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Hydroxymethyl(methylenecyclgbentyl)
Purines and Pyrimidines\\

Antiviral activity is exhibited by compounds
having the formula

B __H
1 R OCH, | R,
H H
H
Q\
R,-O0 H N\ H

and its pharmaceutically acceptable salts. 1In
formula I, and throughout the specification, the
symbols are as defined below.
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wherein R, is fluoro, chloro, bromo, iodo, hydrogen,
methyl, trifluoromethyl, ethyl, n-propyl, 2-fluoro-
ethyl, 2-chloroethyl, ethynyl, or

(trans)
wherein Rz is chloro, bromo, iodo, hydrogen,
methyl or trifluoromethyl; Ry is alkyl; Rs is
10 hydrogen, alkyl, substituted alkyl, or aryl; and
Rg¢ and R; are independently hydrogen,
g
-POgH, or =-C~Rs. _
Preferred compounds of formula 1 are when

15 R]_ iS
§
N NH AN CH,
¢ |
I A y
T N~ SNH, o” N
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Most preferred compounds of formula 1 are
when R; is

The term "alkyl" refers to both straight and

branched chain groups. Those groups having 1 to

10 carbons are preferred. The term "substituted
alkyl" refers to alkyl groups having one or more,
preferably one, substituents. Preferred substitu-
ents are halogen, amino, azido, hydroxy, cyano, tri-
alkylammonium (wherein each alkyl group has 1 to 6
carbons), alkoxy of 1 to 6 carbons, aryl and carbozy.
The term “aryl" refers to phenyl and phenyl substitu-
ted with one, two or three substituents, preferably one.
Preferred substitutents are alkyl of 1 to 6 carbons,
alkoxy of 1 to 6 carbons, halogen, trifluoromethyl,
amino, alkylamino of 1 to 6 carbons, dialkylamino,
wherein each alkyl is of 1 to 6 carbons,nitro, cyano,
alkanoyloxy of 2 to 11 carbons, carboxy, carbamoyl and
hydroxy.
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The compounds of formula 1, and the pharma-
ceutically acceptable salts thereof, are antiviral
agents that can be used to treat viral infection
in mammalian species such as domesticated animals
(e.g., dogs, cats, horses and the like) and
humans, and avian species (e.g., chickens and
turkeys). The compounds of formula 1 wherein R;

is
? _ Fﬂz
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s Py
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are effective against one or more of the following
viruses: herpes simplex virus 1 and 2, varicella-
zoster virus, cytomegalovirus, and human immuno-
deficiency virus (HIV). They are also believed to

be active against a variety of other DNA and
retroviruses. '
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Exemplary DNA viruses in addition to those named
above include other herpes viruses (e.g., Epstein-
Barr virus, pseudorabies virus, human herpes virus
6, and the like), poxviruses (e.g. vaccinia virus,
monkey pox, and myoma), papovaviruses (e.g., the
papilloma viruses), hepatitis B virus, and adeno-
viruses. . Exemplary retroviruses in addition to
that named above include those effecting man, such
as human T-cell lymphotropic viruses -I and -II and
those effecting other animals, such as feline
leukemia virus, murine leukemia wvirus and equine
infectious anemia virus. All of the other compounds
of formula 1 are believed to be active against one
or more of the following viruses: herpes simplex
virus 1 and 2, varicella~zoster virus, cytomegalo-
virus, and the retroviruses and other DNA viruses
described above.

The compounds of this invention may be
administered parenterally (for example, by intra-
venous, intraperitoneal or intramuscular injection),
orally or topically.

The compounds may be administered orally or
parenterally in an amount effective to treat the
infection. The dosage will, of course, depend on
the severity of the infection, but will likely be
in the range of about 1.0 to 50 mg/kg of body
weight. The desired dose may be administered
several times daily at appropriate intervals.
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For infections of the eye, or other
external tissues, (e.g. mouth and skin), the
compositions may be applied to the infected part
of the body of the patient topically as an
ointment, cream, aerosol, gel, powder, lotion,
suspension or solution (e.g. as in eye drops).
The concentration of the compound in the vehicle
will, of course, depend on the severity of the
infection, but will likely be in the range of
about 0.1 to 7% by weight. |

According to anather aspect of the present invention, there

is provided a process for preparing a compound of the formula

or such a compound in pharmaceutically acceptable salt form

wherein R1 is

l N NHZ ’ ' N ?
NH2 NH»
N N N N
4 = <? i N
G N 4’\
N N7 ONF ’ N NE, ,

-~
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R, is fluoro, chloro, bxomo, iodo, hydrogen, methyl,
trifluoromethyl, ethyl, n-propyl, 2«-fluoroethyl,
2-chloxoethyl, ethynyl or
5 R
H ~ P

¢
~”  (trans) \H

=

Ry is chloro, bromo, iodo, hydrogen, methyl or
trifluoromethyl;

10 R, is alkyl;
Rg is hydrogen, alkyl, substituted alkyl, or aryl; and
R, and R, are independently hydrogen, ~POgH, or

0]
—g-Rs which comprises:
15
a) reacting a compound of the formula
0
@-Hzc—onzc N =
20

wherein P is a protecting group with a compound of
og the formula

RIH

which is optionally protected to give the intermediate
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@. H,COH, \O,

P-O
oxidizing the intermediate of step (2) to give

N]o

b)
the intermediate

10
0
R
@—HZC-OHZC\é,
N

15
P-0
reacting the intermediate of step (b) with a

c)
methylation reagent to give the intermediate

20
H H
R
@—Hzc-onzc 1

~

25 >

P-0"

removing the benzyl protecting group, the

d) i
protecting group P and any protecting groups in R1 to

_—_—
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The compounds of this invention can be
prepared from a compound of formula

yaud \O
Bn-0 ~
5
p-o~
: 2
wherein "Bn" is
O
10 and P is a protecting group such as a benzyl,

trityl, substituted trityl (e.g. 4~monomethoxy~
trityl or 4,4'~dimethoxytrityl), or silyl group.
The term silyl refers to silyl protecting groups

well known in the art [e.g. t-butyldimethylsilyl,

t-butyldiphenylsilyl, (triphenylmethyl)dimethyl-

15 silyl, methyldiisopropylsilyl, or triisopropyl-
silyl]. Protection of the hydroxyl group in the
known compound of formula ‘

tiil o
N\
Bn-O

HO®
3
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using benzyl bromide and sodium hydride affords
the known compound of formula 2 wherein P is a benzyl
group [see K. Biggadike et.al, J. Chem. Soc. Perkin
Trans, 1 549 (1988)]. Protection with a trityl,
substituted trityl or silyl group can be accomplished
by methods known in the art.

A compound of formula 1 wherein R, is

1

N N
/
N~ \NH,

and R¢ and R; are hydrogen can be prepared by
reaction of a compound of formula 2 with a
compound of formula

A
)

NH,
4

in the presence of a base such as lithium hydride,
sodium hydride, or potassium hydride in an aprotic
polar solvent such as dimethylformamide, dimethyl
sulfoxide, or sulfolane (tetramethylene sulfone).

