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Fec‘ha de Presentacion Internacional 06 de julio de 2007

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decisién 486 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 74-137 04 de marzo de 2008
Reuwndlcacaones Folios 138-163 o . 04 de marzo de 2009
Prieridad: EP 080184455.3 4 de septiembre 2008

2. Anilisis de la Prioridad

8e acepta la reivindicacién de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la

prio?idad reivindicada.

3. ijeto de la invencién

Tituﬂo de la solicitud: “derivados de la feniloxiamina”

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
comruestos con actividad sobre los receptores periféricos de las benzodiacepinas

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto
de la formula (1) y composiciones que lo contienen.

|
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El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de

Patentes (CIP): CO7C 309/86; CO7C 233/88; CO7F 7/18

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)
El uso de las reivindicaciones 31-33 no es patentable, de acuerdo con el Art 14,
5. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

L.as reivindicaciones 1-7 no son concisas porque los términos:

o Alquilo, perhaloalquilo, di-alquil, tri-alquil, alcoxi, alilo; porque no se define el
| namero de carbonos del grupo.

» Aralquilo, alquilfenilo, cicloalquilo: porque no define el nimero de carbonos del
| anillo.
* Heteroarilo: no define el nimero de miembros del anillo, y el nimero y tipo de
. heteroatemos que conforman el anillo.

e C1.6 alquilfenilo, 2,4,6-Cq. trialquil, C4.5 alquilo porque dan lugar a un alto
' numero de alternativas que no encuentran soporte en el caplitulo descriptivo.

No permiten entonces, limitar el alcance de la materia que se busca proteger ni
definirla adecuadamente, por lo tanto se requiere al solicitante que restrinja la
solicitud a una razonable generalizacién del tipo de compuestos que han sido
sinitetizados o probados.

Las reivindicaciones 21 al 24 definen un proceso para la preparacién de un
compuesto de férmula uno, pero no definen el proceso por sus caracteristicas
esenciales (catalizadores, condiciones de reaccién, solventes, etapas, esta Ultima es
la (inica que se encuentra en la definicién del proceso), se sugiere definir el proceso
de manera adecuada, y retirar de éstas reivindicaciones las definiciones de los
radlcales las cuales pueden ir referidas en las reivindicaciones dependientes que
defnmeron el compuesto de formula uno.

La reivindicacién 31 esta definida de manera inadecuada puesto que establece como
caracteristica un uso, lo cual no es patentable, por lo tanto se sugiere que sea
retirada del capitulo reivindicatorio.
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6. Determinacion del Estado de la Técnica

El Estado de la Técnica se determiné con base en la fecha de Presentacion de la
Solicitud de Prioridad: 04 de septiembre de 2006

Y se encontraron los siguientes documentos que anticipan el objeto de esta solicitud:

Item | _Documento ' Titulo | _Fecha de Publicacién*
i Journal Of Medicinal Development of a New Radicligand, N-
! Chemistry Volume 47, {5~ Fluoro-2-phenoxyphenyl) N-(2-

D1 Page 22282236 ["®Fjfiuoroethyl-5- March 26, 2004 (Article)

methoxybenzyl)acetamide, for PET
DOI: 10.1021/jm0304919 Imaging of Peripherai Benzodiazepine
Receptor in Primate Brain

Jdurnal Of Medicinal Chemistry Chemistry, Volume 47, (folio 198-205, pagina 2228-

2235)

Dlvulga el compuesto 5 que corresponde a un compuesto de formula () enelque R =
'8F el cual es afin con el Receptor periférico de las benzodiacepinas y puede ser

utilizado como radio ligando (pagina 2228, columna 2, Esquema 1)

7‘ Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en un compuesto de féormula (1)

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la

‘ ___Tecnica: |
- _Caracteristicas esenciales ; D1
Un compussto de formula (1) ‘ -] _Un compuesto de formuia (1)
- , LAV
| fOHa CH
‘ ' o ‘ O /C * 3
| T ¢

Ué N | Fﬁé 1.

Un compuesto 5 donde R es —~CH,CHF, un
compuesto 6 donde R es ~CHal
. R puede ser un grupo ~OS(O),-L Un compuesto 7 donde R es tosiloxietil

1R es seleccionado de Cloro, Bromo, lodo

El documento D1 se considera el estado de la técnica cercano a la invencién definida

en la reivindicacion 1 porque se refiere al desarrollo de nuevos radioligandos para los
Ha CH

0\ /C a

\CIN‘

receptores periféricos de benzodiacepinas (PBR) de formuta (1) é

donde R es H (compuesto 3), FCH, (compuesto 4), FCH,CH; (compuesto 5), ICH,
(compuesto 6), tosiloxietil (compuesto 11), trfluorometanosuifoniloxietil bromuro
(compuesto 12), (folios 198-201, columna de la derecha, estructura y tabla 1)

La diferencia entre la invencién, definida en la reivindicacion 1 y los compuestos de
D1‘ consiste en que la actual reivindicaciéon presenta analogos 2-cloroetil-5-
| ,

Primer Articulo 45- Expediente 09-22307




| 194
!\

metoxibencil, 2-bromoetil-5-metoxibencil y 2-iodoetil-5-metoxibencil, de los
compuestos de férmula |.

El efecto técnico que logra la diferencia, consiste en que se obtienen compuestos de
formula | que incluyen haldgenos diferentes al flGor en la estructura de los
compuestos de D1, ya que el capitulo descriptivo no revela que los compuestos
reivindicados tengan mayor afinidad por los receptores PBR, por lo tanto no se puede
concluir que los compuestos de la actual solicitud tengan una mejora técnica
inesperada sobre los compuestos revelados en D1.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “cémo proporcionar compuestos alternatives a los conocidos en
D1y que sean Utiles como ligandos de los PBR”.

Sin embargo, la utilizacién de la introduccién de radicales etil-halégeno, o un grupo
alquilo unido a un grupo sulfonilo saliente ya se encuentra divulgada en D1 (folio 200

compuestos 5, 7) los cuales se refieren a la sustitucién por 2 fluoroetil-5-metoxifenil y
tosiloxietil analogos respectivamente.

