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No. Solicitud Internacional PCT/US2007/017463
Fecha de Presentacion Internacional 06 de agosto de 2007.

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

1. Documentos estudiados

Descripcion: Folios 114 a 264 05/marzo/2009
Folios 336 a 524 07/junio/2009

Reivindicaciones: Folios 265 a 274 05/marzo/2009
Folios 532 a 548 11/octubre/2010

Prioridad: US 60836158 08/agosto/2006

2. Anadlisis de la Prioridad

Se acepta la reivindicacion de prioridad porque: esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de 1a solicitud: “Compuesto de heteroarilo Utiles como inhibidores de enzimas
de activacion”

El problema planteado en esta solicitud consiste en suministrar proporcionar
compuestos utiles para desdrdenes de proliferacion celular como cancer y
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El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A61K 31/505, A61P 35/00 y CO7D 213/82 // 239/48 // 251/18 //

403/04 /7 403/08 // 473/32 // 498/04

4. Excepcidn a la Patentabilidad (Art 20 D 486 literales (a) — (d))

El objeto de las reivindicaciones 25-27 no es patentable de acuerdo con el Art citado.
5. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1 —41 no son concisas porque de las definiciones de R? R° R®
RORS R RVRG R RCW, D, EF,GN QU XY, 2ZV T R R"R",RYR
R R® R® R’ R® R* RY R™ R® R¥R'S RZg’ RSa, R% Rép, R¥ RP R%® R® R¥
@@ @ @ @ se obtiene un gran numero de compuestos, muchos de
los cuales no estan ejemplificados en la forma de ejemplos de la invencion dentro del
capitulo descriptivo, se sugiere restringir la solicitud a una razonable generalizacién
del tipo de compuestos que han sido sintetizados o probados, es decir, que se
encuentran debidamente sustentados. El siguiente cuadro ejemplifica la afirmacién
anterior y presenta los sustituyentes que se encuentran soportados en la descripcion.

! ’ Sustituyentes
i Sustituyentes de acuerdo con la reivindicacién 1 de la solicitud soportados en la
; ) descripcion
| hidrogeno,  fluoro, CN, -N;, -OR°>  -N(R%),
| -NR“COsz, -NR4C(O)5R5, -C(ogN(R“)z, -C(O)R®, -
Cpanpe | QC(O)N(RY,, -OC(O)R”, -OCO,R", o un Cy4, alifatico o . . ‘

RYR { C1.4 fluoroalifatico opcionalmente sustituido con un grupo Hidrogeno y Hidroxilo

seleccionado de -OR™, -N(R*)(RY), -CO,R™ o -
C(OIN(RMN(R*™); 0 R*y R®junto forman un enlace;
. Ry R" | hidrégeno, fluoro, Cy.4 alifatico o C1.4 fluoroalifatico Hidrégeno y Hidroxiio
|
!L hidrégeno, fluoro, un Cy.4, alifatico o Cy.4 fluorcalifatico o
i dos R'tomados en forma conjunta forman =0, dos R
i tomados en forma conjunta con el &tomo de carbono al
R’ i que estan unides, forman un anillo carbociclico de 3-6 Hidrégeno

‘ i miembros; o R ", tomado en forma conjuntaconR ®y los
; . atomos de carbono intervinientes forma un espirociclo de
| . 3-6 miembros
! ' -CHy-, -CHF-, -CF,-, -CH(R")-, -CF(R")-, -NH-, -N(R"), -O-, :
f w ' .S-, 0 -NHC(O)- -CH,-,-O--NH-y -N(R"),
] ;
| |
g X | -CHyp-, -CHF-, -CF,-,-NH- y -O- -NH-y -O-
| - .
| Y -0-, -S- 0 -C(R™(R") -C(RM(R"

La reivindicacion 37 no es clara porque refiere ser dependiente de la reivindicacion
40, sin embargo, la reivindicacion 40 simultaneamente refiere ser dependiente de la
reivindicacion 37 .
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Descripcion (Art 28 D 486)

La Descripcion no es clara ni concisa porque la utilizacidn de las expresiones (fol.
341) "y otros desordenes asociados con la actividad de E1” y que (Fol. 341) “poner
como blanco enzimas de activaciéon E1 provee una oportunidad Unico de interferir con
un variedad de importantes vias bioquimicas para mantener la integridad de la
division celular y de la sefializacion celular” refiriéndose a las posibles actividades
farmacoldgicas del compuesto no permite que la persona del oficio normalmente
versada en la materia identifique o restringa el ambito de aplicacion de la invencion.

La descripcion no clara porque no permite a una persona versada en la materia
identificar un Unico concepto inventivo, dado que como lo manifiesta el solicitante a
través de sus realizaciones preferidas 1-110 y [-138 (Fol. 388 y 392) estos
compuestos son inhibidores de la enzima de activacion E1 pero no comparten los
elementos técnicos esenciales de la invencion.

6. Unidad de invencién (Art 25 D 486)

La Solicitud no cumple con el Requisito de Unidad de Invencién porque se refiere a
por lo menos 3, Grupos Inventivos de acuerdo con las realizaciones preferidas
presentadas.

Los Grupos Inventivos estan definidos por las siguientes caracteristicas esenciales:

1° Compuestos en los cuales el nucleo esta caracterizado por ser derivados del
sulfamato del [(TR, 2R, 3R, 4R)-4-[(9H-purin-6-amino 6 oxo-il)ciclopentiljmetilo.

2° Compuestos en los cuales el nlcleo esta caracterizado por ser derivados del
sulfamato del [(TR, 2R, 3R, 4R)-4-[( piridin 6 pirimidin 6 1,3,5-triazina-((2 6 4-amino é
oxo-il)ciclopentillmetilo

3° Compuestos en los cuales el nucleo esta caracterizado por ser derivados del
sulfamato del [(1R, 2R, 3R,4R)-4-{piridin-2-ilcarbonil)-amino}ciclopentiljmetilo.

Los grupos Inventivos de acuerdo con las realizaciones preferidas, son descritos a
continuacion:

e

Grupo i Caracteristica esencial de grupo Realizaciones preferida del grupo
inventivo ! inventivo (estructura quimica central) inventivo
: NM
My 3,9, 34, 36-39, 41, 49, 56, 62-64, 67-
1 | G0 70, 74, 80, 84, 87, 90, 93, 99-105,
; “z“"‘v\g ’ 107, 109,111,112, 117, 121-123, 128,
j ot 128-131, 137-140, 146 y 152.
i HE b
! Compuesto I-3
NH, 1-2, 4-8, 10-15, 17-22, 24-33, 35, 40,
f“N 42-48, 50-55, 57-61, 65, 66, 71-73,
5 RO N 75-79, 81-83, 85, 86, 88, 89, 91, 92,
Hald O’\C/ ’ 94-98,106,108,113-116,118-120,124-
e 125,127,132-136,141-145,147-151 y
KG DR

153.

{ Compuesto I-13
!

: | H,N'? H ’NB
| 3 - é‘"‘”’\g”@’g’ 16y 23.
. . ”OH

e}

Compuesto 1-16
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La evaluacion de la unidad de invencion para esta solicitud fue efectuada a través del
meétodo problema-solucion en forma a posteriori y se presenta en el examen de
patentabilidad efectuado al primer grupo inventivo, encontrandose que los
documentos D1 y D2 anticipan el concepto comun inventivo de la solicitud.
Adicionalmente, se reitera que la solicitud presenta una estructura anular
hipervariable del tipo A-B-C-D en lugar de una estructura central quimica definida. En
consecuencia, la solicitud no cumple el requisito del Articulo 25 de la Decision 486 de
2000 de la Comision de la Comunidad Andina de Naciones. Este despacho sugiere
presentar las solicitudes divisionales que considere necesarias, 6 limitar la solicitud
inicial a una sola invencién, eliminando de ella las otras invenciones.

7. Determinacion del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de presentacion de la

solicitud de prioridad agosto 8 de 2006 y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

. item Documento Titulo Fecha de
: 1 Publicacidn
i | Synthesis and Biological Evaluation of 5'-
I ‘ J. Med. Chem. . ;
D1 . 1992.35 3991-4000 Sulfamoylated Purmyl Carbocyclic 1992
, Nucleosides

. : . Deoxyribosyl analogues of methionyl and
; Bioorganic & Medicinal | . A
| D2 ° Chemistry Letters 15 isoleucyl sulfamate adenylates as inhibitors of

methionyl-tRNA
'; , (2005) 3389-3393 and isoleucyl-tRNA synthetases

2005

D1: Es un estudio que divulga ( Abs.) los resuitados de una serie de nucleédsidos
purinil carbociclico 5’-sulfamoilados que fueron sintetizados y evaluados en su
actividad antitumoral y antibacteriana.

Adicionalmente, divulga (Pag. 1, Col. 1) que muchos analogos de la nucleocidina
defluorinados que contienen 5’sulfamoil grupo han sido evaluados y estos agentes
muestran actividad antibacterial, antitumoral, antiviral, antiparasitaria y herbicida.

. De igual modo, indica (Pag. 1, Col. 2) que cuando se sustituye el en anillo del azucar
del nucledsido, el atomo de Oxigeno por un radical metileno, se obtienen derivados
de estructura muy similar a los naturales y que los productos mono, di o trifosforilados
formados en estas reacciones son con frecuencia agentes antivirales y antitumorales.

También, Informa (Pag. 1, Col. 1) que todos los agentes seleccionados para este
estudio contienen una adenina o un base similar a adenina y que esta selecciéon fue
basada en los resultados del estudio de estudio de Bloch y Coutsogeorgopoulos,
donde también se incluian analogos defluorinados de la nucleocidina que contenian
adenina, inosina, citidina, uracilo y timidina.

