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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

Descripcién: Folios 99-252 12 de agosto de 2008

Reivindicaciones: Folios 253-277 12 de agosto de 2008
Folios 307-331 08 de septiembre de 2008

Prioridad: US 607654487 02 de febrero de 2006

2. Analisis de la Prioridad

Se 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 prioridad reivindicada. '

3. Objeto de la invencion

Titulo de la solicitud: "inhibidores de enzimas activadoras E1”

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
compuestos utiles para inhibir la actividad de enzimas activadoras de tipo E1.

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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Clasificacion iInternacional de Patentes (CIP). CO7D 471/04; CO7H 19/14; AB1P
35/00; AB1K 31/519,

4. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capitulo reivindicatorio no es conciso cuando utiliza los términos:
« Alifatico: porque no definen el numero de carbonos que componen la cadena.
+ Arilo: porque no definen el numero de carbonos que componen el anillo.

+ Heteroarilo 0 heterociclico, heterociclilo de 5-6 miembros: porque no definen el
numero de carbonos que componen el anillo, y ademas no se define el nimero
y tipo de heteroatomos que componen el anillo.

« Alifatico C+.4, Fluorolifatico Cy.4, Fluorolifatico C4¢ y similares de comun uso en
el capitulo reivindicatorio, dan lugar a una innumerable combinacién de
compuestos que no encuentran soporte en la descripcién.

* Anillo espirociclico de 3-6 miembros, anillo carbociclico de 3-6 miembros,
cicloalifatico de 3-8 miembros: y similares de comun uso en el capitulo
reivindicatorio, dan lugar a una innumerable combinacion de compuestos que
no encuentran soporte en la descripcién.

+ El uso de términos tales como “opcionalmente”, “uno o dos sustituyentes”,
‘opcionalmente sustituido”, “porcién arilo que puede estar opcionalmente
sustituida” y otros términos semejantes |0s cuales no son concisos porque no
limitan el alcance la reivindicacion, ni la definen de manera adecuada.

+ El uso del términe "m” que se define como un nimero entero 0, 1, 2, 3y 4 no
es conciso porque no limita el alcance la reivindicacion, ni la define de manera
adecuada.

Se sugiere al solicitante, definir cada término de manera apropiado y restringir la
solicitud a una generalizacion razonable de los compuestos ejemplificados.

Para este efecto esta Oficina manifiesta que en la descripciéon se encuentran

soportados |os siguientes compuestos a los cuales el solicitante puede tener en
cuenta para la respectiva restriccion:
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En la reivindicacién 29 no es clara, porque define sus componentes en razon del
los sustituyentes de un compuesto de formula I-A, 1o cual no es manera adecuada
de reclamar, se sugiere definir la formulacién por sus caracteristicas esenciales,
es decir, debe caracterizar la preparacion farmacéutica con los componentes vy
proporciones.

En las Reivindicaciones 1-19; 21-22 y 24-29 se incluye de manera recurrente la
expresion “Grupo protector”, se sugiere aclarar para cada vez que se utiliza en el
capitulo reivindicatorio definir cual, o cuales fueron los grupos protectores
utihzados.

5. Determinacion del Estado de la Técnica

El Estado de la Técnica se determiné con base en {a fecha de Presentacion de la
Solicitud de Prioridad: 02 de febrero de 2006

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

Fecha de

Item Documento Titulo Publicacion*

A short and novel synthesis of

o1 XPQ002440675 carbogyclic nucleosides and 4'-epi-

GOSSELIN ET AL carbocyglic nucteosides from 2-
cyclopenzen-1-ones

Rapid access to 2'-branched-

13 octubre 2005

02 A009086084 carbocyclic nucleosides and their 4'- 2005
J.-C. MEILLON ET AL epimers from 2-alkyl-cyclopentene-1-
ones
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D1 G. GOSSELIN ET AL: "A short and novel synthesis of carbocyclic nucleosides
and 4'-epi-carbocyclic nucleosides from 2-cyclopenzen-1-ones" TETRAHEDRON,
vol. 62, 2006, pages 906-914, XP002440675.

Divulga analogos de nucledsidos carbociclicos los cuales son interesantes por su
potencial capacidad de combinar la actividad bioldgica con una mayor estabilidad
metabdlica que la de sus homblogos de azlucar. Describe la sintesis de
ciclopentenonas comerciales (por gjemplo, 1)

D2 J. -C. MEILLON ET AL: "Rapid access to 2'-branched-carbocyclic nucleosides
and their 4'-epimers from 2-alkyl-cyclopentene-1-ones" NUCLEOSIDES,
NUCLEOTIDES, AND NUCLEIC ACIDS, vol. 24, 2005, pages 695-699,
XP009086084

Divulga una nueva ruta de sintesis hacia los nucledsidos carbociclicos-2'-
ramificado a partir del 2-metil-2-ciclopenteno-1-ona. Esta metodologia fue
adaptada de manera eficiente para la preparacion de 4'-epi carbociclos. Una serie
de esta nueva clase de moléculas se sintetizé como potenciales compuestos
antivirales.

Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)
La reivindicacion 19 consiste en un compuesto de férmula IX

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

i Caracteristicas esenciales D1
I
i BnO
R oo
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En [a posicidn 5 el oxigeno estd protegido con un

i . .
! Donde Raa es un grupo proteccion de hidroxilo grupo bencilo.

i Rbb y Rb son H El carbono 1 tiene como sustituyentes hidrégeno y - |

' oH ;
. 1Rd es metilo El carbono 2 se encuenira sustituido por metilo |
I_Re es H El carbono de la posicién 5 el oxigeno esta .

sustituido por un grupo benciloximetil y H

lLas caracteristicas esenciales del compuesto de la reivindicacién 19 habian sido
divulgadas previamente en D1, el cual ensefia, un compuesto con férmula 3b (folio
337, pagina 907) con la misma estructura divulgada en la presente solicitud.

En consecuencia, la reivindicacion 19 no es nueva o carece de novedad, segun lo
divulgado en el documento D1.

Las reivindicaciones dependientes 20 no menciona alguna caracteristica que haga
nueva a la compuesto de la reivindicacion 19, por lo cual, no se considera.
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En el mismo sentido la reivindicacién 21 consiste en un compuesto de formula X,
el cual es anticipado por el compuesto de formula 4 de D1(folio 337, pagina 907)
y compuesto de formula 7 de D2 (folio 348, pagina 696), la reivindicacion 24 que
consiste en un compuesto de formula X1 y férmula XlI, los cuales son anticipados
por los compuestos de formula 5, 6, 8, 9, 19 de D1(folio 337-339, pagina 907) vy
compuestos de formula 8, 9, 11-13 de D2 (folio 346-347, pagina 696-697), por lo
cual no se consideran nuevos

La reivindicacion 28 dependiente de la reivindicacién 24 no menciona alguna
caracteristica que haga nueva los compuestos de la reivindicacién 24 por lo cual
tampoco son nuevos.

6. Conclusién

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

) Reivindicaciones Requisito que |
Item Documento :
‘ afectadas afecta ,
1 XP002440675 !

