SR)4-{4-fluoro-1*~benzyl)-2 6-dimethyipiparazin-1-y}-2-

oxoethoxy)phenyl)urea;
1-benzyl-3-(5-chloro-2-{2-{(2RS,6 SR)-4-(4-fluoro-'8F-benzyl)-2,5-dimethyipiperazin-1-yil-2-

-h
[ =]

" 662 9h209
L]

QO9RTTF
o

oxoethoxy}phenyi)urea,
1-{5-chloro-2-{2-[(2RS,55R)-4-(4-fuoro-* Fbenzyl)-2 5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)}-3-(4-nitrophenyijurea;
1-{5-chloro-2{2-{{2SR,5SR)4-{4-uoro-"*~-benzyl)-2 5-dimethyipiperazin-1-y}-2-
oxoethoxy}phenyl)-3-(4-nitrophenyljurea;
1-{5-chloro-2-{2-{(2R'S,5RS)-4-{4-luoro-"*F-benzyl)-2,5-d methylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-{4-nitrophenyl)urea;
1-{5-chloro-2-{2{(2SR,5RS)-4-{4-fuoro-'°F-benzyl}-2,5-dimethylpiperazin-1-yl}-2-
axoethoxy}phenyl)-3-{4-nitrophenyl)urea;
2-(2-benzylamino-4-chiorophenaxy)-1-[(25R,5RS)-4-{4-fluoro-*F-benzyl)-2,5-
dimethylpiperazin-1-yljethan-1-one;
2-{2-benzylamino-4-chlorophenoxy)-1-[(2RS,5RS)4-(4-Muoro-"*F-benzyi)-2,5-
dimethyipiperazin-1-yijethan-1-ons;
2-{2-benzylamino-4-chiorophenoxy)-1{(2SR,5SR)-4-(4-fluoro-"*F-banzyl)-2,6-
dimethyipiperazin-1-yfjethan-1-one;
2-(2-benzylamino-4-chlorophenoxy)-1-{(2RS,5SR}-4-(4-fluoro-"* F-banzyl)-2,5-
dimethyliplperazin-1-yllethan-1-cne;
N<{5-chloro-2-{2-{(2RS,5SR)-4-{4-fluoro-"*F-benzyl)-2 5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)glycinamide;
N-{5-chioro-2-{2-[(2SR,5RS)-4-(4-fiuoro-'*F-benzyl)-2 5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)glycinamide;
N-{5-chloro-2-{2-{(2 SR, 5 SR)-4-(4-uoro-*F-berzyl)-2, S-dimethyipiperazin-1-yf]-2-
oxoethoxylphenyl)glycinamide;
N-{5-chloro-2-{2[(2RS,5R S)-4-{4-flucro- "®F-benzyl)-2, 5-dimethyipiperazin-1-yi}-2-
axnethoxylphenyl)glycinamide;
1-{5-chloro-2-{2-{(2R)-4-{4-fluoro-"*A-benzyl)-2-methylpiperazin-1-yl}-2-
axoethoxy)phenyl)urea;
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1-(5-chloro-2-{2-{(25)-4-{4-fluoro-"°F-benzyl)-2-methylpiperazin-1-yi}-2-
oxoethoxy}phenyl)ures;

N-{5-chloro-2{2-{(2R'S,5SR)4~{4-fluoro-'"*~-benzyl)-2, 5-dimethyi-piperazin-1-yi}-2-
oxoethoxy}phenyl)-2-{methylamino)acetamide;

N-{5-chioro-2-{2-{(2SR,5SR)-4-(4-fluoro-'*F-berzy})-2,5-dimethyt-piperazin-1-yf}-2-
oxoethoxy}phenyl)-2-(methylamino)acetamide;

N-(5-chloro-2-{2-{(2RS,5RS)-4-{4-fluoro-"*Fbanzyl)-2, 5-dimethyt-piperazin-1-yl}-2-
oxoethoxy}phenyl)-2-(methylamino)acetamide;

N-{5-chioro-2-{2-((2SR, 5RS)4-(4-luoro-"®F-benzyl)-2,5-dimethyi-piperazin-1-yl}-2-
oxosthoxy}phenyl)}-2-(methylamino)acetamide;

2-bromo-N-{5-chloro-2<{(2SR,5RS}4~(4-fluoro-'*F-benzyl)-2 5-dimethylpiperazin-1-yi}-2-
oxoethoxylphenyl)acetamide;

2-bromo-N-{5-chloro-2-{{2RS,5RS)4-(4-fluoro-'°F-benzyl)-2 5-dimethylpiperazin-1-yl}-2-
oxoethoxy}phenyljacetamide;

2-bromo-N-{5-chioro-2-{(2SR,5SR)-4-(4-fluoro-'*~benzyl)-2 5-dimethylpiperazin-1-yi}-2-
oxosethaxylphenyl)acetamids;

2-bromo-N-{5-chloro-2-{(2RS,55R)-4-(4-flucro-"*Fbenzyl)-2 5-dimethyipiperazin-1-yl}-2-
oxoethoxy}phenyl)acetamide;

N-{5-chloro-2-{2{(2RS,5S8R)-4-{4-fluoro-"* F-benzyl)-2,5-dimethylplperazin-1-yi}-2-
oxoethaxy}phenyl)-2-{ureiic)acetamide;

N-{5-chioro-2-{2-{(2SR,55R)-4-{4-fluoro-"®Fbenzyl)-2,5-dimethyipiperazin-1-yl}-2-
oxoethoxylphenyl)-2-(ureido)acetamide;

N-{5-chioro-2-[2-(2RS,5RS)4-{4-luoro-"*F-benzyl)-2 5-dimethylpiperazin-1-yl}-2-
oxoethoxy}phenyl)-2-(ureido)acetamide;

N-{5-chloro-2-{2-{(2SR 5RS)-4-{4-flucro-"* ~benzyl)-2,5-dimethyipiperazin-1-yl}-2-
oxoethoxy}phenyl}-2<{ureido)acetamide;

N-(5-chioro-2-{2{(2RS,5 SR)4~(4-fluoro-'*F-banzyl)-2,5-dimethyiplperazin-1-yf]-2-
oxoethoxy}phenyl)-2(1-methylureido)acetamide;

N-{5-chloro-2-{2-[(2SR,5SR)-4-{4-fluoro-'°F-benzyl)-2 5-dimethylplperazin-1-yi}-2-
oxoethoxy}phenyl}-2-(1-methylureido)acetamide;
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N-{5-chioro-2-{2-{(2RS,5RS)-4-{4-fluoro-'®F-benzyl)-2 5-dimethyipiperazin-1-yi}-2-
oxoethoxyjphenyl)-2-{1-methylureido)acetamide;

N-{5-chioro-2{2-[(2SR 5RS4~{4-fluoro-'*Fbenzyl)-2,5-dimethylpiperazin-1-yl}-2-
oxoethaxy}phenyl}-2-(1-methylureido)acetamide; '
(2RS)-N-{5-chioro-2-{2-{(2RS,55R)-4-(4-fluoro-"*Fbenzyl}-2,5-dimethyipiperazin-1-yl}-2-