Shoet ‘Has Been Reflaced
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This yields the corresponding compound of formula

¢ f
T ) A,

p-o"
3

Protection of the amino (~NH,) group in the
compound of formula 5 affords a compound of formula

N N
/
HO / N NH-P,

nuo

BnoO

po\
6
wherein the protecting group P, can be trityl or
substituted trityl (e.g. 4-monomethoxytrityl or
4,4'-dimethoxytrityl). The protection can be
accomplished by treatment of the compound of
formula 5 with trityl chloride or a substituted

trityl chloride in dichloromethane in the presence

- e——— e
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of triethylamine (and, optionally, in the presence
of 4-N,N-dimethylaminopyridine). Oxidation of the
hydroxyl group in this compound of formula 6 yields
a compound of formula

Riel

10 .

NEH-P,

p-or*" 7
The oxidation can be carried out by methods
well know in the art (e.g. 1,3-dicyclohexylcar-
15 Dbodiimide/dimethyl sulfoxide/methylphosphonic acid
in dichloromethane or pyridinium dichromate/molec-
ular sieves in dichloromethane). Treatment of a
compound of formula 7 with a methylenation reagent
such as zinc/titanium tetrachloride/dibromomethane
20 in dichloromethane/tetrahydrofuran or methyl-
enetriphenylphosphorane yields a compound of
formula

J\m
Bno—i\

P=0 W

jo
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Removal of the protecting groups from a
compound of formula 8 provides the compound of
formula 1 wherein R; is

e
N N
/ I\
: P
i N NHz

and Rg and Ry

are hydrogen.

When the protecting groups P and P; are trityl or
substituted trityl, removal of the trityl groups P
and P; can be accomplished by treatment with
aqueous alcoholic mineral acid (e.g. hydrochloric
acid in aqﬁeous methanol) or aqueous acetic acid.
Subsequently, the benzyl group protecting the
primary hydroxyl group can be removed by treatment
with boron trichloride in dichloromethane. When
the protecting group P is benzyl and the P; pro-
tecting group is'trityl or substituted trityl, the
P, protecting group can be removed by treatment
with aqueous alcoholic mineral acid or aqueous
acetic acid, and the benzyl protecting groups can

be removed with boron trichloride.

When the

protecting group P is a silyl group and P, is a
trityl or substituted trityl group, the silyl group
can be removed first by treatment with fluoride ion
(e.g. tetrabutylammonium fluoride in tetrahydrofuran).
Subsequently, the P; protecting gréup can be

removed by treatment with agqueous alcoholic mineral
acid or aqueous acetic acid, and then the benzYl

" This Sheet Has B

|
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group protecting the primary alcohol group can be
removed by treatment with boron trichloride.
Alternatively, the P, protecting group can be
removed first, the silyl protecting group P second,
and the benzyl group protecting the primary alcohol
last.

The compound of formula 1 wherein R, is

N ﬂ NH
¢ '
Py
I N NH»
and Rg and R, are hydrogen can be prepared as
follows:

Reaction of a compound of formula 2 with a
compound of formula

N

P

according to procedures analogous to those used
in preparation of the compound of formula 5 affords
a compound of formula

NH»

OBn

heet Has Been Replaced :

i
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Protection of the amino group (-NHz) in the
compound of formula 10 accqrding to the procedures
analogous to those used in the preparation of the
compound of formula 6 yields a compound of formula

I

NH-P,

BnoO
10

P-0O" 11
Oxidation of the alcohol group in the
compound of formula 11 under conditions analogous
15 to those used in the preparation of the compound of
formula 7 provides a compound of formula

OBn
N N
o,
-~
NN nB-P,

p-o‘" 12

BnoO
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Methylenation of the ketone group in the
compound of formula 12 under conditions analogous
to those used in the preparation of the compound of
formula 8 yields a compound of formula

OBn
N N
I
NN N ng-P,
Bn ! .
p-ont’ 13

Finally, removal of the protecting groups
from the compound of formula 13 provides the
compound of formula 1 wherein R, is

;
I

and Rg and R; are hydrogen

wWhen the protectlng groups P and P, are tr1ty1 or
substituted trityl, removal of the trityl groups

and the purine O-benzyl protecting group can be
accomplished by treatment with aqueous alcoholic
mineral acid (e.g. hydrochloric acid in aqueous
methanol). Subsequently, the benzyl group protecting
the primary hydroxyl, can be removed by treatment
with boron trichloride in dichloromethane. When

the protecting group P is benzyl and the P; protecting
group is trityl or substituted trityl, the P,

as Been Reilaced
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protecting group and the purine O-benzyl protecting
group can be removed first by treatment with
aqueous alcoholic mineral acid. Subsequently, the
benzyl groups protecting the alcohol groups can be
removed by treatment with boron trichloride. When
the protecting group P is a silyl group and P, is a
trityl or substituted trityl group, the silyl

group can be removed first by treatment with
fluoride ion (e.g. tetrabutylammonium fluoride in
tetrahydrofuran). Subsequently, the P; protecting
group and the purine O-benzyl protecting group

can be removed by treatment with aqueous alcohqlic
mineral acid. Finally, the benzyl group protecting

' the primary alcohol can be removed by treatment

with boron trichloride. Alternatively, the P, and
purine O-benzyl protecting groups can be removed
first, the silyl protecting group P second, and
the benzyl group protecting the primary alcohol
last.

Alternatively, this compound can be prepared
from a compound of formula 1 wherein R; is

and Rg¢ and R; are hydrogen, by hydrolysis of the
chloro group using aqueous acid (e.g. aqueous
hydrochloric acid).

This Sheet Has Been Re
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The compound of formula 1 wherein R; is

N._AN
¢TI
N> g,

and Rg and R, are hydrogen can be prepared from
the compound of formula 5 wherein P is a silyl

group (e.g. t-butyldiphenylsilyl).

Hydrogenolysis

of this compound (e.g. ammonium formate and pal-
ladium on carbon in methanol; palladium hydroxide

on carbon and cyclohexene in ethanol; or palladium

on carbon, hydrogen, and ethanol) results in
reduction of the chloro group and removal of the
benzyl protecting group on the primary hydroxyl

to afford the compound of formula

Protection of the primary hydroxyl group and

the amino (~NH;) group in the compound of formula

14 by reaction with trityl chloride or a substituted
trityl chloride in dichloromethane in the presence
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of triethylamine and 4~-N,N-dimethylaminopyridine
affords the compound of formula ' '

NH-P,

15
where the P; groups are trityl or substltuted

trityl. Sequential oxidation and methylenation of
the compound of formula 15 under conditions analo-

gous to those used in the preparation of the
compounds of formulas 7 and 8,respectively,
followed by removal of the protecting groups,
affords the compound of formula 1 wherein R, is

L,

and Rg and R, are hydrogen.