En cdnsecuencia, la persona del oficio normalmente versada en la materia
enfrentada al problema de presentar compuestos alternativos derivados de la
feniloxlanilina, intercambiaria el flGior del grupo 2-halo-etil-5-metoxifenil por cloro,
bromo o iodo, intercambiaria el grupo halo por un grupo sulfonilo saliante como en el

compuesto 7 llegando asi al objeto de la presente solicitud. Por lo cual se considera
obvia. -

Concluéién:

La reivindicacion 1 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

Puesto que las reivindicaciones dependientes 2-6 no mencionan caracteristicas
inventivgs adicionales, por lo que tampoco se pueden considerar inventivas.

Conclusioén:

Las reivindicaciones 1-20 y 29-30 cumplen el requisito de novedad (Art. 16), pero no
cumplen: con el requisito de nivel inventivo (Art. 18).

La reivinﬂjicacién 25 consiste en un proceso para formar el compuesto de formula 3

Comparécién de las caracteristicas técnicas esenciales, con las del Estado de la

Técnica:
Caracteristicas esenciales o ~ Di _
Un proceso para preparar un compuesto de formula 3 | Un proceso para preparar un compuesio de formula 5
i ’ ’

Literal a) { e - , Metodo 2
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Hacer reaccionar un compuesto de formula 7

Y

» 'CH;
L .,g@
%
: 18 con
1 | con aniones " F aniones ’%F
Un compuesto 7 + anién "F

Hacer reacclonar y un eompuesto de férmula 7

-
0.
Y4
121°-160°C

|

f acido
L,

| , &

Un compuesto 7 + anion

Literal b)

Hacer reaccionar un compuesto de formula l

: | con aniones '°F

Hacer reaccionar un compuesto de férmula |

WS
=

CHa

con
aniones '°F

~ Un compuesto 7 + anién °F

50°C-160°C

\
| 9

Un compuesto 6 + anion 1"F

S

— \ﬂo//é/o
L

|
El documento D1 se considera el estado de la técnica mas cercano a la invencién
definida en la reivindicacién 25 porque divulga procesos de formacién para

|

\
!
i

compuestos de férmula 5

(folio 199, pagina 2229), donde se

efectua la sustltumén nucleofilica de un analogo tosiloxietil o iodometil del compuesto

de férmula 5 con ['°FJF.
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La di%erencia entre la invencion, definida en la reivindicacion 25 y los procesos de D1
consiste en que la actual reivindicacién presenta un método a) donde se hace

reaccionar un compuesto analogo tosiloximetil de formula 7 con
aniones "°F a unas condiciones de temperatura entre 121°C- 160°C; y un métoglpo b)
|

¥

donde donde se hace reaccionar un compuesto de formula |
con aniones '®F a unas condiciones de temperatura entre 50°C- 160°C.

El efecto técnico que logra la diferencia, consiste en que se obtiene un compuesto de

P
LF,
Y
1 i a)
, O "
férmula 3 partiendo de intermediarios alternativos.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asf: “‘como presentar un proceso alternativo para obtener el
compuesto de féormula (5) conocido en D1 partiendo de intermediarios alternativos”

Sin embargo, la preparacion de un compuesto de férmula 5 a partir de un compuesto
de tosixloxi sustituido o a partir de un compuesto halo alquil sustituido saliente ya se
encuentra divulgado en D1 (folio 199, pagina 2229 columna derecha Ultimo parrafo)
el cual se refiere a un proceso donde se obtiene un compuesto de férmula 5 a partir
de precursores tosiloxi sustituidos (literal a)) o haloalquil sustituidos (literal b}).

|
En consecuencia, la persona del oficio normalmente versada en la materia
enfrentada al problema de presentar procesos alternativos para la formacién del
compuesto de férmula 5, tomarfa las ensefianzas de D1 haciendo reaccionar aniones
"®F con analogos tosiloxi sustituidos (como el tosiloximetil) o haloetil sustituido, para
obtener el compuesto 5. Por otro lado, una persona normalmente versada como
resultado de la experimentacién encontrarfa la temperatura 6ptima. De esta manera
no puede latribuirse nivel inventivo ai objeto de la reivindicacion 25.

|
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La rexvmdscacnén 25 cumple el requisito de novedad (Art. 16), pero no cumple con el
reqmsito de nivel inventivo (Art. 18).

Puestq que las reivindicaciones dependientes 26-28 no mencionan caracteristicas
inventivas adicionales, por lo que tampoco se pueden considerar inventivas,

Conclusién:

Las reivindicaciones 1-8, 25-28 el requisito de novedad (Art. 18), pero no cumplen
con el requisito de nivel inventivo (Art. 18).

|

8. Conclusién

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asf:

\ Reivindicaciones '
item l | Documgnto afectadas Requisito que afecta
| Journal Of Medicinal Chemistry Volume
1 47, : :
D1 : Page 2228-2235 1-6, 25-28 Nivel Inventivo
‘ DOI: 10.1021/im0304819

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de noftificacidn de la presente comunicacion. En caso de

no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los imped‘imentos para la concesidn, se denegara la patente

Not:flquese el presente oficio conforme a lo dispuesto en el numeral 8.2, literal e), del
capitulo qunnto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR%()PEZ

Director de Nuevas Creaciones (C)

El antenor requenmlento fue notificado por fijacion en lista, de fecha

z)&? SET 21

Elaborado por Harvey A. Jaramillo 3¢
Revisado Por: Jacqueline Alfonso 0¥

|
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\' (5 Flugro-2-phenoxyphenyl)-N-(2-["8F]fluoroethyl-5-methoxybenzyl)acetamide,
for PET ]jmagmg of Peripheral Benzodiazepine Receptor in Primate Brain
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Lelon o position emission tomography (PET) ligand for imaging the ‘peripheral benzo-
St ece ptor PBRY in brain an d clucidating the relationship between PRBR and brain
discases. four analogues (4--7) of N (2.5-dimet h()xybmzvl) (a fluoro-2-phenoxyphenyli-
v otagade (2) were synthesized and evalualed as ligands for PBR. Of these compounds.
f'luormhwf wl 4) and fluor oothyl (5) analogues hdd simil ar or nghex affinities for PRR than

