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‘ Tramite 011
Evento 378
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Patente de Invencién Patente de Modelo de Utilidad [ ]
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No. Solicitud Internacional PCT/US2009/041432
Fecha de Presentacion Internacional 22 de abril de 2009,

Como resuftado 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 45 a 187 22/octubre/2010
Reivindicaciones: Folios 188 a 197 22/octubre/2010

j Folios 215 a 224 17/enero/2011
Prioridad: US 61047263 23/abril/2008

‘. US 61139449 19/diciembre/2008

2. Analisis de la Prioridad
Se acepta la reivindicacion de las prioridades 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 invencién
Titulo de la solicitud: “nucledsidos de imidazol[1,5-F][1,2,4]triazinil, imidazol[1,2-
FI[1,2,4]triazinil y [1,2 4]triazolo{4,3-F][1,2 4]triazinil para el tratamiento antiviral”
(modificado en el folio 202).

El problema planteado en esta solicitud consiste en proporcionar compuestos que
Utiles para el tratamiento de infecciones por virus de la familia flaviviridae.

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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Compuesto |

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): CO7D 487/04; CO7H 19/23; A61K 31/395, 31/7052, 31/41 31/4188
y AG1P 31/12.

4. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de las reivindicaciones 21-26 no es patentable de acuerdo con el Art citado.
5. Reivlindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)
El uso de la reivindicacion 27 no es patentable, de acuerdo con el Art 14,

6. Determinacion del Estado de la Técnica

El esta&o de la técnica se determin6 con base en la fecha de presentacién de la

solicitud de prioridad més antigua: abril 23 de 2008 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

i . Fecha de
item | Documento Titulo Publicacion*
'J. Chem. Soc., Synthesis of C-ribosyl imidazo[2,1-f
D1 Perkin Trans. 1, 1{1,2,4]triazines as inhibitors of adenosine and 01/enero/1999
1999, 2928-2936 AMP deaminases
Nucleoside derivati inhibi f RNA-
D2 | US 20040067901 | o e e o 02/diciembre/2004

D1: diVL‘Ilga( Pag. 1, Abs.) que el 3-B-D-ribofuranédsido de la nueva imidazo[2,1-f]
[1,2,4]triazina es isémerico e isoelectrénico con el nucledsido deaminoformicina que
€s un buen inhibidor de la adenosina desaminasa (ADA)

N )
NF NT Sy b A
n NS H SN
N NTOT le jx »
| 0 N N
| % 9
/ 4 .
HO' HO . oH Ho"\\/ -~
OH :f:')H

Compuesto 1 Compuesto 3 Compuesto 4

De igual forma, da a conocer que los inhibidores de la enzima desaminasa
relacionada con adenosina ADA son de interés como potenciales fungicidas, y en |
quimioterapia viral y del cancer. Indicando que el isomérico ADA inhibidor (compuesto
3) es un ribéxido de purina , ef cual se une a la enzima como hidrato covalente y por
dltimo refiere que un simple cambio de C-4 y N-8 del anillos pirazolo-piriimidina
(compuesto 1) da como resultado una molécula diana nueva la furanosil imidazo[2, 1-f
1[1,2,4]triazina (compuesto 3)

D2:http://worldwide.espacenet.com/publicationDetails/originalDocument?FT=D&date=
20040408&DB=EPODOCA&locale=en EP&CC=US&NR=2004067901A1&KC=A1&ND
=2 divulga( Pag. 1, Abs.) una serie de compuestos derivados nucledsidos de fdrmula
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| dtiles como inhibidores de la replicacion del ARN viral dependiente de ARN,
utiles para el tratamiento de la infeccion por el ARN viral dependiente de ARN.
Particularmente Utiles como inhibidores de la polimerasa NS5B del virus de
hepatitis . C (VHC), como inhibidores de la replicacién del VHC y para el
tratamien\to de la infeccién por hepatitis C.

O B
[¢] YRS

Compuesto .

Adicionalmente, da a conocer a través de sus realizaciones preferidas los siguientes

compuestos
NH,
O I3 / his
i f i ¢ ]
O — --()—l—n—if——( /\( «\/\“‘/‘;'L\H/W\"/\\/L\\;:.
\ 2[( H. a ,”, r A 4
‘ it /\\\/ yad v
Ejémplo 129 (Pag 62, Par. {1217]) Ejemplo 73 (Péag. 45, Par. [1015])
\ Nils
‘ ak / f
(, C@ < J
' HO
/UC”"
b ) ” :. iy Mc
\ - %o i T

Ejemplo 62 ( P4g 41, Par. [0959] ) Ejemplo 52 (Pag 10, Par. [0941])

7. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

La reivindicacién 1 corresponde a un compuesto de férmula I.

4
l
\ \
R, /
iy \\ ;
Q—CH, NS ,»« ,7\
Y0 50
| Yy \\\/
R \‘ J/\\P-
A U
R t
R ml

compuesto |

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de |a

Técnica:
Solicitud D1 D2
\ Un compuesto de formula |
! Y. 1Y, B
Un compuesto de formula | o S
- R R
= Hrape Ry v ow
PR N compuesto | donde B es
B /”\7// [V a9 K"
RO P
R R
LY
compuesto | o

donde
AFyDson N6 CHyR" es hidrégeno

|
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Almenos un R', R? R®> R*o R® es
N(R®), N3, CNs NO,, $(0),R?, halégeno,
alquilo (C-Cg), (G4- Cs) carbociclilalquil,

alquilo(C,-Cg)sustituido, alquenilo(C,-
Ce), alquenilo(C,-Cs)sustituido, alquinilo
(C2-Cs), alquinilo(C,-Cs) sustituido a
alquilnil o arilo-alquilo (C4-Cs) y cada
restantes R', R? R? Ro R’ es,
independientemente, H, OR® N(R?®),, N1,
CN, NO;, 5(0),R? 'haldgeno, alquilo(Cs-
Cs), carbociclilalquit (C4-Cg), alquilo(C;-
Cs)sustituido, , alquenilo(C,-Cs),
alquenilo(C2-Cg)sustituido, alquinilo (C,-
Ca), alquinilo(Co-Ce) sustituido a alquilnil
o arilo-alguilo (C-Cy) ¢ cualquier dos R',

R? R® R* 6 R® carbono adyacente
atomos si se toman juntos son - O(CO)O
- 6 cuando se toma junto con los &tomos
de carbono del anililo al que van unidos

forman un eplace doble.

R

H, -C(=O)R", -C(=0)OR"", -
C(=O)NR''R" -C(=0)SR", -S(O)R"" -
S(0).R" -S(O)OR™, S(0),(OR"), -

SONR'RZ0

YoY'

Cada uno son O, S, NR, *N(O)(R).
N(OR), “N(O)(ORY), 0 N-NRy:

'

W1 ywz

al ser tomados juntog,son -Y¥C
{(R¥)2)3Y*-: 0 uno de W' o W2 junto con
R*oR*es -Y* y el otro de W' o? de W
es formula la; o W'y W? cada uno, son
de forma independiente, un grupo de la
formula la;

Formula 1z

donde: cada Y? independientemente es

un enlace, O, CRy, NR, "N(O)(R),
N(OR), "N(O}OR), N-NR;, §, S-S, S(0)
o0 $(0)z; cada Y° es independientemente
O,SoNR., .

Un compuesto 3

“OR

Compuesto 3

Indica que el 3-B-D-
ribofuranésido de la nueva
imidazo[2,1-f]
{1,2.4]triazina
{compuesto 3). Es
isomérico e isoelectronico
con el nucledsido
deaminoformicina
{compuesto 1)

"
N”‘]{N\N
x> L ANS
i e \&
O,«

U
Compuesto 1

R1, Rz, RS, R*6 R"™

R'es hidrogeno, alquilo (C:-C4), alquenilo(C2-Ca) y
alquinilo(C.- C4) opcionalmente sustituido por
amino, hidroxi 6 1 a 3 4tomos de flluér y uno de R?
y R®es hidroxi o alcoxi (C+-C4) y el otro de R?y R®
es seleccionado del grupo
hidrégeno, hidroxi, haldégeno, alquilo (C1-Cq)
opcionalmente sustituido por 1 a 3 atomos de
flludr, alcoxi (C+-Ca) opcionalmente sustituido por 1
a 3 atomos de flludr,
C2-Csalqueniloxi, alquiltio (C4-C.), alquilcarboniltio
(C4-Cs),ariloxicarbonil,azido,amino, alquilamino(C-
C.) y sialquit (C-C.) amino.

R?es hidrégeno, alquilo (C-Ce), alquenilo(C2-Ca) y
alquinilo(C,- Ca4) opcionalmente sustituido por
amine, hidroxi 6 1 a 3 atomos de fluéry uno de R'
y R*es hidroxi o alcoxi (C;-Ca) y el otro de R'y R
es seleccionado del grupo
hidrégeno, hidroxi, haldégeno, alguilo (Cs-Ca)
opcionalmente sustituido por 1 a 3 4tomos de
flluér, alcoxi (C1-C.) opcionalmente sustituido por 1
a 3 atomos de fliudr,
C2-Cealqueniloxi, alquiltio (C4-Cy), alquilcarboniltio
(C4-Cs),aritoxicarbonil azido,amino, alquilamino(C;-
C.) y dialquil (C+-C4) amino.