The silyl protecting group P can be removed
first by treatment with fluoride ion (e.g.
tetrabutylammonium fluoride in tetrahydrofuran),
and then the trityl protecting groups P, can be
removed by treatment with agueous alcoholic
mineral acid (e.g. hydrochloride acid in aqueous
methanol) or aqueous acetic acid. Alterna-
tively, the trityl protecting groups P; can be
removed first followed by removal of the silyl
protecting group P.

This Sheet Has Been Reﬂlace
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Alternatively, reaction of the compound
of formula

</fJ\

16 _
wherein P; is a trityl or substituted trityl
group, with a compound of formula 2 under
conditions analogous to those used in the prepara-
tion of the compbund of formula 5 affords a compound

of formula
¢l
NH=-P,

NH-P]_ r

Bn

p-ow" 17
Sequential oxidation and methylenation of the
compound of formula 17 under conditions analogous
to those used in the preparation of the compounds
7 and 8, respectively, followed by removal of the
protecting groups affords the compound of formula
1 wherein R; is '

L
i N NH

and R¢ and R; are hydrogen.
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Alternatively, reaction of a compound of
formula '

<¥ 1]

18
with a compound of formula 2 affords a compound of
formula

BnoO

p-o™ W
Protection of the amino (-NHz) group with a tr1tyl
or substituted trityl group provides the compound
of formula 17, which can then be converted (as
described above) to the compound of formula 1
wherein R; is

N N
¢TI
NN mm

and R¢ and R, are hydrogen.
The compound of formula 1 wherein R, is

NH,
¢

p
NN N,

Sheet Has Been Replaced
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and Rg and R; are hydrogen can be prepared from a
compound of formula 8 by methods known in the art.
Thus, for example, when a compound of formula 8
(wherein P is a protecting group such as benzyl,
silyl, trityl or substituted trityl, and P, is
trityl or substituted trityl) is treated with hot
methanolic ammonia, displacement of the chloro
group with an amino group will result. The.pro-
tecting groups can then be removed according to
procedures known in the art.

Alternatively, this compound of formula 1
can be prepared from a compound of formula 1

wherein R,y is

?l
N N
PR
N <
| N NH

and Rg¢ and R; are hydrogen by methods known in the
art. (See, e.g., J.C. Martin, et al, J. Med. Chem. 28,
358 (1985)).

A compound of formula 1 wherein R; is

Ry

N

.

Thxs Sheet Has Been R
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and Rg and R; are hydrogen can be prepared by
treatment of a compound of formula 5 with sodium
alkoxide, which provides the compound of formula

Protection of the amino group, oxidation and
methylenation (according to procedures analogous to
those used in the preparation of compounds 6, 7 and

'.g), followed by removal of protecting groups,

provides the compound of formula 1 wherein R, is

4
N 3N
S
s
! N NH
and R¢ and R, are hydrogen.
Alternatively, this compound of formula 1

can be prepared from a compound of formula 1
wherein Ry is

29
| N NH

This Sheet Has Been RTi aced
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and R¢ and R; are hydrogen by methods known in the
art. See, for example, J.F. Gerster, et al., J.
Amer. Chem. Soc., 87, 3752 (1965); K.K. Ogilvie,
et al., Can. J. Chem., 62, 2702 (1984); M.R.
Harnden, et al., J. Med. Chem., 30, 1636 (1987).

Alternatively, this compound of formula 1
can be prepared from a compound of formula

OR4
N N
S
o 7 NH
N 2
4

and a compound of formula 2 using procedures
analogous to those used in the preparation of
compounds 5, 6, 7 and 8, followed by removal of the
protecting groups. A compound of formula 21 can be
prepared from the compound of formula 4 by methods
know in the art (See, e.g., W.A. Bowles, et al.,
J. Med. Chem., 6, 471 (1963); M.MacCoss, et al.,
Tetrahedron Lett., 26, 1815 (1985)).

The compound of formula 1 wherein R; is

ﬁ .
Ap.\‘ NH
| N NH

This Sheet Has Been R

IO



10

15

1 P A3}
THIS SHEET b 6.3 BEER
R - %

GY20a

-23-

and R¢ and R; are hydrogen can be prepared from
a compound of formula 2 and a compound of formula

OBn
N N
7/ ' ~N
N 19L\
NS S nm,
H
22

according to procedures analogous to those used in
preparation of compounds 10, 11, 12, and 13,
followed by removal of the protecting groups.

The compound of formula 1 wherein R; is

| N

and R¢ and R; are hydrogen can be prepared as
follows:
Reaction of the compound of formula

NH.
N N
[5e
NN
H

23

This Sheet Has Been
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with a compound of formula 2 according to
procedures analogous to those used in preparation
of the compound of formula 5, affords a compound of
formula
NH2
N N
aPp
7
N
BnO

P-0 24
Selective protection of the amino (~NH,)
group in the compound of formula 24 with an acyl
group P, (e.g., acetyl) gives the compound of

formula
o

N N
e

HO NN

BnoO <
N
P-0™ 25

See, for example, G. S. Ti et al., J. Amer.

Chem. Soc., 104, 1316 (1982)). Oxidation of the
compound of formula 25 and subsequent treatment
with zinc/titanium tetrachloride/dibromomethane

This Sheet Has Been
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according to procedures analogous to those used
in the preparation of compounds 7 and 8 provides
a compound of formula

NHp
N IN
H ﬂ,fu,l
-~
Bno
.\\\
p~o\' . 26

Removal of the protecting groups from this

compound yields the compound of formula 1 wherein

Ry is
2

N\
aP
N"Sw
and Rg¢ and R; are hydrogen.

Alternatively, oxidation of the compound of
formula 25 and subsequent treatment with methylene-
triphenylphosphorane according to procedures analogous
to those used for the preparation of compounds
7 and 8 gives the compound of formula 26 wherein

the amino (-NH;) group still possesses an acyl
protecting group, P2. Removal of the protecting

This Sheet Has Been Re

L llll!l lﬂl Il! !ill



10

15

20

25

THIS SHEET HAS BEEN
REFLATED

GY20
-26=

groups from this compound provides the compound of
formula 1 wherein R, is

and Rg and R; are hydrogen. (Removal of the acyl
protecting group Pz, can be accomplished using
sodium methoxide in methanol or methanolic
ammonia) .