(d%*)ld\ke(! a moderate athmty whereas ms}loxyeth\/l analogue 7 had weak affinity. Radmla—
be\lmv Wwas performed for the fluoroalkyl analogues 4 and 5

S5t f.!!\“

Ty

5 using fluorine-18 ("*F, 5 96.7

09. 8 min). Ligands [“‘}“14 and [1°F]5 were respectively synthesized by the dlkylatmn ot

(i(mm thvl precursor 3 with [¥F}fluoromethyl iodide (['*F]8) and 2-[}8F]fluor cethyl bromide
itk ;‘W The distribution patterns of ['*F|4 and ['®F]5 in mice were consistent with “the known
distrihtion of PBR. However. compared with ["*F]5. ['""F]4 displayed a high uptake in the

Lone obimyice.

Fhe PFT image of 1'°F]4 for monkey hrain also showed significant radioactivity

RS R TR wggest ng that this ligand was unstable for in vivo defluorination and was not «
il ‘_‘i’[ [ ligand Ligand ['""Fi5 displaved a high uptake in monkey brain especially in the

aoab(uttey
by 1ot ‘{”(-55 IR mnkt y brain was 1.5 times
thoy thar of JR)-(1 42 chlorophenyl)-N
Moreovar, the
i

A CImethyl N-(I-methvipropyllisoquineline
in vivo hi 1dmg of ["*F15 was significantly inhibited by PBR-selective 2 or

trating that rhe hinding of ["*F|5 in the monkey brain was mainly due to PBR. \Imalmhte

o regloti with richer PR than the other regions in the brain. The radioactivity

higher than that of [*!C]2, and 6 times nghv
(e )

cnalysisirevealed that [15F] 4 was rapidly metabolized by defluorination to [**F|F~ in the plasma
et lmnx
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T
auaging PBR in human brain.
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1of mice, whereas ['™F{5 was metabolized by dehenleanon ta a polar product |'SFi13
w plasma No radioactive metabolite of 1'F}5 was detected in the mouse brain. The
cweal data mdicate that [F]5 s a useful PET ligand for PBR and is currently used for

Scheme 1. Chemical Structures of ['1CIT and (1C12

Analogues
CH
Osg Srs ’
AN N&/ N\CHZ
Y { =N 11C|H
C! i
"'CIDAA1106 ((V'CR): R =1'CH;,

DAAT123 (3):R = H
["®FIFMDAA1106 (['®F)4): R = '8FCH,
['8FIFEDAA1106 (["®F8): R = "8FCH,CH;
velopment of a radioligand labeled by a positron-emilier,
which has made possible to visualize the distribution
ot PBR in the brain.!7 1°

(R)-{1-{2-Chlorophenyl)-N-[HCJmethvl N-(1-miethvyi-
propvhisoquinoline ([''CH{R) PK 11195, [''CI1. Scheme
1} is a clinically useful positron ernission tomography
(PFT) ligand for imaging PBR in cases of several hram

€ 2004 American Chemical Society
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Scheme 2. Chemical Synthesis of Compounds 4 -7+

OQ /CHS CH3
3:R=H
F N\CH 4:R = FCH2
5:R = FCHoCH,
OR  6:R=ICHy
7:R = TSOCHoCHy
FCHl 4 BrCH,CHoF —;"» 5
8 a 9
3 3
Chaly ——— 6  TSOCH,CH,OTs— — 7

10 11

4 Reagents and conditions: (a) Nal. DMF, 0 °C. 5 h, 79%; (b)
NaH. DMF, 80 °C. 8 h. 65%: (¢) NaH, DMF. 25 °C . 3 h. 34%: (d)
NaH. DMF. 0°C .5 h, 46%.

Scheme 3. Radiosynthesis of ['*F]4 and ['#F]5 by Two
Methods?

0 /e ChHa

1

RO, N ['8F)4: R = '8FCH,
| 2 8. _ 18
U ['8F15: R = "8FCH,CH,
OR
Method 1
18F
CHpl, —LIF (18FIFCHyl ——3 = ["8Fja
10 {*5F18
['eFIKF
TIOCHCHBr ——— ["8FIFCH,CH,Br 1'eF}5
12 ['8Fje
Method 2 e "
KF FIKE
[ ] [18F]4 [ ] [1BF
e

* Reagents and conditions: (a) 110 °C, 10 min. 8%.: (b) NaH,
DMF, —15 °C, 3 min, 90%: (¢) n-dichlorobenzene, 130 °C. 53 min,
55%: (d) NaH, DMF, —~15 °C. 10 min and then 120 °C, 10 min.

82%: (e) DMI', 30~120 °C. 1-15 min, 2—37%: () DMT. 30-120
°C, 1=15 min, 2—60%.

Results and Discussion

Chemistry. The four analogues 4 7 were svithe
sized according to the reaction sequences lineared in
Scheme 2. Reaction of the desmethyl precursor 3747
with excess fluoromethyl iodide® (FCH,I. 8) in the
presence of NaH at 0 °C for 3 I gave the [luoromethyl
analogue 4. Tx'eatmgnt of 3 with 2-fluoroethyl bromide
(FCHCH-Br. 9) and NaH at 80 °C gave the [lucroethyi
analogue 5. The iodomethvl analogue 6 was prepared
by the reaction of 3 with r]uodomelhane (CHT5. 10} and
NaH at 25 °C for 3 h. The tosyloxvethvl analogue 7 was
obtained by m)(mng 3 with excess ethvlene ditosylate
(11) and NaH at 0 °C.