. D1 opagaa0eTe 19-21, 24 y 28 Novedad
! b2 CMELLON £7 AL 19-21,24y 28 Novedad w

En cumplimiento del articulo 45 de la Decisién 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 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 concesién, se denegara la
patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capitulo quinto del titulg primero de la Circular Unica No. 10 de 2001.

Director de Nuevas Creaciones (C)

El anterior jqﬁeg'mientoq fue notificado por fijacion en lista, de fecha

e

Elaborado por: Harvey Alonso Jaramillo Q(M
Revisado Por: Jacqueline Alfonso
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chesen as the means of introduction of the hase™ "7 raking
advantage of the presence of the 2 branching 1o comrol the
regioselectivity of the reaction. The core of carboeyclic
pseudo-nucleonsides being a cyclopentane, we were naturally
ted o cyclopentenones, appropriatel ¥ substituted in position
20 as our starting point. This class of molecules present
severil key udvantuges (a) bearing the targeted 2'-brunching,
which cun be chanped by switching to another ketone,
(h) having the 3’ -uxygen of the [ulure carbocyele, {¢) having
a double bond ready for epoxidation, (d) having a keto group
making possible an =w-alkylation for introduction of the
S'.carbon. (te) being achiral and () being commercially
availuble at a reusonable price,

2.2, Preparation of key cpoxide 4

Introduction of the nucleoside +'-hydroxymethyl group on
ketome T{Scheme Iywas nota trivial task: 2-cyclopenten-1-
ones are notortously rronblesome substrates for a-alkylation
reactions.” ™" For instance. attepls o reaci gascous
Formaldehvde on the enolite of T {uiled. The successful
mecthed came from the use of benzyvloxymethyl (BOM)
~Dahdes zithe alkyvlating agent. which would potenyally help

introduce an _already protected <4'-hydroxymethyl group,
T Whilst shis reaction” Tailed when attempted with BOM
chioride at — 50 °C and the formation of a complex mixture
of products was obsersed at higher emperatures., [reshly
prepared BOM bromide™ gave acceptable yields when it
was reacted with the lithium enolate of 1 at — 78 °C. When
keiong 2 was treated with LiAlH, a —78 °C. alcohols 3
were oblained In 84%  vield as a 2:1 mixture of
drastereoisomers fuvoring the desired trans.

p—
The ratio remained similar at —3{0 and 0°C with the
concomitant formation of side products. Te our delight,
alcohols 3a/3h were verv casily separated on silica gel
chromatography. The twe last nucleoside sterengenic
carbons were infroduced in one step during the peroxy
acid-promoted epoxidation of 3a. The allvlic aleohol
allowed perfect control on the stereochemistry of rthe
reaction and epoxide 4 was oblained as the sole product in
excellent yield,

2.3. Synthesis of carbocyclic nucleosides

Having everything in place for the introduction of the base,
4 was treated with the sodium sall of adenine in DMF as
100°C. The 2'-methyl induced a perfect regio- and
stercosclectivaty, the attack occurring from the B-face on
the |'-carbon exclusively. Due to iis poor solubility,
purification of nucleoside § from the excess of adenine
was nal satisfactory but could be made much casier when
crude § was directly protecied as its 2°.3"-isopropylidene
derivative 7. Target compound 6 was oblained by enher
palladium-catalyzed hydrogenolysis of the henzvl protect-
ing group of 5 or double deprotection of 7. This synthesis
resulted in the efficient first synthesis of { +/—)-2"-methyl-
aristeromycin 6 in 5-7 steps and 23% overall yield.

A confirmation of the structure of this serjes of molecules
was given by X-ray analysis performed an a single-crystal
of 7 grown in DCM/acetone (Fig. 2).

This synthetic method is applicable to other purines.
sometimes with minor changes. For instance. guanine
reacted very poorly with 4 (ca. 6% yield) but after protection

‘ BnO\
a - b e
/\‘7} )_R - ) + ) transicis 2:1
0 \ 65%\ o/ 840/0 Ho'\ Hd
1 (+1) 2 (+1-) 3a (+1-) 3b NH,
fof
HO— N~
OH OH
NH
@ . (+1)6
0 = -~
e | )‘.“ 39% .
. Vo . BnO-- N @steps) ¢ o 83 (2 steps)
92% HO Q
OH OH - f NH;
T N
(+) 4 (+-)5 819 <, I N
(2steps)  gpO- N7
o._.0
P
(+-) 7

Scheme 1. Keagents and condditinns: ta) LDA. BOM bromide, THF. —78 10 —50°°C, th) LiAIH,, ether. — 78t — 60 °C: (03 m-CPBA. DOM. 0°C ed) NaH,
adenine, DMF, {00 °C {e) palladium hydroxids on charcosl. cvclohesene. MeOH. reflux: (f) p-toluenesulfonic acid. 2.2-dimethosvpropane. acelone. RT;

re3 trifuoroacetic acid 90%. 0 °C.
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Fipure 2. Single-crystal struciwre ot fully protected cagbocyele 7
0 SR SIS enantiomiern,

of the buse with o methoxvethoxy group_'ﬂ""“? the reaction
procegded smoothly and 8 was oblained in reasonable yield
{Scheme 2. Carboevele 8 was then deprotecied 1o afford
racemic 2'-methyvl-guanosine analogue 9.

We then turned our attention to the preparation of

carbocyclic nucleosides having a pyrimidine base. A slight
modification to the general syathesis proved necessary 1o

MQOI
Q

|
N\,,/Q‘N
<A -
N NH; !

%, ,"\\
L_<V 2 _ Bno-
G :
HO 60% L;:::i’

OH OH

(+/-) 4 (+/-) 8

get accepiable yields. Even though uracil salts were shown
to react slowly with epoxides.”® it was found more
advantuageous to build the pyrimidine ring by elaboration
of the amine group of 10 (Scheme 3). Key epoxide 4 was
opened with ammeonia with perfect regio- and stereoselee-
tive control. Cyclopentylamine 10 was used withow
purificatiors in a uracil ring-construction process. In order

A3-35

1o do that, we adapled previously described procedures:
ethylviayl ether 11 was reacted with chlorocarbonyl
isocyanate then treated with ticthylamine o give iso-
cyanate 12. The latter compound was directly condensed
with 10 in situ. Without prior purification, 13 was cvelized
under acidic conditions to afford carbocycle 14. This 3-step-
i-pot synthesis gave access 1o two pyrimidine derivatives,
First, removal of the benzyl-protecting group of 14 ufforded
uridine apalogue 15 in 27% vyicld from 4.

On the other hand. a simple adaptation of the method of
Miuh et al.*® provided the cytidine analogue. After
protection with an isopropylidenc. 14 was activated with
p-nitrophenol and 1reated with ammonia, The product was

i
SR
HO— N SN NH,

—_—

78% (2 steps) OH OH

(+/-)9

Scheme 2, Reagems and conditions: (a) NaH, 2-amino-6-(ntethoxvethosy)-purine, DMF, 125 °C: (b) 3 N HCL dioxane. 80°C: (¢) palladiun hydroxide on

vhareond, cyclahexene, MeQH, reflux.