Alternatively, this compound of formula 1
can be prepared by reaction of the compound of

formula
Cl
1
-~ N
Ve
N" >n
H

27
with a compound of formula 2 under conditions
analogous to those used for the preparation of
the compound of formula 5. Subsequent oxidation
and methylenation according to procedures analogous
to those used in the preparation of compounds
7 and 8 provides the compound of formula
Cl
N N

~
/|
H H<N "9’

BnO

p-o\' 28

This Sheet Has Been R
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GY20a

hét ammonia in an alcohol (such as methanol or
ethanol) followed by removal of protecting groups
yields the compound of formula 1 wherein R; is

NH»

N.
<)
1?:

\x
2
N

and R¢ and R; are hydrogen.
In another alternative, this compound of

formula 1 can be prepared from a compound of

formula 1 wherein R; is

N
¢
N'.

and Rg and R; are hydrogen by methods known in the

art. (See e.g. J.C. Martin et al., J. Med. Chenm.,

28, 358 (1985)). '
' The compound of formula 1 wherein R, is

Cl
@
: |
N NJ

and R¢ and R; are hydrogen can be prepared by
removal of the protecting groups from the compound

of formula 28.
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The compound of formula 1 wherein R; is

\N

J

N7 N\F
and Rg¢ and R; are hydrogen can be prepared from
the compound of formula 1 wherein R, is

NH2
S
l
N NANH

and R¢ and R; are hydrogen by following known
procedures. See, for example, J. A. Montgomery
et al., "Synthetic Procedures in Nucleic Acid
Chemistry", Vol. 1, W. W. Zorbach and R. S.
Tipson, Eds., Interscience Publishers (John Wiley
and Sons), N.Y. p. 205, 1968.

The compound of formula 1 wherein R, is

)
) N

and R¢ and R; are hydrogen can be prepared
from this compound of formula 1 wherein R, is

Ccl
~ N
(’fd
NNgZ
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and R¢ and R; are hydrogen by acid hydrolysis
(e.g. hot aqueous hydrochloric acid) or basic
hydrolysis (e.g., aqueous methanolic sodium
hydroxide).

5 Alternatively, this compound of formula 1
can be prepared by treatment of a compound of
formula 1 wherein R; is

N N
10 </ f
N y’y

and Rg¢ and R; are hydrogen with adenosine
deaminase or nitrous acid according to methods
known in the art (e.g., M. J. Robins, et al., J.

15 Med. Chem., 27, 1486 (1984); K.K. Ogilvie et al,
Can. J. Chem., 62 241 (1984)); 1I. Iwai, et al., in
"Synthetic Procedures in Nucleic Acid Chemistry",
‘Vol. 1, W. W. Zorbach and R. S. Tipson, Eds., Inter-
science Publishers (John Wiley and Sons), N.Y., p.

20 135, 1968; R. E. Holmes et al., J. Amer. Chem. Soc.,
86, 1242 (1964)).

The compound of formula

H | ;):T%

HO

v
Bo ‘' 29
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wherein R, is hydrogen, fluoro, methyl, ethyl,
n-propyl, 2-chloroethyl, or 2-fluoroethy1.can be
prepared by reaction of the corresponding compound
of formula

EN Rz

.4&\ |

|
H

30
with a compound of formula 2 in the presence of a
base such as lithium hydride, sodium hydride, or
potassium hydride in an aprotic polar solvent such

'as dimethylformamide, dimethyl sulfoxide or

sulfolane to yield a compound of formula
mﬁ/ Rz
de‘ I

P=0O ! 31
Oxidation of the hydroxyl group in a
compound of formula 31 using methods known
in the art (e.g. 1,3-dicyclohexylcarbodiimde/
dimethylsul foxide/methylphosphonic acid in di-
chloromethane or pyridinium dichromate/molecular -

o
1o
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sieves in dichloromethane) provides the compound of

formula

Treatment of the compound of formula 32 with a
methylenation reagent such as zinc/titanium tetra-
chloride/dibromomethane in dichloromethane/tetra-
hydrofuran or methylenetriphenylphosphorane
yields the compound of formula

BnO

P-0O SO

ol

33

Removal of the protecting groups from the
compound of formula 33 provides the corresponding
For example, when the

compound of formula 29.
protecting group P is benzyl, both benzyl groups

can be removed by treatment with boron trichloride
when the protecting group P is

in dichloromethane.

trityl or substituted trityl, the trityl protecting

This Sheet Has Been Re
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group can be removed by treatment with aqueous
acetic acid or aqueous alcoholic mineral acid,
(e.g., hydrochloric acid in aqueous methanol),

and then the benzyl protecting group can be removed
by'treatment with boron trichloride. Wwhen the
protecting group P is a silyl group, removal of the
silyl protecting group can be accomplished with
fluoride ion (e.g. tetrabutylammonium fluoride in
tetrahydrofuran) and then the benzyl group can be
removed by treatment with boron trichloride. |
Alternatively, the benzyl group can be removed
first, followed by removal of the silyl group.

The compound of formula 30 wherein R; is
2-chloroethyl or zefluoroethyl can be prepared by
methods known in the art (H. Griengl et. al., J.
Med., 30 1199 (1987); J. Med. Chem., 28 1679
(1985)).

The compound of formula 31 wherein R; is
fluoro can also be prepared from the correspondlng
compound 31 whereln R, is hydrogen and the
protecting group P is benzyl, trityl or

 substituted trityl by fluorination using trifluoro-

methyl hypofluorite following methodology known in
the art. For example, see M.J. Robins, et al.,
Communs., 18 (1972), T.S. Lin et al., g;_Med.
Chem., 26, 1691 (1983).

———
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The compounds of formula 29 wherein R; is
2-chloroethyl and 2-fluoroethyl can also be pre-
pared from a cOmpound'of formula

m«j\l(\/ OP4

BnO

wherein Pz is trityl, substituted trityl, or a
silyl protecting group. Removal of the Pg
protecting group yiélds a compound of formula 33
wherein P is benzyl and R, is 2-hydroxyethyl.
Treatment of this compound with triphenylphosphine-
carbon tetrachloride, and subsequent removal of
the benzyl protecting groups with boron
trichloride, affords the compound of formula 29
wherein R, is 2-chloroethyl. Similar treatment
using triphenylphosphine/N~-bromosuccinimide or
triphenylphosphine/N-bromosuccinamide/tetra-
butylammonium iodide in place of triphenylphos-
phine/carbon tetrachloride (e.g., see H. Griengl,
et al., J. Med. Chem., 28, 1679 (1985)) affords
compounds of formula 33 wherein P is benzyl and R,
is 2-bromoethyl or 2-iodoethyl, respectively.
Subsequent treatment with fluoride ion, followed
by removal of the benzyl protecting groups,

B«mRTTWﬂ

\\\l\\\\ \lll\\\\\\\l\ |
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provides the compound of formula 28 wherein R; is

2-fluoroethyl. Alternatively, treatment of a

compound of formula 33 wherein P is benzyl and R,
is 2-hydroxyethyl with diethylaminosulfur
trifluoride provides, upon removal of the benzyl
protecting groups, a compound of formula 29
wherein R, is 2-fluoroethyl.