Radiosynthesis. ligands {"*F]4 and |°F5 wete
prepared by two methods according to Schenw 3. The
first method was a two step reaction sequence which
involved the preparation of the radicactive interme
diate ["*F;fluoromethyl iodide ([**FIFCH-I. [‘8F|8) or
2-[¥Fifluoroethyl bromide ([MFIFCHCH,Br. [¥E]9).
followed by the alkylation of 3 with ['SFi8 or |'®F|9. The
second method was direct nucleophilic replacement of
the iodomethyl analogue 6 or tosyloxyethyl analogue 7
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Csth CEIE O As for the two-step methoed. the atkylating
it erediate SEI8 or [PF]9 was prepared bv the
eactor of 0 oF Fowth 10 or 2-trifluoromethanesulfo-

Cverhyl ftrmmde {(BrOH,CH-LOTE 12) by using A
coa deveoded awtomated system. ™ After the fluo
 PFi8 or PPF'9 was purified by
Tisriflation and dnwu v trapped i a solution of DMFEF
o taeing 3 and NaH at —15 “C. The purification of

T8 (hp —-34 7Cjoor [BF19 (bp: 71.5 °C) by distil
w@hor was effective, hecause this procedure can leave
“oeend sl manvolatife impurities such as metal ions

St U TSP STH ml(*f

s B cucinivon target the unteacted CERE L and
S rapsbtrengent hivptofix 222 .CO 0 After
o st CRIB oor 0RO tapping ended,

Puctereeliiviation findshed perfecidy  while the
) lation v qunf d o further 10 min at 120

S direcs method. heating 6 and 7 with
RIS ndwi “F'4 and *°F 5. However,

| N
s were not reproducible (29—

carget!
Ve er i
; at i

soepochefical viel

S and puaiifving "I ;4 and | 515 from the reaction

cooatesvoas cften difficule sinee the many nopurities

coaalting from the rarget and reaction greatly reduced

tie efhiciencey | After comparing the reaction conditions

and radiocheduical yields, we synthesized |'SF]4 and

RS by the &\\'o-swp reaction method (Method 1) via
o intermedintes 'EFI8 and {19F]9. respectively.

Reversed phase semipreparative FIPL.C purification

i+ reaction mixrures gave 'SF1 and ['3F]5 in 45 4

St apd 12 1o — 4 radiochemical vields

S verpected tor the phvsical decav in a

4 min and 50 ¢ 3 min. The

oot e e sred product was confirmed by coin

~ [ P A

X e crresponding nonradicactive 4 or 5 on

A r chvie HPLC In rhe final product

N Taris woimdtioche o eal ')\Mh\ Of *t 14 Ov ‘:"zi“]{)
Ge a8 andd the specific a(mm was 40

Cong oo tor R and ll(] 145 GBgumol for

o Aoeespaed from the mass measured by HPLC

R T I “tmiwnii’iumi neak corresponding to 3 was
Seeaan L HPLC for the final products. Moreover.
dogadinchemical purities of ['"F14 and ['®F]5 remained
’»’.. - atter 180 min at 25 *C. and they were stable as

U hgands while performing the evaluation.
fn Viwroe

A fes TR

linding Assays. The in vitro binding
bt the four analogues 4-7 for PBR were
acd Do competition for the [FCJ2 binding 1o

Cooc g esmoitative autoadiography of rat brain
r~ Table 1 Among these compounds, the

Pt msg\u 5 was the most active toward PBR.

ceo value 078 nMY of 5 was 2-fold higher than that
2 o 10k higher tan that of 1. This result
suggested that substituting the OCH. group with OCH-
C L sap sgas favorable for augmenting its hinding
iy ies PBR O The fluorormethyl analogue 4 displayed
st aftindty to 2 suggesting that substitution with
oo HF wroup Jdid not obyviously affect the affinity. This
ey b due Lo the molecular siimilarity and bioisoteric
sioperiy of Ui OCHE and OCH; groups. The iodom-
vooceatogug 6 had 30 times Tower affinity than 2,
oo e ushiewvering analogue 7 wes 110 times
on 2 These esuidts suggested that the relative

oo o this serres were not favorable for the
et e of PER O However, aithuug’v it was moderately
" = PR oA for PRRL the jodomethyvl analogue

=

Zhang ot al.

Table 1. In Vito Binding Allinity (K) for PBR and CBR, and
Octanol:Phosphate Buffer Distribution Coefficiont (log
O~ ,CH3 OCHa
¥
N
o
OR
KiinM)?
ligand R PBR” CBR¢ log D¢
4 FCH. 0.17 £ 0.02 > 1000 3.70
5 FCH;CH; 0.078 £ 0.01 > 1000 3.81
6 ICH: 4.8 = 0.68 =1000 4.02
7 TsOCH.CH: 18.1 % 1.30 >1000 4.65
2 CHjs 0.16 £ 0.02 = 1000 3.65
1 0.83 +0.24 > 1000 2.78

@ Values represent the mean obtained from 9 concentrations of

compound using at least 8 slices of rat brain (n = 3). ?[''CJ2
was incubated in the presence of the compounds examined.
¢ ["'C}Ftumazcenil was incubated in the presence of the compounds
examined. 9 The logD values were determined in the phosphate
buffer (pH = 7.4)/octanol system using the shaking flask method.
All results were presented as mean values (n = 3) with a maximum
range of +£5%.