BnO
BnO— NH;
{0 ,
HG OH OH
(+1- 4 (+1-) 10
o o)
0 EtO"%—JJ\/.J\: | r
A 10 N
L —5' “NCO BnO HN® 7O € Bno— N" 0
R — L —
. 0 o
{ 30% (3 steps
| OH © “@sters) IS
1 12 {+/ 13 (+/-1 14
i NH2
 NH =N
d ‘l\N)\\O e-h, d ILN/IQO
{+/) 14 - HO— (++14 ——~  HO )
91% ; 54% (5 steps) .
OH OH OH OH
(+-) 15 (+/-) 16

Scheme 3 Reagents and eonditions: () NH,, MetdH. 130 °C: thy A (chlorecarhony! 1-isocyanate. THE, 0 °C then N, 0 °C then 10, —40°Cje) [ N HaS80.
diexane, [00°C: 1d) palladium hydroxide on chareoal, cyclohexenc. MeOH. reflux: (¢) p-wluenesulfonic acid, 2. 2-dimethoxypropane. acetone, RT:
11 wifuoroacetic anhydride. N-methylpymolidine then p-nitrophenol, MeCN, 0°C: (g) NH;, MeOH, 60 °C: (h} uifluoroacetic acid 90%. 0 °C.
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BnO BnQ / BnG BnG
a v ( b N
(z + \ cisitrans 31 —-——s \_{h
9% HY \ HO 9%  HG
{+/-} 3b {+/-) 3a (+/) 17 -
.
NH, NH,
N =y

<
N

c.d 1
(+4)17  —— _j@,
76% S"OT o 0
{2 steps) X
{(+/-)18
g
{(+/ 17 — 5
BnO~ 55 o
(+/-) 20

) <1

e f rl\j N
85% O~ dn on
(2 steps)

(+1-) 18 /
— o

NH
h.i f |
NTo
27%
(4 steps) Ho-] OH  OH

(+-y 21

Scheme 4 Reagenis and conditions: (21 CeCly TH0. NaBH,. MeOH. 0 °C; (by in-CPBA. DCM. 01 °C: (0) NaH, adenine, DMF, 100 °C: (d) p-toluenesulfonic
sl 2 2dimethosypropane. acetone, R te ifluoroacetic acid 90%, 0°C: (f) palladium hydroxide on charcaal, eyclohexene, MeOH. reflux: {g) NH..
MeOH, [30'Chihy Atehlorocarbonyli-isocyanate. THE, 0 °C then BN, 0°C then 200 —40°C; (i) 1 N H,50., dioxane, 100 °C.

directly deprotected to give { +/—)-2"-methyl-carbodine 16
in S steps and 544 yield from 14,

@ Synthesis of 4'-epi-carboceyelic nucleosides

An interesting feature of our carbocyele synthesis is the
passibility of using the minor product of the reduction step
of kerane 2 (Scheme 1) cis-aleohal 3h, for the siraight-
forward  preparation of seldom reported 4'-epi-carbo-
cycles. ™ Morcover, aftey reinvestigation of the reduction
of 2.0t proved possible to change dramatically the
stereochemical outcome of the reaction. When 2 was
subjected 10 Luche’s reduction conditions (NaBH, in
presence of Ce’ )™ 3b was obtained as the major
procuct of 4 3:1 mixture in excellent vield {Scheme 4). Diol
3b was epoxidized with m-chloraperoxybenzoic acid 1o give
17 as the sole product of the reaction. Then. the chemisiry
previously described for 4 was applied 1o 17. Reaction with
adenine sodium salt followed by protection led to
carhocyele 18, In o similar fashion to 7. the structure of
this compound was confirmed by X-ruy diffraction of 3
single crystal grown in DCM/acetone. After two depro-
teclions. rucemic 2'-methyl-4"-cpi-aristeromycin 19 was
obtained in good yield. On the other hand. when submitied
o epexide-opening conditions with ammenia, 17 led 0
cyclopentylumine 20, The latter was used in the uracil-ring
construction process described for 10 o afford uridine
dertvative 21 in moderate vield.

3. Conclusion

We have develeped a new rone for the synthesis of
carbocycetic nucleosides. This method was also used for the

preparation of 4-epi-carbocyeles. 2-Cyclopenten- |-ones
give rapid access t0 3 large number of compounds of

potential antivira! interest through key intermediates 4 and
17. Furthermore. the introduction of any 2'-branching-group
can be achieved by using the appropriate ketone as a starting
material. This versatile approach gives the shorlest access to
racemie carbocylic nucleosides reported so far,

Compounds 6, 9, 15. 16. 19 und 21 were evaluated for
antiviral activity in cell culture experiments toward the
following viruses: Bovine Viral Diwrhea. Hepatitis B.
Human Immunodeficiency. Dengue and West Nile, Nao
activity was found for any of these molecules. nor was there
any cytotoxicity to the host cells.

4. Experimental

4.1. General

All 'H chemical shifts are reported in 6 relative 10 CHCl, (6
7.26) or DMSO (5 2.35). All C chemical shifts are
reported in § relasive to CDCI; (centre of triplet. 8 77.2) or
DMSO-djs (centre of septet, 4 39.5). The spin multplicities
are indicated by the symbols s (singlet), d (doublet). t
(triplet). m (muliiplet) and. br (broad). Reactions were
maonitared by thin-layer chromatography (TLC) using
Merck silica gel 60-Fasy procoated plates with visualization
by irradiation with a UV lamp or by charring after
immersion I a solution of (NH, 80, and H-SQ, in
agueous EtOH or by chaming after immersion in a 5%
solution of ninhydrin in EtOH, TLC plates were developed
with solvent systems (A) EiQAc/hexnnes 11, (B) DCM/
MeOH 9:1 or (C) DCM/MeOH §:2. Column chromalo-
graphics were performed on cither silica gel 60 (normal
phase) ar Cyg-branched silica gel 40-63 um (reverse phase)
and eluted with the indicated solvent system. Yields refer
to chromatographically and spectroscopically {NMR)
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homogeneous materials. The reactions were generally
carried out in an argon atmosphere using Fluka dry solvents.
BOM bromide was synthesized according 1o Rel. 30 using
erther paralormatdehyvde or rioxane indifferently. 2-Amino-
6 (methaxyethoxy)-purine was synthesized according to
Ref. 3. All vther chemicals were purchased Irom Sigma-
Aldrich or Acros,

4.1.L {4/ )-2-Methyl-3-(benzyloxymethyl)-2-cvelopen-
ten-1-one (23 1o a solution of 2-methyl-2-cyclopenten-1-
cne 1 (150g, 156 mmoly in THF 1600 mL) was added
dropwise a 1.8 M solugion of LDA in hexones (87 ml..
1537 mmol)w --78 °C over 10 min. The solution was stirred
far Th at —78°C. Then. freshly prepared BOM bromide
{purtty ca. 70% by NMR) (48.0 g, 167 nunol} was added
dropwise over 100 min. The solution was stirred for 31 at
=78 °C then allowed to wurm up o — 50 °C over 1.5 h. The
reactinn was quenched with sat. NaHCO, solution {300 mL)
and THE was evaporated. The residue was raken up in
EtOAc (400 mL) and the solution was extracted with sat.
NalC Gy solution (2400 ml. and brine (400 ml.). The
vrganic phase was dried over Na-SOy and the solvent was
evaporated. The residue was purificd by column chromaio-
graphy (hexanes/EtOAe 911 to afford 2 {22.0 g, 65%) as a
pale vellow vil: TLC R=0.47 (A): 'H NMR (300 MHz.
COCly 4 1.81 i, 3H). 2.55-2.30 (m. 3H). 3.64 (dd. 1H,
J- 0492 He). 377 (dd. JIL J—3.8.9.2 Hy). 4.52 (s 20D,
7.36 (m. 6Hy PC NMR (75.5 MHz, CDCli) 6 9.6, 3046,
451, 69.2. 7240 1269, 1276, 137.5, 140.7. 157.2, 208.7:
HRMS(FAB) Caled [M+H|™ (Ci,H ;0. 217.1229.
found: 217.1216.