R* es hidrégeno, OH, SH, amino, alquilamino(Cy-
C.), dialquil(C+-Cs)amine, cicloalquil(Cs-Ce)amino,
halégeno, alquil{C4-C,), alcoxi(C,-Ca) 6 CF;

R* es hidrégeno, metil, hidroximetil o fluorometil.

Y

H, Ci.i0alquilcarbonil, P 30¢Hy , P204Hs, ©
P(O)R*R™

R9

hidroxi, OCH,CH,SC(=0)alquiloC-Cq,
OCH,CH,SC(=0)0alquiloC:-Cs,
OCH;0(=0)QalquiloC,-Cs, NHCHMeCO,Me, OCH,
(alguiloC4-C.), O(C=0)alquiloC,-C,,

~,
*f{”/\(\"fmm «th ,r(‘{) O/Y\

A OO0 CH3 £t

SweH;  AH

OTH i THy

R10

hidroxi, OCH,CH,SC(=0)alquiloC-C.,
OCH2CH280(=O)OB'qUi|OC1-C4,
OCH,0(=0)0alquiloC,-Cs, NHCHMeCO,Me, OCH-
(alguiloCy-Cy), O(C=0)alquiloC4-Cy.

A
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Solicitud’ D1 D2
Realizaciones preferidas Compuestos divulgados Realizaciones preferidas
NH-; .
~ /‘K " S
N\T N ‘ {\/\\ P
HO\\ ?MN//’ Ny (.,
Hd.rw*‘fg” l /P/ e AR
' ‘ Ejemplo 62 ( Pag 3 Ejemplo 54 (Pag 36
compuesto 1 jemplo 62 ( Pag 38) jemplo 54 (Pag 36)
i . F
. r\i’."/\I;,N‘N 3 o
N NH, o~ ’_‘/ I ’
o 0o o e s N : P~
Ho—f&-o-#o-p-oxx/o\,)wg N DS\ ; o w {f\;
éH éH 6H \"l‘ NT’J /.\(\/) ._'u—‘i—:\-!:—-n—sj——n O, N \//
HG  OH HO T y) o ml_ Xi
“ E)H 4 ‘i TN
compuesto 10 . Compuesto 1 Hel s
‘ Ejemplo 129 (P4g 62, Par. [1217])
NH‘; 6}
N; 3 N .
Saim 0 \\(LJN\ o </ I i
o 0-P-0 o N‘N/l NH, N {! N /k ,
C,) “‘\/ . \\( \/\”/f\“ 0, N Nty
p AR ‘ oL
W o > /(
0 ' oF %
compuesto 16 ' /K; ra M
Ejemplo 73 (Pag. 41)

El documento D1 se consideran el estado de la técnica cercano a la invencion
definida en la reivindicacion 1 porque un derivado 3-B-D-ribofurandsido imidazo[2, 1-f]
[1.2,4]triazina inhibidores de la enzima desaminasa relacionada con adenosina ADA
de interés como potencial fungicida y en las quimioterapias virales y del cancer.

La diferencia entre la invencion, definida en la reivindicacion 1y el compuesto | del
documento D1 corresp?londe aque 1.) La invencién define en la posicién 5 del anillo
[2,1-f] [1,2,4]triazina un grupo de sustituyentes que incluyen (halbgeno,amino,ciano,
entre otros) y el documento D1 refiere un sustituyente hidrégeno.

La diferencia entre la invencién, definida en la reivindicacion 2 y el compuesto | del
documento D2 corresponden a 1.) La invencién define como sustituyente en la
posicion 2 de anillo tetrahidrofurano una base nitrogenada seleccionada entre
imidazo[2,1-f] [1,2,4]triazina y [1,2,4]triazolo[3,4-f][1,2.4]triazina y el documento D1
refiere como sustituyente un grupo de base nitrogenada que incluyen 9H-purina, 3H-
pirazolo[4,3-d]pirimidina, 1H-pirazolo[3,4-d]pirimidina y 7H-pirrolo[3,2-d]pirimidina.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: “cémo modificar los sustituyentes del compuesto 3 del
documento D1 para asi obtener nuevos compuestos alternativos utiles para el
tratamiento de infecciones por virus de la familia flaviviridae

Sin embargo, dado que el documento D1 refiere que el 3-R-D-ribofuranésido de una
nuevaimidazo[2,1-f] [1,2,4]triazina (compuesto 3). Es isomérico e isoelectrénico con
el nucledsido deaminoformicina (compuesto 1), por lo cual una persona versada en la
materia entenderia que el anillo imidazo[2,1-f] [1,2,4]triazina es isomérico e
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isoelectrénico ‘al anillo 3H-pirazolo[4,3-d]pirimidina para los ribofuranésidos y que
estos poseen ‘actividad antiviral y que el documento D2 refiere que el anillo 3H-
pirazolo[4,3-d]pirimidina puede ser sustituyente de una serie de compuestos
analogos a nucleésidos inhibidores de la RNA-polimerasa viral dependiente de RNA
en especial inhibidores de la replicacion del virus de la hepatitis C (HCV)
perteneciente a la familia flaviviridae.

En consecuencia, una persona del oficio normalmente versada en la materia, estaria
motivada o tendria suficientemente expectativa de éxito modificar los sustituyentes
del compuesto 3 del documento D1 para asi obtener nuevos compuestos alternativos
utiles para el tratamiento de infecciones por virus de la familia flaviviridae de la
manera que esta sugerida en el documento D2. Por lo cual la reivindicacion 1 se
considera obvia.

Puesto que las reivindicaciones dependientes 2-18 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

8. Conclusion.

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

item Documento Reivindicaciones afectadas Requisito que afecta
J. Chem. Soc., Perkin
D1 Trans. 1, 1999, 2929- 1-18 Nivel Inventivo
2936
D2 US 20040067901 1-18 Nivel Inventivo

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 |a respuesta subsistieran
los impedimentos‘lpara la concesién, 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.

Notifiqguese 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)

El anterlor requenmlento fue notificado por fijacién en lista, de fecha

Uzmz

| .
Elaborado por: Lenin Roberto Guerrero. «Z (

Revisado Por: Consuelo Legujzamon Leguizamon.
Aprobado por: José Luis Salazar Lépez.

|
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Synthesis of C-ribosyl imidazo[2,1-f1[1,2,4]triazines as inhibitors

of adenosine and AMP deaminases

Philip J. Du?ﬁeld,“ Van-Duc Le,’ Stephen D. Lindeli* and Charles W, Rees®

NINddd

“ AgrEvo UK Limited, Chesterford Park, Saffron Walden, Essex, UK CBI0 1 XL
* Depurtment of Chemisiry, Imperial College of Science. Technology and Medicine, London,

UK SW721Y

Received (in Cambridge, UK) 20th May 1999, Accepred 29th July 1999

The 3-B-v-ribafuranoside 6 of the new imidazo[2.1-7][1. 2 4]triazine 27 is isomeric and 1soelectronic with the
nucleoside deaminoformycin 1 which is a good inhibitor of adenosine deaminuse (ADA) while its §'-monophosphate
2 is a good inhibitor of adenosine §'-monaphosphate deaminase (AMPDA). The 6-methyvisulfanyl derivative 7 of 6 is
synthesized by condensation of the monocyclic 1.2.4-triazine 9 with bromo aldehyde 10. which is accompanied by
cyclization to give the protected C-nucleoside 21: the 8-methylsulfany! group of 21 is removed by replacement by
hydrazine and oxidation. The 1,2 4-triazine 9 cyclizes similarly with chloroacetaldehyde or its dimethyl acetul to

give 6.8-bis{methylsulfanyl)imidazo[2,1-/][1.2,4]triazine 17. which is converted into the parent heteracycle 27 by

two routes. a2nd.into mono- and di-substituted derivatives (19, 20, 24, 25, 28-30) of the new ring system. Riboside 7

is an inhibitor of mammalian ADA (1C,, 40 uM),

Inhibitors of ithe enzyme adenosine 3'-monophosphate
deaminase (AMPDA. EC 3.5.4.6) have potential for use as
herbivides' and'in the treatment of ischaemia? Inhibitors of
the related enzyine adenosine deaminuse (ADA, EC 3.54.4) are
of interest as potential fungicides® und in cancer and viral
chemotherapy.® pcaminotbrmycin 1 and the corresponding 5 -
phosphate derivptive 2 have recently been shown 1o be goad
inhibitors of ADA and AMPDA. respecuvelv® The isomeric
ADA inhibitor, purine riboside 3. binds to the enzyme ds
the covalent hydrate 4% and it is believed that an analogous
hydration also occurs upon binding of T and 2 to ADA and
AMPDA. Calculation of the heats of formation differences
between the N7-H and N8-H tautomers of the pyrazolo-
pyrimidine ring' system and their corresponding covalent
hydrates indicated that the less stable N8-H tautomer 5 formed
the more stable hydrate.” Thus. in an eflort to improve inhibi-
tory potency we have atiempted (0 design new non-tautomeric
heterocycles possessing similar clectronic propertics to struc-
ture 5. Simple exchange of C-4 and N-8 of the pyrazolo-
pyrimidine ring gives the furanosyl imidazo[2,t-f][1.2 4}triazine
6 as a new turget molecule. Calculations suggesied that this 10x
aromatic system would readily undergo covalent hydration us
B

H H
NFNN . Né\/EN NN
N ) N N
k\/N\»r/ K\N .N> L>N/U\N>
Q (o}

ST TPty
RO Zon T owoT N o WO < oH

OH

Qv
I
ov
I
o
I

1R=H 3 4
2R =POsNa, |
! e
NZ Sy
Cw S
=Y o 6R=H
4 7 R=SMe
s ~_J,
HO < "OH
OH

desired for biological activity.” This heterocyclic ring system
was unknown although various physical chemical properties of
some of its derivatives have been calculated ® and some related
fused benzimidazo derivatives have been reported.”