Por otra parte, da a conocer en la tabla 1 (Pag 3, Col. 2) que los resultados de los
estudios de actividad de los compuestos, indicando que los compuestos 2y 6 fueron
agentes citotoxicos muy potentes y que los otros nuevos agentes 4 y 5, exhiben
alguna toxicidad pero significativamente menor que la presentada por los compuestos
2y6.
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Table L. Cyvtotoxicity to P388 Mouse Leukemia Calls

oo
s

X z ¥ ICm ug/ml)

2 NH: CH (80NH; G.062-0.125

K] NHCHy CH OS(yNH; 24

4 MN(CHg)y CH OSONH; ~T4

5 SCH;, CH OB0OyNH, ~50

8 NH, N O80,NH; 0.0156-0.0625
8 (acyclo) NH, CH (OSCyNH, >10

C-Ado NH; CH OH ~0.5

&4 NH, N OH 0.25~0.5
puromycin - - - 0.25-0.5

Para concluir afirma que los compuestos 2 y 6 fueron evaluados frente a conocidos
agentes antitumorales con C-Ado y 8-aza-adenosina carbociclica y que los resultados
muestran que los compuesto 2 y 6 son significativamente mas potentes y finalmente,
indica (Pag. 5, Col.1) que las 5'sulfamoiladenosinas son-inhibidores de la formacién
de los aminoacil-tRNA’s.

N "\ . g N
i @N> o L):(L)>I
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i
]

O O%  Compuesto 2 o4 o4  Compuesto 6

D2 divulga [Abstract] que los compuestos metionil y isoleucil sulfamatos adenilatos
son inhibidores de la metionil-tRNA vy isoleucil-tRNA sintetasas entre otras tRNA
sintetasas respectivamente, las cuales corresponden a una familia de enzimas
encargadas precisamente de la transferencia de aminoacidos del tRNA para formar
aminoacil-tRNAs, los cuales son sustratos para la traduccién en la sintesis de
proteinas.

De igual forma, ensefa (Pag. 101 Col. 2) que se han realizado multiples
investigaciones sobre las modificaciones de los aminoacil adenilato con el proposito
de mejorar o proveer estabilidad quimica entre otras y se ha observado que
consistentemente que los sulfamatos analogos muestran la mayor potencia de
inhibicion de la enzimas.

En otro aparte, indica que (Pag. 2 ,Col. 1) y (Pag. 2, Fig. 1) las modificaciones a este
grupo de moleculas han estado enfocadas a tres regiones farmacoféricas que incluye
los grupos adenina, ribosa y acil fosfato.

Q @ hiH;
c M =
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. 2 AL
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®
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Finalmente, divulga que el efecto inhibitorio de los derivados 27,3 -dideoxiribosil es
mucho mas potente que los derivados 2" 6 3 -deoxiribosil solos.

8. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D4886)
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Teniendo en cuenta la falta de unidad de invencion, se elige el primer grupo inventivo
para estudiar la patentabilidad de la invencion para la reivindicacién 1 caracterizado
por ser un compuesto derivados del sulfamato del [(1R,2R,3R,4R)-4-[(9H-purin-6-
amino é oxo-il)ciclopentiljmetilo.

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

Técnica:

| Caracteristicas esenciales D1
Compuesto de formula | Derivados del compuesto
e O
! o & e y e\ . o N\
; N e z
-8 X 5/}1” v c “\,‘ e X NH;
.o o + A adenina v z C

-4 N /e R w NH- Y Un grupo

Sulfamoil
' R OH
Ei compuesto 2

! El compuesto |-3 e

e
N A \ﬁ
PN

i ~H on  ow

_ Q;g) " ‘F,;J Indica que los agentes seleccionados para este
H:\N'“**o’\cj, ' estudio todos contienen una adenina o un base similar
/ a adenina y que esta seleccion fue basada en los
ne on resultados del estudio de Bloch y Coutsogeorgopoulos,

; donde también se incluian andlogos defiuorinados de
]' la nucleocidina que contenian adenina, inosina,
‘ citidina, uracilo y timidina.

El documento D1 se considera el estado mas cercano de la técnica porque divulga
una serie de compuesto derivados de la nucleocidina defluorinados que contienen un
grupo 5’suifamoil poseen actividad antitumoral.

La diferencia entre la invencion, definida en la reivindicacion 1 para el primer grupo
inventivo ejemplificada por el compuesto 1-3 y el compuesto 2 divulgado en el
documento D1 consiste 1.) en que la invencion establece que el enlace 1’ del
compuesto I-3 entre el ciclopentil y la adenina se efectlia por medio por el nitrégeno
que se encuentra en la posicion 9 anillo pirrol[4,5]piridina y no por el sustituyente
amino que se encuentra en la posicion 6 de la adenina, como lo refiere el documento
D1.

El efecto que logra el modificar el sitio de enlace del compuesto I-3 con la adenina, es
obtener nuevos compuesto con actividad antitumoral inhibidores de la Enzima de
activacién E1.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: “c6mo modificar los compuestos con actividad antitumoral
descritos en D1 para asi obtener compuesto alternativos inhibidores de la Enzima de
activacion E1 y por lo tanto utiles en el tratamiento de enfermedades
antiproliferativas.

Sin embargo, el documento D1 manifiesta que los agentes seleccionados para este
estudio-todos contienen una adenina o un base similar a adenina y que esta
seleccion fue basada en los resultados del estudio de Bloch y Coutsogeorgopoulos,
pero en este estudio también se incluian analogos defluorinados de la nucleocidina
que contenian adenina, inosina, citidina, uracilo y timidina.

En consecuencia, la persona del oficio normalmente versada en la materia
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modificaria el compuesto divulgado en D1 sustituyendo la adenina por un base
similar a adenina, es decir un bioiséstero 6 analogos defluorinados de la nucleocidina
que contengan adenina 6 inosina 6 citidina 6 uracilo 6 timidina de acuerdo con lo
divulgado por D1, para asi llegar al objeto de la invencion. Por lo tanto la
reivindicacion 1 se considera obvia.

Dado que las reivindicaciones 2, 3, 5y 15 a 17 no mencionan caracteristicas técnicas
esenciales, estas tampoco se puede considerar inventivas.

Teniendo en cuenta la falta de unidad de invencién, se elige el primer grupo inventivo
para estudiar la patentabilidad de la invencion para la reivindicacion 22 caracterizado
por ser un compuesto derivados del sulfamato del [(1R,2R,3R,4R)-4-[(quinoleina 6
quinazolina-6-amino é oxo-il)ciclopentiljmetilo.

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

Caracteristicas esenciales [ D1 D2

Compuesto VIl El compuesto | Una serie de compuesto de

ﬁ" férmula
3 %, Nty
{Rj‘y;;} LN Z X NH2 - o (’Nf\\N

ey Z c ~ N-g—o i
% e ¥ Y Un grupo Nt B ©
,L Sulfamoil jran
TN '
. - LL llg- AP
ar RoRr WS g El compuesto 2y 6 El compuesto 2
» [ P ’ o, N
-~ ‘%’ ) s 38 " 5 r ‘
B any D D - AN
. Nr.: ! Gn g | —\(\} " / \y/\(uuﬁ_ﬁ_o o N N
; A0 on oy ) NH;" " O L" 9 !
x o compu?sto 2 compuesto 6 Ol !
[ndica que los agentes i
Y CoO . .
seleccionados para este estudio
W NH todos contienen una adenina o un
E NH; base similar a adeninay que esta | Las modificaciones a este grupo de
R H seleccion fue basada en los moléculas han estadc enfocadas a
R¥ H resultados del estudio de Blochy | tres regiones farmacoféricas que

Coutsogeorgopoulos, donde

incluye los grupos adenina, ribosay

también se incluian analogos acil fosfato.
defluorinados de la nucleocidina
que contenian adenina, inosina,

citidina, uracilo y timidina.

El documento D1 se considera el estado mas cercano de la técnica porque divulga
una serie de compuesto derivados de la nucleocidina defluorinados que contienen un
grupo 5’sulfamoil con actividad antitumoral.

La diferencia entre la invencion, definida en la reivindicacién 22 y el compuesto 2
divulgado en el documento D1 consisten que 1.) La invencién indica que en la
posicion 4 del ciclopentil se encuentra un sustituyente amino-quinoleina 6 quinazolina
entre tanto el documento D2 refiere una adenina.

Las diferencias entre la invencion, definida en la reivindicacién 22 y el compuesto
divulgado en el documento D2 consistentes que 1.) La invencién indica que en la
posicion 4 del ciclopentil se encuentra un sustituyente amino-quinoleina & quinazolina
entre tanto el documento D2 refiere una adenina y en el documento D1 no se
establece que el grupo farmacoférico adenina pueda ser sustituido por una quinoleina
6 quinazolina , 2.) que el grupo sulfamoil esta sustituido por el aminoacido isoleucina
y que 3.) El anillo para la invenciéon a través de sus realizaciones preferida es un
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ciclopentil y no una ribosa como lo indica el documento D2

El efecto que logra el modificar una purina por una quinoleina 6 quinazolina, es
obtener nuevos compuesto inhibidores de la Enzima de activacion E1 con actividad
antitumoral.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: “cdmo modificar los compuestos con actividad antitumoral
descritos en D1 para asi obtener compuesto alternativos inhibidores de la enzima de
activacion E1 y por lo tanto Utiles en el tratamiento de enfermedades
antiproliferativas.