oxoethoxy}phenyl)-2-aminopropanamide;
(2SR)-N-{5-chloro-2-{2-{(2RS,5S5R)4-(4-flucro-"*F-benzyl)-2,5-dImethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(2RS)-N-(5-chloro-2{2{(2SR, 5 SR)-4-(4-fluoro-"°F-benzyl}-2,5-dimethylpiperazin-1-yi}-2-
oxoathoxylphenyl}-2-aminopropanamide;
(2SR)-N-{5-chloro-2-{2-{(2SR,5SR)4-(4-fluoro-"*Fbenzyt)-2, 5-dimethylpliperazin-1-yi}-2-
oxpethoxy)phenyl)-2-aminopropanamide;
(2RS)-N-{5-chloro-2-{2-{(2RS,5R S)4~{4-fluoro-"*F-benzyl)-2,5-dimethyipiperazin-1-yl}-2-
axoethoxy}phenyl)-2-aminopropanamkie;
(2SR)-N-(5-chloro-2-{2-{(2RS,5RS)-4-(4-fluoro-'*Fbenzyl)-2,5-dimethylipiperazin-1-yi}-2-
oxoethoxylphenyl)-2-aminopropanamkie;
(2RS)-N-{5-chioro-2-{2{(2SR,5RS)4~(4-fluoro-"*Fbanzyl)-2,5-dimethylpiparazin-1-y{}-2-
oxoethaxy}phenyl}-2-aminopropanamide;
(2SR)-N-{5-chioro-2-{2-{(25R, 5RS)4-(4-luoro-"* F-benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-aminopropanamide;
N-(5-chioro-2-{2-{(2SR,5RS}4-{4-fiuoro-"® F-benxzyl)-2 5-dimethyipiperazin-1-y{}- 2-
oxoethoxy}phenyl»2-(2 4-difiuorobenzoylaminojacetamide;
N-(5-chloro-2{2-{(2R'S,6RS)-4-(4-fluoro-®Fbenzyl)-2 5-dimethyipiperazin-1-yi}-2-
oxoethaxyjphenyl)-2-(2, 4-diflucrobenzoylamino)acstamkie;
N-{5-chioro-2-(2-[(2SR,5SR)-4-(4-luoro-"*Fbenzyi)-2,5-dimethylpiperazin-1-yi}-2-
oxoethaxy)phenyl)-2<(2,4-diflucrobenzoylamino)acetamide;
N-{5-chioro-2-{2{(2R'S,5SR)-4-{4-fluoro-'"*F-benzyl)-2,5-dimethylpiperazin-1-yl}-2-
oxoethoxy}phenyl)-2-(2,4-difiucrobenzoylamino)acetamide;
N-{5-chloro-2-{2-[(2SR, 5RS)4-(4-fluoro-"*Fbenzyl)-2,5-dimethylplperazin-1-y{}-2-
oxoethoxy}phenyl)-2-(methoxyacetylamino)acetamide;
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N-{5-chloro-2-{2-[(2RS,5R 5)-4-(4-fiuoro-'*F-banzyl)-2,5-dimathyipiperazin-1-y}-2-
oxoethaxylphenyl)-2-(methoxyacetylamino)acetamide;
N-{5-chloro-2{2-{(2SR.5SR)-4-(4-fluoro-'®F-benzyl)-2,5-dimethylpiperazin-1-yl}-2-
oxoethoxy}phenyl)-2-(methoxyacetylamino)acetamide;
N-{5-chioro-2-{2{(2RS,5SR)-4-(4-fluoro-'* F-berzyl)-2 5-dimsthyipiperazin-1-yi}-2-
oxoathaxy)phenyl)-2-(methoxyacstylamino)acetamide;
N-(5-chloro-2-{2-|(2SR,5RS)-4~{4-fluaro-"*F-benzyl)-2, 5-dimethyiplperazin-1-yi}-2-
oxoethoxy}phenyl}-2-{2-lodobenzoylamino)acetamide;
N-{5-chloro-2{2-{(2RS,5RS)-4~(4-fluoro-"*Fbenzyi)-2,5-dimethyipiperazin-1-y}-2-
axoethoxy}phenyl)-2-{2-lodobenzoylamino)acetamide;
N-{5-chloro-2-{2-{(2SR,5SR)-4-{4-filuoro-"*F-benzyl)-2,5-dimethylplperazin-1-yi}-2-
oxoethoxy}phenyl)-2<(2-Jodobenzoylamino)acetarmide;
N-{5-chloro-2-{2{(2RS,5SR)-4-(4-fluoro-**F-banzyl}-2 S-dimethyipiperazin-1-yi}-2-
oxoethoxylphenyl)-2-(2-odobenzoylamino)acetamide;
N-{5-chloro-2-{2-[(2R)-4-{4-fluoro-'"F-benzyi)-2-methyipiperazin-1-yl}-2-
oxosthoxy}phenyl)glycinamide; and
N-{5-chloro-2-{2-{(2S)-4-{4-fluoro-'*Fbenzyl}-2-methyipiperazin-1-yl}-2-
oxoathoxy)phenyl)glycinamide;
as well as the mono- and dichicride salts therecf.

Preparation of the Compounds of the Invention
A.  Preparation of Compounds of Formula (I)

In general, the radloactive Imaging agents of formula (1 ) of the present invention are
prepared by reacting radioactive 4-halobenzyl derivatives with piperazine derivatives.
Preferred are ""F-labeled 4-flucrobenzyl derivatives for PET-imaging. A general mathod for
the preparation of 4-fluoro-"*~-benzyl halides is described In wata et al., Applied Radlation
end Isoiopas (2000), Vol. 52, pp. 87-62.

The *Fabeled 4-fluorobenzyl derivatives are prepared by reaction of a benzaldehyde
compound of formula’(a) with *®F- lons to obtain a benzaldehyde compound of formula (b):
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wherain LG is a leaving group, for axample, bromo, chloro, lodo, nltro. or N(Rk' X (where R
Is alkyl and X Is a halo lon, such as Br, CT, or I'; an lon of a alkanolc acid, such as an acetate
lon {CHsC{O)O); or an ion of an alkylsulfonic acld or haloalkylsulfonic acid, such as ftriflat

5 (CFaS0y)). Preferably LG is trifiat. Starting from the compound of formula (b), several
synthetic pathways are possible in preparing the compounds of formula (I).

8 In & first synthetic pathway, a compound of formula (b) Is reduced with NaBH; to
I obtina eompound of formula (c):

o

n f\,.,

o F

§10 The compound of formula (¢) Is then reacted with HI, P2l or Ph;PBrz to obtain an

jodo- or bromo-substituted compound of formulae (d) or (e):
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The compounds of formutae (d) and (e) can be obtained with a radiochemical yield of
50 to 60%. The radiochamical purity Is greater than 95%. The specific aclivity of the
compounds la 5 mC]j per 1 nmol.

A compound of formuiae (d) or (@) can then be reacted with a plperazine derivative (f)
to obtain a compound of formula (g) (a compound of formula (1)):
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(d) or (@)

\_ Lo

x1
(@

Compounds of formula (f) may be preparad acconding to methads known to those of
ordinary skill in the art and is described In detail in PCT Published Patent Application, WO
98/56771.

5 In a second synthetic pathway, a compound of formula (b) Is directly reacted with a

compound of formula (f) using a reducing agent, for exampla, formic acid, ammonium

formiate, NaBH,, or NaBHSCN, to obtain a compound of formula (g) (a compound of
formula (1)):

0O0SoTT" 6623L209
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{n (b)
R1\C_N \ {1.F
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B. Preparation of Compounds of Formula (li)

oOYvnTET" ﬁﬁgEhEDE

(1869), Vol. 10, p. 158.
Preferred chelators are chelators of formutae (lIl) ar (IV):

For Singie Photon Emission Computed Tomography ("SPECT™), *"Tc-labeled

5 compounds are preferred. Those compounds are compounds of formula (Il). A general
synthetic pathway for these compounds starts with non-radioactive analogues of compounds
of formula (Il that are reacted with ™™ Tc-binding chelators, 6.g. N2Sz>-Chalators. Preparation
of the non-radioactive analogs of tha compounds of formula (i) Is dascribed In detall in PCT
Published Patant Application, WO 88/56771. The synthesis of the chelators foliows standard

10 procedures, for example, the procedures described in A. Mahmood et al., A N;Sz-

Tetradentate Chelate for Solid-Phase Synthesis: Technetium, Rhenium in Chemistry and

Nucleer Medicine (1999), Vol. 5, p. 71, or In Z.P. Zhuang et al., Bioconjugate Chemistry



51783AUST1

o)

YN/\r H\/\SH \"/\N/\/H\ASH
0 H 0 H

SH (ur) 8H )

One of the chelators Is either bound directly 1o the nitrogen In the -N{R*)R® group of
the non-radicactive compound of farmula (l1), or via a linker moiety comprising an alkyl

5 radical having one to ten carbon atoms, whereln the alkyl radical optionally contains one to

15

0020TFT " GS5R29h209

tan -C{O)-groups, one to ten -C(O)N(R)- groups, one to ten -N(R)C(O)- groups, one to ten
-N(R)- groups, one to ten -N(R)z groups, one to ten hydraxy groups, ona to ten -C{O)OR-
groups, one to tan oxygen atoms, one to ten sulfur atoms, one to ten nitrogen atoms, one to
ten halogen atoms, one io ten aryl groups, and one to ten saturated or unsaturated

10 heterocyclic rings wherein R Is hydrogen or alkyl. A preferred linker molety ls ~-C{O)}-CHx-

N(H}-

The following specific examples are provided as a guide to assist In the practica of the
Invention, and are not intanded as a limitation on the scope of the invention.
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Example 1
Preparation of 1-{5-Chloro-2-{2{(2R)-2-methylpiperazin-1-yf]-2-
oxoethoxy}phenyljurea
? Xo v
WY L Bocko ""J\ e - m\i N
. MeC, NBOC T piEa vecy NBOC
] b

Jou
Cl

NH
l NHi ’Cfn:i 6:3‘” = cu’(:[:\i ’5:“
o)*mu2

K:COy, DMsSO  © EtOAC H
O)\NHz HCI

€ d

A.  DIEA(19.10 mL, 110 mmol) was added to a solution of (R)-(-)-2-
methyipiperazine (10 g, 100 mmol) In 250 mL of methyiene chioride. The solution was
cooled to -10°C. The BOC anhydride was disacivad in 250 mL of methylene chloride and this
saolution was added to the chilled piperazine solution over 1 hour. The reaction was allowed
to warm to ambient temperature over 18 hours. The reaction mixture was filtered to remove
the sollds and the filtrate washaed with 500 mL of water, dried over magnesium sulfate, filtered
and evaporatad to an oll. The oll was purified by flash column chromatography to afford 11.0
g of the compound of formula (g).