We now describe the syathesis of the imidazo[2.1-7]-
[V.2d]iriazine ring system, including the parent 27, and our
biological target the C-nucleoside 7. The presence of the
6-methylsulfany] group w7 facilitated the synthests and, based
on the results of studies with substituted purines.'™® should be
compatible with achicving whibition of ADA and AMPDA.
Disconnection of the CX N4 bond of 7, with introduction of a
second methylsulfanyl group for synthetic convenience. leads to
the imine 8 which could be constructed from the ammotriazine
9 and the bromo aldehnde 10 (Scheme 1)

SMe
s SMe NE Nz
TN NN NJYN\ Ms/k\N’N :
) 2 ' 13
S N SN =
wes” w7 { Nes” S P, B
~0 O e
0
A . CHO
o~ D, N

10 R= +BUPR,SI
Scheme 1

Resuits and discussion

The bromo aidehyde 10 was synthesized from D-ribose by
adapting the method used by Clingerman and Secrist in their
synthesis of the related compound 10a." (Scheme 2). We found
that whereas tritylation of the acctonide of p-ribose afforded
the protected u-ribose 11a in only modest yield (48%%). silylation
with terr-butyldiphenylsilyl chloride gave 11 in good vield
(75", Wilig reaction of the masked aldehyde 11 with the
stabilized phosphorus ylide. ethyl bromo(triphenylphosphor-
anylidenetacetate.? followed by addition of DBU 1o aid

J Chem Soc . Perkin Trams, 1, 1999, 29292936 2929

i This journal is € The Royal Society of Chemistry 1999

t
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cyclization ‘of the open-chain compound formed, gave a good
yield of the ester 12 (82%). Reduction of this ester with
DIBAL-H In dry toluene at low temperature gave the desired
bromo aldehvde 10 (58%%) (Scheme 2).

Br ar
0. o o 3
ro”\ONOH 9. > .
S ”0/\( co.Et , 70 ¥ oo
& 9 o

.
Pl P Pl
11 R = 4BUPH,SI
11aR = PhC

t,
e
W

O

12 R = FBUPR,S! 10 A = +BUPh,S

10a R = Pn;C
Scheme 2 Reagents and conditions (and yields)y: (i) PhyP=CBrCO,EtL.
refiux, 7 h; then DBU (82%): (ii) DIBAL-H, PhCH;. —100°C, 15 min
(58% 10},

A key feature of this synthesis of the C-nucleoside 7 is the
availability o{ aminotriazine 9 in gram quantities by a rapid and
reliable method (Scheme 3)."* 6-Azauracil was brominated in

o7y Y §T =
H il
13 14 s
! SMe
NéL. Nty
.
PN
MeS Mes” N

16

b
Scheme 3 Redgents and conditions (and yields): (1) NHy,,. Cu(n),
autoclave, 80°C 2 d {74%) (D) PSS, py, S, reflux. § i (iil) (@) Mel.

1M NaOH. E\QJH. RT 14344) 9. 7% (16). (b) Hiinig's buse, Mel. DCM.
RT. 16 h (52" 9.from 14},

high vield to ghve 13, from which the bromine was displaced by
liquid ammoniia in an autoclave in the presence of copper
powder at 80 °C to give the amine 14 in 74% vield. Attempts to
simplify this procedure by working at atmospheric pressure or
in a Carius tabe, and with ammonium acctate in place of
ammonia, all ‘gave much lower vields of 14. Thiation was
accomplished with phosphorus pentasulfide and pyridine in the
presence of sulfur, but after extensive purification the dithione
15 wus isolated in very low yicld. Methylation of 15 with
iodomethane and aqueous sodium hydroxide in ethanal gave
amine 9 together with a small amount of ethoxy compound 16,
though the latfer could be avoided by using Hilnig's base in
DCM for the methylation reaction. The tedious and wasteful
purification of the dithione 15 could be avoided by methylation
of the crude material before purification,

The 1.2.4-tridzine 9 was first converted mto the heterocyclic
aglycone of the: C-nucleoside target for use in modet desulfur-
ization reactiony Treatment of 9 with chloroacetaldehvde and
4 A molecular sieves at ambient temperature gave 6.8-bis-
(methylsulfanvhiimidazo[2.1./){1.2.4]triazine 17 (65%0): chioro-
acelaldehyde difhethy! acetal in toluene with a cataly tic umount
of toluene-p-sulfonic acid at the sume temperature gave a 754
vield, Desulfurization of the bis-sulfide 17 with Raney nickel ™
in boiling ethanol or with nickel boride generated m sin'* faited
to give the parent heterocyele 27, Similar reductive desulfuriz-
ation of the trinzine 9 with Rancy micke! in boiling water
resulted only in hvdrolysis of the S-methylsultany] group to give
18 (62%), presumably as a consequence of the electrophilicity
of the triazine S-position. With the failure of reductive
desulfunization we turned to the hydrazine-oxidation method

1
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which has been used. for example, in the removal of a phenyl-
thio group from a punne' and a methvithio group from a
1.2, d-trtazine.”” With two cquiv. of hydrazine monohydrate in
refluning ethanel for 1 A bis-snlfide 17 gave the monohydrazine
19 in high vield: an excess of hydrazine in refluxing ethanol for
12 h still gave only the monohydrazine. Subsequent experaments
showed that conversion of 17 into 19 (89%0) required only | 1 at
room temperature. The havdrazine group was readily removed
by oxidation with yellow mercuric oxide (HgO) in reflux-
ing ethanol tor 5 min to give 6-(methyisuifanylimidazo(2.1-/ 1
[1.2.47triazine 20 (66™.) (Scheme 1.

SMe SMe NHNF,
N7 N NHe i N7 /N
/J\\ N )\\ ,N\/)
MeS” N7 MeS” TN
9 17
1
A
]
i
H-\/J\“/Nill
A .“:
Na5” \N
20
18

Scheme 4 Reayents wnd conditons tand ki, () CICH,CHO. 4 A
MS R 08 or GICH CHIOCH 3. PRCH . PTSAL 60 'CL 24 h (750,
this Ra- N HO, reffux, 12 b6 i i NHeHLO. BtOH, RT U b
(89¢ 010y HeOL B1OH. reflux. 5 mim (00"

We now planned fo apply this removal of the §-methyl-
sultanyl group 1 the synthesis of the C-nucleoside 7. following
coupling of the umine 9 with the aldehyde 16). Condensation of
9 with 10 in toluene in a Dean-Stark apparatus for 24 h was
accompanied by spontaneous cyclization to give the protected
C-nucieoside 21 (36"4) in reasonable vield (Scheme §). The silvl
derivative gave a much cleaner reaction than the anulogous
trity derivative. but it only worked well on a small scate (up to
200 mg). the vield being much reduced on a | g scale. However,
with a mixture of toluene and HMPA as solvent at 100°C a
reasonable vield of 21 (62" «) was reinstaied on the larger scale.
The homogenceity of the 'H and "€ NMR spectra indicated
that the condensation reaction gave only the f-isomer of 21,
The BC data were fully consistent with the assigned sterco-
chemistry and in particular the chemical shifts of the iso-
propylidene methyl groups und the quaternary carbon (de 26.
28 and 115 ppm. respectively) agreed with the values reported
for 1B-substituted ribose derivatives.”™ The '"H NMR signals. at
270 MHz. for the isopropylidene methyl groups appeared ut
Ay 1.37 and 1.62 (Ad > 20 Hz) which also supports B-sterco-
chemistry, and J;, was 3.70 Hz (usually about 0 Mz for
a-forms). This assignment was subsequently verified by X-ray
dulTraction analysis of a related derivative 7 (below). Synthesis
of the protected C-nucleaside 21 was now reproducible ona 1 g
scale. and we next studied the removal of the 8-methylsulfanyl
group. Treatment of 21 with hydrazine hydrate in refiuxing
ethanol tor [ h gave the monohyvdrazine 22 (877), which was
oxidized with yellow mercuric oxide in refluxing ethanol to give
the X-unsubstituted protected C-nucleeside 23 72+, In con-
trast with the model reactions above, both of these reactions
required bailmg ethanol and a longer reaction time for comple-
tion. The NMR spectra of 22 and 23 were both in agreement
with the f-configuration (Scheme 5)