Sin embargo, el documento D2 divulga que las modificaciones a este grupo de
moléculas han estado enfocadas a tres regiones farmacoféricas que incluye los
grupos adenina, ribosa y acil fosfato y el documento D1 muestra como la introduccion
de un grupo bioisostérico de la adenina como un derivado 3H-[1,2,3]triazolo[4,5-
dlpirimidina no afecta la actividad actitumoral de los compuesto objeto de la
invencion.

En consecuencia, la persona del oficio normalmente versada en la materia
modificaria el compuesto divulgado en D1 sustituyente la adenina una serie
bioiséterica como esta suguerido en el documento D2 de acuerdo con lo divulgado
por D1, para asi llegar al Objeto de la invencion. Por |o tanto la reivindicacion 22 se
considera obvia. '

9. Conclusion

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

P ; Reivindicaciones .
i ftem Documento afectadas Requisito que afecta
J. Med. Chem. 1992 35, - .
D1 3991-4000 1-3, 6,15-17 y 22 Nivel inventivo
Bioorganic & Medicinal
D2 Chemistry Letters 15 (2005) 22 Nivel inventivo
3389-3393

En cumplimiento del articulo 45 de la Decision 486 de la Comision 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 notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante (60 dias) y presentarla por escrito.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.
JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C) [B'QAGQ 2012
L

El anterior requerimiento fue notificado por fijacién en lista, de fecha

Elaborado por: Lenin Roberto Guerrero. %
Revisado Por: Consuelo Leguizamén Leguizamon,

Aprobado por: José Luis Salazar Lopez.
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J. Med, Chem. 1992, 35, 3991-4000 3991

Synthesis and Biological Evaluation of 5'-

Nucleosides

Eileen M. Peteeson, Jay Brownell, end Robert Vince®

Sulfamoylated Purinyl Carbocyclic

Department of Medicinal Chemistry, College of Pharmacy, 308 Hurvard Street .., University of Minnesota,
343

Minneapolis, Minnesota 55455-0.

Received July 2, 1992

‘The first series of 5" b lic py

urinyl

d and tested for

anutumor md an.lbacwnul activities. The target ccmwunda were farmed by reacting the 2',3'-

Jeosides with sulfamoy] chioride, foliowed by deprotection.
The agenta were m:ed for cytotoxic activity against P388 mouse leukemia cells. Two compounda,
&'-sutfamoyl carbocyclic adenosire (2) and 5-sulfamoyl-8-aza catbocyclic adenosine (6) exhibited
ICs values 88 low 8s 82 and. 15 nM, respectively. These analoge inhibited protein biosynthesis and
slowed down DNA and RNA biosyntheses in the P388 cells. None of the target molecules were
as potent against Eschericia cali as they were againat the tumor cells. Also, in cell-free systems,
agents 2 and § were more eflamve mhnhu.ors of protein symhesls in rabbit reticulocyte iyeate than

in £. coli. These new appear to be

prokaryotic cells in affecting translatior.

Nucleocidin (1), a nucleoside antibiotic produced by
the bacteria Streptomyces calous,"? is active against &
wide variety of Gram-positive bacteria, gram negative
bacteria and trypanosomes.> However, its high toxicity
has prevented its therapeutic use. The structure of
nucleocidin differs from the structure of other natural
nuclecsides in that it contains 4-fluoro and 5'-sulfamoyl
groupa.* Since the discovery of nucleocidin, many deflu-
orinated analoga containing the &'-sulfamoyl group have
beenexamined. These sgents have been shown to exhibit

583 58 antiviral, 91214 anti
i€, 71145 and herbicidal® activities.

1\)3-:k\u. E. I Troner, H. D Camphel T. . The Nuclsoc
yw Spacien of Stropto-
myess, Ant Annhw( Chemnkher nsv z "onea m
(2) Thm: irion. V.§

selective for ic over

Be

o
o—

In this study, the first series of carbocyclic /-sulfs-
‘moylated nucleosides is reported, and the new agents are
evaluated for antibacterial and antitumer activities. Car-
bocyclic nucleosides, nucleosides in which the sugar ring
oxygon has been replaced with a methylene group, are
very similar in structure to the natural derivatives; thus,

Y by d

o N Neageocidin, ) Nn
Kotbiode with Actity sqeiont Tspanconmen. Anbibioh Ars. 1558
57 987, T16-721
9 Porti 3. . Nuclaidin, In Anciloter Gl . Shave,
NewYork, 1967; pp 427433, (b) Suhadolnik,
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Structure of Nucleacidin.
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The mono-, di-, and triphosphorylated products formed
in these reactions ars often effective antitumor and
antiviral agents.' Carbocyclic adenosine (C-Ado), for
example, forms a monophosphate capable of inhibiting at
least one enzyme in purine de novo biosynthesis.* Thia

(5) Block, A C. Inhibition of:
§-Sulfemoyladenosine. Biochemistry 1973, 10,
© K. E: aum- . H: Bloch, A1 Mighom, i Holtarann, O.
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inhibition may contribute to C-Ado's ir: vitro antitumor

activity. Carbocyciic nucleosices also have metabolic

features which make them attractivefor i vivo use. These
p ; : e nucleosid

P
phosphorylases (PNF’s),  and they are poorer substrates
than natural nuclecsides for adenosine deaminases
(ADA's).13 Because of this resistance t0 normal puriic
telahchsm earbocyclic nucleosides may have loager in

cuuld vield drugs with longer durations of action.

its chosen for this { ail
contain an adenine or adsnine-like base. This choice was
based on the resuits of a study by Bloch and Coutaogeor-
gopowos® where defluorinated analogs of nucleocidio
containing sdenine, mmme. cytidine, uracil, and Y.h)mme
aathe b o8
studiod. This study vevcalea that the adenine base wuz

the mget mmpounda all mnxut of an edenine c2) or
itha 5

i rmg (TableI). The6- ition of purine

ring in these compounds was explored by replacing the

amino group with N-methyl (3), N,N-dimethyl (4), and

S-methyl (3) groups. An 8-azazdenine base (§) was also

attached to the carbacyelic ring since B-azapurines have

purize agents.'®d Of the new agents studied, two (2 and
6) displayed extremely potent antitumor activity, and
therefore studies on their

action were performed.

Chemistry
The general synthetic procedure involved the reaction

of sulfamoyl chlaride with 2',3"acetonide-protected car-
bocyclic nucleosides followed by deprotection. In the
besinof 5" i Mhe

sulfamoylation was effected by activation of the 5-
hydroxyl on the orthoester-protected nmucleoside with
sodium hydride followed by reaction with sulfamoyl
chloride. In the synthesis of nucleocidin, Jenkins et al.
activated the acetonide-protected nucleoside by reacting
with bis(uributyltin) oxide and followed with tho addition
of sulfarcoy) chloride

As a model cycloadenosine (7) originally
reported by Schneﬂer et ll 2 was reacted with sodium
bydride and sulfamoyl chloride, and this produced 9-{(2-
(stilfamoyloxy)ethoxylmethyl]ladenosine (8) (Scheme I).
Likewise, when 2',3"isopropylidene carbocyclic adenosine

(1 HULD. L Strnght S AllanyP. W Bonet . L L Inbibition
Tumor Cells by the Carbocyclic

s, A. Specificity of Purine Nucleoside Phospho-
rylase From Escherichia cofi. Callect. Crech. Chem. Commun. 1971, 42.
10-383,

19 Benrwts L. L. JryAlln, P ;1L D. L Motabalic Studion with
go‘;-m c Analogs of Purine Nuclsosides. Mol. Pharmacol.
217,

Sooside Fe
Chem. Soc.1989.91, e R frow 5 Mot
R of Naclceide Sulfamates Related s Yiocimoaie

Maftas J. C. Syothosts
- Chem. Soc. (9715,

J4.'An.
"D Verherden, affat
thorls of the Nucleoside ‘hmitviote
cmer. 5. NovelSubateste
Beasaae i Chem. Soc. 911, 14,387

for Adenaaine

Paterson et ol

Schome |

* (at NaH, DM (b)
i HaNSO,CL, dioxane; (e} CFCOH, HiO.
Scheme I11°

1 X, 7ecH s ~
1§ x-sat, zcw x.m».
5 Koy T i 1
i X
g = rae

1. xoncn,
Xt iﬂ

o)
BN von

. m sectone. p- TsOH, 2,2-dimethoxypropane; (b) 40% NHiCHy
in Hy0. 85 °C; () 40% \u«cﬂm 100 °C; (d) NaH, DME: (6)
H.Nso,cl DME; () CF,CO,H, H:

(9), first reported by Shealy et al.® was reacted under
these conditions, intermediate L0 was isolated in a 52%
vield (Scheme II). When 9 was activated with bis-
(tributyltin) oxide and then reacted with sulfamoyl
chloride, L0 was obtained in a 34% yield. Because of the
better yield obtained with sodium hydride, this method
was used for all further sulfamoylaticus. Compound 10
was oasily deprotected in aqueous trifluoroacetic acid to
give the first target molecule 2.

The 6-chloropurinyl carbocyclic nucleoside 11, was
protected as the acetonide to give 12 (Scheme IMN). The

> ey g e .

29 Shealy. ¥ T Clayson, . D, Syvthesia of Carbocydic Annlogaof
Putins Bioamicisotiden J. Am. Chor. Soé. (305,01, 3070083, * -
(24 Shealy. Y. £; Clayton. J. D, Carbocyelic Analog of - Substituted
Purine Riboaucleosiden nad of Adenosine Ribonucleotides. J. Pharm.