B.  The compound of formuia (g) (11.0 g, 55 mmol) and DIEA (10.5 mL, 680.4
mimol) ware dissolved In 100 mL of methylene chioride. The resulling solution was chilled to
-10°C. Chloroacetyi chioride (4.37 mL, 656 mmol) was added dropwise to the solution
maintaining the temperature at -10°C. After stiring for 1 hour the reaction mbdure was
washed with 100 mL of water, dried over magnesium sulfate, filtered and evaporated to an
oil. The oll was purified by flash column chromatography to afford 14.8 g of the compound of

X
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formula (b).

C. To a solution of the compound of formula (b) (14.8 g , 53.5 mmoal) and the
compound of formulia (@) (8.88 g, 53.5 mmel) in 75 mL. of DMSO was added potassium
carbonate (18.48 g, 133.7 mmol). The resulting mbdure was heated to 50°C for 3 hours. The

5§ mixture was cooled to 30°C and poured Into 700 mL of water. The water was extracted three
times with 200 mL of ethyl acetats. The ethyl acetale extracts were combined and washed
with 200 mL of 1N KOH followed by brine. The organic layer was the dried over magnesium
sulfats, filtered and evaporated to a foam. The foam was pusified by flash column
chromatography to afford 18.6 g of the compound of formula (¢).

D.  The compound of formula (c) (7.68 g, 18 mmol) was dissoived in 40 mL of ethyl
gcetate. The resulting solution was chilled In an Ice bath and anhydrous HC| gas was
bubbled through the solution for 5 minutes. The product precipitated while the mixture was
allowed to sit at ambient temperature for 1 hour. The product was collectad by fittration,
washed on the fiter with frash ethyt ecetate, and drled under vacuum at amblent temperature
5 to constant welght to afford 5.9 g of 1-(5-chioro-2-(2-{(2R)-2-methyipiperazin-1-yi}-2-

oxpethoxyjphenyljurea, tha compound of formula (d), as white sofid; NMR (2 rotomaers); (400
MHz, DMSO) 8.7 (m, 0.5H), 9.2 (m, 0.5H), 8.16 (s, 1H), 8.13 (8, 0.5H), 6.8 (s, 2H), 4.9 (m,
2H), 4.4 (m, 5H), 3.8 ( bs, 0.5H), 3.4, (bs, 0.5H), 3.2, (m, 2.5H), 3.0 (m, 2 H) 1.2-1.4 (m, 3H)
ppm.

9oTT " &£6I%H2 I
o

g

Example 2
Preparation of the Compound of Formula (e)

oH
OH

’C[ + TMSNCO — Q/C[NH

i THE Py

s 0% N,

25 To a solution of 2-amino-4-chlorophenol (10 g, 69.7 mmotl) in 100 mL of anhydrous
THF at ambient temperature was added frimethyisilyl isocyanate (18.8 mL, 138.4 mmol) in
one portion. The solution was haatad to 60°C and remalned at this tempenrature for 22 hours
at which time water (1.3 mL, 76.7 mmol) was added. After 30 minutes the solution was

3
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cooled to ambient iemperature and concentrated to a brown oil. This oil was dissolvad in
sthy! acetate, treated with activated carbon, dried over magneslium sulfate and filtered. The
fitrate was concentrated to a pink solid which was crystaliized from 10:1, toluene/methanol to
give 5.4 g of the compound of formula (e) as tan powder. °

Example 3
Preparation of 1-{3-Chloro-2-{2{{2R)-4-{4-fluoro-'* F-banzyl)-2-methylplperazin-1-yi}-2-
oxosthoxy}phenyljurea
A, Hydrogen fluoride-'"*F was prepared In a cyciotron by bombardment of
H,0-*0 with protons. The resulting hydrogen fluoride-'*F was adsorbed on an anlon-
exchange cariridge. The hydrogen fluoride-'*F was eluted with a sclution of Kryptofix 222
(15 mg, 40 umol) and K2COs (2.77 mg, 20 pmol) in aqueous acetonitriie (1.5 mL, 88%). The
radicactive fractions were evaporated to dryness in a nitrogen gas stream. This procedure
was repeatad three times with dry acetontirile (1 mL). After addition of a solution of 4-
trimethylammonium-benzaldehyde-trifiate (2 mg, 6.4 ymol) in dry DMF (250 pl) the resulting
reaction mixture was heated for 5 minutes to 100°C. After cooling to amblent tamperature a
solution of 1-{5-chloro-2-{2-[(2R)-2-methyipiperazin-1-yi}-2-axoethoxylphenyljurea, a
compound of formula (d), (3 mg, 8.3 pmol) in 50 pl acetic acid and a solution of sodium-
cyano-borhydride (4 mg, 83.7 uymol) in 100 pi dry DMF were added. The reaction mixture
wes heated to 120°C for 10 minutes. After addition of 5§ mL of water the mixture was filtered
over a polystyrol-cariridge. The adsorbed product was washed with 2 mL of water to afford
the title compound, 1-(5-chloro-2-{2-{(2R)-4-{4-fiuaro-'*F-benzyl)-2-mathylpiperazin-1-yl}-2-
oxoethaylphenyljurea, which was eluted with 1.5 mL acetonlitrile and purified by HPLC,
B. Inasimilar manner, ather compounds of formula (1) containing a **F atom are

prepared.
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Example 4
Preparation of N-(5-Chloro-2-{2{(2R)-4-(4-fluorobenzyl)-2-methylplperazin-1-yi}-2-
oxoethoxy}phenyl)glycinamide

GHs

HN’E\ (O/ DEA HN"Y \/0

CHs

N,\‘/O, "KaCOs / Nal ct’(:(ovt k’"
Ty mn\,‘q,}?
1

EtOH
O CHs o QH3
/O:O\/'\LJ’\I F CHzClg ﬂas)l\
c NH |, " l\fN
N‘Bocl NH’ K TFA

A To a solution of (R){-)}-2-methyipiperazine (2.0 g, 20 mmol) In 20 mL CH,Chk
was added DIEA (5.2 g, 40 mmol) and 4-fluorobenzyl chiorda (2.39 mL, 20 mmo!). The

resuling mixture was stimed at amblent temperature for 15 hours. After the reaction was
completed, the reaction mixture was washed with water (3X20 mL) and brine, then dried over
NeazS0,, filtered and concantrated In vacuo to afford the compound of formula () (22 g)as a
white salid.
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B. To a solution of the compound of formula (f) (2.2 g, 10 mmoal) in 50 mL CH,Cl;
was added chioroacetyl chioride (0.84 mL., 10 mmol). The reaulting mixture was stirmed at
amblent tempaniture for 10 minutes and then triethylamine (3 mL, 21 mmol) was added. After
30 minutes, the mixture was washed with water (3x20mL) and brine, then dried over
Na:SO,, filtered and concentrated in vacuo to afford an oll. Purification by flash column
chromatography afforded the compound of formula (g) (2.5 g).

C. To a solution of the compound of formula (g) (2.4 g, 8.4 mmol) in 50 mL. DMF
was added KCOs (2.5 g, 17 mmol), Nal (0.2 g) and 4-chloro-2-nitraphenol (1.3 g, 8.4 mmol).
The resulting mixture was heated at 70-80°C. After 1 hour, the mbxture was concentratad in
vacuo, then taken up in ethyl acetate (150 mL) and washed with water (3X100mL)and then
brine. The organic layer was separated, dried over NeaSQy, filtered and concentrated In
vacuo to afferd an oll. Purification by flash column chromeatography afforded the compound
of foomula (h) (3.1 g)-

D. To asolution of the compound of formula (h) (1.1 g, 2.8 mmol) in 10 mL ethanol
was added a solution of tin(ll) chloride dihydrate (3.0 g, 43 mmol) in 5 mL ethanol. The
resulting mixture was heatad at 75°C. After 1 hour, tha reaction was concentrated In vacuo,
then taken In ethyl acetate (100 mL), washed with 1N NaOH solution In water (3X100mL) and
brine. The organic layer was separated, dried over Na2SOy, filtered and concentrated In
vacuo to afford an oll. Purification by flash column chromatography afforded the compound
of formula ([) (0.75g).