The compound of formula 34 can be prepared
from a compound of formula

o]
HIN/UT,CHZ\ cnz/ OP3
& n

!
H
35
and a compound of formula 2 by methods analogous
to those used in the preparation of compounds 31,
32 and 33 wherein Ry, for example, is hydrogen,
methyl or ethyl, and P is benzyl. The compound of
formula 35 can be prepared from the corresponding
free alcohol by methods known in the art.
The compound of formula

.ll“\/
H &

HO

\\
HO V! 36
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- wherein R, is hydrogen, fluoro, methyl, ethyl,

n-propyl, 2-chloroethyl or 2-fluoroethyl can be
prepared from the corresponding compound of formula
33 wherein the protecting group P is a benzyl,
trityl, substituted trityl or silyl group. Treat-
ment of this compound with, for example,
4~chlorophenyl dichlorophosphate and 1, 2,4~triazole
in a solvent such as pyridine and reaction of the
resulting intermediate with ammonium hydroxide in a
solvent such as dioxane provides the corresponding
compound of formula

- NH»
NZ Ro

BnO~

26, 1691 (1983); P. Herdewijn, et al., J. Med.
Chem., 28, 550 (1985). Removal of the protecting
groups from the compound of formula 37 yields the
corresponding compound of formula 36. For example,
if P is a benzyl group, both benzyl protecting
groups can be removed by treatment with boron
trichloride. If P is a trityl or substituted
trityl protecting group, the P group can be
removed with aqueous alcoholic mineral acid or
agqueous acetic acid, and the benzyl group
protecting the primary alcohol can be removed with

Has Been Reilaced

i



10

15

20

\s SHEET H.“_«
_TH ﬁgFLAC&S

boron trichloride. 1If P is a silyl protecting
group, the P group can be removed with fluoride
ion followed by removal of the benzyl protecting
group. Alternatively, the benzyl protecting group
can be removed with boron trichloride followed by
removal of the silyl protecting group with
fluoride ionm. - :

Alternatively, the compound of formula 33
wherein R; is hydrogen, fluoro, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluoroethyl and the
protecting group P is a benzyl, trityl,
substituted trityl or silyl group can be
reacted with a sulfonyl chloride (e.g., p-
toluenesulfonyl chloride) in an inert solvent
(e.g., 1,2-dichloroethane or dioxane) in the
presence of a base such as potassium carbonate.
(For other sulfonyl chlorides and solvents, see,
for example, European Patent Application EP
204,264). This affords the corresponding compound
of formula

BnO
v
PO: 38
TG

g BELN
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which can be treated with ammonia gas in an inert
solvent (e.g., 1,2-dichloroethane or dioxane) to
afford the corresponding compound of formula 37 .
Removal of the protecting groups from the compound
of formula 37 yields the-corresponding compound of
formula 36.

Alternatively, the compound of formula 36
wherein R, is fluoro, hydrogen, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluoroethyl can be
prepared from the corresponding compound of
formula 29 by methods known in the art. See, for
example, T.S. Lin, et al., J. Med. Chem., 26, 1691
(1983); P. Herdewijn, et al., J. Med. Chem., 28,
550 (1985); European Patent Application EP 360018.

Alternatively, the compound of formula 36
wherein Ré is fluoro, hydrogen, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluoroethyl can be
prepared by reaction of the corresponding compound
of formula

NH,
& N
{
H

39

‘Sheet Has Been Re;ilaced '

HII|||| |III|| 1!

THIS ©

Hr—:'\ HaS BEEN
RES oy LCED



10

15

20

25

30

THIS SHEET 45 BEEN
REPL.ALED

GY20a

with a compound of formula 2 in the presence of a
lithium hydride, sodium hydride or potassium
hydride in an aprotic polar solvent such as
dimethylformamide, dimethyl sulfoxide or sulfolane
to yield a compound of formula

NH;
/ifajzr"kz
o 07 N
BnoO =
._\\\\- :
P-0" 40

Selective protection of the amino group in
the compound of formula 40 with an acyl group P; -
(e.g. acetyl) yields a compound of formula

' NH-P,
Rz

(See, for example, G.S. Ti et al., J. Amer.

Chem. Soc., 104, 1316 (1982)). Oxidation of the
compound of formula 41, followed by methylenation
with zinc/titanium tetrachloride/dibromomethane,
with subsequent or simultaneous removal of the acyl
protecting group P,, gives a compound of formula
37. Removal of the protecting groups from this
compound provides a compouhd of formula 36 wherein

This Sheet Has Been
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R, is fluoro, hydrogen, methyl, ethyl, n-propyl,
2-chloroethyl or 2-fluoroethyl. Wwhen the pro-
tecting group P is benzyl, both benzyl groups can
be removed by treatment with boron trichloride in
dichloromethane. When the protecting group P is
trityl or substituted trityl, the trityl protecting
group can be removed by treatment with agueous
acetic acid or aqueous alcoholic mineral acid
(e.qg.., hydrochloric'acid in aqueous methanol),
and then the benzyl protecting group'can be removed
by treatment with boron trichloride. Wwhen the
protecting group P is a silyl group, removal of the
silyl protecting group can be accbmplished with
fluoride ion (e.g., tetrabutylammonium fluoride in
tetrahydrofuran) and then the benzyl group can be
removed by treatment with boron trichloride.
Alternatively, the benzyl group can be removed
first followed by removal of the silyl group.
Alternatively, oxidation of the compound of
formula 41 and subsequent treatment with methylene-
triphenylphosphorane gives a compound of formula
NH-P,

N/'
H O}\

Rz
BnoO

v\
P-0 ¥ 42
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Removal of the protecting groups from this
compound provides the compound of formula 36

~wherein R, is fluoro, hydrogen, methyl, ethyl,

n-propyl, 2-chloroethyl or 2-flurocethyl. Removal

- of the acyl protecting group P, can be

accomplished using sodium methoxide in methanol or
methanolic ammonia.

Alternatively, the compound of formula 40
wherein Rp; is hydrogen, fluoro, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluoroethyl and the
protecting group P is a benzyl, trityl, or silyl
group can be prepared from the corresponding
compound of formula 31 using methodology
known in the art. See, for example, T.S. Lin et
al., J. Med. Chem., 26, 1691 (1983); P. Herdewijn
et al., J. Med. Chem., 28, 550 (1985); European
Patent Applications EP 360018 and EP 204264.

Alternatively, the compound of formula 40 or
41 wherein R; is fluoro can be prepared from the
corresponding compound of formula 40 or 41 wherein
Re 'is hydrogen and the protecting group P is benzyl,

. trityl or substituted trityl by fluorination using

trifluoromethyl hypofluorite following methodology
known in the art. For example, see M.J. Robins,
et al., J. Amer. Chem. Soc., 93, 5277 (1971) and
Chem. Communs., 18 (1972); T.S. Lin et al., J.
Med. Chem., 26, 1691 (1983).

| The compound of formula 29 wherein R; is
chloro, bromo or iodo can be prepared from the
compound of formula 31 wherein R, is hydrogen

Cm—

e—

ThlS She

i f’““'



10

15

20

GY¥20a
-4]l-

and the protecting group P is a benzyl group.
Halogen;tiqn of this compound of formula 31 by
methods known in the art provides the
corresponding compound of formula