Sci. 1973, 62, 1252-1257.
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and dimethylamine to produce intermediates 13 and L4,
respectively. The 6-(thiomethyl) derivative was sp-

Journal of Medizinai Chemiatry, 1892, Vol 55, No. 22 3993

Table L Cytotoxicity to P358 Mame Caukemia Cails

proached by first forming the 6-thiopusine from 6-chlo- + s
fopurine intermediate 12, otlowed by metkylation. How- L
ever,in wit -
& thiol using thiourea ir. refluxing propancl effected ro: 5
cnly the formation of the &-thiopurine, but also the .
deprotection of the acetonide. A potestial cause for thin <
deprotection could be trace amcunta of acid and water in X 13 Y 1Ceo g/ mEy
the p:opunol used Because of this .xnuus.l result, the 2 NEt, CH  0SO.NH, 0.062-0.125
ide 15 was d from 11 a3 3 NHCHy  CH 24
described by Sheaky 21 The diol in 15 was protected with M N(CHy CH  OSOMNH,  ~T¢
&n scetonide to give 16. 8-Aza carbocyclic adenasine®™ H e TR
5 N Hy ).0156-0.0625
(17), was similarly protected to give acetonide 18. 8acyclo)  NHy CH QSQNH; >100
Treatment of metbylamino (13), methylthio (16}, and C-Ado NH, CH OH ~05
8-azaadenosine (‘8) de'wutwes with sodium hydride and & NH; N OH 0.25-05
,,." oyl chlorid: protecwd puromycin - - - 0.25-0.5
19-21, D of the

diols in aqueous mﬂuaronceuc acid provided the three
target molecules 3, §, and 6, respectively (Scheme D).

Thedimethylamino derivative 14 was also reacted with
sodium hydride and sulfamoy] chioride; howevez, a pure
sample of the sulfamoylated intermediate 22 wes never
isolated (Scheme ITT). The proton NMR spectrum of the
lmpm ‘product indicated that soms ankydso nucleoside
¢ ia N-3,C-5 ization. Normally,
H2 md H8 of the purine ring in N8 N®-dimethyl bases
oceur at ~8.28 and ~8.21 ppm in dlme(hvl sulfoxlde (a8

protein biosynthesis inhibitor and & potent antitumor
agent, was used as the positive control in the antitumor
assay. Compound 2 and the corresponding 8-aza analog
6 ranifested very potent activity (ICs's of 1071 to 102
pg/mL). Agent 3 was also quite toxic, possessing an ICs
of 2-4 ug/mL, while the acycla derivative 8 was nootoxic.
The other new agents 4 and 3, exkibited some toxicity,
but significantly less than agents 2 and 6. Carbocyclic
adenosine (C-Ado) and B-aza carbocyclic adenosine (17),
known potent mmumm agenm were tested to compaze
their 1d 6. The 5"

in compound 14). However, when an anhyd:

forms, these protons are shifted downfield. For mmpla,
in adenosine the shift occurs from 7.9 and 8.25 to 8.66 and
8782 In the impure ssmple of 22, peaka were seen at
8,67 and 8.48 ppm in addition to the normal purine peaks
at 8.28 and 8.21, suggesting an anhydro impurity. Tri-
ethylamine was therefore explored es a 5"-hydroxyl acti-
vating agent to see if this weaker base could somehow
offset the N-3 to C-5' cyclization. However, the inter-
mediate 22 produced usi d many

compounds 2 and Tposs found to be sigrificantly more
potent than 5"-hydrozylated sgents C-Ado and 17; thus,
the activity of the new ives wes not
a result of hydrolysis of the 5'-sulfamoyl group and the
release of C-Ado or 17.

Thein
2and 6 were very potent cytotoxic agents und thus, theso
were wnhy of further 'ﬁur&

impurities. Deprotection of the impure sample yielded
target molecule 4 in 2 33% y\eld (mm 14 Both sodlum

£ ti (.h!!lﬂq nts: k
i RNA, [(+C}-

‘hydride and
however, the best yield was obtained wheu

thymidiae for DNA, and (4Cl-L-phenylalasine, (1<C)-1-
4 (Cl-lyain o prateie tho bosyathesssof

was used in the reaction sequence.

u

Blological Results and Discussion
The compounds in Table [ were evaluated for cytotox-

thos Figures 1and 2
dupu:t the sesults of thess studie. Agents 2 and 8 were
found to slow down both DNA and RNA biosyntheses;
howaver, after a short lag time, protein biosynthesia was
completely shut down by these egents. C-Ado, on the
other hand, was found to slow down protein and RNA
biosyntheses, but with a more pronounced effect on the
RNA biceynthesis (Figure 3). Since agent 2 and C-Ado
apparently have different mechanisms of action, this
finding further confirms the hypothesis that the tozicity
of agent 2 is not. due to in vitro hydrolysis to C-Ado.
The whole cell studies using the P388 colls .memd
that protein for
agents 2and 6. Therefore, a cell free protein lnosym.hm
system, e sn E. coli ibosomel systemn, waa axplored o

icity against P388 mouse loukemia cells®! Puromycin, &

«
d (2) at what point in this prml

(25) (a) Shaaly, Y. F.; Clayton. J. D. Carboeyclic Analog of

Rubonocisosdes wih Antieukamic Ay, . Pharm. Sci tors 5,
E56°35. ) Shealy, Y. F; Claton J. . Orclopantyl Derfatim of
8. and 6 Asaadenive. Carl "Analogs
Eeros & Asadunaie. . mumu e 57 . 801608

o( Lranshmun these agenta were interfering. The biosyn-
thesis of polyphenylalanine was looked at, again using
puromycin ss the positive control. The results of this

B o L Nudews Megos Bewuncs scopy in
lns;mhiu: Prw a in Nucleic Acid Chemiatry: Zorbac!
?81 -398.

b, W, N,
S., Bds; John Wiley and Sons: New York, 1973 Vo op

0 Goran. & L Greantery 1. 1 McDonald, M. M.; Scharaaches,

AL; Abbate, B.J. Protocols mmcwmmm.mumm

Pendoms Revioes Anteass Tutmor and Other Biolagics: Systares (Third
Bdition]. Concer Chemather. Rep, Part 3 1972.5. 1.
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Figure 2. Biosynthesis of DNA, RNA, and protein in P388 mouse leukemia cells in the presence of 12 sM concentration of ageat
5.

study, represented in Figure 4, however, indicated that
neither compound 2 nor compound 6 inhibited protein
biosynthesis to any great extent except at very high
concentrations. At concentrations of 1 X 10~ M, agents
2 and 6 inhibited polyptenylalanine synthesis by approx-

teot agent; and bacterial growth vas measured by nphcnl
density. C!
biosyntheais inhibitor, s wsod 2 & postive control. The
cesults of this assay are shown in Figure 5, None of the
new agents (2-6, 8) ex!ubnud significant antibacterial
Th I

imately 40%. On the other hand, an agent
known to act directly on protein biosynthesis, inhibited
the synthesis by 89% at a concentration of 3 X 109 M.
Thus, this study suggested that (1) protein biosynthesis
‘may not be directly affected by agenta 2 and 6 or, (2) these
agents were selective for eukaryotic aystems.

y except at very b
auppon. the 2and 6
toxic to sukaryotic aystems.
In order to further confirm that agents 2 and 6 were
acting oo eukaryotic protein bicsynthesis, a rabbit retic-
ulocyte lysate system was explored. By incubating this

system with a radioactive amino acid and agent Z or ageat
th L piy A ¥

appearedtab a6,
ool ssatam. E. oot bacieris, s thesetore inves:
tigated. The £. coli was incubated in the presence of each

protein biosynthesis was determined. The target mole-
cules (2 and 6) were thus incubated with the reticulocyte

v SS
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Flgure 6. Percont inhibition of protein biosynthesis in rabbit

retiulocyte Lysate i the presonce of agont 3 and 6.

interferea with protein biosynthesis in rabbit reticulocyte
Iysate, also by inhibiting aminoacyl-tRNA formation. ¥ It
is possible that the new sulfamoylated carbocyclic deriv-
atives (2 and 6) may also inhibit aminoacyl-tRNA syn-
thetase. Further work will be necessary to determine the

initial results of this study are e 6.
Agents 2 and 6 were found to sl;mﬁcant]y m}ublt 60~
70%) protein bi t3 x

Thus, it appears that these agenta luve adirect effect on
protain biosynthesis. This effect appears to be greater
(i.e. the agents are more active at lower concentrations)
on protsin is than on p y
protein bicsynthesis.

Protein biosynthesis is not only the target of agents 2
and 6, but it is also the target of many other 5-
sulfamoylated nucleosides. Nucleocidin (1) inhibits pro-
tein synthesis and, from studies of Florini. it appears that
this compound forms a complex with the ribosore that

tst

Agent 2 was tested for substrate activity with adencsine
deaminase and adenylic acid deaminase. 1t was found to
be a poar substrate for adevosine deaminase and it was
oot a substrata for adenylic acid deaminase. Therafore,
this agent should survive in vivo detoxification via
dearmination.