E. Toa solution of the compound of formula (1) (0.7 g, 1.78 mmol) in 10 mL DMF
was added BOC-Gly-OSU (0.58 g, 213 mmol). The resulting mixture was heated at 50-
80°C. After 24 hours, the mixture was concentrated in vacuo, then taken up in ethyl acetate
(150 mL) and washed with water (3X100mL) and then brine. The organic layer was
eeparated, dried over Naz;SQ,, filtered and concentrated in vacuo to afford an oil.

Purification by flash column chromeatography afforded the compound of formula (f) (0.7 g).

F. To a solution of the compound of formula (}) (0.6 g, 1.1 mmol) In 10 mL CH.Cl>
was added TFA (5 mL). The resuiting mixture was heated at amblent temperature. After the
reaction was completad in 1 hour, the reaction was concentrated in vacuo, then taken up In
ethyl acatate (100 mL), washed with 1N NaOH solution in water (2X100mL) and brine. The
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organic layer was separated, dried over Naz:SO,, filtered and concentratad In vacuo to afford
an oll. Purification by flash column chromatography efforded N-(5-chioro-2-{2-[(2R)4-(4-
fluorobenzyl)-2-methyipiperazin-1-yl}-2-axoethoxy}phenyt)glycinamide, the compound of
formula (k), {0.45 g) as a white solid; NMR (CDCly) 10.2 (s, 1), 8.5(s, 1), 7.3 (m, 2}, 7.0 {m,
3),6.8(d, 1), 4.7 (m, 2), 3.4-3.6 (m, 5), 3.0 (m, 1), 2.8 (m,1), 2.8 (d, 1), 2.2 (m, 1}, 2.0 (m, 2),
1.2-1.4 {m, 3) ppm.

Example §
N{mercaptoath-1-yl)-N-(5-mercapto-3-ara-2-oxopenm-1-yl)-N-{5-chloro-2-{2-{4-(4-
fluorobenzyl)-2-{2R)-methyipiperazin-1-yl]-2-0xoethoxy]phen-1-yi}glycyiglycinamide,
Technetium-99m-complex

A.  To a stimed solution of N-{5-chloro-2-[2-{4-(4-fluorobenzyl)-2-(2R)-
methyiplperazin-1-yf]-2-oxoethoxylphen-1-yl}glycinamide (175.5 mg, 0.4 mmol) (the
compourx of formula (k) as prepared above in Example 4), N-(S-trityl-2-mercaptoeth-1-yl)-
N-{Srityl-5-mercapto-3-aza-2-oxopent-1-yi)glycine (291.4 mg, 0.4 mmol) (which can be
syntheslzed according to A. Mahmood et al., A N,Sz>-Tefradentate Chelate for Solid-Phase
Synthesis: Technetium, Rhenium in Chemistry and Nuciear Medicine (1998), Vol. 71), and
N-hydroxysuccinimide (45.5 mg, 0.4 mmol) In 5 mL dichloromethane was added dropwise
a solution of dicyclohexyicarbodiimide (81.4 mg, 0.4 mmol) in 3 mL dichloromethans. The
resulting suspension was stimed over night at amblent temperature. After filtration, the
resulting solution was evaporated under reduced pressure. The desired product,
N-{S-trityl-2-sulfanyieth-1-yl)-N'-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yl}-N-{5-chloro-2-
[244-<{4-fiucrobenzyl)-2-(2R)-methyipiperazin-1-yi}-2.oxoethoxy)phen-1-
ylkglycylglycinamide (340 mg, 72.8%) was isolated afier sllica gel chromatography (eluent
dichloromethane/methanol, 88:2) as a white powder.

Elemental Analysie:

Calc.: C 68.03 H 5.87 N 7.20 O 6.85 S 549

Found: C 68.68 H 6.05 N 7.01 0 S 532

B.  N<{S-Trityl-2-sulfanyleth-1-yl)-N-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yi)-N-
{5-d|l0r0-2-[2-[4-(4-ﬂuotobenzyl):z-(ZR)-mathylplperazlnd -yi}-2-oxoethoxylphen-1-

7

72°
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vilglycyiglycinamide (116.8 mg, 0.1 mmo)), 88 prepared above, was dissolved in 5 mL
trifluoroacetic acid. After addition of triethyl sllane (48 pl, 0.3 mmol) the resulting suspension
was stimed for 15 minutes at ambient temperature. The fiirate was evaporated under
reduced pressure and the residue was triturated with 7 mL diethyl ether. The precipitate wae
stirred for 1 hour at amblent temperature and filtered off, ylelding the desired product,
N'-{mercaptosth-1-yi}-N'-(5-mercapto-3-aza-2-oxopant-1-yl}-N-{5-chloro-2-[2-{4-(4-
fluorobanzyl)-2-(2R)-methyipiperazin-1-yi}-2-oxoethoxylphen-1-yijglycyiglycinamide, bis-
trifiuoracetic acid salt (87 mg, 95.5%), as a white salld.

Elemental Analysis:
Cale.: C 4481 H 485 N 8.22 C 15.80 S 704
Found: C 4454 H 4.91 N 8.99 0 S 6.80

C.  Disodium tarirate {1 mg) and N-{mercaptoeti+1-yi}-N'{5-mercapto-3-aza-2-
oxopent-1-yi)-N-{5-chloro-2-[24-(4-fluorobenzyl)-2{2R)-methy!plperazin-1-yl}-2-
oxoethoxylphen-1-yijglycyiglycinamide, bis-irifluoracetic acld sait (100 pg), as prepared
above, were dissolved in 500 ul sodium phosphate buffer (0.1M, pH=8.5). After addition of
37MBq "™ Tc-generator sluate, 5 pl tin(1l) chiorida solution was added and the mixture was
heated for 10 min o 100°C. HPLC analysls showed a major peak Indicating thet the desired
product, N-(mercaptoeth-1-yl)}-N(5-mercapto-3-aza-2-oxopent-1-yl}-N-{5-chloro-2-[2{4-(4-
flucrobenzyl)-2-(2R)-methylplperazin-1-yl}-2-oxoethaxy]phen-1-yijglycylglycinamide,
Technetium-98m-complex, was synthestzed with a RCP > 90%.
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Preparation of 1-{2-{2-{(2R)-4-(4-Fluorobenzyl)-2-methylpiperazin-1-yi}-2-oxosthoxy}5-
lodophenyl)urea

/O/OH HNOg/ AcOH
| |

pgeSegias J:;r:f"f%::r

"KzCO / Nal

SnCh.2H,0 /(IDJ{;: \/O/F KOCN ‘
EtOH | NH, AcOH f H;0
s
JoeasVes
Aons .

A To a solution of pdodophencl (2.2 g, 10 mmol) in 18 mL acetic acid was added
a solution of HNO3 (0.7 mL, 70%) in 5 mL acetic acid dropwise over 10 minutes. The
resulting mixture was stired at ambiert temperature. After 30 minutes, the reaction mbdure
was diluted by 100 mL ice-water. The precipitate was collected, washed with 100 mL water.
Purification by flash column chromatography afforded 1.2 g of 2-nitro-4-iodophenol.

B. To a solution of the compound of formula {g) (0.3 g, 1.05 mmol) (as prepared
herein) in 10 mL DMF was added K;COs (0.45 g, 3.2 mmol), Nal {(0.01 g} and 2-nltro4-
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ledophenol (0.28 g, 1.05 mmol). The resulting mixture was heatad at 70-80°C. After 1 hour,
the mixture wae concentratad in vacuo, then taken up in ethyl acetats (150 mL) and washed
with water (3X100mL)and then brine. The crganic layer was separated, dried over Na;SO;,
filtered and concentrated In vacuo to afford an cil. Purlfication by fiash column
chromatography afforded 0.28 of the compound of formula (1).

C. Toa solution of the compound of formuia (1) (0.28 g, 0.55 mmol) in 5 mL
ethanol was added a solution of Tin(ll) chioride dihydrate (0.616 g, 2.73 mmol) In S mL
ethanol. The resuliing mixture was heatad at 75°C. After 1 hour, the reaction was
concentrated in vacuo, then taken up In ethyl acetate (100 mL), washed with 1N NaOH
solution in watar (3X100mL) and brine. The organic lsyer was separated, dried over NaxSQ,,
filtterad and concentrated in vacuo to afford an oil. Purification by flash column
chromaiography afforded the compound of formula (m) (0.25g).