6 may become a suitable candidate of a SPECT ligand

for imaging PBR. Similarly. the binding affinitics of

4-7 for CBR were measured using CBR-selective
[M'Clflumazenil. As shown in Table 1. 4—7 did not
display significant inhibitory effects (K, = 1 «M) on
f“(_ flumazenil binding in the rat brain. The negligible
affinities of these analogues for CBR may be due o a
difference {rom the ty >1(a1 henzodiazepine structure,
which resulted in hlé_,h selectivity for HBR

Biodistribution on Mice. The radicacuvity distis-
hution of [8F]4 and [ 8F]5 was measured in mice over
120 min (the data are shown in Supporting Informa
tion). These results revealed that [¥F]4 and (18F(5
showed a similar distribution pattern of radioactivity
in the regions examined except bone. As can be seen.
high radivactivity levels (=5% ID/g) were found in
tissues such as the lung, heart. kidney, and adrenal
gland, organs known to be rich in PBR. The distribution
patterns of uptake were in agreement with that of PBR
in the peripheral system. which was consistent with the
distribution of I“UZ or [MCH in the mouse. The highest
accumulations of ['8F|4 and ["*F15 were found in the
lung and these high levels were probably due to the high
mitochondrial contents containing PBR in the organ. On
the other hand. high radicactivities (2.6-4.4% ID/g for
['51"14 and 2.2—4.9% ID/g for ['*F]5) were also found in
the brain, the target tissue in this experiment. The
values were abom 13 1.6-fold higher than thar of
[1'CJ2. and 2-3-fold higher than that of [''C]1. which
was consistent with tlmr higher partition coeflicients
as shown in Table 1. Th(.’b(.‘ findings suggested that
114 and |'8F]5 do pass across the brain—blood barrier
(BBB), which is a prerequisite for a promising PET
ligand.

In the bone of mouse. a significant difference in
radioactivity was observed between [*F}4 and %F]|5
The accumulation of ['5F]5 in the bone was initially low
and showed no increase from 30 min (0.31% dose/g) to
120 min (0.09% dose.g). which demonstrated the ex-

290
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Lere obtadined from the same sul)]r\rt (o) ['"Fl4:

e wmmd!ml images of the monkey brain acquired between 30 and 180 min after ['*F ]hgmd injection The images
) ["F15: {c) ["*F]5 after treatment with 2 (1 mg/k*’).
by 3oeng ke Significant radioactivity was obsmvod in the hone after injection of ['*F|4 (a

1} ['*F]5 after treatment
). High radioactivity was abserved

S el o prex after injecrion of {HF]5 (b which was significantly inhibited by 2 (o) and 1 ().

Lateh by rr il ﬂnmm b group agatnst in viva

Cortiast, after njection ol R the
TR T AcCuineate in the bone and
Co ks ol 120 nun which was 50 times
el Loano ot “Id m the hone. On consideration
<t haracter i'slu of [P to readily accuinulate in
e 4 thay be decomposed o [YFIF by in vivo
Asfluorination. Our previous findings also demonstrated
‘nat | Ckifluoromethvl compounds are relatively un
~eatie o romparison with the corresponding [*F}fluo-
= thvland (- Clethyl compounds.® Therefore ['8F]4
aoy et be a useful PET ligand, even if it entered the
srain and had x\mw binding sites with PBR.
Monkey PET. The uptake of [V¥F]4 and ['®F}5 in
patkey DA wak e\ammed using PET. In rhe previous
Vit smei\ ‘e pesmimortem human brain, the highest
Fosov of PBR was observed in the oceipital cortex,
s s - g erest RO i this PRT experiment
av thie seapital cortex, Figuve 1 shows
a bV osarematon nnases of the menkey bram
dere from o 180 min after [BF4 ) and ['PF15
oo B0 85 MBS ml) The two images
Hishlaccumulation of radicactivity in the
: “sonativoin the occipital cortex. However. in
Coreparssorowith RS aomarked accumulation of U4
Cas abeaved e the bore, This fmage s visual evidence
T4 ees L commposed to PRI 0 vive as
CUegned B the Ingh acoimuadation of FF14 m the mouse
aone Therelsre ho tarther evaluation of ['*F]4 was
cc o ase PR in monkey brain
e 2 f'ri:‘f.'l(‘#) shiows the tine activity curve (TAC
SE A e z*({('i]‘;ildl cortex of monkey brain after
Cromveraus v gyedtion. At 2 min after imection. a
SO ,»)('m--»[acti\it\ was observed in the occipital
oxow b then remained almost same level during
b -~:e";»‘;.wr:(-z‘}m(,H() min). The radioactivity of [13F]5
“ae v Umes higher tan that of [P'CJ12.%27 and 6 times
Srohan that (F 00 C117 at 30 min after injection.
Tiedl o n wi"l novyadioactive 2 (1.0 mgrkg) gave a
ukm veductnn of aptake for the image (Figure o)
CALT e i ‘rrangles! of [5F]5 as compared ta
Teoxpecinwect which was abtamed under the
s ety s snown in Figure 2. prefreatment
th 1 ok e ffl!" ratial maximal uptake of [-SF15.
b ase may e derived from !v"‘F]‘) dispossessed
Toass noiradiegetive 2 from lung abundant in PBR.
Senan vases have been reported in the PET studies of
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Figure 2. Time-activity curves (TACs) of ['"®F]5 in the
occipital cortex of monkey brain. The radicactivity of the
control (circles) was strongly inhibited by pretreatment with
2 (triangles) and 1 (squarcs).
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Figure 3. Percent conversion of ['*F]4 or ['*F]5 to metabolite
in the mouse plasma and brain at several time points after iv
injection of ligand (5-10 MBq) into the mice (n = 3). The
unchanged tracers and metabolites were analyzed by HPLC
for CH3CN extracts from the plasma and brain homogenate
prepared as described in the Experimental Section.