OQur first attempt at deprotection of 23 involved simuliancous
removal of both protecing groups with agueous triflucroacetic
acid,” which proceeded only i low vield. Better was to remove
the silvl group with tetrabutylammonium fuoride (TBAF) in
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Scheme 5 Redgenss and conditions (and yields): () PhCH;, K,CO,
Dean-Stark 24 h (56%) or PhCH,. HMPA. 100°C. 24 h (62%); (iD)
NoH H O, EOH. reflux. | h (87%): (iii) HgO. EtOH. reflux, 2 h (72%4);
(i\) TBAF. THF RT. 30 min (90%4: (v} 60 80% AcOH. RT. 18 h (60",

THF (907} folowed by hydrolysis (60%; of the acetonide with
aqueous acctic ueid, both at room temperature. to give the final
target 7 (Scheme 3). Fortunately there was no sign of acid-
catalyzed addition of water (covalent hydration®) at the
free &-position of the imuduzotriazine. The B-configuration of
C-nucleoside 7 was again supported by the 'H NMR spectrum
in DMSO-d, which showed the H-1' signal as a doublet at
du 5.16 with a coupling constant of 6.23 Hz, similar to that for
the related C-nucleoside deaminoformycin 1 (5 5.08. J 7.5
Hz).>* The structure and stereochemistry was subsequently
confirmed by single-crystal X-ray diffraction.?

Tmidazo[2,1-/1[1.2,d}triazine 27

Having synthesized the C-nucleoside 7 we wished to remove the
remaining methy]sulfanyl group. though model studies sug-
gested that this wiould be difficult. In the hope of providing a
better leaving group. sulfide 20 was converted into its sulfonce 24
by treatment with either m-chloroperbenzoic acid (MCPBA) in
DCM or potassiuth permanganate in acetic acid. Both methods
gave similar vieldsbut oxidation with permanganate took only
3 min as opposed 10 24 h for the peracid. Nucicophulic dis-
placement of methyisulfonyl by hydrazine was very fast and
virtually quantitative. and oxwlation of the resulting hydrazine
25 with mercuric dxde gave the parent heterocyclic system.
imdazof2, 1712 dltriuzine 27 as a colourless oif i fow vield
(182%) (Scheme 61, 'Low vields are sometimes observed in the
oxidation of hydraZines which afford products susceptible to
covalent hydration since the hydrate can be oxidized by mer-
curic oxide to give the corresponding keto product. which is
sometimes isolated,

We had hoped to ‘replace the methylsulfonyl group in 24 by
hydrogen in one step with NaBH, following a related literature
reaction.” but similar treatment of 24 with NaBH, at room
temperature gave the'dihydro derivative 26 (Scheme 6) with the
methylsulfony! group;intact. This parallels the ready reduction
of monocyclic |.2.3-triazines to their dihydro derivatives.®* We
therefore returned to'the bis-sulfide 17 and its oxidution with
KMunO, in acetic acid! this gave only the monosulfone 28 (63%)
in agreement with the exclusive oxidation of 3.3-bis(methyl-
sulfanyl)-1.2,4-triazind to the 3-methylsulfone.® With both sub-
strates the sulfur which is not oxidized is made less nucleophitic
by the electron-withdrawing heteroatoms. Reduction of sulfone
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Scheme 6 Rogenie and conduions (und vieldsy 6 () MCPRA, DCM.
RT. 24 h (327} or KNROQ, ACOH. 1O, RT. 30 min (38%) (i}
NoHeHAOO EtOH. RT Hmm 97%05: uny HeO, E1OH, reflux, 10 min
(I8 el tivd NaBH,. EOH CHCL. RT, 100 min (34%),

28 with NaBH, under the Hitosht conditions® gave the
G-unsubstituted imidazotriazine 29 (79%). no reduction of
the heterocyclic ring being observed in the presence of the
8-methylsulfanyl group. This group was then removed with
hydrazine hvdrate in ethano! to give the hydrazine 30 (76%).
followed by oxidation with mercuric oxide. 1o give the parent
imidasotriazine 27, identicad with that described above, but in
shghtly better vield (27 (Scheme 71, We hope that the method

She SMe Bt
. t \4{‘\ ‘./4\\ " N’/\\/’N [ N’/’Y\\-’;N .
- - 1 o ! ! /)
Mes0,” N e ti’r\’N /
28 29 30
iw
21

Scheme 7 Reagents and conditions (and yields). (i) KMnO,. AcOH.
ILO, RT. 30 min (63%): (i) NaBI{,. CIOIL. CHCl,. RT, § min (79%);
(1) NyHH 0, EtOH. RT. 2 b (76%); (iv} HgO, EtOH, refux, 10 min
(27%:).

developed for the synthesis of 27 will be applied to the synthesis
of ribofuranoside 6 in the future.

In the course of this work the new ring system, imidazo{2.1-]-
{1.2.4]triazine 27, has been prepared. together with several of its
mono-, di- and tri-substituted dertvatives including the ribo-
{uranoside 7. Preliminary bochemical studies indicate that 7 is
annhibitor of mammalian ADA (1C,, 40 M), Further details
concerning biological activity wall be published elsewhere.

Experimental

Tetrabydrofuran ¢ THE) and tolugne were used freshhy distilled
from sodium wire with benzophenone under nitrogen. All reac-
tons were protected (rom moisture by calcium chloride drving
tubes, unless carried out under a dry nitrogen atmosphere.
Anhydrous magnesibm sulfate was used for drying organic
extracts, and volatiles were rernoved under reduced pressure,
Ether refers 1o diethy! ether and light petroleum had boiling
range 60-80 °C. All reactions and chromutography column efu-
ents were monitored by TLC using commercial aluminium-
backed thin-layer chromatography (TLC) plates (Merck
Kieselgel 60 F,). The plates were observed under UV light at
254 and 350 nm. Flash column chromatography refers to the
technique described by Still* using medium pressure generated
by a hand bellows or a small air compressor and was used
throughout. Dry flash chromatography was carried out with
suction using @ water pump according to the technigue
described by Harwood ¥ Mps were determined using a Reichert
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Kofler hdi-stage apparatus and are uncarrected. IR specira
were recarded on a Perkin-Eimer 1710FT spectrometer and
strong. midium and weak peaks are represented by <. m or w
respectively. 'H N MR specira were recorded on JEOT. GSX 270
(at 270 MHz) and Bruker AM300WB (at 300 MHz) machines.
C NMR spectra were recorded on JEQL GSX 270 (at 68
MHz) and Bruker AM300WB (at 76 MHz) machines. Deuter-
ated solvents were used for homonuciear lock and the signals
are referenced to the deuterated solvent peaks. Mass spectra
were recotded on a VG Micromass 7070E or a VG Autospec
“Q" muss! spectrometer. FAB spectra were obtained using
glycerol matrix. and CT measurements were carried out using
ammaonia for ionization, Microanalyses were carried out on a
Perkin-Elmer 2400 CHN Analyzer.

|
2,3-O-Isopropylidene-n-ribose™

A solution'of p-ribose (30 g, 0.33 mol} in dry acetone (800 mh
containing cone. hydrochloric acid (0.8 ml) and coppertn) sul-
fate monochydrate (45 ) was stirred overnight at 37°C. The
solution was neutralized by stirring with calcium hydroxide.
The inorgahic salts were filiered off and washed with dry acet-
one. The cambined organic phase was concentrated in vacuo to
give the cride product as pale yellow oil. Purification of the
crude product by flash chromatography on silica gel (gradient
elution; 20L30% ethyl acetate in light petroleum) gave the
acetonide (55.1 g. 87%) as a colourless 0il; v, (NaCl/filmy/
em ™ 3391s! (OH), 1462w, 1383s. 1327s, 1274s. 12435, 12125,
1116s. 10683, 997w, 925w, 871s; 6,270 MHz: CDCl,) 5.52 (1H.
d.J6.2Hz H-1). 5.38 (1H, 5. OI1), 4.77 (1H. d. J 5.8 Hz, H-2
or H-3).4.54 (1H.d. J 6.0 Hz, H-3 or H-2), 4.35 (1H. m. H-4),
419 (1H. s OH). 3.67 (2H, m. H-5). 1.45 (3H. 5. CH,), 1.29
(BH. s, CHy): 4c76 MHz: CDCL) 11219 (CCHy). 102,75
(C-1). 87.661(C-4). 86.72 (C-2). §1.51 {C-3). 63.49 (C-5). 26.33
1CHs), 2470 (CH, ) iz (CLONH,) 208 (MNH," . S0%.0. 190
(MNH,” -~ H,0 1005 175 (M~ CH,, 221, 173(M” - H,0.
20, 68 (30) (Found: MNH, ", 208 1189, Cale, for CH NOy
MNH,. 208.1185).