D. To a solution of the compound of formula (m) (025 g, 0.52 mmel) In 3 mL
AcOH was added water (6 mL). The resulting mixture was stimed at amblent temperature for
10 minutes, then a soiution of KOCN (0.085 g, 1.0 mmol) in 1 mL water was added dropwise.
The reaction mixiure was stirred at ambient temperature for 10 minutes, then heated at 55°C
for 5 minutes. After the reaction was completad, the reaction mixture was concantrated In
vacuo, then teken up in CHaCh (50 mL), washed with 2N NaOH solution In water (2x100mL)
and brine. The organic layer was separated, dried aver Ne2SO,, filtered and concentrated in
vacuo to afford an oll. Purification by flash column chromatography afforded the compound
of formula (n) (0.16 g) as a white solid; NMR (CDCl;) 8.0 (8, 1), 8.6 (s, 1), 7.3 (m, 2), 7.0 (¢, 3),
6.6(d, 1).48 (s, 2), 47 (M, 2),44(m, 1), 3.4-3.6 (m, 3), 3.0(m, 1) 2.8 (m,1),2.8(d, 1), 2.2
(m, 1), 2.0 (m, 1), 1.2-1.4 (m, 3) ppm.

Example 7
Preparation of 1-{(2-{2-{(2R)-4-{4-Fluorobenzyl)-2-methylpiperazin-1-y]-2-oxoethoxy}-3-
lodo-"2]-phenyl)urea
A.  Toa solution of the compound of formula {(n) (1 mg), as prepared above, and
10 ug copper(ii}-sulfata In 300 ul DMF was added 1 mCt sodium lod!ine['2] solution. The
resulting reaction mixture was heated over night to 100°C. After adding of 1 mL half-
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saturated aqueous NaHCO; solution the product was axtracted with 2 mL CH;Clz. The
organic layer was evaporated to dryness In a nitrogen gas stream. The desired product, 1-<(2-
{24(2R)-4<{4-uorobenzyl)-2-mathyipiperazin-1-yf}-2-oxoethoxy}-5-iodo-'*/-phenyl Jurea, was
purified using a RP-cariridge [eluant EtOHAwater (2:1)).

B. In a similar manner as described above, other compounds of formula (1) are
prepared.

Example 8
N'{2-Mercaptoeth-1-yi)-N"{5-mercapto-3-axa-2-axopent-1-yf)-N-{5-chloro-2{2-{4-{4-
fluorobenzyl)-2-{2R)-methylpiperazin-1-yf]-2-oxoethaxy]phen-1-yf}glycinamide,
Technetium-80m-complex
A.  To a stired sohution of 158.7 mg (0.4 mmol) 5-chioro-2-[2-{4-(4-fluorobenzyl)-2-
(2R)-methyipipsrazin-1-yi}-2-oxoethoxylaniline (compound of formula (1)) (291.4 mg, 0.4
mmol), N~{S-trityl-2-mercaptoeth-1-yi)}-N-{S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)glycine
(synthesized according to A. Mahmood et al., A N2S>-Tetradeniate Chelate for Solld-Phass
Synthesis: Technetium, Rhenium In Chemistry and Nuclear Medicine (1888), Vol. 5, p. 71)
and N-hydraxysuccinimide (45.5 mg, 0.4 mmol) In 5 mL dichloromethane was added
dropwise a solution of dicyclohexylcarbodlimide (81.4 mg, 0.4 mmol) In 3 mL
dichloromeathane. The resulling suspension was stirmed over night at amblent temperature.
After filtration, the resulting solution was evaporated under reduced pressure. The desired
product, N{S-trityl-2-mercaptoeth-1-yi)-N"{ S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)}-N-{5-
chioro-2-{2-{4-(4-lucrobanzyl)-2-(2R)-methyipiperazin-1-yf}-2-oxoethoxylphen-1-
yijgiycinamide (352 mg, 78.2%), was Isolated after gilica gel chromatography (eluent
dichloromethane/methanc!, 88:2) as a white powder.

Elemental Analysis:
Cale.: C 71.38 H 5.90 N 6.30 O 5.76 S 5.77
Found: C 71.08 H 6.13 N 6.05 (o) S 552

B.  N-(Stityl-2-mercaptoeth-1-yl)}-N-(S-rityl-5-mercapto-3-aza-2-oxopent-1-yi)-N-
{5-chloro-2-{24{4-({4-flucrobenzyl)-2-(2R}-methylpiperazin-1-yl}-2-oxoethoxy]phen-1-
yilglycinamide (111.1 mg, 0.1 mmol) was dissolved in 5§ mL trifluoroacetic acid. After addition
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of 48 ul (0.3 mmol) triethyl silane the resulting suspension was stirmad for 15 min at ambient
temperature. The fiirate was evaporated under reduced pressure and the residue was
triturated with 7 mL diethyl ether. The precipitate was stimed for 1 hour at amblent
temperature and filtered off, ylekiing the desired product, N-{2-mercaptoath-1-yi}-N'-(5-
mercapto-3-aza-2-oxopent-1-yl)}-N-{5-chloro-2-{2-[4-{4-lucrobenzyl)-2-(2R)-methyipiperazin-
1-yi}-2-oxosthoxy]phen-1-yi}glycinamide, bis-rifiuoracetic acld salt (75 mg, 87.8%) as & white
solld.

Elemental Analysis:
Calc.: C 4499 H 4.60 N 8.20 O 1488 S 761
Found: C 4471 H 4.89 N 8.03 o] S 1722

C.  Disodium tarirate (1 mg) disodium tartrate and N'-(2-mercaptoeth-1-y1)-N'-(5-
mercapto-3-aza-2-oxopent-1-yi}-N-{5-chloro-2{244-{4-luorobenzyl)-2-(2R}-methyiplperazin-
1-yi}-2-oxoethoxyjphan-1-yl}glycinamide, bis-trifluoracetic acid salt (100 pg) were dissolved in
500 pl sodium phosphate buffer (0.1M, pH=8.5). Ater addition of 37.5MBq *"Tc-generator
eluats, 5 pl tin<{1l) chloride solution was added and the mixture was heated for 10 minutes to
100°C. HPLC-analysls showed a major peak Indicating that the desired product, N~(2-
mercaptoeth-1-y{}-N"{S-mercapto-3-aza-2-oxopent-1-yl}-N-{5-chloro-2-{2-{4-(4-fluorobenzyl)-
2-(2R)-methylpiperazin-1-yi}-2-oxoethoxylphen-1-yljglycinamide, technetium-88m-complex
was synthesized with a RCP > 91%.

Example ¢
N'«(2-Mercaptoeth-1-yl)}-N'<{5-mercapto-3-azapent-1-yl}-N-{5-chloro-2-{2-{4-{4-

fluorobenzyi)-2-{2R}-maethylpiperazin-14yi]-2-oxosthoxylphen-1-yl}glycinamide,
Technetlum-89m-complex
A. To a stimed solution of 5-chioro-2-[2-{4-(4-luorobenzyl)-2-(2R)-methyipiperazin-
14i}-2-oxoethoxylaniline (158.7 mg, 0.4 mmol) and trlethylamine (40.5 mg, 0.4 mmol) In &
mL dichloromethane was added dropwise a solution of a-bromoacetyl chloride (63 mg, 0.4
mmol) in 3 mL dichlioromethane. The resulting solution was gtirred over night at amblent
temperature. The solvent was evaporated under reduced pressure. The desired product,
N-{5-chloro-2-[2-{4-(4-fluorobenzyl)-2-(2R)-methyipiperazin-1-yi}-2-oxoethoxyiphen-1-yi}-2-

229
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bromoacetamide (175 mg, 85.3 %), was isclated after silica gel chromatography (sluent
dichioromethane/methanol, 99:1) as a white powder.

Elemental Analysis:

Calc.: C 51.53 H 4.72 N B.18 O 5.76

Found: C 51.28 H 499 N 7.82 0O

B. Astimed solution of N<{5-chloro-2{2-{4-{4-fluorabenzyl)-2-(2R)-methylpiperazin-
1-yi}-2-oxoethoxy]phen-1-yi}-2-bromoacetamide (165 mg, 0.42 mmol) and N, N-bia{S-(4-
methoxybenzyl}-2-mercaptoeth-1-yl)ethylenedlamine (841.3 mg, 2 mmol) (syntheslzed
according to Z.P. Zhuang et al., Bioconjugate Chem. (1998), Vol. 10, p. 158) in 1,4-dioxane
{5 mL) was heated under reflux for 24 hours. The resulting reaction mixture was evaporated
under reduced pressura. The residue was dissolved in 15 mL dichloromethane and washed
with saturated aqueous sodium carbonate solution. After drying over MgSO, the soivent was
evaporated under reduced pressure. The desired product, N{S-(4-methoxybenzyl)-2-
mercaptosth-1-yi}-N'<{S<(4"-methoxybenzyl)-5-mercapto-3-azapent-1-yl)-N-{5-chloro-2-[2-4-
(4fiuorobenzyl)-2-(2R}-methylpiperazin-1-yi}-2-oxoethoxy)phen-1-yijglycinamide (154 mg,
43%), was Isolated after sliica gel chromatography (eluent: dichloromethane/methanol, 8:1)
as a whits powder.