PICHE and {V1C)2.2 From 30 min aflter injection to the
end (180 min) of the PET scan, pretreatiment with 2
reduced the level of radioactivity to about 20% of the
control. This result suggested high specific binding of
[**F15 present in the occipital cartex. Pretreatment with
the PBR-selective 1 {5 mg/kg) also produced a significant
reduction of radivactivity in the occipital cortex, as
shown in the image (Figure 1d) and TAC {Figure 2;
squares). The radicactivity was reduced to about 30%

20/
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Scheme 4 \'f-mt'mlixm of 11914 and {*F15 1 the Plasma and Brain

R ="8FCH, - .
H - . © + unknown
l /C 8 CHs Defluorination
‘ in plasma and brain O LHs
o e
‘ _18
\ on \R_ FCHoCH» = . F\C[
\ Debenzyiation CHo
] | in plasma 2
- 5 OCHZCH,'eF
|
["®FN13 14

|

v canteas from 30 min after injection to the end of

P01 s Lihe reduction percentage on the uptake
'3 by 1 was slightlv Jower that by 2, which was
e G fo the weaker affinity of 1 for PBR and
L« .y ownenatien’ into the brain than that of 2
oo tindun: g4 confirmed that (¥F[5 may have high
e hipdipg for PBR in the monkey bram
\1( tabolite!Analysis. In the imaging brain study,
£, oG eretabedites in the plasina of the subject
vy ecude hhe evaluation of a PET hgand i the
nerasolizes enger the brain and are retained/bound at
Do bat et Sirek Uherefore. metabolite analyses were
«oresmed for | F1S in the plasma and brain of mouse.
e iesn lx of monkev. For compatison, similar
wovses were alse performed for [F]4.
*<iwtes the percentages of unchanged [1F]4
T 3in '_-1( plastna and brain homogenate of mice
s T HIPLC Afrer injection into the mouse. the
voasrebag te the unmetabohized (CF 40
Poso i iy deaeased to 329 o 33%
. S 20 ar 30 mim A major
s ewrbehite with tugh polarity was observed
T U s e exchange chromatagraphy. the
4oy mw‘ dssigned o "“(- F o Since 7F'F s
oot byain permeable, U SF 14 may be metabo-
se0 g the plm{n,d and brain. respectively (Scheme 4).
Afror s injection into the mouse. the amount of {18F]5
fr plasma continued fo decrease during rhe entire
The fraction co responding to the un-
< angoed TFIS 0 the plasma was 647 at 5 min, 29% at
voere s and 250 of the total radioacuvity at 60 min
= oantection. No [SFIFC but another radioactive
towosdce was goserved in the HPLC. As estimated by
ot o b = 19 min). the metabolite was
= 1.8 min). On the
vl TS was d(-‘r.@( ted in l.h(* brain
“eevidence (-

Cen o e 'vi

g

N Y Y 3%} of amy radinactive
Bl es even gl 60 min after iv;e(‘tiun
. zu.-mﬂvu,.ﬁr analysis was also performned using
Sewey plasmal Afrer jts mw(non into the monkey.
3 01 prasina decieased to 77% at 5 min. 56% at 30
viooand L8740 30 min. From then. the amount of
reltietd P contmued to decrease. while that of
CLatioactive nigtabolite increased to 90% by the end
Soran ot the PET experiment. The radioactive
sesabolize in e menkev plasma was the same me-
Cetodb e seren uied i the mouse plasma,
v eontted acbviousiy, debenzylation of 2 and [F1CJ2
oo nai wwll af metabolism.2*% Since the fluaro-
o 815 had molecular similavity to and
R EIN 1,1'1'-;)(‘11\ of |'1CI2. it may be metabolized

R PTE S ;h.‘;‘vrl P "Fi\) T
|

-

b LR
Lo e

with a similar profile to [''C]2 (Scheme 1). A radioactive
metabolite (['*F]13) with a benzyl moiety and nonra-
dicactive metabolite (N-(5-fluoro-2-phenoxyphenyljac-
etamide (14) may be the putative metabolite of {18F]3
The debenzylated (‘ompound 14 had no affinity for PBR
and CBR (IC3 > 10 uM) .2
the nonradioactive 14 could not interfere with the
specific binding of ['®F|5 to PBR in the brain. even if it
passed the BBB and entered the brain. Since no
radioactive metabolites including ['*F]13 were detected
in the mouse brain homogenates, the chemical structure
of [*F]13 was not furt her identified. These findiugs
could reveal that although ['*F|5 was extensively me-
tabolized in the plasma. all of the specific vmdmo
determined in the monkey brain may be due to this
ligand itself and not influenced by its radioactive or
nonradioactive metabaolite.

Conclusion

To develop PET ligands for imaging PBR in the pri-
mate brain, four analogues 4—7 for PBR were synthe-
sizedd and evaluated in this time. The two fluoroalkyl
analogues 4 and 5 had higher or same affinities for PBR
than the parent compound 2 and had no potency for
CBR. The iodomethyl analogue 6 had a muderate
affinity for PBR and may become a candidate for a
SPECT ligand. The PET ligands ["F]4 and {%F5 were
respectively synthesized by the alkylation of the desin-
ethyl precursor 3 with ['®F]8 and [®F]9 in reproducible
radiochemical yields. The distribution patterns of ['*F}
4 and ['*F]5 in mice were consistent with the distribu-
tion of PBR. However, compared with ['¥F]5, [!8F]4
exhibited a high acmmulari(m of radioactivity in the
borie. The PET image of {**F|4 in the monkey brain also
showed significant mdma(‘tlvm in the bone. indicating
that it was not a useful PET hgand because of its
remarkable in vivo defluorination. The uptake of ['8F}5
in the occipital cortex of the monkey brain was 1.3 times
higher than that of [1'CJ2. and 6 times (maximum valuc}
higher than that of [''C]2. Pretreatmenr with 1 or 2
significantly reduced the radioactivity levels of ['9F]5
to 20—30% of the control in the brain. suﬂgosting a high
specific binding of [15F}3 to PRR in the monkey brain
No radioactive metabolite of ['*F|5 was detected in the
brain although it was metabolized in the plasma by
debenzylation. This study has succeeded in dev eloping
a potential PET ligand ['3F]5 which has high specific
binding for PBR in the monkey brain.