Corclusion

From this study of sulfamoylated carbocyclic aucleo-
sides, two promising antitumor compounds, 2 and 6, were
discovered. The biological evaluation thus far suggests

of the nucleocidin-ribosome complex causing this to

happen is unknown.* 5-Sulfamoyiadencsine wes found

to slow protein synthesis in E. coli by inkibiting the
i ; RNA'sS Ribavirin.5'-sulfs

that ds 2 and 6 are very toxic to eukaryotic, but
not prokaryotic cells. These agents and compound 3
exhibited considerable activity against P388 tumor cell
line; however, when the compounda were tested against £.
coli B210 bacteria, toxicity was only seen at high con-

3996 Journat of Medicinai Chemistry, 1992, Val, 85, Na. 22
centrations. The other sulfamoy’ated agerts ezudied (4
and 5} did not display any notable toxicity. These agents
lacked the 6-amino group, and the results s Auggrs!. that the
of theze
types of compounds. Alzo, agents & and § have greater
ateric bulk at the 6 position than do agents 2, 3, and 6.
This extra buik may not be easily tolerated at the stil!
unkrown site of action of these aufamoylated antitumor
agents. Furthermote, the results of mechanism of action
studies using whole P383 cells and radioactive smali
molecales indicate that protein biosynthes’s inhibition is
a major target for agents 2 and 6. Also, the data from
initial studies using a eukaryotic cell free protein biosy
+hesis aystem (zabbit reticulocyte iysate) support the clai
that agents 2 and 6 bave a direct effect on eukaryotic
protein bioaynthesis. Finally, the resistance of 2 w0
deamination by ADA and AMP deaminase will help this
agent survive potential in vivo deactivation by these
enzymes.

Experimental Section

Chemistey. Most of the resges wece purchased
commorcialy. 1€ any additional deyieg or purification of these
reagents was needed, the proceduses are indicated in the
individual experimental sections. Sulfamayl chloride was pre-
pared by a modification of the method of Graf:® however, &

to hydrogen chloride and sulfamic acid in moist air® The IR
apactzum of the eulfamoy) chioride produced in this manner
compared weli with that reported® and was considered suitable

solvent

Peterson et al

tor i

Kame specira! dats were recorded on an AT MS-30 for electron

impact (ED type spsctia end on 8 VG 7076E-HF modsl for fast
tnt)

selative insensities are gwen in nmxhem afuy the m/e valus,
00. (ki

terrmpnn:img T othar oeeta. st fodicated ater the s
he abbreviasions used: M = mas peak and P =

rine, The matrix and delection smode (+ or -) for FAB spectra
are indicated. Elemental analyses were obtained from MHW
Laborstorer, Phoeaix, AZ.

Procedure for Acetonidation. Compound U1,

i5,0r 17 d with a 2otution of p-
monohydrate (p-TsOH-H,0} in acetone (This sotution aad boen
dried avernight over 4-A molecular siovee) and with 2,2-
dimethoxypropene (2,2-DMP). Tho solid newyvd:mw and
thesalution was stirred at for
24048 h Satursted sodium bicarbonate (saturated NaHOOP
aolution was then added to the acetone solution and & whita
precipitate formed. The mixtare was reduced in volume to an
off-white solid. This aolid was tritarated with chloroform, and
The triturate wos reduced to 8 light brawn or off white selid
identified s 12, 15, or 18.

cyclnunlyll]-&chlnrvnunnc (12). u»w-(z«smm:ydmxr
1,05g,1.76
mmol), p-TaOH-H.0 (6.40¢, 336 mmuh, acotone (210 mL), 2,2-
DMP (16 mL), and saturated NaHCO; solution (260 mL) wers
used. Reeryatallization from absolute ethanol provided & light
rown olid which s idectified s (2 total yield 048 ¢, 89%:
mp 183184 .72 (chloroform-met} 265,
202 (0.1 N HC; 265, 198 (H,0); 266, 215 (o ) N, mon), ®
(cm) 3323 (broad, O—H), 3067, 2041, 2902, 2694, (1693, il
C=C, C=N), 1382 (C(CH)»), 1338, 1201, 1058; *H-NMR (M
SO-43)3 854.8.75 (anche, bach 1 H. CB and C8 o), 512 to 487

rotary evaporator whlc.h was -‘unhed 08 water aspiuboc was
uAsd All hllh«vlcuum dryings anc
Welch Duo Seal 1400 vacuum pump. Chromal
puriﬂuuon of products wag performed using Merck Silica Ge!
60 (230~400 meah ASTM) in a flash chromatographic system.
™ " . X

the wixture in g solvent, adding a small amount of silica gol,
evaporating the sulvent oa a rotary evaporator, and drying the
remaining slica sample under high vacuum. The columas were
packed using the more nonpolar of the eluting salventa. The
eluting solvents are indicated in the individual experimentals,
Thisrlayer chromatography (TLC) was used to idmt.lfv the

©.25-

2H,CVH, C2'H), 481 (t,J =5.2, LH.C5OH,
4.56 (m, LH,C3'H), 3.51 (¢, J = 5.0, 2 H, C¥'H}), 243 to 2.11 (mm,
3H.C4H, Oy, 148, 112 each y ench 3, CCEICH):
signal at 4,81 is D,0 exchangeable; MS (EL 30 eV, 220 *C)

325 (2.5, M*), 311 (14.7), 308 ), 266 (2 2’ 2’51 (3&1). ‘ZJG
(15.5). 335 (50.5), 219 (142), 180 (19.8), 1 %), 163
(56,8, 7). 81 (69:2), 43 (TL.1). Anal. (cunnmo.cnc H,N.

s uc). 18-4200, 30

pum..u (15,1.108,372 mmel)‘ ) #TsOHH,0 405,21 mmnl),
acatone (200 mL), 2,2-DMP (20 mL), and saturated
solution (170 mL) were. i “The triturate was reduced oo

mm precoated on ;lm nhua) was used for TLC. ’nm pluel

pure 16, Total yiekd 118 g, 95%. An analyical sample wsa

pl min
obaerving them Lnder shortmave UV light. Once pure, all
products were dried under high vacuus, usually i the presence

haracterized by their melting poiots rap); their ultraviolet/
visible (UV), infrared (TR), proton nuciear tagnetic resonance
(H NMm and mesn (MS) spocten; and their elomental analyses
(EA
o

UV sps X Beckman DU-

281 or Nicolst SDXC m-c!umen(. All compounds were in KBr
pellet form for unless otherwise indicated. ‘H-
spestra oo takon on & JEOL FX.90Q £ (80,55 MHa),

& Nicolet NT-00 2000745 M. or o Brler 100200159 Mbkz
nuclear magnetic resonance spectrometer. However, unlens

othorwisn indicatad, a the reported spectra were taken on the
Nicolet NT-300. 'me chemical shifts in the 'H-NMR spectra
are reported s parts per million (8 rehnv- to Me:SO-dy (6 =
2.6 ppm). The 'H-NMR d;

m sthyl acetate: mp of 124-126
’C;R,-n. o 13:1), Ry~ 0.77
‘ammonia-propana} 1:4); UV 294, 221, 204 (0.1 N HCI); 288,
221,198 (H,0); 293 (zh), 285, 322 (0.1 N NaOHD); IR (cm) 3351
(O—H), (3095, 2694, 2935, 2897) (C—H), 1569 (C—C, C~=N),
1409, 1381 (C(CHy)), 133? 1208, 1064; 'H-NMR (Me80-d) &
874,860 (each 5, each 1 H, C8 and C2 H's), 5.02 (m (skowed t),
1H, CUH), 494 (m, 1 H, CZH, 480 (1, J = 5.3, L H, C5OH),
457 (m, tH,CIH), .52 (m, 2 H, C5'Ho), 2.67 (s, 3 H. C6-SCHy),
2,40 to 2.14 (m, 3 H, C6'H,y, C'H), us 123 (each. uchaﬂ
C(CH:}.(CH;M MS (EI, 30 oV, 220 @8,
N, B2L (700 278 1287, 249 (10, 248 (usl. 247(100), 167
o, N{m 166 (23.8, PH'J 165 (10.5. P*). 81 (19.3), 43 (13.8).
(CuHmNAOzS C

(18). 9-(

cine® {17, 0.3 g, .13 menol), p-TsOH-H10 (4.96 g, 28.1 mmol),
22

(b= broad, 3 = singlet, d = doublet, t = triplet, g = quartet. qu
= quintuplet, m = multiplet), coupling conatant (J, reported in
hertz), integration (no. of hydrogens), and signal assignment.

NaHCO; solution (150 mL). Recrystallization from abeolute
ol provided a white solid which was identified as pure 18:
total yield 0.222 g, 64%; mp 230-232 °C; &/ = 0.88 (chloroform-

@BCnE R Chem. Ber 199,92, 509-513,

(30 Hi A Nucleotides. 1. Al i
i i . J. Am. Chem,

ry of I
i, (5510 045

Soc. 1961, 83, 3640-3645.
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&-Suif Puring! Carbocy:

1{C=N, C=C
NMR (Me:S0-dg
9 (0, ¢ H, C2-H), 527
4800, o =53, LB,
J=

and 4.50 are ;0 exchangeable; MS
5 (M - H)'). Anal.
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IR ineat. cm™) 3627, 3381, 3282, 1546, (1391, L180, (S~-ON.
1068, 927. These peakn agree witl: the published spoctrum. ™}
The product gave off a sulfur-like odor a2 f00w tecperature.
The odor wes presumed to be & result of the compound's
dacomposition to HC ard sulfamic ‘nerofore. because of
this apid dscomposition, accurate values fr thy aumbac of
squialena ueed i cach eaction wes at kmowny thus, only
approzimate weights are given in the reactior. procedures.
Ganetal Brocedars for Sultamovlation. A suspensian of
compound 7, 9, 13, 16, or 18, sedium hydride (NaH), and
anhydrous ethylens glycol dismethyl etber (DME) was stired

under 50-60°Cfor 2to8h. The

13). (2948230

ropurine (12, 0.64 g 198 mmol) was combined with 40%
methylamine in water {100 mL) i a stainless steel bomb. The
bomb was sealed and heated to 85 "C for 48 . The bomb wes
then cooled and opened. The reaction solution was reduced to
an oft-white solid (0.845 g). The solid was nsnlt\nned between

Sonporaion was cooled in 4 Ioe bath, and & soution of NEty
SO,Ci in DME was added doprwise. The resulzing mixture was
atitred at 4 °C overnight. Tho exceas NaH was then desteoyed

could be seen, The mixture was reduced to a white-geay salid
and this was dissolved in water and adsorbed onto silice gel. The
silica sample was pisced on a silica celumn and the colums. was.

water (50 mLy (3 1302L). Th
svere combined and reduced to an off- wbm solid (0.625 ).