3-0-rerr-Butydiphenylsilyl-2,3- O-isopropylidenc-i-ribofuranose
H

A solution of 2.3-O-isopropylidene-n-ribose (£.19 g, 221
mmol} and npidazole (1.65 g. 24.3 mmoly in DCM (40 ml)
0°C was tredted with serr-butyldiphenylsilyl chloride (6.67 g
24.3 mmol). The reaction mixture was alfowed to warm to
25°C and was stirred for 24 h. After dilution with ether (120
mi) the reaction mixture was washed with water (50 ml) and
brine (30 ml), dried (MgSO,), concentrated. and purified by
flash chromatography on silica gel (gradient clution: § 10
cthyl acetate in light petroleum) to give the epimeric aicohols 11
(7.08 g. 75%) s a colourless oily 2: 1 mixture; v, (NaCl/filmy
cm ’ 3431br s'(OH). 3072w, 3050w, 29355, 15905, 1568w, 1488s.
1473w, 1429w, 1383w, 1312w, 1212w, 1212w, 10735, 990w, 872w,
198w, 742w, T03s: (270 MHz: CDCly 7 63-7.70 (4H. m.
Art), 7.39-748 (6H. m. ArH). 536 (1H, d. J 10.2 Hz. OH).
4.65-4.80 (2H} m. H-2 and H-3). 4.61 (1H. d, 7 6.01 Hz. H-1).
4.27 4.30 (1H, m, H-4_ major). 4.15 4,16 (IH, m, H-4. minor),
3.79-3.89 (1H. m. /{-5a), 3.61-3.69 (1H. m, H-5b}). 1.57 (3H. 5.
CH, minor), 1.40 (3H, s. CH,. major). 1.48 (3H. s. CH,.
minor). 1.32 (3H. s. CH;. major), 1.10 (9H. s. 'Bu): {76 MHz:
CDCly) [135.76, 135.58, 130.44. 130.25, 128.13. 128.07. 127.92.
121.73] (Ar €). [113.04, 112.15] (CCH,). (103.44, 98.04)
(C-1). [87.36. 87.11] (C-4). [81.99. 81.68] (C-2), [81.30, 79.54)
(C-3). [66.09. 65.53] (C-5). [26.92. 26.89] [C(CH,)), [26.60.
24.71] (CH,). [26.50, 25.00] (CH,), [26.19, 19.16] [C(CH ),):
mfz (C1. NH,)'446 (MNH, . 124), 428 (MNH, - H,0. 6),
4T (MH™ = H,0, 10), 371 (M~ —‘Bu. 2). 353 (1), 274
(M™ — 2Ph), 241 (8). 221 (15). 216 (25). 199 (28). I8} (13). 161
(M — OSiPh,Bu’. 1001, 91 (28). 78 (30). S8 (24} (Found: C.
67.0: H. 7.7, CyH ;0,81 requires C. 67.3; H, 7.5%7).
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Ethyl 3.6-anhiydro-2-brome-7-O-rere-butyldiphenvisilyl-2-deoxy-
4.5-O-isopropylidene-n-glycers-p-allo- and -D-altro-heptonate
12

To a solution of 3-O-rerr-butyldiphenylsilyvi-2.3-O-isoprop-
vlidene-1-riboturanose 11 (320 g. 7.48 mmol) o dry benzene
tH) miby was added ethyl bromoltriphenyiphosphoranylidene)-
acetate ' (4.47 g 10.5 minol) and the solution was heated to
reflux After 7 h. TLC indicated the disappearance of starting
material Il and the appearance of 3 new products. The reaction
mixture was cooled to room temperature and DBU (1 drop)
was added. After the mixture was stirred for 1 min al room
temperature, TLC indicated only 2 compounds. The solvent
was evaporated and the crude product was purified by flash
chromatography on silica gel (gradient elution: 10-15%. cther in
tight petroleunn) to Turnish a misture of esters 12 (3.54 g. 827a)
as a colourless oil: v, NaClfilmycm ™" 3072w, 3050w, 17465
(C=0. ester), 590w, 1473s. 14295, 13825, 13725, 1338w 1264ds.
[2135 1183w, 11565 FIEds, 1080s, 1028y, 966w, 864w, 742w,
T03s; 0d270 MH2 CDCL) 7.68 774 (4H. m, Ar TH) 738

TA7(OH. m, Aclf) 473 A8 (OH, m. H-4 and 4-5). 4,54, 4.50
(WH. each d. J 3.00. 3.23 Hz, 7123 439 442 (1H, m. 1I- %),
424432 (3H. m. H-6 and CO,CH,CH,). 3.64-331 (2H. m.
Hy-7). 159 (3H s, CH, majgor). 140 (3H, 5. CH,. minor). 1.57
(3H, s, CH,, major), 1.38 (3H. s. CHy. minor). 1,30 (3H. (. J
7.16 Hz. CO,CH,CIT). 1.11 (SH, s. 'Bu): d.(76 MHz: CDCly)
168.28 (C=0. ester), [135.70(=3). 132.68. 130.04, 129.92,
127.94, 127 84] (Ar C). 1259 (CCH;), 86.05 (C-6), 85.91 (C-
4). B4.29 (C-3 or C-5), 82.35 (C-5 or C-3). 64.90 (C-7), 62.12
(CO,CH,CHy;). 44.59 (CHBr), 27.31 (CHy), 27.01 [C(CH,),).
25.51 {CHy), 19.24 [C(CHy),). 13.92 (CO,CH,CHy): m/z (CT.
NH;) 596. 594 (MNH, , 8§5%), 520 (M’ — ‘Bu. 30), 516
(MNH,” — Br. 106), 497 (M~ = Br. 5), 441 (42}, 421 (35), 383
(8), 295 (18). 274 (16). 216 (45). 196 (28). 169 (18), 91 (18). 58
(30) (Found: C, 58.9: H. 6.1. C4yH«BrO,Si requires C, 58.2: H.
6.5%.: Found: MNH,". 5941893 C,H,,BrNOSi requires
ANH,. $94.188T

3.6-Anhydro-2-bromo-7-O-rerr-butyldiphenytsiiyl-2-deoxy-4.5-
O-isopropylidene-n-glycero-n-allo- and -p-afreo-heptose 10

A solubion of bromao ester 120114 g 198 mmol) in dry tolucne
(10 mby at =100 7°C was treated with DIBAL-H (1.5 M in tolu-
ene: 263 ml 395 mmoly added wa a cannula and stiered at
=100°C for 15 mu. The reaction was quenched with dry
methanel (5 ml) and the resulting misture was allowed to warm
t0 25 °C. A thick gelatinous mass was formed. This was filtered
off (Celite pad) and washed with cther. The resulting filtrate
was evaporated i vecno and the residue was purified by flash
chromatography on silica gel (gradient clution; 20 30%a cther in
light petroleum) to furnish the bromo aldehyde 18(0.61 g. 58%)
as a colourless oil: v (NaClfilmyem™" 3072w, 3050w, 17325
(C=0. gldehyde). 1590w, 1568w, 14735 1463s. 1429s. 1383s.
1244w, 1214s 11875, T114s 1078, 1008w, 999w, 971w, 920w,
824w, 7425, 7035, 4, (270 MHz: CDC1) 9.50 (1H. d. J 2.77 Ha,
CHO. major). 9.41 (1H, d. J .69 Hz. CHO. minor), 7.68-7.75
(AH. m. ArH1. 740 748 (6H. m. ArF). 4.68 3.85 (2H, m, H-4
and H-5}, 4.36- 450 QH. m. H-3and H-2), 4.26 4.29 (IH. m,
H-6), 370388 (2H. m, H,-7T). 1.59. 141 (6H. each s. C//,.
minor), 1.57, 1.39 (6H. each s, CH;, major), 1.12, 1.10 (9H,
each s. 'Buy o (76 MHz CDCly) [192.07. 190.66] (CHO).
{135.72. 135,64, 132.66. 130.10. 130.02. 129.91. 129.84, 127.99]
(Ar C), {114.73. 113.98] (CCH;,). [86.19. 85.34] (€-6), [84.29.
84.22] (C-4). [82.89. 82.73) (C-3 or C-5), [82.02, 81 .44) (C-5 or
C-3). [64.67. 6395} (C-7). [55.95. 52.60] (CHB, {27.51, 25.60]
(CHy), [27.38, 25.48] (CH,), {27.05, 26.95] [C(CH;)). 19.29
[C(CH, L) miz (CT, NH,) 552, 350 (MNH,". %), 472
(MNH,” - Br, 12), 397(2), 377 (2}, 295 (6}, 241 (2), 199(9). 181
(6). 161 (58). 129(22), 108(45). 91 (100). 731263, 61 (50), 44 (20)
(Found: MNH, . 550.1631. CyHBrNOGSI requires WNH,,
550.1624).
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48 (30). 43 (34) (Found: M*, 158.0280. C,H,N,OS requires M,
158.0262).