Experimental Section
"H NMR spectra were recorded on a INM-GX-270 spec
trometer (JEOL, Tokyo) with tetramethvlsilane as an internal

> Therefore, the presence of

[0
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seondard Ao i‘lpmiznl shifts (9 were reported in parts per
diwotieid from the standard FAB MS was
wbtamed o & JEOL NAIS--SX102 spectrometer (JEQL. To-
ve - Celoann chruimatography was performed using Merck
cesedue’ oer 8O0F 1700 230 mesh)y 18 Fluorine (F) was
: fovthe i) po oF nuclear reaction using a CYPRIS
8 vdutron aSumittomo Heavy Industry, Tokyo) It not
sy statedn radioactivity was cetermined with an 1GC
Svstemeter OAfoka Tokve) HPLO was performed using a
TASCO M Csvstenn JASCO. Tokyo): effluent radioactivity
voes g ed asimg a Nal (T seintillation derector system.
“oraples 2oanad 3 were Kindly provided bv Dr A Nakazoto
o P ;u(h alb Al (hm‘ni(c‘\i 1eagents with the
~srocradde contnercialiv available were purchased from
et A hasnkee WD and Wako Pure Chem, Ind.
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e Vo et e b oe sornnities (O the care woid use
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SIS *r( H {4 about 20 mgin 1 ml ol CHLON),
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v TsCH THAOTS 11 37 mg 0.1 mmol) and Nat (8
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Sa T WS cue xﬁ hed with AcOEL and waslied with
caomacasat tared Gl solution. Afrer the organic laver
S even N Sec he solvent was removed to give a
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using 18 MeV protons (14.2 MeV on target) from the cyclotror
and separated from ["OJH:0 using Dowex 1 X8 union

exchange resin in an irradiating room. The ["T}F“‘ was eluted -

from the resin with aqueous K,CO . (3.3 mg/0.3 ml} into a vial
cortaining CH.CN {15 ml)/4.7.13.16.21.24 hv xaoxa 1.10
diazabicyclo[8.8. 8lhexacosane (Kryptofin 2220 25 muy and
transferred into a reaction vessel in a hot cell.

N-(5-Fluoro-2-phenoxyphenyl)-N-(2-["¥Flfluoromethyl-
5-methoxybenzylacetamide ([**T]4). {{*F|F  from rthe ir
radiating room was transported to a Pyrex glass vessel (5 mL)
mmdmmg 100 ul. of o-dichlorobenzene 10-DC B). and the
[*FIF was dried to remove HoO and CH3CN at 120 °C for 15
min. After CHL: (10, 100 #L) was added to the radinactive
mixture by a helium flow (50 mL/min) ar 120 °C ["*FIFCH:1
(['*F|8) 1esulted in this vessel was distilled at once under
helium for 3 min and bubbled into auother Pyrex glass vessel
containing the demethvl precursor (3.1 5 mg and NaH ¢
al. o 5@ 20ml DMF) in anhydrous DMF Q00 i at 15 ¢
After maxtinum radioactivity was bubbled inte the solution,
the reaction was terminated by adding CHCONMHO (674, 500
#L). The radivactive mixture was applied to a semipreparative
HPLC column. HPLC senupreparative purification was com-
pleted on YMC Jsphere ODS—HS0 columin (10 nun ID ~ 230
mim} using a mobile phase of CHCONH,0 (6040} at a flow
rate of 6.0 mL/min. The retention time (tp) for [F14 was 11.2
min, whereas that for 3 was 6.7 min. The radicactive fraction
corresponding to [**F]4 was collected in a sterile flask conrain
ing polysorbate (80} (75 L) and ethanol (150 ul). evaporated
to dryness under vacuum. redissolved in 7 mL of sterile normea,
saline, and passed through a 0.22 um Millipare filter to abtain
the {inal product. At the end of synthesis (EQS), 180300 MBq
of [**F14 was obtained as an iv injectable solution at a hmm
cutrent of 1015 #& and 20 25 min proton hantbardment.

N-(5-Fluoro-Z-phenoxyphenyl)- N-(2-[*Ffluoroethyl-5-
methoxyb(‘n7}l)a(‘etamide (IBF15). After the F¥FIF- was
dried. BrCH .CH.OTSf (12, 8 1L} in o-dichlorobenzene (400 1.3
was added to the radioactive mixture. The ["FIFCH:CH, R
TEEIGY in this vessel was distidled under a helium flow (90
100 mL/miny at 130 “C for 5 min and bubbled into anothe:
vessel containing 3 (1.5 mg) and NaH (10«1, 1.5 g/20 ml
DMF} in anhydrous DMF (300 «L) at =13 °C. and the reaction
mixture was heated and kept at 120 °C for 10 min. HPL(
semipreparative purification was performed o a YMC Fsphet.
ODS H8O column (10 mm ID « 250 mm) using a mobile pha_‘w
of CHCONMH O (35743 at a flow rate of 6.0 mL/min. The # fiq
FPE75 was 142 min. At BOS. 370-780 VBg of IF5 was
obtained as ant iv injectable solution at a beam current of 10
15 «A and 20-25 min proton hombardment,

Radiochemical Purity and Specific Activity Determi-
nations. Radiochemical pur‘it‘\ was assaved by analvtical
HPLC wolumn: CAPCELL PAK Co. 4.6 mm 1D » 250 mm,
UV at 254 nm. mobile phdxe. CHAC \/HLQ = 6/4). The w for
[ "Fi4 and /""F]5 was 6.1 and 6.3 min ar a flow rate of 2.0 mL
min. The specific activity of [*F]4 and [*F]5 was determined
by compdx ison of the assayed radioactivity te the mass
associated with the carrier UV peak at 254 nin.