Elemental Analysia:

Calc.: C 8198 H 6.50 N 8.22 O 8.38 S 752

Found: C 61.71 H 6.58 N 8.03 o S 728

C.  N<{S{4-msthoxybenzyl)-2-mercaptoeth-1-yl}-N-(S{4-methoxybenzyl)-5-
mercapto-3-azapent-1-yi}-N-{5-chioro-2-{2-[4-{4-fluorobenzyl}-2-(2R)-methyipiperazin-1-yi}-2-
axoethoxyjphen-1-yi}gtyeinamide {140 mg, 0.164 mmol) was dissolved at 0°C in 5 mL
trifiuoroacetic acld. After addtition of Hg{OAc): (104.5 mg, 0.328 mmoi) the resulting mixture
was stimed for 30 minutes et 0°C and saturated for 15 min with H2S. After filtration the
solvent was evaporated under reduced pressure. The resulting yellow oll was triturated with
3 mL disthyl ether. The desired product, N-(2-mercaptosth-1-yI}-N(5-mercapto-3-azapent-
1-yi}-N-{5-chloro-2-{2-{4-{4-fluorobenzyl)-2-{2R)-methyipiperazin-1-yi}-2-cxmethoxy]phen-1-
yllglycinamide, tris-trifluoracetic acld salt {126 mg (80.5%), was Isolated after filtration as a
whita powder.
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Eismental Analysis:
Calc.: C 42.79 H 4.44 N 734 O 15.09 S 6.72
Found: C 4248 H 4.73 N 7.02 0 S 6.76

D.  Disodium tarirate (1 mg) and N{2-mercaptoeth-1-yl}-N'(5-mercapto-3-
azapent-1-yi)-N-{5-chlaro-2-[2{4-(4-fluorcbenzyl)-2-(2R)-methyipiperazin-1-yi}-2-
oxoethaxy]phen-1-yijglycinamids, tris-triflucracetic acid salt (100 pg) were dissotved In 500 pi
sodium phosphate buffer (0.1M, pH=8.5). After addltion of 37.5MBq *™Tc-generator eluats,
S i tin-{i1) chloride solution was added and the mixture was heated for 10 minutes to 100°C.
HPLC-analysis showed a major peak indicating that the desired product, N'-(2-mercaptoeth-
1-yl)-N'{5-mercapto-3-azapent-1-yl}-N-{S-chioro-2{2-{4-(4-lucrobenzyl)-2-(2R)-
methyipiperazin-1-yl}-2-axoethoxy]phen-1-yilglycinamide, Technetium-98m-compiex, was
synthestzed with a RCP > 95%.

Example 10
Immunohistochemical Locallzation of CCR1 in Human Brains

Materigls and Mathods

A first group of tissue samples from brains that had been obtained at autopsy within
12 hours of death was used for Immunchistochemical staining of the chemokine receptor
CCR1 In Alzheimer's disease and control brains. Paraffin-embedded, 5-um-thick,
unstained sections from frontal cortex and hippocampus were used for all
Immunochistochemical and histochemical stains. _

Slides were de-paraffinized In xylene and hydrated to phosphats-buffered saline
contalning 0.005% Triton X100 (PBS-T). For light microscopy (using DAB as chromogen)
endogenous peroxidase activity wae blocked by Incubating the slides with 0.01% Hz0: In
methanol for 30 minutes. Non-specific binding was reduced by blocking In 10% normal
goat serum (NGS) in PBS for 30 minutes. The primary antibodies [Rabbit ant-CCR1, (N-
terminal peptide); Mouse anti-Neurofilament; mouse anti-GFAP; mouse anti-Tau (AT8);
mouse anti-CDE8 (clone KP1); mouse antl-f-amyloid (Boehringer Mannhelm, #1 381 431);
Rabblt ant-CCR8, (N-tarminal peptide)] were diiuted in PBS-T and slides were incubated
ovemight at mom temperature. Staining was completed using a Blogenex ABC™ kit. All
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washes used PBS-T. After the DAB reaction was completed, sildes wers lightly
counterstalned with Giil's Hematoxylin, dehydrated and coveralipped with Permount.
Before coverslipping, some slides were re-stained with antibodies against A peptide using
identical methods except that the chromogen was True Blue™. For Immunofiuorescent
double-abeling studies the slides were de-parafiinized, blocked with 10% NGS, and
incubated with a cocktall of both primary antibodies ovemight. The alides were washed
with PBS-T and then incubated with & cocktail of goat secondary antibodies, each at 1/60
dilution. To avoid confusion from endogenous (yellow-green) tissue fluorescencs, the
secondery antibodies were conjugated to either Cy3 (émex = 585 nm; goat-anti-mouse,
Amersham) or Cy5 (Ema=700 nm; goat-anti-rabbit, Amersham). Slides were viewed on a
confocal microsecope with a krypton-argon laser (modal 2010, Molecular Dynamics,
Sunnyvale, CA).

Subsaquently, a second group of brain tissuea composad of 10 cases from
cognitively normal elderly and 40 cases from Alzheimer's disease patients who had been
assessed for clinical dementia rating {CDR) were obtalned and evaluated for
Iimmunohistochemical expression of CCR1. The sampies were stained for CCR1 and
other markars as described above except that monocional antibodles (clone #8D5) specific
for AR (a marker for diffuse, early amylold deposits as well as for more mature neurltic
plaques) were obtained from Dr. Ursula Moenning. Thase antibodies were visualized with
Vector Red™ (Vector Labs). Dr Moenning also provided monoclonal antibodies epacific
for AB** (clone #13ED), a marker for plaques found In late-stage disease, that was
visualized with True Blue™.

Rosults

In both sats of bralns, areas with Alzheimer's dissass pathology showed a
characteristic staining pattemn. CCR1 immunoreactivity was found in association with
neuritic (Le., senile) plagues In both the hippocampal formation and the cerebral cortex.
The immunostained structures were round to ovoid and were not usually associated with
cell bodles. They varied In size and appeared to be fllled with a punctate granular
material. These structures were found to form “coronas® around the amylold deposits In
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senile plagues, but were distinct from the AB itself (Figuras 1-4). The top panel in Figure 1
shows a neuritic plaque with a corona of CCR1-positive processes. Neuronal cell bodles
of some CA1 and CA3 neurons in Alzheimaer’s disease cases were sometimes stained by
CCR1 antibodies. The bottom panel in Figure 1 lllustmtes this finding. This staining was
distinct from neurofibrillary tangles (NFT) or granulovacuolar bodles, although it was
commonly present in the somata of neurons with these degenerative changes.

Pre-incubation of antibodias with a 16-mer polypeptide from the extracellular
(N-terminus) region of the CCR1 receptor protein complately blocked all tissue stalning, as
flustrated in Figure 2. In particular, the top Image in Figure 2 shows a lack of staining in
Alzheimer'a disaase brain with CCR1 antibodies that were pre-incubated with the
polypeptide while the bottom image in Figure 2 shows many CCR1-positive structures in e
sister section stained with un-incubated antibodies.

Double-labeling studies showed that nearly all CCR1-positive structures were
associated with neurltic plaques contalning AB*4? as shown In Figure 4. AR In diffuse
plaques (Figure 5) was not typlcally assoclated with CCR1 nor with any significant cellular
responses. in more advanced cases of Alzhelmer's disease, many more AR"*-positive
plaques were seen. Some, but not all of these were associated with CCR1 staining as
shown in Figure 3. In some cases CCR1-positive plaques were completsly free of Ap*4°
siaining.

In cases of severe Alzhelmer's disease where significant neuronal ioss and gllosis
were seen, reaclive astrocytes In the subiculum and entorhinal cortex were also CCR1
positive. In laas severe cases, CCR1-positive reactive astrocytas were uncommon.

Confocal microscopy of double-labeled sections showed that CCR1 Immunoreactivity
co-ocalizad with neurofilament-positive processes. The macrophaga/microglial marker,
CDE8, was not assoclated with CCR1 staining, nor was the AT8 antibody against abnormally
phosphorylated tau protein. As expected from light microacopic studles, CCR1
Immunoreactivity did co-ocalize with GFAP in areas of astrogliosis.

Leukocytes prasent within cerebral veasels were strongly CCR1 positive In both
Alzheimer's disease and control brain tissues, serving as posltive internal controls for
staining methods. In Figure 5 note the CCR1-positive staining of two Intravascular cells
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(arrows). Some CCR1-positive material Is also seen at asterigk, but in general, diffuse
plaques are not associated with CCR1.

Using hippocampal tissue from the second study (where patients were grouped Into
known clinical categories by CDR score), a quantitative evaluation of the number of CCR1-
positive plaque-like structures in the hippocampus was undertaken. Histologic evaluations
of Individual sections were performed under blinded conditions with respect to clinical
(CDR) status. The volume analyses were conducted using unbiased computerized
methods.