8-Hydrazino-6-(methylsulfanyDimidazo[2.1-f1[1,2 4ltriazine 19

To a solution ¢f bis-sulfide 17 (100 mg. 0.47 mmol) in ethanoi
(4 mlj was added hydrazine monehydrate (47.2 mg. 0.046 ml,
0.94 mmol) and the mixture was stirred ai 23 °C for | h. A white
preaipitate waa' collected. and washed with ethyt acetate The
precipriate was tecrystallized from cthanol (o give the ritle com-
pownd 19 (82 mg. 89%) as white crvstals, mp 223 226 °C (from
ELOH): vy, (NaCUNujolem ' 3442br w (NH). 3328w (NH).
313w, 1694w, 1627w, 1604s, 1568w, 1498w, 14315, 1404s. 13475
1314w, 1279w, 12155, 1179w, 1142w, 1124w, 1098w, 971w, 922s.
RE7w, 7545, 7394, 722w 9y(300 MHz CDCly) 10.26 (1H. br s.
NH), 7.94 (1H, s, H-2 or H-3), 7.46 (1H, s. H-3 or H-2), 4.88
(2H. br s. NHy), 2.50 (3H. s, SCH,): d(76 MHz: CDCly)
[162.06. 149.94. 130.62, 126.49, 117.90} (Het ©), 13.84 (SCH,);
miz (E1) 196 (M. 46%0), 181 (12), 150 (2). 133 (5), 119 (2), 109
(8). 103 (2), 94 (40), B9 (26). 84 (7). 73 (25). 68 (7). 45 (100)
(Found: C. 37.6: H. 3.8; N, 42.2%: M", 196.0536. CeH NS
requires C. 36.7; H. 4.1 N, 42.8%: M. 196.0531).

6-(Methylsulfanyl}imidazo[2.1-F ]{1,2.4]triazine 20]

To a stirred solutibn of the hydrazine 19 (36 mg. 0.18 mmol) in
ethanol (4 mi) wasiadded yellow mercurytin) oxide (120 mg. .55
mmoly at 25 °C. The reaction mixture was heated to reflux for §
min, cooled and the inorganic residue was remaved (Celite
pad). washed with ethanol and the filtrute wis evaporated in
vacuo Lo give a pale vellow solid. Purification of the solid by
flash chromatography on sitica gel (gradient elution: 30 40
ether 1n light petroleum) afforded the rirfe compound 20 {20 mg.
66%4) us crystals, mp 129-130°C (from DCM-light petroleum):
Vo NaCl/Nujoliom™ 1694w, 1629w, 1584w, 1316w, 1290w,
IH6w, 910w, 755w, 740w, 662w: d,(300 MHz; CDCL,) 9.02
(IR, s, H-8). 7.93 (IH. 5, H-2 or H-3), 7.84 {1H. 5. H-3 or H-2),
2,61 (1H, 5. SCH,): (76 MHz: CDCI,) {163.42.149.38. 135.41,
134,19, 117.52] (Het ). 14.22 (SCH,): mi= (CI, NH,) 184
(MNH,™, 3%), 167 (MH". 100y, 153 (2). 138 (3). 121 (6). 96 (7),
69(4), 45 (2) (Found: C. 43.7: H. 3.3: N, 33.6. C,HN,S requires
C.43.4: H. 360 NL 33,7740,

35 -O-rcrr-Butyldippen_vlsilyl-l ".3'-O-isopropylidene-g-n-
ribofuranosyl)-6.8-bis(methylsulfanyl)imidazo[2,1-f}[1.2,4]-
triazine 2§ '

Method A. A mixture of bromo aldehyde 10 (664 mg. 1.25
mmol). amine 9 (234 mg. 1.25 mmol) and anhydrous K,CO,
(208 mg, 1.50 mmol) in dry tolucnc (80 ml) was stirred at reflux
with azeatropic removai of water (Dean-Stark trap) for 24 h.
After the solution was cooled to 25 °C. excess of solvent was
removed in vacuo to give a dark residue. This was purified by
flash chromatography on silica gel (gradient clution; 10-15%
ether in Hght pe!ro[euT) to furnish the title compound 21 (434
mg. 56*0) as pale yellow foam; v,,(NaClfilm)em™ 3074w,
1694w, 1631w, 1574w, 1516w, 1441s, 1372w, 1352w, [214w.
P15ds, 1114s. 10805, 952w, 863w. 704s: 3,,(270 MHz: CDCl,)
7.63-7.69 (4H. m, ArH ). 7.60 (1H. 5, H-2). 7.32-7.43 (6H. m.
ArH). 339 (1H, d. /4.9 Hz, H-1"). 497 (1H. dd. J 6.58, 4.85
Hz. -2 482 (1H. dd. J 6.47. 3.70 Hz, H-3'), 4.24-4.27 (1H.
m. H-4%), 384 3.86 (2H, m. H,-§°). 2.67 (3H. 5. SCH,), 2.52
(3H. s, SCH ). 162 (3His. CH). 137 (3H. s CHY). LOS(9H. s,
‘Bu) 6(76 MHz: CDCly) [163.47, 161.46. 135,63, 129.79
127.74) (Het €). {13563, 133,45, 13142, 127.70) (Ar (), 114.58
(CCHy). 8487 (C-4'). B397 (C-3'). 8214 (C-2v. 77.27
(C-17), 64.07 (C-5%), 27.62 (CH;). 26.86 [C(CH,)). 25.62
(CHy), 19.28 [C(CH;)). 14.20 (SCHY). 11.83 (SCH,) miz
(FAB, NBA) 623 (MH", 100%), 507 (7). 295 (23), 267 (4),
23746), 225 (12). 197 (19). 133 (42), 120 (6), 105 (7). 91 (14). 69
(17). 57 (29) (Found: €. 38.6: H. 5.5: N. .05, CyHyN,0,S.Si
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requires C. 59.8 H, 6,15 N. 9.0°%. Found: MH™. 623.2182.
CHHWNOS, S requires M 623.2111),

Method B. To a sirred wolution of amine 9 (120 g. 6.38
mmaol) in HMPA (6 ml) was added a <olution of aldehyde 10
A g 638 mmobin dry toluene (16 ml). The reaction mixtare
was stirred at 100 °C tor 1% h under mitrogen and then ablowed
vool 1o 27 € Excess ol solvent was removed in vacun 10 give a
dark residue. This was dissobved in water and the aqueous solu-
ton was extracted with ethyl acetate (3 x 40 mi). The combined
OTRADIC exlracl was washed successively with wider and brine,
dried (MgSQ,). and concentrated in vacio (0 give the srude
product. The residue was purified by flash chromatography on
silica gel {gradient elution: 10~15"". ether in light petroleum) to
afford the title compound 21 (2.46 g. 62%y) which was identical
to that described above.

3-(§'-O-terr-Butyldiphenylsilyl-2',3'- O-isopropylidene-$-n-
ribofuranosyl)-8-hydrazino-6-(methylsulfanylyimidazo[2,1-f}-
[1,2.4]triazine 22

To a solution of bis-sulfide 21 (50.9 mg, 0.08 mmol) in ethanot
(2 ml) was added hydrazine monohydrate (0.02 ml, 0.70 mmol).
The solution was stirred and heated under reflux for 1 h. The
reaction mixture was allowed to cool 1o 25 °C and concentrated
m vucno The restdue was dissalved in DCM (6 ml). washed
with water, dried (MgSQ),). concentrated in vacuo and purified
by flush chromatography on silica gel (ether as eluent) to
furnish the title compound 22 {(43.) mg. 87 ) as a colourless
foam: o tNaCVRlmem © 3442br s (NH), 2931w, 2858w,
1694s. 1635, 1603, 14435 14285, 13535, 12655, 111 3s. [079s.
ROIw, T036: G270 MMz CDCLY 7.63- 769 (4H, mi, ArH). 7 54
HHL s, H-2) 731 730 (6H. m, ArH), S35 (TH. d. F4.85 Ha,
TI-17) 5.02(1H, dd. J 6,47, 485 Hz. 17-2). 4. 82 (1H, dd. J 6.47.
369 Hz. H-3'). 424 425 (IH. m. H.4'), 384 3.86 CH. m.
Hy5. 248 3H. 5, SCH)L 162 (3H. 5, CH,). 1.37 (3H, 5. CH,),
LOS (9, 5. ‘Bur (76 MHz CDCLy) {162.60, 151.39. 135,59,
133.23, 120,70} (Het €', {135.59, 133.23, 127,65, 126.75] (Ar O,
114.46 (CCH;), 84.75 (C-47). 83.83 (C-3'), 82.20 (C-2"), 77.24
(C-1). 6411 (C-5). 27.57(CH,y), 2681 [C(CH,),). 25.59 (CH,).
19 23 {CICH )] 1399 (SCH ) iz (FAB. NBA)Y 607 (MH -,
100%3, 577 (43, 491 (4). 279 (15). 264 (4). 197 (22). 183 (4), 163
(I2)0 135 (541 121 (12). 95 (18). 37 (58) (Found: MH",
607.2537. C30H N.O,881 requires MH, 607.2523).