1381 (C(CHy)y), 1325, 1234, 1208, 1150, 1083; 'H-NMR (Mer
SO-dy) 4 B.24,8.21 {each s, each L H, C?and caHs) 766 (bs, 1
H, AINH(CHy), 501 (t, J = 67, H), 491 to 469
(overlapping m's, 2 H, C5'0H, C2'H), VH),
(1,2 H. C5'Hy), 2.95 (bs, 3 H. NH(CHy), 223 (m. 3 H, C4H.
CE'Ha, 147, 1.22 (each 5, each 3 H, C(CH3)(CH)y; signal at
7.6 disappears and signal at 4.91 £0 4.69 simplifies in

CEL, 30 eV, 220 °C) /e 319 (5.8, M), 304 (341, 261 (5.4), 231
(15.1), 230 (100), 205 (6.1), 204 (9.4), 176 (9.9), 150 (30.8, PH;),
149(15.2, PH"), 120(128),81 (125), 4319.8). Aval. (CisHuN:O

N

15-(2a.3-Di-O-

:b).
pmdm:\. were combined and nduced i volume o salids 8, 10,
and 19-2
9-[{2-(Sulfamoyloxy)ethoxy]methylJadenine (8). 9-((2-
hydroxyethoxyymethylladenine® (7, 0.509 g, 2.4 mmol), NaH
0.4002, 16 mmob,DME(snmm,md KHSO:Cl (1.1 in DME
(10 L) were used. 8 we tod as & white solid: total yield
0113 3, 1%, mp 166 °C decs Ry -0.31 (ethyl acetate-water:1-
propagol 4:2:1; UVow, 257. 208 Aowucn 259, 207 (H,O) 259,
216 /0.1 N NaOH): IR (em?) (3323, 3145] (N—H), 2953 (C—H).
{1676, 1608} (C=N, C=C), [1367. 1176) (5=0), 1138, 1034, 922;
H-NMR (Me;SO-dy) 4 8.26, 8.16 (sach s, each 1 H, C2 and C8.
H'),7.47 (5,50,NHy), 7.28 (8, 2 H, C6-NHy), 5.57 (0, 2 H, CVHa),
4.09.&75(eechm,en:h2H‘CZH and C3'Hy); signals at 7.47
d 7.28 are D;0 exchangeable; MS (FAB, ﬂncglymml) 289 f(M
ey Anal. (CHANOGS) C, H, N.

mmhyl]cyclnnemyl)hdenlne (10). Mnhod A (2)-008

(14). sdem 5, 1596 g, 195 memol), NaH (0.300 g, 12.5 manol),

Di 2 bl DME (0 L), NHSOCl 0650 9 in DME (30 mL). 16 was
ropurine (12, 0.843 g, 1.9 mumol) ua combined with 40% ted s a hitosolid: otalield 09825, 52%; 1 255 °C d

water (120 @) in s stainl Ibomb. The Ry = 082 (shyl sestate-methancl L1 UV, 259 212 (01 N

bomb wes sealed and heated to 100 "C for IBh. ‘I"he bomb was
cooled and opsned, and the reaction solution wes reduced in

T
‘between water (SOmL) and chloroform (3 150 mL)
layers were combined and reduced to a white soli
byl )
wlni which was ideatified as 14: total yield 0.592 g, 90%; mp
°C; By = 0.74 (cbloroform-methanol 3:1); UViux 268,
2\1(0 1N HCI); 276, 214, 192 (H,0: 976, 213(0 1 Muom R
(em) [3232. 3089) (O—H), 2916, 2865,
C=N), 1425, 1351 (C(CH3s). 1299, 10
6825,821 <eaeh s each 1 H.C2 nndcurs; 30 (4, =
CIH), .94 to 4.6 69 (overlapping m's, 2 H, C5'0H, €2 H\ 4. 55
(m,u(,csm, .50 (m, 2 M, C5'Ha), 3.46 (3, 6 H, ArN(CHy)),
223 (m, 3 H, C4'H, CB'Hy), 148, 1.23 (each s, each 3 H, CCHy)-
(CHa)y): Signal at 4.94-4.69 shrinks in si (A
oV, 160'C)m/¢33.’l(76 M), 318 6.1). 275 (5.3), 245 (16.3), 244
(100), 219 (6.9), 218 (7.6), 190(83), 164 (20.0, PHy"), 134 (22.5),
4 (24 Anal. Cut ,,N; %)

L.676
mmol) was oed o5 dry ice-acetonitrile bath. As
this cool liquid was stireed under nitcogen, concentrated hydro-
chloric acid (HC), 1.8 mL (18.5 mmol HC} and 63.0 mmol H;0%)
was dripped in cautiously over 30 min (uigorous reaction) ane
& white procipitate formed. Once all the HCl wan added, the
Tmixture wa warimed 10 40 °C and it becarme a coudy sonution
After 30 min st 40 °C. the mixture was cooled fo room
ind placed in the
frewar. White crystals slowly formed in the cool mixture and,
afer taning overnight n th frcser, the fturo was further
coaled to ~42°C and

HCI); 262, 208 (H;0); 257, 218 (01 N NuOH). IR (cm™) [3492,
3347, 3309, 3145) (N~—H), (2989, 2040) (C—H), (1668, 15981
(C==C, C=N), 1373 (C(CH), 1208,1150(9—01 1074;'H-NMR
(Me,so-do 8826, B.13 (each », each t H, C2 and C8Hs), 7.52
(8,2 H, H;NSO, 7.21 (s, 2 H, C6-NHy), 5.05 (m (skewed t), 1
CUED, 484 (m, L K, CZH), .58 (m, L H, C3'H), 4.12(d, / =
63,2 H, C5'Ha), 2.50 1o 2.22 (bm, 3 H, C¥'H, CBH.J 149, 12c
(each s, each 3 H, C(CH).(CHyy); Signals at and 7.21
D0 exchangoable; MS (FAB; thioglyceral) 385 [(M +H)‘] 55
1M = Hy), 419 {(M + Cl|. Anal (CiHxNOsS) C, H, N.
9{8.(2a3c-Di "

(19). (£)-9-
1B-(2ex30-Di-O-is 48-

s-(muhyhmmo)punne (13,0491 g, 1.5 mmol), NaH (~0.150
£.6.25 mmol), DME (60 mL), and NH;SO.Cl (~0.450g) in DME
G

30 mL) were used. Column fractions contsining 19 were

from methanok-ether provided 19 as a white solid: total yield
0.290 g, 47%; mp 180 °C dec; R, = 0.69 (ethyl acetate-methanol
1:1); UV.aye 263, 210 (0.1 N HCI); 269, 209 (H,0); 267, 216 (0.1
N NaOH); IR {cm) [3382, 3217, 3000], (N—H), {1627, 1574
(C=C, C=N), 1390 to 1352 {$=0 and C(CH;h). 1323, 1176
(S=0), 1080; 'H-NMR (Me:SO-dy) 8 8.2, 8.22 (each s, each 1
H, C2 end C8#Pa), 7.70 (bs, 1 H, ArNH(CH,\) 753 (5,2 1, H,
NSOy, 5.07 (m (.kewed €, 1H, CI'H), 4.85 (m. IH C2H), 4

(m (apparent q). 1 H, C3'H), 4.13 (d, J = 6.3, 2 H, C5'Ha), 2.

(8, 3H, NH(CH,)) 2.50 10 2.23 (m, 3 H, CAH, ce‘H,),us \24
(each s, each 3 H, C(CHy),(CHs); signals at 7.70 and 7.53 are
D,Oexchangelbla,MS( 'AB, thioglycerol 399 [(M+ H)*]. Anal.
(CisHuNOS) C, H, N,

were isolated by filtration and w:lghed 5&; [1 (59% mw\lxe]
The

thyl 6. ine (20), (£)-9-[8
D30

SO.Cl) and were stored in the freezor for use in future reactions.

(methylthio)puzine (38, 0. m 8, 1.4 mmol). NaH (~0.200g, 3.3

3998 Journal of Mudicinal Chamistry, 1992, Vol.

mzzol), DME {60 mLj, and NH;S0,Ct (~0.400 g) in DME (30
mL) were used. 20 was identified as a white solid. Total yield:
0384 ¢,66%. Analytical samples were prepaced by receystal-

Peterson ey oi.

(@, i H, CYH). 415, 10uexch"x cach s B, cs'HJma.svm,

D
{mp 155 °C decy: R, = 0.79 (othyl acetate-methanol 1:1); UV
295,287 (sh), 222, 201 (2.1 N HOly 292 (sh), 285, 220, 194 (H0);
288, 222 0.1 N NaOH, (cm™y [3296, 5191, 3145) (N—-H),
2988, 2808, 1572 (C~C,C=N). \3"«10 CHy)y). 1209, 1179 S
1072; 'H-NMR (Me,S0-dy) 8.74, 8.6 (each 5, sac} CBud
C2H's), 7.54 (6.2 B, HiNSO, 507 (m, L H, CIH), 4.96 (m, LH,
C2H), 461 (m, | H, CIH), 415¢d,/ = 6.0, 2 H, CBH.}.KG"(m
H, 08-SCHg, 2.50 to 2.18 (2, 3 H, C&'Hy, C4')
teach a, each 3 H, C(Cll;} (CHyo); Signal at 1.64 m r).
exchangeabie; MS (F. doglycercl) 418 xMe—H)’] 414 (M
- Hyl &50 l(M+Cl\’ Ansl. (Cm!lmN,.OnS:)C R N.