Figure 3 demonstrates the histologlc relationship between CCR1-positive dystrophic
neurites (brown staln) and a neurttic plaque containing AB**® (biue stain). Nots In that In
Figure 3 the CCR1-posltive processes are distinct from the amyloid. Plaques contalning
AB™ were discrete and easlly counted, as were the clusters of CCR1-positive naurites.
Slides of hippocampus were evaluated for the number of CCR1-positive coronas, the
number of AB™* positive plaques, and the number of plaques containing both markers.
The structures were counted by region (e.g., CA3, CA1, and subiculum) within the entire
hippocampal formation, Including entorhinal cortex and then totaled. The values are
relative estimates of the number of structures in the hippocampus as represented by 5-ym
thick cross-sections of the hippocampal formation. Figure 6 shows the relationship
between CCR1 and AB** by CDR score.

Quantification of the amount of A" required a different technique because A"
was more abundant and formed “diffuse” plaques that could not be easlly enumerated (see
Figure 5). For these slides a computer-assisted method (C.A.S.T. stereclogy system) was
used to estimate the area of entorhinal cortex occupled by AB™2. This area was expressed
as a percent of the total area of cortex on the slide. The areas occupied by neuritic and
diffuse plagues were counted separately. The computer-drivan microscope stage assured
random (unbiasad) evaluation of the tiesue sections. The volume % of entorhinal corlex
occupied by Ag*? (both diffuse and neuritic) Is compared to the number of CCR1-positive
plaques In a sister section of entorhinal cortex In Figure 7.

Figure 8 shows that the average number of CCR1-positive dystrophic neurites in the
hippocampus Increases as a function of CDR score In Alzheimer's disease. The number
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of poslitive siructures in early Alzheimer's disease (CDR 0.5) is Increased above control
(CDR 0) leveis. Although the differences between control and Alzhelmer's disease groups
did not become statistically significant until group CDR 2, these expression pattems
support the conclusion that CCR1 Is upreguiated In dystrophic neuronal processes even at
very eerly stages of Alzheimer's disease. Note that the number of AB**° plaques do not
rise until late In the disease. CCR1 exprassion In brain tissue may thus be congldered a
relatively early indicator of Aizheimer's disease.

The correlation between number of CCR1-pasitive plaques in entorhinal cortex and
the amount of Ap™? Is show-n In Figure 7. In general, CCR1 levels In entorhinal cortex
rise as the disease &etate Increasas; howaver, the area aampled is much smaller than the
area sampled in Figure 8. Note, however, that AB"*2 lavels rise early in the disease.

Example 11
Assessment of braln avallabliity, using a **C-abeled tracer

A *C analogue of 1-(5-chioro-2-{2{(2R)4-(4-flucrobenzyl)-2-methyipiparazin-1-yl}-
2-oxoethoxy}phenyl)urea was prepared and used for pharmacokinetic studles of brain
avallabllity. Mice were Injected l.v. through cannulated jugular veins with the analogue at
36 mg/kg containing 334,000 dpm per dose. Mice (In groups of four) were sacrificed at 1,
15, 30, 120, and 1440 minutes after Injection by CO, inhalation followed by intra-cardiac
puncture for removal of whole biood. The chest was then opened and mice were perfused
through the heart with phosphate buffered saline for fiva minutes to remove residual
radloactive drug from the blood compartment. The brains ware then removed, weighed,
and sampled for amount of radiocactivity In two separate pleces of cerebral cortex. The
radioactivity levels per mg of tissue in the two samples were averaged and the data were
normalized to otal brain weight, as ilustrated In Figure 8. The bars represent the standard
error (n=4 mice per time point). in particular, the graph In Figure 8 shows that the total
number of disintegrations per minute (DPM) for *C analogue In whole mouse brain
decreases to negligible levels by two hours after injection. At the 1-minuts time point,
calculations show that, on average, about 3% of the Injected dose Is found in whole mouse
brain (average weight of 450 g).
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Plesma samples prepared from the whole blood removed from the mice were also
analyzed for radloactiva content The amount of radicactivity in equal volumes of brain and
plasma was compared over time as a percent of Injected dose, as Ilustrated In Figure 9.

The % of Injected dose {L.d.) found per mL of plasma also declines over ime, reaching
negligble levels after two hours. For comparison to brain levels, the total number of DPM per
brain were normalized to a gram of brain weight and expressed as & percentage of the i.d.
per gram of brain tissue. Note that mouse brains weigh on average about 450 mg so that the
% of i.d. in 1 g of mouse brain shown In the graph overestimates the real value by about two-
fold. itis ciear that the levels of the analogue in the brain fall in concert with plasma levels.

Although the analogue Is lipophillic, normal mouse braln does not appear to be a depot site
for the CCR1 antagonist.

Example 12
CCR1 Expression In Other Neurodegenerative Diseasea
Materials and Methods
Histologic samples of autopsy brain tissue from a total of 20 cases from seven
different neurodegenerative diseases (other than pure Alzheimer's disease) were obtained
and studied for CCR1 content. Slides were immunostained with antibodies against CCR1 as
described in Example 10 above and reviewed under blinded conditions with respect to the
specific neurodegenerative disease. Subsequently, sister sections were double-labeled with
antibodies against CCR1 (DAB as chromogen) and AB**? (Vector Red™ as chromogen).
The diseases axamined are listed below:

Parkinson's disease (PD) 6 cases
Parkinsonlan dementia of Guam 3 cases
Congophllic angiopathy 4 cases
MultHnfarct dementia (MID) 4 cases
Diffuee Lewy body dementia (DLBD) 4 cases
Plck's disease 4 cases

Progressive supranuciear palsy (PSP) 4 cases
The stained slides were graded for CCR1 and AB™2 content using a histologic scale
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of 0 io 4, with D being absance of staining, 0.5 Indicating rare expression, and grades 1
through 4 Indlicating Increasing levels of expression with 4 being highly abundant.

Results

All six cases of Parkinson's disease and all three cases of Parkinsonlan dementia of
Guam were negative for CCR1. CCR1-paositive plaque-like structures, simllar to those found
in Alzheimer's dissase, were observad In all 4 cases of congophilic anglopathy, In 3 of the 4
cases of DLBD, in 2 out of the 4 cases of PSP, and in 1 out of the 4 cases of both MID and
Pick's diseasa.

Double-labeling studies confirmed the assumption that these CCR1-posltive plaque-
like structures were aasociated with AR**%, as was found In pure cases of Alzhelmer's
disease (Example 10). Figure 10 shows the results of the pathological evaluations In graphic
form for all the diseases except for Parkinson's {(which was negative for CCR1 in brain).
Basically, CCR1 expression was never found in brain issue samples unless AB'**-positive

. neuriic plaques were also present.

Aftar the code was broken, It was found that the one caee of Pici’s disease showing
CCR1 exprassion also carried the diagnosis of Alzheimer’s disease. The two PSP cases with
CCR1 were also diagnosed with concurrent Alzhelmer's dissase. Congophilic angiopathy
and DLBD are diseases that are closely assoclated with Alzhelmer's disease pathology.
Therefore, it is not surprising that they would also have high levels of CCR1 expression in
assoclation with AB*2, In elderly populations R Is often the case that Alzhelmer's disaase
pathology will overiay other disease processes. This was found in one of the four MID cases.
These results suggests that CCR1 is a marker that Is closely asaociated with Alzheimer's
diseass pathology (specifically, AB"“%positive neuritic plaques) regardiess of other
concurrent pathological processes that may be present in brain. As such, It is likely to be

highly specific for Alzheimer’s disease pathology and therefore may be useful as a diagnostic
surrogate marker of disease progression.

LR A X R

While the present invention has been described with reference to the specific
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embodiments thereof, it should be understood by those skilied in the art that varlous
changes may ba made and equlvalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modificationa may be made to adapt a
particular situation, material, composition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. All such modifications are intanded to
be within the scope of the claims appended hersto.
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What is claimed is:

1. A compound of formula (1):

R‘?J—N3
XS PR 0
Q-o N—/ R
o

o)

wherein:

X' and X2 are each indepandently halo;

R' and R? are each independently hydrogen or alky!; and

R3 Is hydrogen, amino, monoalkylamino, dialkylamino, monoaralkylamino,
alkylcarbonylamino, alkenyicarbonylamino, haloalkylcarbonylamino,
arylcarbonylamino, alkoxyalkylcarbonylamino, alkcxycarbonylalkylcarbonylamino,
glycinamido, monoalkyiglycinamido, arylcarbonyliglycinamido,
aminocarbonyiglycinamido, (aminocarbonyl)(alkyl)glycinamido,
(alkoxyalkyicarbonyi)glycinamido, ureido, monoalkyiureido, monoarylurekdo,

monoarelkytureldo, or alaninamido;
and wherein either ane of X' or X2 Is selected from the group of 123, 125 128 13\ =g,
Br, Br and '*F; ar wherein one of the carbon atoms in the compound Is ''C;
or a pharmmaceutically acceptable salt thereof.
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2 A compound of formula (H):

/—O”"
paSell

N(R“)R5
wherein
X! and X? are each independently halo;
R' and R? are each independently hydrogen or alkyl; and
R* is hydrogen; and
R® comprises a chelator capable of binding a radloactive metal atom chosen from the
group of ®™™T¢, '™Re and '*Re;
or as a complex with ®™Tc, "®Rg and '®Re;
or a pharmacautically acceptable salt thereof.