3-(5'- O-tert-Butyldiphenylsilyl-2' 3" - O-isopropylidenc-§-n-
ribofuranosyl)-6-(methvisulfanyl)imidazo[2.1-71{1,2,4}triazine
23

A solution of the hvdrazine 22 (1.04 g, 1.72 mmol) in cth-
anol (60 ml) at room temperature was treated with yellow
mercury(u) oxide (1.12 g. 5.15 mmotl). The dark solution was
heated to reflux for 2 h. After being cooled to 25°C. the
inorganic residue was removed through a pad of Celite and
washed with ethanol. and the combined solution concentrated
in vacuo to give the crude product as a yellow foam. This was
purified by flash chromatography on silics gel (gradient elution:
5 10%. ether in light petroleum} to furnish the titie compound
23 (712 mg, 7274 as a colourless foam: dy(300 MHz: CDCly)
9.00 (1H. s, H-8). 7.80 (1H, s. H-2}, 7.64-7.70 (4H, m, ArH),
TIN T 6H, mo ArH) 546 (TH, d, J 4.99 Hz, H-1). 4.98
(TH, dd, J 6.38. 5,10 Hz, H-2). 4.86 (1H, dd, J 6.10. 3.39 Haz,
-3 4230-4 30 (HL mu H-40) 387389 (2H, m. 1,-5), 2.56
(3H. s SCH )L 163 (3H. s CH. 139 (3H. 5. CHy, 107 (9H, s,
‘Buk oct76 MHa CDCL) [163.56. 149,36, 135.62. 179.85.
127.73) (Het O {13467, 134,13, 132,89, 12800 (AF ), 114.67
(CCH,). 8492 (C-471 8394 (€371 82 12 (€-2"), 77.25(C-1'),
0408 (-8}, 27,62 (CH ). 26.86 [(1CH,)) 23.60 (CH,), 19.29
[COCH ). 1427 (SCH ) miz (FAB. NBA) 577 (MH . 100% ),
S49 (35 519 ¢40 361 (7). 369 (6). 313 (2). 290 (5). 273 (4. 249
(25), 221 (43197 (375 130 (1R). 135 (32). 120 (20). 105 (18,
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91 (36), 77 (40), 69 (74), 55 (68) (Found: MH", 577.2321,
CyyH3;N,O,88i requires MH. 577.2305),

3-(2' 3'-O-Isopropylidene-f-D-ribofuranosyl)-6-(methyl-
sulfanyl)-imidazo[Zl,l-f]{l ,2,4]triazine

A solution of silyloxy compound 23 (211 mg. 0.37 mmol) in
dry THF (12 ml) was treated with n-Bu,NF (TBAF: 0.73 ml of
a I M solution in THF, 0.73 mmol) and stirred at 25 °C for 30
min. After dilutionl of the mixture with ether (20 m, water (20
mi) was added. The organic laver was scparated. washed with
brine (10 ml), dried (MeSO,). concentrated. and purified by
flash chromatography on silica gel (gradient elution: 60 70"«
ether in light petroleum) to give the title compound (111 mg.
9 #) as A white solid. mp 92-93°C (from DCM-light petrol-
eumj: v, (NaClfilmyem ' 3441w (OH), 2035w, 2876w, 1694w,
1628w, 13915, 15318 14715, 1422s. 13825, 13425, 130ds. 1274w,
1214s, 11570, 11225, 1078s, 921w, 862w, 763w. 735w. 662w;
340270 MHz; CDCl) 8.99 (TH. 5. H-8). 782 (IH, 5, H-2), 5.31
(IH.d, J 5.54 Hz. H-1'). 5.16 (1H. dd. J 6.8, 5.54 Hz, H-2"),
4.96 (1H. dd. J 6.59 3.70 Hz. H-3'}, 425-4.27 (1H. m, H-4').
3.89-3.90 (2H. m, H,-5'). 2.91-3.22 (1H, m, OH), 2.62 (3H, s.
SCHy). 1.62 (3H, s) CHy). 1.37 (3H. s, CH,): 468 MHz
CDCly) [163.89. 149.63, 135.13, 135.03, 126,73} (Het ). 114.95
(CCH,). 84.78 (C-4"). 82.51 (C-3'), 81.68 (C-2). 77.72 (C-1").
62.01 (C-5", 27.54 {CH,). 2543 (CH;), 14.25 (SCH,): mi:
(FAB. NBA) 239 (MH . 20%), 282 (24). 242 (100). 197 (6. 135
(220,121 (13), 91 (50)4 69 (42), 35 (48) (Found: MH", 339.1144.
CaH o N,O,S requires AH. 339.1127).

6-Mcrhylsulfnnyl-ii-ﬁ-b-riboﬁlranosylimidaznlz. 1-f111,2.4])-
triazine 7 '

A solution of .1-(2'.3‘-()-isopropyhdcnc-B'l)—riboﬁlrunmy!)—(w-
(methylsulfanybimidadof2.1-/){1.2.4}triazine (509 mg. 0.1§
mmo}) in a mixture of glacial acetic acid {2 ml) and water
(1 ml) was stirred at 25 °C for 18 h. The solvent was removed
in vacuo 10 dryness. The residuc was reerystallized from ethanol
w0 yield the ritle compound 7 (27 mg, 60%) as white crystais.
mp 227-228°C (from’ E{OH): v, (NaCl/Nujohiem™' 3441
(OH). 3202 (OH). 1693w, 1630w, 15955, 1529w. 13115, {225,
H72w, 1116s, 1069w, 1040w, 985w. 957w, 931w, 774w: §4(270
MHz DMSO-d; + Dzé) 9.14 (1H, s. H-8), 7.97 (1H. s. H-2),
5.6 (1H. d. J 6.23 Hz, }I-1"), 4.42 (IH. dd, J 6.00, 5.55 Hz,
H-2"), 4.00-4.08 (IH. m. H-3'). 3.90-3.91 (IH. m, H-4"), 3.52-
358 (2H. m. Hy-5"), 2.60(3H. 5. SCH,); 3c( 76 MHz; DMSQ-d,)
[163.29. 150,31, 135.37. 135.03. 129.26] (Het ¢, 85.20 ((-4").
7495 (C-47. TAT9 (C-RY, 71,68 1C-37). 62.19 (C-5). 14.45
ISCHy): mfz (FAB.NBA) 299 (MH ", 40%). 273 (5), 242(6). 192
£22) F65 (18). 150 (40). 133 (63). 124 (28). 120(45), 105 (321, 89
(90). 77 (100). 69 (20). 6} (52). 51 (55) (Found: . 43,3 H. 1.5
NIRRT CUHNOS requires C. 44,3 H. 4.7 N, 12,8,
Found: MH . 299.0809. {Z,,H,.N,Q,S requires AfH. 299 0|4,
]

6-(MethylsulfonyDimidazo[2.1-/)[1.2.4]triazine 24

Method A. A solutioniof suifide 20 (50 mg. 0.30 mmoh in
glacial acetic acid (1 mi) was added to a stirred solution of
KMnO, (93 mg, 0.60 mmpl) in a mixture of glucial acetic acid
0.5 mly and water (0.5 mf) at 0 °C. The resulting mixture was
allowed to warm to 25 *C 4nd stirred vigorously for 30 min. The
dark solution was extrauted with ethyl acetate (3% 10 mb
und the combined organic extract was washed successively with
| M NaOH and brine, After drying (MgSQ,) and evaporation
of volatiles in vacuo. the rsidue was purified by flash chrom-
atography on silica gel (gradient elution; 30-40% ethyl acetute
in light petroleum) to give the sulfone 24 (35 mg. 58%) as pale
yellow crystals. mp 185-190 °C (from DCM-light petroleum):
Vol NACH/Nujolyem ™ 16985, 1591w, 1307s, 1264w, |139s
(S0O,). 13w, 1074w, 8995, 779s. 750w: d,(300 MHz: CDCly)
9.41 (1H,s. #-8). 831 (1H.s, H-2 or 77-3). 8.25(1H. d. J 0.91

|
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Hz, H-3 or H-2). 345 (3H, 5, SO,CH,) d¢(76 MHz CDCly)
{157.78, 15107, 139.69. 13511, 119.35] (Het C). 40.26
(SO, CHy): milz (CI, NH,) 216 (MNH,”. 100%), 199 (MH",
98). 183 (M~ — CH,, 2), 138 (10), 130 (15), 121 (48). 96 (4). 88
(6), 69 (4) (Found: MH". 199.0296. C,H,N,O,S requires
MH.199.0290),

Method B. A solution of the sulfide 20 (26 mg. 0.22 mmol} in
DCM (1 ml) was added to a stirred suspension of MCPBA (172
mg of a 50% mixture with m-chlorobenzoic acid. 0.5 mmol)
it DCM (2 mh at 0°C. The resulting mixture was allowed
to warm to 23 °Cand stirred vigorously for 24 h. The organic
mixture was evaporated i vae o and the residue was purified by
flash chromutography on silica gel (gradient elution: 20- 30%
ethyl seetate in hght petroleum) to give the sulfone 24 (22 mg.
320 which wax tdentical 1o that described abme,

6-Hydrazinoimidazo[2.1-1][1,2.4]triazine 25

To a stirred sotution of sulfone 24 (20 mg. 0.10 mmol) in eth-
anol (0.5 ml) was added hydrazine monohydrate (6 mg. 0,10
mmol) at 23°C. The reachion mixture was stirred for | min
and excess of solvent was removed i vacuo. The residue was
purified by flush chromatography on silica gel (gradient etution;
2 5% MeOH in DCM) followed by recrystallization from
EtQH 1o afford the Indruzine 25 (32 mg. 974) as a white solid:
Ve NaCl/film)em ' 3303br 3 (NH,), 16675 1652s. 1623s.
TE3w PR Tw, 1370w, 1142w, 993w, T61w: /s (E1) 150 (M,
100" 5, 135 40y, 127 (401 93 (38), 8O (301 67 (423, 43 (2N
(Found: M". 1500647, C H,N, requires M, 150.0654).