In Vitro Binding Assays. Male Sprague Dawley rats {n
= 4} weighing 220250 g were killed by decapitation under
ether ancsthesia, and their brains were quickly removed and
frozen on powdered dry ice. Brain sagittal sections (20 wm)
were cut on a cryostat microtome (HM560. Carl Zeiss Co.,
Germany) and thaw-mounted on glass slides (Matsunami
Glass Ind.. Tokyo). which were then dried at room temperatare
and stored at —18 *C until use for experiments. The braimn
sections were preincubated at 25 *C for 20 mun in 30 mM Tris
HCU pH 7.0 buffer Mter the preincubution. these sections
were incubated ar 37 “C for 30 min in the assay buffer
containing [©CJ2 (1 nM, specific activity: 110 GBg/umol) or
["Clflumazenil (1 nM. specific activity: 220 GBqganol). To
determine the 1Cyg values of 1, 2.4 7 [or the [F1C)2 tfor PBR)
or {' Clflumazenil {for CBR; binding, the brain sections were
incubated with |1'CJ2 or {#Clftumazent] in the prosence of
mereasing concentrations of the corresponding 1. 2. 4--7 (01—
1000 nAL Nonvadioactive 2 or flumazeni] (10 « M} of was used
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Jeteroosw b onapedific hindmg for PBR or ( BR O Afte
Cot bet i e secons wete Washiedt threr cimes for 2 tun
e e cak assay bufter dipped into cold distilled
ot M e Wi a o stream of warm alr {about 30 70
wocere Hien placed incontact with iimaging plates
TSR et Dot Film Co. 1, Tokvo Japan for 60
S ovad e cstriiburion of their radioactivin with a
JI% S b wimmaging analvzer TFujic The region of
st RO b the sernions was placed on the cerebelium,
e ey ading fo the tadiopctivity ontne cerebellum
s e fuad chsence of the displacement 12,4 7 were
e S e minding fur PRR or CRR was dofined as
»ovinding edos binding mothe presence of 2 or flumazenil
ATl i daoa corresponding to the specific binding
oo empeund Gk entratior wes caloulated as o percent
¢ oo 'mmr' o the vontrol specific binding. and which were
g el ot values 1o detorminge the 10 4 ol cach
SRR F e 1L vaiue was further converted to K accord:
reire Cheegs Prasoll equation. !
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Bmdhtrxl)u von on Mice. A saline solution of F-ligand
;;,, 2 el was uue(ted into ddv mice (3040

K il thum(rh the tail vein. Four mice f0| cach

iheed by cervical dislocation at 3. 15. 30.

e baection. Whole brain. Hiver. lung‘ heart.

S adrenat home and blood s samples were quickly re-

b wesdod The radiaactivity present 10 the various

Cesees e niesdured in e Packard antogamma scntibiarion

C s et s prrcentage of the injected dose per

Foat ol wet s fe Doy Al radioactivity, measurements

Coered g ey

PIT on MonKeys. The PET s¢in was performed using a

Lonoc e SHR 7700 PET ramera (Hamamatsu Photo-

. ?-»,:m.m».u\ud fapan) designed for laboratory animals,

N b il transaxial slices 3.6 mm {center -to center}

S a3 bom freld of view. A male rhesus monkey
pwetghing about 5 kg was repeatedly anes
R AR I B RE =’l\t‘ml;«u’ 10 g ke/hy imy) every hour

wossshe Adie mstission scans ot altenuation

oo foreu e Ll asing g 74 MBg Ge TG

L P s rr —ainr sean i the 30 acquasiton made

Cor gty #‘f‘:m‘ i - Soacans, danin . 10 scans,

N enission Sodis HIaues Aaets 1ecul-

N i l\
v et R E O gy
P

R A N

w o S F
|

et e tilver o e and anoalar regions of
B s L G diamerer were placed over the
prot ey s o imisge anaivsis software. T A solu

b b 560085 MBg was injected v into the
S denns stial omogravhic scanning was per-
‘ weseterse section of the brain for 180 min. In
v ovpt rpments, sonradioactive 2 (1L mgkg) or 100
ces woveted al 2 ann before the 17F]5 mjection. The
e et catvgs JTACs; in the weeipital cortes were
o cren tor eacks sgan of the brain
Metabolite %sd} for Mouse Plasma and Brain Tissue.
Moo npecnen of FOF 4 or [BF15 (5 - 10 MBg/100 «l ) into
BV e othese mice were sacrificed by cervical
T S TR LI L: 30 o 60 min. Blood (0.7 1.0 mL) and
crale hroee sk m resemoved quickly. The blood saniple
o e a1 000 rpmofor 1 mm ar 4 'C 1o separate
@ s collecred i a test tube contaming
fo and a solubion of the u\n“mmr unlabeled 4
fOHON G0 ol Y After the tube was
R e errifuged ar 18 s!‘\eﬂ v tor 2 min for

Y l“

vroovaren hedeper alant wasvollected The extraction
EREY : Joavnro the 1 CN superniaes o tanged
Aol e e uulm;—sr R T S NS T

* {

Dot o e biedie 1 aad e ehrain o luding the
. g e isseeted frara the mouse hram and
crsec o ney i an e cooled CFLONH O 111 1.0
steowas cennrifuged wu 1 000 rpim
. aoxd i pernatant was coliected. The recoveny
A Tvaty anfg the supernarant was 68- 877 based on

v radioactiving i the brain homogenate.
addiuor of the supernatant {100—-500 ul.) obtained from
T LS Ot B i hﬂnxugenuw was injected into the HPLC

YIRS AT [T TS TR R LI

Zhang et 3!

system for radioactivity and analvzed under the same conds
tions deseribed above exeept that the mobile phase was CH -
CNHRO withh a ratio of 1/1. The percent rauu of [’“F]hgjami
{trn. = 106 min for ['*F|4 and 11 8 min for ['*F}5) to total
radioactivity (corrected for decay) on the HPLC chromatogram
was calculated as %y = (peak area for |'8F[liganditotal radijo-
active peak areca) < 100,

Metabolite Analysis for Monkey Plasma. After iv injec.
tion of 1°F15 (80 MBq) into the monkey, arrerial blood samples
(1 il were collected at 2. 10, 30, 60, 90. 120, and 180 min
All samples were centrifuged at 1o 000 vpm for T minat § (€
to sepamate plasma {250 1l which was collected in a test tube
containing CH;CN (0.5 mLY. The wbe was vortexed for 13 5
and centrifuged at 15 000 rpm for 1 min for deproteinization.
The extraction efficiency of radicactivity i the CH.ON

ranged from 73% to 94% of the total radicactivity mn the
plasma. The radioactive fractions in these samples were
determined using HPLC
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