4.1.2. (-=/-)-2-Methy!l-5-(benzyloxymethyl}-2-cyclo-
penten-1-0l (3} Method A. To a suspension of LiAIH,
(2.2 2,571 mmol) in ether (175 mL) at — 78 °C was added
dropwise z solution of 2 (123 g, S7.0mmaoly in ether
(75 mLy over 10 min. The sherry was stirred and slowly
warmed up o —60°C aver 2 h. Then. the reaction was
quenched with suecessive carctul additions of EtOAc
(30 mLy. MeOH (30 mL) and H,O (200 mE). The milky
aqueons phase was washed with ether (2X 100 mLY. The
organic phases were poaled and washed with H.0 {2X
300 mbLy, dried over NusSOy and the solvents were
evaporated. The residue wus purified by column chromato-
graphy (hexanes/EiQAc 9:13 The first cluted product was
3b (3.5 ¢. 28*% ). which wax obtained as a colorless oil: TLC
Re=047 (A) "H NMR (200 MHz. CDClz) 4 1.81 (m. 3H).
226/ (m. 2H). 2.59 (m. 2H). 3.69 tm. 2H), 4.57 (5. 2H). 4.61
(e, 110, 8,82, HID, 736 0m. STy O NMR (75.5 MHz,
CDCly a 134, 330, 4008, 698, 72.6. 79.0. 1265, 127.1.
127.8: 137.6, 14130 HRMSIFABY Caled [M+1H]7
(CriH 00 2191385, found: 2191403, This product was
followed by 3a (7.0 g, 36% ) us a colorless oil: TLC Ry=
042 Ay 'H NMR (200 MHz. CDCIy 6 1.78 (m. 3H) 1.96
tm. THY. 2012 (bry YHY 237259 (m. 2H). 3.56 (m. 2H).
446 tbr. T, 4.58 (s, 2H). 3,45 (. TH). 7.35 (m, 5HY): °C
NMR (75.5 MHz, CDCly) 6 1300 326, 47,6, 72.3, 72.4,
$1.7.125.5,127.0.127.1, 127.7, 137.8, 140.5: HRMS(FAB)
Caled (M=H]™ (CyuH90-Y: 2191385, found: 219.1404.

Method B. To a salution of 2 (2.0 g. 9.2 mmol) in MeOH
{35 mLywas added CeCly- THAO (34 g, 14.0 mmolyat 0 °C.
The <olution was stirred for 3{min at (his temperaiure.

Then, NaBHy (0.7 g. 184 mmol) was carefully added
porttonwise. The milky suspension was allowed to warm
up o room emperature and stirred for 3 h. The reaction was
quenched by addition of acetic ucid (3 ml.) and MeOH
was evaporated. The remaining solid was taken up in
EtOAc¢ (100 mL) and extracted with sat. NH4Cl sotution
(2X 100 mL). sat. NaHCO; solution (100 ml.}y and brinc
(100 mL). The organic phase was dried aver Na,SQ, and
the solvent was evaporated. The residue was purified by
column chromatography (hexanes/EtOAc 9111 to afford
b (1.4 2. 70%) and 3a (0.5 g. 23%) as colorless oils.

4.1.3. (+/—)-(1a.2B.30.5a)-1-Methyl-2-hydroxy-3-
{henzyloxymethyl)-6-oxabicyclo[3.1.00hexane (4). To a
solution of 3a (2.0 g, 9.2 mmol) in DCM (45 mL.) was added
m-chloroperoxybenzoic acid 77% (2.8g, 12.0 mmol)
0°C. The solution was stired at 0°C for 1 h and then
allowed to warm-up to room temperature over 2 h. To the
white suspension was added sat. NaHCO; solution {50 miL).
The mixture was extracted with EtQOAc/sat. NaliCO,
solution (100 mil. each). The organic phase was washed
with H>O (2 X100 mL). dried over Na-SQ. and evaporated
o dryness. The residue was purified by column chromato-
graphy (hexanes/EtOAc 8:2) to afford 4 (2.0 2. 92%) as a
colorless oil. which solidified in the fridge: TLC R;=0.25
(Ay "H NMR (300 MHz. CDCla) 4 1.50 (s, 3H). 1.56 (m.
THY 189 tm 1HDL 2,12 (m0 VH) 229 ¢hr, THD, 331 (s TH),
349(dd. 1H. J=6.3.9.1 H7). 3.62 (dd. 1H./=3.1,9.1 Hz),
3.90 (d. 1H. J=7.4 Hz), 4.54 (s. 2H). 7.36 {m. 5H); ''C
NMR (75.5 MHz. CDCly) ¢ 4.1, 27.9, 40.9. 60.7. 64.6,
69.9, 72.4, 76.6, 126.9, 127.7;, 137.7: HRMS(FAB) Calcd
IM+H]™" (C4H,;00:): 235.1334, found: 235.1348.

4.14. (+/—)-2'-C-Methyl-5".0.benzyl-aristeromycin
{8). Method A. To a suspension of adenine (1.75g.
12.9 mmal} in DMF (30 mL) was added NaH (60% oil
dispersion) (0.43 g. 10.8 mmol) at room iemperature. Afler
the evoluuon of hydrogen had ceased., the creamy
suspension was stirred at 80°C for 20 min. Epoxide 4
(1.04 g. 4.3 mmol) dissolved in DMF (20 mL) was added
via a syringe. The resulting suspension was stirred at 100 °C
for 18 h then cooled down 1o room temperature. The salid
was fittered over celite and rinsed with DCM. The fittruce
was cvaporated. The brown residue was purificd by column
chromatography (DCM/MeOH 94:6) to afford § (0.65 ¢,
41%) as a beige powder: TLC Ry=0.20 (Bh mp 180.4-
[81.5 °C; "H NMR (200 MHz. DMS0) 4 0.68 (s. 3H). 2.09—
2.46 (m. 3H). 3.65-3.74 (m. 3H). 4.56 (s. 2H). 4.65 (s, |H}.
4.73 (m. 1), 490 (d. 1. J=6.3Hz), 7.23 (br, 211). 7.32
(m. SH), B.12 (s, TH), 8.16 (s. IH): '""C NMR (75.5 MHz,
DMSO) 4 20.6. 28.9. 42.0. 60.8. 70.7. 72.0. 76.2. 78.4.
L1855, 12720 12730 1281, 1384, 1398, 149.7. 152.0.
155.8: HRMS(FAB}Y Caled [MA+H]™ (C gH:3N<O2):
370.1879. found: 370.1861.