Illo

BnO

Bnov\\ " 43 |
wherein R, is chloro, bromo or iodo. (See, for
example, P. Herdewijn et al., J. Med. Chem., 28,
550 (1985); M. J. Robins et al., J. Org. Chem.,
48, 1854 (1983); T.S. Lin et al., J. Med. Chem.,
26, 598 (1983); T. Ueda et al., Nucleotides and
Nuc1e051des, 4, 401 (1985); "synthetic Procedures
in Nucleic Acid Chemistry", Vol. 1, W.W. Zorback
and R.S. Tipson, Eds., John Wiley and Sons, NY, p.
491, 1968). Oxidation of the compound of formula
43 and subsequent methylenation with zinc/titanium
tetrachloride/dibromomethane or methylenetriphenyl-
phosphorane provides the compound of formula

0
m/’\/',nz
!
H H dJN\N
Bno-——1\

A\
BnoO vt} 44
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wherein R; is chloro, bromo or iodo. (See, for
example, European Patent Application EP 360018).
Removal of the benzyl protecting groups in the com-
pound of formula 44 by treatment with boron tri-
chloride affords the compound of formula 29 wherein
Ry is chloro, bromo, or iodo. _

The compound of formula 36 wherein Rz is
chloro, bromo or iodo can be prepared from the
corresponding compound of formula 44 using methods
known in the art (and analogous to those used in
the conversion of compound 33 to compound 37
wherein, for example, R; is hydrogen, methyl or
ethyl), followed by removal of the benzyl
protecting groups with boron trichloride.

Alternatively, the compound of formula 36
wherein Rp; is chloro, bromo or iodo can be
prepared from the corresponding compound of
formula 29 by methods known in the art. See, for
example, T.S. Lin, et al., J. Med. Chem., 26, 1691
(1983); P. Herdewijn, et al., J. Med. Chem., 28, 550

' (1985); European Patent Applications EP 360018 and

EP 204264).

The compound of formula 29 wherein Rz is tri-
fluoromethyl can be prepared from the compound of
formula 44 wherein R, is iodo by treatment with
trifluoromethyl iodide and copper followed by the
removal of the benzyl protecting groups using boron
trichloride. See, for example, Y. Kobayashi et
al., J. Chem. Soc. Perkin 1, 2755 (1980); S. Lin
et al., J. Med. Chem., 26, 1691 (1983).
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The compound of formula 29 wherein R, is
trifluoromethyl can be prepared from a compound of
formula 43 wherein R, is iodo as follows: A
compound of formula 43 wherein R, is iodo can be
converted to a compound of formula

BnO

. \) .
Bno\ ‘' 45

‘wherein R, is iodo and the protecting group P, is

trityl, substituted trityl or acyl (e.g., acetyl).
Treatment of this compound of formula 45 with
trifluoromethyl iodide and copper according to
procedures known in the art (see for example, Y.
Kobayashi, et al., J. Chem. Soc. Perkin, 2755
(1980); s. Lin, et.al.; J. Med. Chem., 26 1691
(1983)) and subsequent removal of the P, protecting
group provides the compound of formula 43 wherein
Ry is trifluoromethyl. Oxidation of the compound of
formula 43 wherein Ry is trifluoromethyl and
subsequent treatment with zinc/titanium tetra-
chloride/dibromomethane or methylenetriphenylphos-
phorane provides the compound of formula 44 wherein
Rz is trifluoromethyl. Removal of the benzyl
protecting groups from the compound of formula 44
by treatment with boron trichloride provides the
compound of formula 29 wherein R, is trifluoro-
methyl. '

il
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The compound of formula 36 wherein R, is
trifluoromethyl can be prepared from the cor-
responding compound of formula 44 using methods
known in the art (and analogous to those used in
the conversion of compound 33 to compound 37
wherein, for example, R; is hydrogen, methyl, or
ethyl), followed by removal of the benzyl protecting
groups with boron trichloride.

Alternatively, the compound of formnlé 36

‘wherein R; is trifluoromethyl can be prepared

from the corresponding compound of formula 29
by methods known in the art. See for example, T.S.
Lin et al., J. Med. Chem., 26, 1691 (1983); P.

Herdewijn et al., J. Med. Chem., 28, 550; (1985);

European Patent Applications EP 360018 and EP

204264.
The compound of formula 29 wherein R; is
H R
N s

and Rz is chloro, bromo, iodo, hydrogen, methyl or
trifluoromethyl can be prepared from the compound
of formula 43 wherein R, is iodo or -HgCl.
Reaction of the compound of formula 43 wherein Rg
is iodo or -HgCl via organopalladium intermedi-
ates affords the compound of formula 43 wherein

Ry is

Rg

==C

H
~N
/D=

nnm\ \|ii\’f f\ﬁ‘ \|ﬂi‘““‘ o
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and Rz is chloro, bromo, iodo, hydrogen, methyl or
trifluoromethyl. The compound of formula 43
wherein R, is HgCl can be prepared from the com-
pound of formula 31 wherein R, is hydrogen and P is
a benzyl protecting group. See, for example,
references in E. DeClercq et al., Pharmac.

Ther., 26, 1 (1984); M.E. Perlman et al., J.

Med. Chem., 28, 741 (1985); P. Herdewijn et al., J.

‘Med. Chem., 28, 550 (1985); D. E. Bergstrom et

al., J. Med. Chem., 27, 279 (1984).
Oxidation of a compound of formula 43

wherein R; is

\
H
and Rz is chloro, bromo, iodo, hydrogen, methyl,
or trifluoromethyl, and subsequent treatment with
zinc/titanium tetrachloride/dibromomethane or
methylenetriphenylphosphbrane
provides the corresponding compound of formula 44.
Removal of the benzyl protecting groups from this
coﬁpound using boron trichloride affords the
coﬁpound of formula 29 wherein R; is
H Rs
\\C::C//
H
and Rz is chloro, bromo, iodo, hydrogen, methyl or
trifluoromethyl.
The compound of formula 36 wherein R, is

heet Has Been Reraced
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and Ry is chloro, bromo, iodo, hydrogen, methyl or
trifluromethyl can be prepared from the
corresponding compound of formula'gg by methods
known in the art. See for example, T.S. Lin, et

~al., J. Med. Chem., 26, 1691 (1983); P. Herdewijn,

et al., J. Med. Chem., 28, 550 (1985); European
Patent Applications EP 360018 and EP 204264.

Alternatively, the compound of formula 36
wherein R; is B : Rg

\C:‘:C/
| /' D=
and Rz is chloro, bromo, iodo, hydrogen, methyl or
trifluoroﬁethyl can be prepared from the corres-

 ponding compound of formula 44 using methods known

in the art (and analogous to those used in the
conversion of compound 33 to compound 37 wherein,
for example, R. is hydrogen, methyl or ethyl),
followed by removal of the benzyl protecting
groups with boron trichloride.