6-Methylsulfonyt-7.8-dihydroimidazo[2,1-/T[ 1.2 4)tviazine 26

A solution of sulfone 24 (30 mg. 0.13 mmol) in a mixture of
chivroform (0.3 mb) and FtOH (0.5 mb at 25°C was treated
with NaBH, (8.63 mg. 0.23 mmol) in smali portions. The reac-
tion mixture was surred for 10 min and then quenched with
water 40,1 mi). Excess of solvent was removed n vacuo and the
residue was purified by fAash chromatography on silica gel
(gradient elution; 2 5% McOH in DCM) to afford the difvdre
sulfone 26 (10 mg. 34} as a white solid. d,(270 MHz: CDCLy)
7.25(1H,d. / 1.62 Hz. H-2 or H-3),7.01 (1H. d. / 1.61 Hz, H-3
or H-2).4.79 (2H. s, H,-8), 3.31 (3H, 5. SO,CH,); miz 200 (M*,
76%), 165 (8). 151 {8). 121 (M~ - SO,CHj;, 20), 111 (35), 97
(52), 81 (95). 69 (78). 57 (100). 43 (82) (Found: M", 200.0383.
CHsNLO,S requires M, 200.0368).

8-Methylsulfanyl-6-<(methylsutfonylimidazo[2,1-£1{1.2.4}-
triazine 28

A solution of bis-sulfide 17 (166 mg, 0 78 mmob in glacial ace-
e actd (1 mh was added to a stirred solution of KMnQ, (248
mg. 137 mmol) i g nuxture of glacial acetic acid (1 mly and
water c8 mb gt "¢ The resulung mixture was allowed 10 warm
ta 25 Cand stireed vigorously for 30 min The dark solution
wiy extracted with ethy | acetate (13 & 200l) and the combined
organic extract was washed stccessively with 1M NaOQH
and brine. After drving (MeS80,) and evaporation of soivent
in vacuo, the residue was purified by flash chromatography on
silica gel (gradient elution: 30~40" ethyl acetate in light petrol-
eum) to give the sulfone 28 (120 mg. 63°%) as pale vellow
crystals, mp  202.203°C (from DCM light petroleum);
Vot NaCHNujolYem 1 3020w, 2927w, 16935, 1607w. 1366w,
538w, 1467w, 14275, 14065, 1334w, 1313s, 1268w, 1190w, 1133s
(SOy). 1070w, 1041w, 967w, 883w, 665w: J,(270 MHz: CDCl,)
8.04 (YH.d. J 115 Hz. H-2 or H-3), 7.90 (1H, d, J 0.92 Hz.
H-3or 11-2). 3.39 (3H. 5, SO,CI1,). 2.80 (3H. 5. SCH,): 4:(76
MHz: CDCIl,) [165.02, 153.78. 133.29. 131.11. 116.46) (Het C).
37.52 (SO;CHy). 999 (SCH,): miz (EI) 244 (M~ 45%), 165
(M" = SO,CH,. 100y, 151 (21 138 (7). 123 (60). 119 (25). 94
(301,93 (45). 69 (15). 47 (8) (Found: C. 34.75: H, 3.0: N. 22.6"%
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M", 244.0086. C,H,N,0;8$, requires C, 34.4; H. 3.3; N, 22.9%;
M. 244.0089). ‘-

8-(MethylsulfanylYimidazof 2.1-)[ 1.2 4]triazine 29

A solution of sulfone 28 {36 mg. 0.15 mmol) in a mixture of
chloroform (0.6 i) and EtOH (0.6 ml) at room temperature
was treated with NaBH, (11 mg, 0.30 mmeol) in small portions.
The reaction mixture was stirred for $ min and then guenched
with water (0.2 mb). Excess of solvent was removed in rocuo and
the residue was purified by flash chromatography on sitica gel
(gradient elution: S-15" ethy! acetate 1 light petroleum) to
afford the sulfide 29 (19.5 Ing, 79%) as a pale vellow sold, mp
114 116 °C (from DCM light petroleum); v, NaCi/Nujoly
cm™! 16925, 1607w 1579w 1538w, 1482w. 1430s. 14105, 1370s,
1340w, 1314w, 1142w, 908w, 864w, 7d8w: 3,,(270 MHz: CDCl,)
84S (1H. 5. H-6). 783 (1H.d. J L.18 Hz, H-2 or H-3), 7.74 (1H,
d. J 093 Hzo H-3 or H-2) 270 (3H. 5. SCH;): 8076 MHy,
CDClLy) [164.90. 146,92, 133.35. 13269, 117.49) (Het ), 11.83
(SCH,): miz (ED) 166 (M . 85°%). 139 (10). 112 (10), 95 (30). 94
(60), 92 (100). 70 (551. 65 (20 ), 45 (22) (Found: M ", 166.0317.
CoHgNLS requires A/, 166.0B13).

i
8-Hydrazinoimidazo{2,1-f][1.2.4)riazine 30

To a stirred solution of sulfide 29 (60 mg, 0.36 mmol) in ethanol
(1 ml) was added hydrazine monohydrate (22 mg. 0.43 mmol) at
25 °C. The reaction was stirted for 2 h and excess of solvent was
removed i vacuo. The residue was purified by flash chroma-
tography on silica gel (gradient elution; 2-3% MeOH in DCM)
followed by recrystallization from EtOH to afford the hydrazine
30 (41 mg, 76'%) as a whitk solid, mp 205 210°C (decomp):
Vel NaCU/Nujol)em ' 3280w, 3116w, 3103 (NII). 1682w,
1682w, 1661w, 1608w, 1505w, 1417w, 1349s. 1274w, 1140w,
1089w, 1041w, 920w, 773w. 646s: (270 MHz; DMSO-d,) 10.08
(IH.brs. NH). 812 (1H.s. H-6). 8.02(1H, s. H-2 or H-3). 7.53
(1H, d, J 0.70 Hz, H-3 or H-2). 495 (2H. br s. NH,): 5:(76
MHz: DMSO-d} [151.56. 14923 130.92, 128.09, 118.07] (Het
Cymlz (BN ESOEM™70%0, 121 (635). 103 (33), 94 (100). 77 (20).
67 (30), 53¢30). 43 (45). !

Imidazo{2.1-f1[1,2,a]triazine 27

Method A. A solution of the hydrazine 25 (50 mg. 0.3}
mmoli m ethanol (1 mb) at rpom temperature was treated with
yellow mercury(n) oxide (214 mg. 0.99 mmol). The durk solu-
tion was heated gently for 10nmin. Afier being conled to 25 °C.
the inorganic residue was rdmoved through a pad of Celite,
washed with ethanol and the combined solution concen-
trated in vacuo to give the crude product as 4 vellow oil. This
was purified by flash chromhtography on silica gel (cther as
eluent) to furnish the dirle compound 27 (7 mg. 18%) as an oil;
Yo (NaCl/filmYem ' 1691s, 1608w, 1380w, 1482w, 1370s.
1314w, 1142w, 863w, 752w: JH(27O MHz: CDCl 9.10 (1H. ».
H-8). 8,52 (1H. 5. H-6). T80 (1H. d. J 1.10 Hz, H-2 or H#-3).
7.7301H.d, J0.96 Hz, H-3 ori[{-2): mfz (E1) 120 (M. 25%). 93
(1001, 70 (32), 45 {22) (Found: M*. 120.1608. CsH,N, requires
M.120.1616).

Method B. A solution of the hydrazine 30 (35 mg. 0.23 mmol)
in ethanol (I mb at room temperature was treated with yellow
mercury(i1} oxide (150 mg, 0.69 mmol). The dark solution was
heated gently for 10 min. After being cooled to 25°C. the
inorganic residue was removdd through a pad of Celite and
washed with ethanol. and the combined solution concentritted
in vacuo 1o give the crude product as a yellow oil. This was
purified by flash chromatography on silica gel (ether as eluent)
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to furnish the rirle compound 27 (8 mg, 27%) as an oil which was
identical with thar described above.
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