Method B. A solution of 7 {500 mg. 1.22 mmol) in TFA
90% (8 mL) was stired for 1 h at 0 °C. Then, the solution
was basified by the addilion of ammonia-saturated methanol
and the solvents were evaporated. The residue was taken up
in cold HyQ (ca. 10 mLY and filtered. The solid was washed
with cold H,O and dried in the oven at 60 °C under vacuum.
Carbocyclic nucleoside 5 was obtained (400 mg. 90%) ux «
white solid.
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4. 1.5, (+/—=)-2'-C-Methvl-aristeromycin (6). A solutien
ol § 1330 mg. 0.89 mmely in MeOH (30 mL) was reated
with palladiam hydroside (20% on charcoal) (200 mg) at
17°C. Cyvclohexene (11 ml.) was added and the mixture was
relluaed for 13 b The suspension was cooled down 1o room
temperature. filtered over celile and the solvents were
evuporated. The residue was crystallized from H-O 1 afford
6 (228 mg. 92%) as a white powder TLC R=0.21 (C): mp
209.1-210.2°C UV (HO) 2 = 259 nm {e=13.100): 'H
NMR (300 M2 DMSO) 4 (1068 (5. 311, 1.95-2.22 (m. 2H),
238 {m. TH), 358377 (m. 3H). 4.62 (m. 1H). 4.68-4.89

(75.5 MHz. DMSQ) 6 20.6. 28.4. 44.0, 60.6, 61.1. 75.7,
78.7.118.4, 139.8. 149.8. 152.0. 155.8; HRMS(FAB) Caled
[MAEH]™ (CallNsOsd: 280,14 10, found: 280.1402.

4.1.6. (+/—12%C-Methyl.2' 3-O-isopropylidene-5'-0-
henzyl-aristeromycein (7). This synthesis began like the
preparation of 5 using 500 mg (2,13 mmol) of epoxide 4.
Alter evaporation of DMFE, the brown residue was
suspended in acetone (32 ml) and 2.2-dimethoxypropane
(8 mL). The suspension was acidified with p-toluene-
sulfonic acid (300 mg. 1.75 mmaol) and stirred for 2 h at
room temperature. The mixiure was filtered. the solid was
washed wiih acetone and the filtrate was neutralized with
pyridine (30 ploy. The solvents were evaporated. The
residuc was taken up i DCM (100l and extracted
successively with 1,0 (100 mLy. 1N HCI (100 mL), sat,
NaHCO; soluton (100 ml.y and brine ¢ 00 mL), The
organic phase was dried over Na,SQ, and the solvent was
evaporated. The remaining solid was purified by column
chromatography (DCM/AeOH 96:4) (o allord 7 (695 mg.
B1%% ) ac a beige powder: TLC Ky=0.38 (B): mp 200.4-
201.3°C: 'H NMR (300 MHz, CDCly3 6 1.19 ¢s. 3H). 1.39
(5. 3t 168 (5. 3H), 2246 {m. TH) 257 (m, LH) 2.85 (m,
TH), 3.65 (m, 2H) 4.27 (d. TH, J=27 Hz). 4.63 (s, 2H),
3.05¢dd. [H. /=67, 13.511z). 597 (br, 211}, 7.35 (m. 5H1),
7.87 (s. 1H). 8.36 (5. LH): C NMR (75.5 MHz. CDCl3) 6
[8.7. 259, 27.8. 30.3, 40.2, 63.9, 70.1. 72.6, 86.3. 88.3,
T2 11920 127.00 1270, 1278, 13740 139.8, 150.3.
151.5, 1544 HRMS(FAB) Caled | M+ H] ‘ (C'_QH:;;NSO;)
410.2192, found: 410.2203.

417 (= =1-2-Aming-6-deaming-6-(methoxyethoxy)-
2'-C-methyl-3'-0-benzyl-aristernmycin {8). A suspension
of 2-amino-6-(methoxyethoxyi-purine (930 mg, .54 mmol}
i DME (8 mly was treated with NaH (607 oil dispersion)
U6 mg. 4.00 mmel) at reom temperature. After the
evalution of hydrogen had ceased. the suspension wis
stived at 80 °C for 20 min. Epoxide 4 (375 mg. 1.60 mmol}
dissolved in DMF (8 ml)y was added via a syringe. The
resulting brown solution was stireed w123 °C for 48 b then
cooled down 10 room temperature. The DMF was
eviporated. The brown residue wus purified by column
chromatography (DCM/MeOH 96:4) o afford 8 (425 mg.
60%) as 2 beige powder: TLC Ry=045 (BY. mp 173.7-
176.6 °C: "I NMR (200 MHz, DMSQ) 5 0,70 {s. 311). 1.94
(m, THD, 223 (m, [H), 244 (m. TH), 332 (s, 3H). 3.62-
372 (. SH)Y 4.49-4.66 (s, 6H). 4.91 {d. 1H. J=6.4 He),
641 (bro 2H). 7.33 ¢m. SH) 7.92 s LH) PC KNMR
cia s MHz, DMSO 4 2006, 29.20 419, 57.9. 59.8. 64.4,
699, JON, 720, 7620 7850 11330 1272, 1281, 138.3.

138.4, 1345, 159.3, 160.0: HRMS(FAB) Caled [IM+H]™
{CaHoN<Os): 444.2247, found: 444.2254.

4.1.8. (+/=)-2'-C-Methyl-carbocyclic guanosine (9). A
solution of 8 (400 mg, 0.90 mmol} in 3 N HC] (70 mL) was
stirred for 3 h at 80 °C. Then. the solulion was coaled down,
evaporaled and the residue was basified with ammonia-
saturated MeOH. The solvent was evaporated and the
residue was rapidly purified by column chromatography
(DCM/MeOH 88:12) to afford 2'-C-methyl-5'-0-benzyl-
carbocyclic guanosine as a beige solid: TLC Ry=0.30 (C):
*H NMR (200 MHz. DMS0) 6 0.71 (s. 3H). 1.88 (m. 1H).
2.23 ¢m. TH). 2,40 (m. 1H). 3.39-3.66 (m. 3H). 449455
(m, 4H), 4.93 (d. 1H, J=06.2 H). 6.52 (hr, 2H). 7.34 (m.
5H). 7.75 (s. [H} 10,64 (br. 1H). A solution of the above
2'-C-methyl-5'-O-benzyl-carbocyclic guanosine (295 mg.
0.77 mmol) in MeQH (20 mL) was treated with palladium
hydroxide (20% on charcoal) (150 mg) at 0°C. Cyclo-
hexene (5 mL) was added and the mixrure was refluxed for
15 h, The suspension was cooled down ta room temperarure,
filtered over celite and the solvents were evaporaled. The
residue was purified by reverse phase column chromato-
graphy (H,O/McOH 95:5) to afford 9 (205 mg, 78% from 8)
as a white solid: TL.C R=0.10(C): mp > 230 °C (dec); UV
(HyO) 700« =252 nm (¢=11.2003: 'H NMR (300 MHz.
DMS0) 6 0.73 (5. 3H). 1.88 {m. 1H). 2.06 (m. 111). 2.36 {m.
[H), 3.60-3.66 (m. 3H} 4.42 (5. IH), 4,32 (m. 1H). 4.73-
4.79 (m, 2H). 6.42 (br, 2H), 7.82 {s. 1H). 10.56 (br, 11): ''C
NMR (75.5 MHz. DMSQO) 4 15.7. 20.6, 43.9, 59.5. 60.7,
75.6, 788, 116.1, 135.8, 151.5, 153,53, [537.1: HRMS(FAR)
Caled [M+HIT (C,5HsN:<O4): 296.1359. found:
296.1339.