The compound of formula 29 wherein R; is
ethynyl can be prepared from a compound of formula
45 wherein Rp; is iodo and the protecting P, is
acyl (e.g. acetyl), trityl, or substituted trityl
as follows: Treatment of the compound of formula
45 wherein R, is iodo and P, is acyl with
trimethylsilylacetylene/bis (triphenylphosphine)
palladium (II) chloride/copper (I) iodide in
triethylamine and, subsequently, with sodium
methoxide in methanol according to procedures

Thrs Sheet Has Been R
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known in the art (see, for example, E. DeClercq
et al., J. Med. Chem., 26, 661 (1983)) provides
the compound of formula 43 wherein R, is ethynyl.
Alternatively, analogous treatment of the compound
of formula 45 wherein R; is iodo and P4 is trityl
or substituted trityl, followed by removal of the
trityl or substituted trityl protecting group P,,
using, for example, agqueous acetic acid or aqueous
alcoholic mineral acid, provides the compound of
formula 43 wherein Ry is ethynyl. Oxidation of
the compound of formula 43 followed by methyle-
nation with zinc/titanium tetrachloride/dibromo-
methane or methylenetriphenylphosphorane yields
the compound of formula gg wherein R, is ethynyl,
and subseguent removal of the benzyl protecting
groups with boron trichloride provides the
compound'of formula 29 wherein R, is ethynyl.

The compound of formula 36 wherein Ry is
ethynyl can be prepared from the corresponding
compound of formula 44 using methods known in the
art (and énalogous to those used in the conversion
of compound 33 to compound 37 wherein, for
example, R, is hydrogen, methyl, or ethyl),
followed by removal of the benzyl protecting
groups with boron trichloride.

\\\\\\ i\“‘”"
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Alternatively, the compound of formula 36
wherein R, is ethynyl can be prepared from the
corresponding compound of formula 29 by methods

known in the art.
al., J. Med. Chem., 26,

See, for example, T.S. Lin, et
1691 (1983); P. Herdewiin

et al., J. Med. Chem., 28, 550 (1985); European
Patent Applications EP 360018 and EP 204264.

Compounds of formula 1 wherein R; is

L,

</

sodr

NHC-Rs.

N\/T'\\HN
G

can be prepared from the corresponding compounds of
formula 1 wherein R; is

fJ o

“\NH,

by methods known in the art.

| N

Compounds of formula 1 wherein one

i '
or both Rg and R, are -A-Rs can be prepared by
methods known in the art from the corresponding
compounds of formula 1 wherein Re and R, are

hydrogen.
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For examples of acylation procedures see:
"Synthetic Procedures in Nucleic Acid Chemistry",
Vol. 1, W. W. Zorbach and R. S. Tipson, Eds., John
wiley and Sons, 1968; "Nucleic Acid Chemistry, "
Part 1, L.B. Townsend and R. S. Tipson, Eds., John
Wiley and Sons, 1978; Y. Ishido, gg al.,
Nucleosides and Nucleotides, 5, 159 (1986); J.C.

A. Matsuda, et al., ngthe51s, 385 (1986).
Compounds of formula 1 wherein R; is

Re

-CH-N

A <’f

can be prepared from the correspondinQ compound of
formula 1 wherein R; is

NH
' N/J\NH

by procedures known in the art. See, for example,
A. Holy and J. Zemlicka, Collect. Czech. Chem.
Commun., 32, 3159 (1967); K.K. Ogilvie, et al.,
Nucleosides and Nucletides, 4, 507 (1985); M.H.
Caruthers, et al., J. Amer. Chem. Soc., 108, 2040
(1986).

—-\ -
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Compounds of the formula 1 wherein Rg
and/or R; are -PO3H; can be prepared from the
corresponding compounds of formula l'wherein Rg
and R; are hydrogen by procedures known in the
art. See, for example, H. Schaller, et al., J.
Amer. Chem. Soc., 85, 3821 (1963); J. Beres, et
al., J. Med. Chem., 29, 494 (1986); R. Noyori, et
al., Tet. Lett., 28, 2259 (1987); W. Pfeiderer, et
al., HBelv. Chim. Acta., 70, 1286 (1987); "Nucleic
Acid Chemistry". Part 2, L.B. Townsend and R.S.
Tipson, Eds., John Wiley and Sons, 1978.

Unless otherwise stated, the stereochemistry
shown for the compounds of this invention and
intermediates leadihg to compounds of this

‘invention is absolute. It is drawn to show that in

the compounds of this invention, the base repre-
sented by R, is cis to the -CH;ORg substituent and
trans to the -OR; substituent attached directly to
the cyclopentyl ring. It is also drawn to show
that the absolute stereochemistry of the cyclo-
pentyl carbon attached to the base {Ry) is "s",

For example, the lS-enantiomer of the com-~
pound of formula 1 wherein R, is

a0
'llz- N/J\NH

Sheet Has Been Reﬂlaced
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and Rg and Ry are hydrogen, {(1S-(la,3a,48)]-2-amino-
1,9~dihydro-9-{4~-hydroxy~-3-(hydroxymethyl )~2-
methylenecyclopentyll-6H-purin-6-one, can be pre-
pared from the 1S-enantiomer of the compound of
formula 2. The l1lS-enantiomer of the compound of
formula 2 can be prepared from the lS-enantiomer of
the compound of formula 3. By following the
procedure described by K. Biggadike et al.,

J. Chem. Soc. Perkin Trans 1, 549 (1988), the
1S-enantiomer of the compound of formula 3 can be
prepared from the lS-enantiomer of the compound of
formula '

Bn

go\"
46
and the 1S-enantiomer of the compound of
formula 46 can be
prepared by reaction of the compound of formula

47
with the chiral hydroborating agent, (-)-diisopino-
campheylborane [i.e. (-)-diisopinan-3-ylborane].

——
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can form acid addition salts with inorganic or
organic acids, 1Illustrative are the halide
{e.g., chloride and bromide), alkylsulfonate,
sulfate, phosphate and carboxylate salts. '

| The compounds of formula I wherein R; is
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can form basic salts with inorganic and organic
bases. Illustrative are alkali metal salts (e.g., -
sodium and potassium), alkaline earth metal salts
(e.g. calcium and magnesium), ammonium and

15 substituted ammonium salts.

The compounds of formula 1 wherein Rg
and/or Ry are -POgH; can form basic salts with
inorganic and organic bases. Illustrative are the
alkali metal salts (e.g., sodium and potassium),

20 alkaline earth metal salts (e.g., calcium and
magnesium), ammonium and substituted ammonium
salts.

The following examples are specific
embodiments of this invention. All temperatures

25 are given in degrees Centigrade.
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Example 1
[1S=(la,3¢,48)]}-2-Amino-1,9-dihydro=-9-

[4-hydroxy-3-(hydroxymethyl)-2-metnzlene-
. cyclopentyl]-6H-purin-6fone

A. (=)-Diisopinocampheylborane

{=)=-Diisopinocampheylborane was prepared
according to the procedure of H.C. Brown et al.,
J. 0rg. Chem., 49, 945 (1984) starting with
(1R)=(+)-a-pinene having [a] D23 + 48° (neat).