3. The compound of Claim 1 or Clalm 2 wherein sald compound binds to
chemokine receptor CCR1 and passes the blood-brain barrier.

4, The compound of Claim 1 or Claim 2 wherein R is methyl at the 2-position
of the piperazinyl radical and R? Is methyl at the 5-position of the piperazinyl radical.

5. The compound of Claim 1 or Claim 2 wherein R' Is methy! at the 2-position
of the piperazinyl radical and R? Is hydrogen.

8. The compound of Claim 1 wherein X' Is chioro at the 4-position of the phenyl
radical and X2 is a "°F atom at the 4-position of the phenyl radical.
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7.  The compound of Claim 2 wherein R® Is a chelator of formula (jlI):
H
N
\“/\N/\“/ \/\SH
()]
5 ') o

SH

8.  The compound of Claim 2 wherein R® Is’a chelator of formula (IV):

\Q’v“\/\w

o)

SH

9.  Tha compound of Claim 7 or Claim 8 wherein R® further comprises a linker
molety comprising an alkyl radical having one to tan carbon atoms, wharein the alkyl
radical optionally containa one to ten -C(O)-groups, one to ten -C(O)N{R}- groups, one to
ten -N(R)C(O)- groups, one fo ten -N{R)- groups, one to tan -N(R). groups, one to ten
tyydroxy groups, cne to ten -C(O)OR- groups, one to ten oxygen atoms, one to ten sulfur
atoms, one to ten nitrogen atoms, one to ten halogen atoms, one to ten aryt groups, and
one fo ten saturated or unsaturated heterocycilc rings wherein R I8 hydrogen or alkyl.

10. ‘The compound of Claim 8 wherein the linker molety Is -C(O)-CHa-N(H).

11.  The monochloride salt of a compound of Claim 1 to Clalm 10,

12. The dichioride salt of a compound of Claim 1 to Claim 10.

13. A method of dlagnosing Alzhelmer’s disease in a human which comprises
adminlstering to & human In need of such diagnosis a compound according to Claim 1 to

12 and measuring the radioactivity arising from the administration of the compound to the
human elther by using @ gamma camer or by positron emission tomography (PET).
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14. A method of using a compound according to Claim 1 to 12 for the
manufacture of a radiopharmaceutical for the dlagnosis of Aizhelmer's disease in a
human.

15. A process for the production of a compound of formula () according to Claim
1 comprising the reaction of a compound of formula (l]'

/—NH
\
Q ¥
®
wherein R!, R?, R?, and X' are as defined In Claim 1,
with a compound of formula (b):
0
"
18

{b)
in the presence of a reducing agent.
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Figure 8

CCR1 and Amyloid 1-40 in the Hippocampus

Number of CCR1 Positive Structures
3

Number of Amylokl 1-40 Posliive Siructures
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Figure 7

CCR1 and Amyiold 1-42 In the Entorhinal Cortex
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Percent of Injected Dose In Brain & Plaama
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Figure 10
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ABSTRACT

This Invention Is directed to the use of radlophammaceuticals in diagnosing
Alzhelmer's disease. In particular the radiopharmaceuticals of the invention are abie to
pass through the blood-bmain barrler and bind to the CCR1 receptor present In brain tissue
of patients having Alzheimer's disease.
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Reivindicaciones

1 Un compuesto de la fédrmula (I)

en la cual

X' y X% independientemente entre si son halo,

R! y R? independientemente entre si son hidrégeno o alquilo, Yy

R? es hidrégeno, amino, monoalquilamino, dialquilamino,

. monoaralquilamino, alquilcarbonilamino, alquenilcarbonil-
amino, halecalquilcarbonilamino, arilcarbonilamino, alco-
xialquilcarbonilamino, alcoxicarbonilalquilcarbonilamino,
glicinamido, monoalquilglicinamido, arilcarbonilglicinami~
do, aminocarbonilglicinamido, (aminocarbonil) {(alquil)glai-
cinamido, (alcoxialquilcarboniljgliicinamido, ureado,
monoalquilureido, moncarilureido, monoaralquilureido o
alaninamido,

y en la cual ya sea X! o X? se selecciona entre el grupo de
1237 125y 1287 131y I5gy  Tégy 80pr y ¥p, 0 en la cual uno
de los &tomos de carbono en los compuestos es !ic,

o una sal farmacéuticamente aceptable de éste

2 Un compuesto de la férmula (II)

__../ x!
ol M
Xinj—- o <N__J>R2 i
\ | 7/
| dv5
NRYR 5

en la cual
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R' y R? independientemente entre si son hidrégenc o alquilo, y 39?/

R' es hidrégeno, y

R®* comprende un quelator capaz de enlazar un atomo de metal
radioactivo escogido entre el grupe TIc, %®Re y !®Re,

o como un complejo con **®rc, !®*Re y **Re.

o una sal farmacéuticamente aceptable de é&ste

»

3 El compuesto de la relvindicacién 1 o la reivindicaciédn 2,
en donde el mercionade compuesto se enlaza al receptor de

quimiocina CCR1 y pasa la barrera sangre-cerebro

4 El compuesto de la reivindicaciédn 1 ¢ la reivindicaciédn 2,
en donde R! es metilo en la 2" posicién del radical piperazini-

lo y R? es metilo en la 5" posicién de radical piperazinilo

5 El compuesto de la reivindlcacidén 1 o la reivindicaciédn 2,
en donde R' es metilo en la 2* posicién del radical piperazini-

lo y R’ es ha.drégeno

6 El compuesto de la reivindicacién 1, en donde X! es cloro
en la 4® posicién del radical fenllo y X2 es un atomo °F en 1la

4* posicién del radical fenilo

7 El1 compuesto de la reivindicacién 2, en donde R® es un

quelator de la férmula (III)

H
W(l/\ N/\c")/N\/\SH ()

SH

8 El compuesto de la reivindicacién 2, en donde R® es un

quelator de la férmula (IV)

YN/\/H\/\SH

o )

SH



9 El compuesto de la reivindicacién 7 o la reivandicacién 8,
en donde R® comprende ademas una mitad enlazadora que compren-
de un radical alquilo que tiene de uno a diez Atomos de carbo-
no, en donde el radical alquilo contiene opcionalmente de umo
a diez grupos -C(0O)-, de uno a diez grupos -C{O)N(R}-, de uno
a diez grupos -N(R)C(0)-, de uno a diez grupos -N(R)-, de uno
a diez grupos -N{R)2-, de uno a diez grupos hidroxi, de uno a
diez grupos -C(O)}OR-, de uno a diez atomos de oxigeno, de uno
a diez Atomos de azufre, de uno a diez a&tomos de nitrbdgeno, de
uno a diez stomos de haldgeno, de uno a diez grupos arilo y de
uno a diez anillos heterociclices saturados © insaturados en

los cuales R es hidrégeno o alquilo

10 El compuesto de la reivindicacién 9, en donde la mitad

enlazadora es -C{Q)-CH2-N(H)

11 La sal de monocloruro de un compuesto de la reivindica-

c16n 1 a la reivindicacién 10

12 La sal de diclorurc de un compuesto de la reivindicacién

1l a 1a reaivindicacidén 10

13 Un método para diagnosticar la enfermedad de Alzheimer en
un ser humano, método que comprende en administrar al ser hu-
mano que necesita tal diagnéstice un compuesto de acuerdo con
la reivindicacidn 1 a 12 y medir la radiactividad que surge de
la administracién del compuesto al ser humano ya sea utllizan-
do una camara gama © mediante tomografia de emisiédn de posi-

trones (PET)

14 Un método para usar un compuesto de acuerdo con la rei-
vindicacién 1 a 12 para la manufactura de un producto radio-
farmacéutico para el diagnéstico de la enfermedad de Alzheimer

en un ser humano

15 Un procedimiento para la produccién de un compuesto de 1la
férmula (I) de acuerdo con la reivindicacién 1, procedim:iento

que comprende la reaccidédn de un compuesto de la férmula (f)
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en donde R!, R?, R® y X son como se definié en la reivindica-
cibn 1,
con un compuesto de la férmula (b)
)I
H I\
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(b)

en presencia de un agente reductor
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