4.1.9. (+/—)-(1B,2B.32,500)-1,2-Dihvdroxy-1-methyl-3-
(benzyloxymethyl)-5-amino-cyclopentane (10). A solu-
tion of 4 {900 mg. 3.84 mmol} in ammonia-saturated MeOH
(20 mL) was heated at 130 °C under pressure for 3 1. The
solution was cooled down, degassed and evaporated 1o
dryness to get 960 mg of 10 as an oily brown residue. which
was found homogeneous by TLC and used in the next step
without purification: TLC Ry=0.14 (C).

4.1.10. (+/—)-2"-C-Methyl-5'-0-benzyl-carbocyelic
uridine (14). To a sodution of N-tehlorxarbonyl} iso-
cyanate (894 mg. 8.51 mmol) in THF (9 mL) was slowly
added a selution of cthylvinyl cther (804 mg. 11,15 mmol)
in THF (6 mL)y ar 0) °C. The resulting solution was stirred for
20 min at 0 °C. Then. triethylamine (852 mg. 8.42 mmol} in
THF (9 mL) was slowly added, The resulling suspension
way stirred for S min ar 0°C and then. cooled down o
—40°C. A solution of umine 10 (1.920 g, 7.64 mmol) in
THF (9 mL) was rapidly added to the mixture and the
suspension was allowed to slowly warm up o room
temperature. Then, THF was evaporated and the residue
was dissolved in dioxane (6 mL). To this solution was added
I N Ha804 t9 ml) and the mixture was heated at 100 °C for
2h. Then, the solution was cooled down to room
temperature and basified with 3 N ammonia (7 mL). The
ammonium salts were precipitated with MeOH and the
suspension was filtered. The filirate was cvaporated to
dryness and the crude material was purified by column
chromatography (DCM/MeOH 96:4) o afford 14 (798 mg.
M%) as a white solid: TLC Ry;=0.32 (B): mp

zul
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183.1-184.2°C; 'H NMR (300 MHz, DMSO} 4 0.80
{s. 3H), 1.61 (m. [Hp 216 tm. 1H) 2.29 (m. 1H). 3.48 4.
TH., J=9.5 Hz). 3.62 {m. 2H). 332 (s. 2HD). 4.67 (m. 1H).
3250dd IH. /A =22,8.1 Hz), 7.34 (m, 3HL 7.66(d, 1H, /=
8.1 Hz). 11.26 thr, 11 ¢ NMR (75.5 MiTz. DMSQ) 8
20275 41,8 61.0.70.0. 72.2.76.0. 78.6. 100.7. 127.3.

2740 1281 13RD 14290 151.2. 1A2.7: HRMS(FAR)
Caled  [M=HIT  (CygH2oN-0500 3471607, found:
MT1616.

4101 (/= 12-C-Methyl-carbeeyelic uridine (13). A
sulution of 14 (250 myg. 0.72 mmol) in MeQH {20 mL) was
cooled down 10 0 °C and treated with palladium hydroxide
(209 on charceal) {180 mg). Cyclohexene (7 ml.) was
added and the mixture was refluxed for 15 he The suspension
was cooled down to room temperature, fillered on celite and
the solvents were evaporated. The residue wus crystallized
from MeOH/i-propyl ether to afford 15 (164 mg. 91%) as
white crystals: TLC R=0.27 (C); np 181.6-182.5°C. UV
(HO) =267 0m (¢ =9900): '11 NMR (200 MHz,
PDMS0) 4 092 (s 3H) 161 (m. TH), 2.00 {(m. 1H). 2,17
(m. PHY 344 (m THY 356 (i, 2HDL 4.39 45, TH). 4.67-4.76
{m. 3H). 559 d. |H. /=80Hz), 7.72 (d. 1H. J=8§.0 Hz),
11,29 (br. THY: C NMR 1755 MHz, DMSO) 6 20.6. 27.0.
4360 6040 6110 FAs TRA KO, (42,00 [3].2. 162.8:
HRMS(FABY Caled (M--H| " 1C, HyNaOg); 257.1137.
found: 257.1139.