4no-8 rine (21). (£)-8-(8
emino-8-azspurine (18,0348 g, 1.13 mmol), NaH (~0.150¢,6.25
mmol), DME (40 mL), aad NH,SO:Cl (~0.300 ¢) in DME (20
L) were used. Impuse product was collected a3 & white solid
(0.364). ‘thisa
pure 21: total yield 0.274 g, 63%: mp 225 °C; R, = 0.76 (athy!
zcotate-methanol 1:1); UV pe, 264,507 (0.L NHC); 279, 208 (H:0%;
279, 216 (0.1 N NaOH): IR ¢cra ) [3357, 3296, 31091 (N—H).
1677, 1605, 1672} (C==C, C=N, N==N), 1374 (C(CHa, (1322,
1184] (S=0), 1077; "H-NMR (Me;S0-dy) 5 8.44, 8.11 (sack bs,
NH.H,),831 (s, L H,C2-H), 7.52 5,2 H, HNSO,
6.19 t0 6.7 (overlapping m's, 2 H, C1'H, C2'H), 4.67 (m (apparent
Q) LH, C¥H), 115 (d, J = 5.7, 2 H, C5'Hy), 2.56 (m, 2 H). 2.38
a1 1, 108H, CAH, L 125 feach s, each 3 H, C(CHL

2
(im thioglycerol) 06 L+ EDl 34 (M - Tl Anal

(CisH:uNA0s8) C, H, N.
Me msu-od'roun.m () mwz..:hm Dmopﬂr
399 &

131mmel) bined with
mmol) and anhydrous benzene (40 mL), and ﬂm mixture was
refluxed under nitrogen for 2 h. The mixture, which became a
solution while uﬂ\mn(, was then cooled in an ice bath. NHz-
30CHO. i ) s addod

{)- Hﬂ (22,
oclopentyl}]-5- {mlhyhmlnc)uurme (3). {£3-9-(5-(2a.3a-Di-

{methylaminoipurine (19, 0253 g, 3.64 mmol), CFsCOH-H,0
415 mL, aad MsOH/NH,OH (12 woL) was used. d was usod a3

& white solid: total yieid 0,164 g, 72%; 1ep 178 °C deo, R, = 0.35
{concentrated tmnoma—pmp«no L:4); UVonss 264, 21 (04 N

d N 5. 1828
nso| rH: ‘H \'\m <Me,so dy) 8 8.18, 8.15 (each 8, each 1
§,C2 and CBi{e), 162 s, L H, AINH(CH), 747 u, 2] H H,—
0

NSO1).5.( .

470{m, i H, Cl H3,4.37 (m, 1 H, (‘TH) 4.1

1H,C5'H,H,), 387 ') 96 (bs,

(m, ‘ZH).lSO(m.\H {C6H and C: Rl

5.06, and 4.87 are D0 exchangeabie; M i

1M+ H)*], 357 [(M - H) 1. Annl [(,wH.;N.O.S)C H,N.
(43582030 Dib

clopontyl)] G-t (melhy\tk.\o)puﬂnn(ﬁ? (£)-9-(5-(2a, 31: D|(!r

ylthio)purine (20, 0.373 g, 0.90 mmo, CF.COH-H,0 ub )
2nd MeOH/NH,OH (10 mL) were used 5 waa isoisted as an oft
hile ol tota yield 0.207 g 61%; mp 147-150 =C decs Ry =
0.38 (conconteated ammonia-1-propanol 1:4); By = 0.59 (sthyl
acetate-water-1-propanol :2:1); UV 0., 285,223,202.0.1 NHC);
391,286, D, 193 (H,0; 292,266, 227 0.1 N NaOHD: (R o)
3296 (broad, O—H), (1581, 1563] (C-=C, C~=N), (1359, 1184
(S~0); 'H-NMR (Me,S0-de) 4 £.73, 5.54 u.c.h each 1 H, CB
and C2lF). 7520, 21, HINSOD. 813 d, Jsu.m C2'0H),
496 (d.J 3 H, C3OH), 483 (m, 1 H, CI'H), 443 (m, 1 H,
Czl{),ualm 3, Cotrg, 390 e A Coey aa(.,aﬂ
-SCH, 2.0 . 21D, 162 (m, IHr(Cs'H-..(‘AIﬂ
7.62,5.13,and 4.96 xcl Msmusmoglymo»
376 (M + H)*l, 374 T < HY), 410 [M * CD 1. Apl.

(CuHuN:OsS:) C, H,
(£)-9-{8-(2a,3c] Dihydmxy%[(-ulﬁmuylon)mbyl)ey-
(8). (£)-9-{5-(2a,3-Di-O-

dropwise to the cool solution. The resultis irred at
4°C overmight; however, tho roaction waa not completa at this
time sccordingto TLC; borefor, moro NH.SOCl 0500

stirring overnight at 4 'C Tha solvenu waro evaporated, md
with

8-azapurine (21, 0.251 g, 0.65 mmol), CF,COH-H,0 (15 mL),
and MeOH-NH,OH (10 mL) ware used. & was isolaled as a
white solid: total ylold 01128, 50% pl7D~lBO'C R, = 0.36
UVowes 263, 207 (O.L N

the romaining residuo was neut
50mL

and the residue that remained was dissolved in methanol md
water and adsorbed onts silica gel (B 8). The aitica sample was
taced.

ethyl mutrmed’uno\ 10-1 (~500 L. Fractions containing
lid (0.842

O veniane. s34 dhe ke nia hat romingd vas destiied a
use 10 ol yild 0170 5, S4%: mp 256

eral Procedurofor Removal of the cetontde, Com-
pmlnd\ 9, 20, or 21 was dissolved in 90% aqueous trifluo-
P ek (G003 H/H{0) and the slution s stired at

HCI), 210, 204 (H,0); 278, 218 (0\ N NaOFE; IR (cm D 3162
. (broad, O]

, N—H}, {1700, 1617, 1573] (C—C, C~N, N=N),
1363, (342, 1320, 1183 (8—0); -NMR (Me,80-d) 4 8.31, 808
{each bs, each 1 H, c&NHJi.,v.&u(-. 1H,C2-H), 7.40 s, 2 H
YOH), 6.08 (m, 1 H, CVH),

§, C5H,Hy: morgen CS'H),
240 (m. 2 H), 1.90 (m, | 1), (C6"Ha, C#H); signals ot 8.31, 8.06,
7.49,5.16, and 4.98are D0 exchangeable; MS (FAB; thiogiycerol)
346 (M + H)*}. Anal. (CioHuN:0sS) C, H. N.

the remaining mldue was d.uwlved in methanolic .mmom
{MeOH-NH,OH,

romainiog syrup ‘was crystallized from water to provide 2, s
and 6

[ ar-Di-
nnn,

oo > y v o
i 14.0.230g, 0. bined sith

hyd: Y ine (0.30mL
2.2 mmol). The clear mluuon that formed wea stirred at room.
temperature un( jon for 30 min and was then cooled in
au ice bat] oo of NH,SOCL (~0.300 ) dissolved in

DME (15 mL) was added dropwise to the cool salution and &
1-1.6

mmnl) Cr,co,l{ H,o (50 L) and MeOH-! N}LOH 20 mL)
weroused. 2was an off-white solid: umly(eldomz
,85%; mp 167-1 t ,» .19 (othyl acetate-water—propano}
4:2:1); UV ey 269, 211 0.1 N HCI); 261, 206, 193 zH,O).zﬂl 216
0.1 N NaOH); IR (cm™) {3415, 3126 (broad)} (N—H, O—H),
(1665, 1610, 1577) (C—N, O==C), 1354, 1186 (8=0); 'H—NMR
{(Me,S0-de) § 8.18, su (!uch: each 1 H, C2 and

(5,2 H, H;NSO2, 7.18 (5, 2 H, C&-NHy), 6.07 (d, J = 64,1 K,
CZOH), 4.89 (d.J/ = u i 1, CYOH), 459 (e, |, VD, 438

hin the ice bath. The mixture was then warmed to room
d a sotution formed. This i

onto sitica gel (1.2 ) and purified on a silica coluan (20 g). The
column waa washed with ethyl acetate (2 Lj, and fractions
containing product were combined and reduced in volume to
white residue which was identified as impure 22 (0.342 g).
[Attempta to purify this intermediate were unsuccossful. How-
ever, 8 'H.NMR spectrsmn (MexSO-de) of it although fillod with
impurity signals, contained ke signals ot 4 8.28, 8.20 each s,

198



Puriny! Carkoeyclic

eack L H, C2 and C8H's], 7.52 (5. 2 H. HaNSOy3,
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jellet thecells. T

5, each 3 H, C(CHy)(CHy)u} which ace of inter-
wodiata22. Also, MS (FAB thioglycorol) has a aignal ac411 (M
~Hr].) Thex

acid (16 L), and the solution. was atirved at room temperature
for 2 h. The solution was reduced in volume to a white rosidue,
a3d this was dissolved in mnthl:\alxc a'nmc'ux( lO_mLW, The

remained. Crystaltization of *his syrup from water provided s
whiio solid hich was identified ra & total yield from 14, 0.085
- (cotcertrated ammonia

); UVnng 269, 213 (0.1 N HCU; 277, 2\5 [cX
Y OIN 'NaOH), IR (cn™) [3L77, 31141 (brvd, O—H), (1608,
1565] (CmC, Cme), 1423, [13¢3 .152~ (S=0); H NMR (Mex-
S(Jd;ld&ls(s‘iﬂ C2 sad C! 5

in 2 oL, of EBSS and contrifuged as before. The superoatant
was again decanted and the peliet suspended ir. 1 L. of water
0 iyso the cells. Tho wates mixture was plécod in ar ice bath
Zor 1 b, and 2 mL of cold 10% trichloroacetic acid (TCAJ was
added to preclmmle the mactomolecules. The acidic mixture
was kept ath for 15 min, and then the mixture was
Fl!emd!_hnyugh a Vldlnpo<e type HA fer (0.45 um). The filter
was washed with 3 X 2. of ion cold 5% TCA, and theo the fiter
was dried under a heat lamp for 30 min. The d

suspended in 10 mL of Ecolume {ICN), and radios
counied vi liquid scintillation. The auraber of count r6 ects
the muunL of md\cum ve aminc acuid ﬂ":nrpﬂrlunn

5

ws,

P
%o the amount of protein synthesis takiag place.