4.1.12, { =/ —)-2'-C-Methyl-carbodine (16). A suspension
ol 14 (300 mg, 0.87 mmoel) in acctene (25 mL) and 2.2-
dimethoxypropane (8 mL) was treated with p-toluene-
sulfonic acid (30 meg. 0.3 mmol). Afier dissolution of the
materials. the solution was stirred for |h at room
temperature. Then, the mixture wax neutralized with
pyridine (50 ul) and the solvenis were evaporated, The
residue was rapidly purified by column chromatography
(DCM/AeOH 93:5) e alford 2'-C-methyl-2’ 3" O-iso-
propylidenc-5'-0-henzyl-carbocyclic uridine as 2 white
solid, TLC #;=0.48 (8 'H NMR (200 MHz, CDCly) 6
1.27 (s 3Ho. 137 (50 3H)L 161 (s 3H), 20122222 (m. 2H),
24T EHOL 35 1=3.67 (ol ZH 417 (d. 18, J=2.9 Hz),
S35 50 2H) 513 (v TH). 5.67 tdd, TH, J=2.3. 8.1 THz).
F.220d. VHO T=581 Hz). 7.36 (m. 3H), 9.29 (br, [H), To a
solution of the above 2'-C-methyl-2' 3-0-isopropyiidene-
5'-0-henzyl-carbocyclic uridine (280 mg. 0.73 mmol) in
MeCON (Bmbly was added N-methylpyrroliding {700 pL)
and wrifleoroacetic unhvdride (300 ub. 2.12 mmoiy at 0 °C.
The mixture was stirred for 30 min then p-nitrophenol
{300 mg, 2.16 mmol) was added. The yellow solufion was
stirred for 3 h at 0 °C. The mixiure was diluted with DCM
(20 mLY and extracted with | N HC! (20 mL), sat. NaHCO,
solution (3> 20 mL) and brine (20 mL3. The organic phase
was dried over NaaSOy and the solvenls were cvaporated,
The residue was taken up in ammonia-satrated MeQH
(30 mly and stirred at 60 °C for 15 h, The solvent was
evaporaled and the residue was puritied by column
chromatography (DCM/MeOH 94:0) to afford 2°-C-
methyl 2737 O-lsopropylidene-3-0O-hengvl-carhodine as a
vellowish solid: TLC R=0.23 (Br 'H NMR (200 MHz.
CHCL 8 123 (6 3H) 136 (s 3H). 1.60 (s 3H), 2.09-2.22
i ZHL 293 om TH) 3.51-3.64 (ml 2HL 4005 (dL tHL =
IS H2 487 (2 2HL S8 om THYL 5,724 TH. /= 7.4 Hz).
20 THCJ—7.4 Hz), 7.35 (m. SH). A solution of the
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above 2'-C-methyl-2'.3-O-isopropylidene-5'-O-benzyl-
carbodine (202 mg. 0.52 mmol) in TFA 90%: (5 mL) was
stirred for | b at 0 °C. Then. the solution was basified by the
addition of ammonia-saturated methanol and the solvents
were evaporated. The residue was taken up in cold H.0 and
filtered. The solid was washed with cold HaO and dried in
the oven at 60 °C under vacuum. 2/-C-methyl-5-O-bengyl-
carbedine was obtained as an off-white solid and used
directly in the next step: TLC 8;=0.51 (C). A solution of
2'-C-methyl-5"-0-benzyi-carbodine {172 meg. (.50 mmol)
in MeOH (20 mL) was cooled down o 00°C and treated
with palladium hydroxide (20% on charcoal) (120 mg).
Cyclohexene (7 mL) was added and the mixture was
relluxed for 15h. The suspension was cooled down io
room temperature. filtered on celite and the sotvents were
evaporated. The residue was crystallized from MeOH/i-
propyl ether to afford 16 (112 mg, 54% from 14) as a white
powder: TLC Ry=10.20 (C): mp > 200 °C (dec¢): UV (H.0)
Jmax =274 nm (e=7400); 'H NMR (200 MHz. DMSO) 4
0.85 (s, 3H). 1.60 (m, LH), 1.92-2.19 (m. 2H). 3.49-3.63
(m. 3H). 4.54-4.79 (m. 4H). 5.73 (d. 1H. J=7.4 Hz). 7.20
(br, 2H), 7.66 (d. 1H. /=74 Hz): C NMR (75.5 MHz.
DM&EO) 6 20.9, 274, 44.0. 60.8. 62.3. 76,1, 78.5. 93.4,
[43.8. 155.4: 164.0: HRMS(FAB)y Caled [M+H]™
(C) HoN2Qu): 256.1297, found: 236.1302,

4.1.13. (+/—)-(18,2B,3a,58)-1-Methyl-2-hydroxy-3-
(benzyloxymethyl)-6-oxabicyclo|3.1.0]hexane (17). The
preparation was carvied out as described for 4. using 3b in
place of 3a. Epoxide 17 was obtained in 91% vicld as a
colorless oil, which solidified in the fridge: TLC Ry =125
(A); 'H NMR (200 MHz. CDCly) 6 1.53 (s, 3H). 1.75 (dd.
IH. J=2.1, 149 Hz), 198 (dd. IH. J=92.5. 14.9 Hz). 2.51
(m. 1H). 2.29 (5. tH). 3.38 (dd. 1H. /=353, 9.0 H7). 3,94
(dd. TH. /=90, 9.5 Hz), 429 (d, 1H. J=8.2 Hz). 4.46 (d.
IH, J=11.7 Hz). 4.538 (d. 1H. J=11.7 Hz). 7.36 (m. SH%:
*C NMR (75.5 MHz. CDCl3) 8 14.3.28.7.37.0. 61 4. 66.8,
724,725, 75,6, 127.1, 127.8: 137.1; HRMS(FAB) Calcd
[M+H]" (C4H;502): 235.1334. found: 235.1343,

4.1.14. (+/—)-2'-C-Methyl-2' 3"-O-isopropylidenc-4'
epi-3'-0-benzyl-aristeromycin (18). The preparation was
carried out as described for 7. using 17 in place of 4.
Carbocyclic nucleoside 18 was obtained in 76% vield (2
steps) as 1 beige powder: TLC R=0.37 (B); mp 104.8—
105.7 °C; "H NMR (200 MHz, CDCly) 6 1.01 (s. 3H). 1.40
{s, 3H). 1.56 (s, JH). 2.34 (m, 1H). 2.48 (m. 1H), 211 (m.
1H). 3.74 {m. 2H), 4.44 {d. |H, /=40 Hz). 4.62 (m. 2H).
301 {dd. 1H, /=22, 7.1 Hz). 6.38 (br. 2H), 7.35 (m. SH).
7.38 (5. 1H). 8.40 (s, 1H): "*C NMR (75.5 MHz, CTICly) 6
20.0, 25.3, 26.9. 31.9. 423, 63.9, 63.9, 72.7. 85.9. V1.6,
1105, 1189, 127.0. 127.7, 137.6. 138.7. 1499, 152.].
154.7; HRMS(FAB) Caled [M+H]" (CarHoyNsO3):
410.2192, found: 410.2173.

4.1.15, (+/—)-2"-C-Methyl-4’-epi-aristeromycin (19).
The preparation wus carvied out as described for 6, using
18 in place of 7. Carbocyclic nuclenside 1% was ohiained in
85% yield (2 steps) as a white powder: TLC R,=0.23 (C):
mp 254.3-255.2 °C: UV (H20) 20 =260 nm (£=13.600):
'"H NMR (200 MHz, DMSO) 6 0.88 (s. 3H). 1.95 {m. 1H).
2.5G(m. 2H} 3.44 (m. 1H), 3.6 (m. LH). 3.71 im. 1H). 4.50
{t. tH, /=51 Hz). 4.80 (s. 1H) 4.87 {m1. IH). 4.90 (d. 1H,

s



. Giosselin er of. / Tetrahedron 62 (2006) 906-914 913

J=3.1Hz) 7.21 (br. 2H). 81245, [H). 8.17 (s. 1H): C
NMR (75.5 MHz, DMSO) 6 204, 27.5, 405, 60.9, 61.4.
76 5, 80,1, L18.7. 140.7. 150.0. 1518, 155.8: HRMS(FAB)
Calcd  [MA4-H|T  (CoaH oD 280,1410.0 found:
201417

4.1.36. (+/=)-(18.23.3B.52-1.2-Dihvdroxy-1-methyl-3-
(henzyloxymethyl)-S-aming-cyclopentane (200, The pre-
paration was carried out as described for 10, using 17 in
place of 4. Cyclopentylamine 20 was obtaimed as o brown
oil and divcetly used in the next step without purification:
TLC Rp=0.13(C)

4.1.17. (=/—)-2'-C-Methyl-d'-epi-carboeyelic uridine
(21). The preparalion was carricd out as described for 185,
using 17 in place of 4. Carbocyclic nucleoside 21 was
obtained in 275 vield 14 sieps from 17) as a white powder:
TLC R, =029 (Cr mp 195521964 °C: UV {HA0) A=
267 am (¢ = 10,4001 "H NMR (200 MHz, DMSO) 6 1,00 (5.
AHy, LST tmy 2HY 231 (. TH), 340 (dd, 1H, J=6.8,
LS Hey 360 {m. 2H) 4.49 (m. 2H) 482 ¢d. IH. J=
4.2 Hz). 4.89 (m. 1H). 5.54 (d, |H. J=8.0 Hz). 7.67 (d. | H,
J=8.0Hzh 1123 (be. LH): "C NMR (75.5 MHz. DMSO) 4
204,271,405, 60.7. 61.0. 76.5, 79.9. 100.3. 143.5, 151 4,
162.9: HRMS(FAB) Caled [M"‘“I_ (C|1I-]|7N‘_’Oj):
2570137, found: 257.1140.

4.2, X-ray crystallographic data

Crystallographic data for the structures in this paper have
been deposited with the Cambridge Crysiallographic Data
Centre as supplementury publication numbers CCDC
284302 and 284303
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RAPID ACCESS TO 2'-BRANCHED-CARBOCYCLIC NUCLEQSIDES AND
THEIR 4'-EPIMERS FROM 2-ALKYL-CYCLOPENTENE-1-ONES

J.-C. Melllon and L. Griffe = Laboratoire Cooperatif Idenix—CNRS, Universite
Montpellier 11, Montpellier Cedex 5. France
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G. Gosselin Laborateire Cooperatif  Idenix—CNRS,  Universite Montpellier 11,
Mamtpellier Cedex 5. France

2. Methyl- 2.cyclopentene- 1-one was used as starting material in @ novel ronte ioward 2'-branched-
carboryclie nwelensudrs. This methodology was efficiently adapted to the preparation of 4'-cpi-
carbocyeles. A sevies of this new class of molecwles was synthesized as potential antiviral compounds,

Keywords 2-(-Methyl Branched Nucleosides, Carbocyclic Nucleosides. Cvclopentenones

INTRODUCTION

Modified nucleosides are currendy the object of a huge effort in medicinal
chemisiry as they remain amongst the most promising molecules for potential
antiviral activity. For instance telbivudine {1-dT), the L enantiomer of natural 2-
deoxythymidine. is a powerful new drug candidate selective against hepatitis B
virus " Furthermore, 2"-C-methyl ribonucleosides were recently shown to possess
very interesting potential for hepatitis C chemotherapy. ™! These observations
prompied us o consider the preparation of carbocyclic analogs of 2-Cbranched
ribonucleosides. [n general, carbocyeles show increased stability in vivo when
compared to nucicosides,™ coupled with biological activity in some examples
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SCHEME | Reagents: (a) Lithivm dilsopropylamide (LDA), benzylbromomethyl ciher, THF, —78 w —350°C:;

() LinlH,, cther, 78 w0

BO°C or CeCI3T7 Hyd NaBHy, McOH, 0°Ct (1) 3chloraperoxybenzoie acld (m-

CPBA). methvlene chioride, 0°C; (d) NaH, adenine, DMF, 100°C: {e) palladium hvelroxide on charcoal,

evelnhexene, MeQH, reflus.

(e.g.. carbovir).”) Since 2-branched carbocycles® had not been reported when this
work was initialed, a need for the design of a new synthetic route giving rapid
access to this class of molecules became obvious.

In this ardcle. we wish to present the shortest synthesis of racemic carbocy-
clic nucleosides reported to date using 2-alkyl-cyclopentenones as versatile

starting materials.

CHEMISTRY

Since both enantiomers of 2-methyl-branched nucleosides were our initial
targels, the cheice of the starting materiul was oriented toward achiral 5membered-
rings already bearing a methyl group. The commercially available 2-methyl-
2cyclopentene-l-one 1 possesses the desired features and was our preferred

starting material,

As they are prone (e sell-condensation, cyclopentenones are reporled as
challenging subsuates for s-alkylation reactions.® Indeed, we encountered some
difficulties in introduction of a hydroxymethyl group on the ketone 1. For instance,
an atempt with gaseous formaldehyde following the procedure of Jemow et al 111
gave disappointing results, but, fortunately, 1 could be cleanly alkylated in
acceptable vield using freshly prepared benzylbromomethyl ether!'!l (Scheme 1).
Ketone 2 was reduced with LIAIH, to get an easily separable 2:1 mixture of diols

* . . . .
I s posier. numbers are given by analogy with the parent ribonuelecsides,
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SCHEME 2 Reagents: (u) NaH, 2-aminoé-{methoxyethoxy}purine, DMF, 120°C; (b) 3N HCL, dioxane, 80°C:
() palladium hydroxide an charcoal, r,)'clr:nhc,\'cne‘ MeQOH, vefiux,

3a and 3b favoring the frans isomer. The ratio of diols could be dramatically
modified by a simple change of the reducing agenl, NaBH, in presence of CeCly
giving 3b as the major product in a 3:1 ratio. Both 3a and 3b were epoxidized to
get 4 and 7. which were submitted to the same chemistry: the epoxides were
opened with the sodium salt of adenine, and the carbocycles 5 and 8 were then
deprotected to obtain 2-methyl-aristeromyein 6 and its 4™-epimer 9 in 5 steps.
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SCIEME 3 Reagens: (a) NHy, MeOH, 130°C: (b) M(chlorocarhonyl)4sacyanate, THF, 0°C; then FxyN, 0°C:
then 14, —40°C; [c} IN H,80,, dioxane, 100°C; {d) poluenesubfonic acid. 2.2-dimethoxypropane, acetone, RT;
(e) wiftuoroacenc anhydide, Mmethylpyrolidine: then gnivophenal, MeCN, 0°C; {f) NH, MeOH, 6°C;
{g) nifluoroacetic acid W% 0°C; {h) palladivm hydroxide on charcoal, cyclohexene, MeQH, reflux,
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In a similar fashion, guanosine analogues 11 and 13 were prepared from 4
and 7 respectively using protected guanine.!'¥l We then focused our attention on
pyrimidine nuclecsides. Even though uracil saits were shown to react slowly with
epaxides'™ we found it more advantageous to build the pyrimidine ring starting
from the amine 14. Epoxide 4 was opened with ammonia with perfect regio-and
stereosclective  control. Resulting cyclopentylamine 14 was used without
purification in & uracil ring-construction process adapted from previously described
procedures, 'Y jsocyanate 16 being condensed in situ with 14. Compound 17
was then cyclized under acidic conditions to afford carbocycle 18. The latter was
used for the preparadon of both cylidine and uddine dervatives 19 and 20.
Compound 19 was synthesized by adaptation of the method of Miah et al.l!!
Again, it was possible o use epoxide 7 in the same route to get the 4"-epimers of 19
and 20 (Schemes 2 and 3).

CONCLUSION

A new synthetic method for the preparation of carbocyclic nucleosides has
been developed from 2-alkyl-cyclopentenones, giving a rapid access to racemic 2
branched carbocyeles’The versatility of this method allows the preparation of
seldom reported 4'-epicarbocyclic nucleosides.!*”) This method is adaptable to the
synthesis of o large number of potential antiviral targets through the key
intermediates 4 and 7. Furthermore, introduction of various 2-branching-groups
can be achieved by using the appropriate ketone as a starting material.
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