H, C20H), 489 3OH). .72 (m,
§ H & m 4 .!6 6 m.1 H, C2H), 4.16, 4. c‘ (each m, each 1 H, e ey stmlar assay wan used fo the RINA sad DA uudm
Y HH. , C3'H), 3.45 (8,6 H, As=N(CHY)2), 2.32 (m, 15C) laced
2H), 174 (m. ‘ H) ICS’H,:m! COH\L ignals at 7. 48 5.05. and vrv)l (“C] -2-uridine for the RNA asay and [“Chhymxdme for
4.89 are D,0 MS (F. 373 [(M + ‘e reauits of the st Figus

HI'L Antl (CuHaNeOsS1 C. H, kg
Biology. Tho Fischers media, horse serum, and Earls
balsnced salt solution were purchased [mm GIBCO, fne. An
RPMI 1640 amino acid kit was used o prepare the modified
s Ths (“C1-2-wtiding 56 Gy mm, L-C1-L lecine (303
mCitamol), and [4G]-L-yale (306 mCi/amal) were obtained
loar, [n

— was purchased from Amersham, and the [MC)-4- phen)]
slanine (405 mCi/mmoly was purchased from ICN. Centritu-
gation was dono on a Sorvall RCZB inatrument. Liquid scin-
tillaion was puzchased uaing a Beckman LS €800 couoter. HA
Ecolume liquid
sintilaion fcd waa wmm o ToK he B ool paste
pare the ribowmes was puschused from Grain

tis E.
the US. Bﬂpl of Am . The bactarial cuint broth waa
od from Difco. The aptical deasities in the bacterial
study were datermined on a Bausch and Lomb (Spectronic 20)

Buffer A contai: dum chiorid

001 M magnesium acetate, and 0.01 M Tris scetats {pH 7.5).
Adenosine deaminese and adenylic acid deaminase wers pur-
chased from Sigma, Inc. A Beckman Model 25 UV spectropho-
mmelel was uud to evaluate the deaminase results.

Tabl,

™
asin vitroantitumor agents by using the protocol of the National
Canmlml!ut&" ‘The methodology used was described in ref
31 P83 Mouse Loukomia colls grown in Fishers media
sapplomented with 10% horae sarucs mero incubatod with and
without {control} the campounda under mndy at various con-
trations. Thecollshad ~10%cells/
mL and were incubated at 37 °C for 3 days. Cell growth was
deternaed with « hemacylometer,and puromycin wasuaed v3
The esch test
compound which inhibits cell growth by 50% (ICW) is re'pnmd
in Table I.
Assay for DNA, RNA, and Protein Biosyuthoses.
modified Fishers media was plewud which mnulnad only h‘lf
the

1,2, and 3.

c-Uridylic Acid-Directed Syath Poly-
phoaylalanine. The E. coli protein bicsynthesis assays were
ensentiaily as described previously.*= Compounds 2 and & Bmi

‘puromycin were dissolved in water containing 10% DMSO. In
a series of test tubes chilled on ice, solutions of one agent (test)
or water (control) wers corbined with cell-free protein biosyn-
thesis companenta™ devoid of the messsnger RNA and also
coanmg (“Cl Phe. Various concentrations of the test com-
ed. Protein biosvnthesis was initiated by
addmg polyrylldyllc uridylic acid to each tube and then incu-
& the tubes at 37 °C (water bath) for 30 min. The protein
ammuu wes stopped by adding sodium hydroxide to the tubes
and incubating for an additional 16 min et 37 °C. Hydrochloric
acid was then added to neutralize the mixtures, ‘The tubes were
placed in en ico bath and mmbmd with 10% TCA (2 ml per

then filiered through Millipore lype HA filtors (0.45 um pore
aizo) and washed with ice cold 5% TCA (3 X 2 mL). The filters
wre dried under & heat Lamp for 30 min, combined with 10 mL,
of Ecolume in scintillation vials, and counted with a liq
scintillation counter. Radioactive counta reflact [C1Phe in-
corporation into prota; thu, the namber of counta i propor-
tional to the amount of protein biosynthesis occurring.
inibition of protein ’a:..,z

6, and puromyein at various concentrations by compas
number of counts in the teat and cautrol visls. The Toven of
thia study was presented in

Astibacterial Assay. E. coli B210 bacteria wers grown
overaight in nutrient broth media at 32 °C in a shaking water
bath. (Nutrisnt broth media contains 8¢ of nutrient broth and
10 g of doxtrose in & 1-5, aqueous solution) The compounds
used for testing for antibacterial action and chloramphenicol,
the positive control, were prepared as aqueous solutions con-
taining 2% DMSO. Thess solutiona were sterilized by passage

{
mg/L used), Lleucine (Leu, 15 m;/L used). aod L-lysine (lys, 25
L used). For the protein assay, 10 A wacho nf[“C]Phn ["Cl
Leu, and [“C]Lys were added to 11 mL of the modified media.
One milliliter of this radioactive solution was then removed for
the background counts. The remaining 10 mL was separat
ne of these

through Millipore type HA mws 10.22-4m pore size). 2-fold
uml dlluzions of the agents of water were pro
plun
in 2 outrient

bloLh ouedia, and L5 of mL ocmug\upemion was n‘ldsdwelch

8t 32 °C in & water bnh Bmem] cell growth was followed by
increase in optical density at 465 nm using a Spectronic 20
The tubes wers momwr!d for up to 24 h,

"0 one

10 be tested 42m 6) waa added (test). The other portion would

sorve aa the control. Both portions wers L\!en mmhmad with 5
L nf

and thl ruulu are presented in Figurs
sate Amy- A ially avail-

ercenteation of 10° colsrmL. The 10.mL. portions were
lneubmd at 37 °C (water bath} and every 6-10 min a i-oL
fraction was removed from each portion and added to 1 rnL ol
chilled (ice bath) Earl's balanced salt solution (EBSS).
fraction @as then treated as follows. The EBSS seluuan was

@1 Vines, R; Daluge, S Browmell, J. Carbocvclic Puromycin:
Syskosi sz Pirfuie el e Ut Ry o lvig 4

latios kit was purchased from Boehringer Mannheirn.
The kit contained auclease-treated rabbit reticulocyte lysate
which was depleted to amino acids; however, an amino acid

OB McFazan 8. C Visce, R. Lubibiion o Poptidsieranstorane .nd
casible Mode of Activa pestidy] Chloramptanical Aa
Biochem. Bioghy Rcr Comm. 1988, 122, 7
€43) Vince, o inessof Creloheny Carbosyeic Pure-
iy a0 b o Proia Syribess. . Ried. Choms 47135,

4000 Journal of Medicinal Chemistry, 192, Vel 35, No. 22

i d Theatandard
ansay procedure described in the kit was performed. Tobacco
‘mosaic virun RNA was used an the messenger RNA at a final
cercentration of | ug/mL. (**CllLeucine was used as the amis

acid Zabel. At the end of the 60-min inccbaticn at 30 °C,
Teaction mixtuze was terminsted with sodium hydroxide nrd
combined with 0% TCA (2 mi o procipitate the pro

and washed ».m ice-cold $5 TCA (4 X 3 mi). "“\e filters were
dne\i and the protein was counted via liquid scinzillation ae
scribed abave. Various concentrations of agenta 2 nd 6 acd

The

inbibiti i those

Poterson et al

sbsorbance at 265 was foliowed {or up to 10 min, A decronse

.huzncompound u.ub.mu (or this enzyme. Agent 2ehowed

considered 2 siow substzate.
donylic Acid Deamingse Assay. o the standrd assay
procedure,  mL. of citric acid buffer (0.0 M. pH 8.5) and rakbit
muscle adenylic acid deaminase (50 milliunits) were combined
with AMP or 2. (Note: One unit of erzyme will convert one
cuicromoi of 5~AMP to 5-IMP per minute at 25 °C at ph 8.5).
"The ¢azymatic reaction wes rwn at 25 °C and abaocbance at 263
nzm was followed. A decrease in absorbance indicates that the
P occurring and, thus, that 2 compocad s a substrate

agents was determined and is depicted in Figure 6.
Adonosine Dearainase Aesay. in the standard assay pre
cedure, 1 mL of potasaiuem phospbate butfer (0.05 M. pH 7.4)
and calf intestinal mucosa adencsine deamizass (20 milliunits)
were combined with sdenosine or 2. {Note: One upit of enoyme
will deaminate one micromole of adsnosine pec minute at 25 °C
at pH 7.5). The enzymatic reaction was run at 25 °C and the

is snzyme. No decrease in absorbance was seen when agent
2 was incubated with the enzyme; therefore, tbin sgent was ot
& substrate.
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