(1R)~(+)=-c-pinene (158.8 ml, 1 mol) was
added to a stirred solution of 10M borane - methyl
sulfide complex in methyl sulfide and 1000 ml of
dry tetrahydrofurén at 0° under argon. After the
addition, the flask was stoppered and left to
stand at 5°. After 16 hours, additional (1R)=(+)-
a-pinene (15.8 ml, 1 mol) was added, and the
suspension was stirred for 8 hours at 5°. The
solvents were removed by cannulation, and the
residual solids were then washed with three 130 ml
portions of dry ether (via cannulation) and dried
in vacuo to give 205 g of (-)-diisopinocampheyl-
borane. '

B. - (1S-trans)-2~[ (Phenylmethoxy)methyl]=3-
cyclopenten~l-0l1

The known title compound and the title
compounds in sections C and D were prepared by
modification of the method of K. Biggadike et al.,
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J. Chem. Soc. Perkin Trans. 1, 549 (1988). Cyclo-
pentadiene (28.68 g, 0.434 mol), maintained

at -30°, was added over 1 hour to a stirred mixture
of 22.5 g of 40% sodium sand in mineral oil (0.391
g atm) in dry tetrahydrofuran (156 ml) at -10°
under nitrogen.- After the addition, the mixture
was cannulated to an addition funnel at 0°C and
added over 1.3 hours to a stirred solution of
benzyl chloromethyl ether (65.2 ml, 0.469 mol) in
tetrahydrofuran (130 ml) at -50° under nitrogen.
After the addition, the reaction was stirred at -45°
for 1.3 hours and then cooled to ~60°. Tetrahydro-
furan (390 ml) was added followed by the above
preparation of (-)-diisopinocamphéylborane {136 g,
0.477 mol). The reaction was stirred for 1 hour

at -60°C, warmed to -10°C over 1.5 hours and then
stirred for 16 hours at +5°. After concentrating
the reaction mixture in vacuo to one half of its
original volume, ether (390 ml) was added. The
stirred mixture was cooled to 0° and then 3N sodium
hydroxide (156 ml, 0.469 mol) was added over 45
minutes keeping the temperature at 0°. Then, 30%
hydrogen peroxide (156 ml) was added over 1 hour
while maintaining the temperature below 12°.

After the addition, the reaction was stirred for 1
hour at 10°, and then the layers were separated.
The aqueous layer was washed with ether (300 ml)
and all ether layers were combined, washed with
aqueous sodium chloride, dried (sodium sulfate), and

This Sheet Has Been Re ﬂ

L




10

15

20

25

30

THIS SHEET 4.8 BEEN
REPLACED

GY20a
.57 -

concentrated in vacuo to a residue. Chromatography
of the residue on a column of Merck silica gel
(5000 ml) using petroleum ether-ether (2:1) gave a
10 g fraction of impure desired product, a 15.72 g
fraction of pure desired product, and a 2.7 g
fraction of impure desired product. The 10.0 g
and 2.7 g fractions were combined with 4.7 g of
impure desired product from several other similar
reactions, and the mixture was chromatographed
over 1500 ml of Merck silica gel, using petroleum
ether~ether (2:1 and then 1:1), to give an
additional 8.00 g of pure desired product.

C. [1S~(la,2a,3B,5¢)]-2-[ (Phenylmethoxy)-
methyl]-s-oxabicyclo[3.l.O]hexan-B-ol

-~ A solution of 3M t-butyl hydroperoxide in
2,2,4~-trimethylpentane (87 ml, 0.261 mol) was
added to a solution of (1S~trans)-2-{(phenyl-
methoxy)methyl]~-3-cyclopenten~l-o0l (29.63 g, 0.145
mol) and vanadyl acetylacetonate (400 mg) in dry
dichloromethane (60 ml) under nitrogen over 75
minutes keeping the temperature at 25°. The
mixture was stirred at room temperature for 16
hours and then cooled to 0°. Saturated aqueous
sodium sulfite (150 ml) was added over 1 hour
keeping the temperature below 20°, and the
reaction was stirred at room temperature for 1.5
hours. The layers weré separated, and the aqueous
layer was extracted with dichloromethane (50 ml).
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The organic layers were combined, washed with
water (50 ml), dried (sodium sulfate) and
concentrated in vacuo to a residue. Chromato-
graphy of this residue on a column of Merck silica
gel (2000 ml), eluting with a gradient of 33 - 50%
ether in petroleum ether, afforded 24.19 g of
pure desired product. Similar chromatography of
impure fractions on Merck silica gel (400 ml)
using petroleum ether-ether (1:1) gave ah addi-
tional 2.71 g of desired product for a total yield
of 26.90 g. The desired product had [a]D +44.6°
(c, 1.0, CHC13) and optical purity of ca. 87%.

(See K. Biggadike et al., J. Chem. Soc. Perkin
Trans, 1, 549 (1988).

D. [15-(10,2«,33,Sa)1:3-(Phenylmethoxy)-2-
[ (phenylmethoxy)methyll=-6-~0xabicyclo~

[3.1.0]hexane

To a mixture of 60% sodium hydride in
mineral oil (5.11 g, 0.128 mmol) in dry tetra-
hydrofuran (247 ml) at room temperature under
nitrogen was added, dropwise over twenty'minutes,

a solution of [1S~(la,2a,3B,5a)]-2=[(phenylmethoxy)-
methyl]-6~0xabicyclo[3.1.0}hexan-3~-01 (25#58 g,
0.116 mol) in tetrahydrofuran (123 ml). The
mixture was stirred at room temperature for 2 hours
and at 40° for 1 hour and then cooled to room
temperature. Benzyl bromide (15.2 ml, 0.128 mol)
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and tetrabutylammonium iodide (412 mg) were added,
and the reaction was stirred for 3 hours at room
temperature. Ethanol (20 ml) was added, and after
10 minutes, the solvents were removed in vacuo.

The residue was taken up in water (200 ml) and
ether (200 ml) and the layers were separated. The
aqueous layer was extracted with ether (200 ml) and
the organic layers were combined, dried (sodium
sulfate), and concentrated in vacuo to a residue.
Chromatography of this residue on a column of Merck
silica gel (2000 ml) using a gradient of 33 - 50%
ether in petroleum ether afforded 27.21 g of
desired product.

E. [18S~(la,2B,3a,5B)=-5-[2~Amino~6-~(phenyl~

methoxy)-9H-purin-9-yl]-3~(phenylmethoxy)~

2= henylmethoxy )methyl Jcyclopentanol

Lithium hydride (80 mg, 10 mmol) was added
to a stirred solution of [1S-(la,2«,38,5a)]=-3~
(phenylmethoxy)-2-[ (phenylmethoxy )methyl]~-6-oxa-
bicyclo[3.1.0]hexane (6.2 g, 20 mmol) and 2-amino-
6-(phenylmethoxy)-9H~-purine (9.64 g, 40 mmol) in
dry dimethylformamide (80 ml) at 60° under
nitrogen. The temperature was increased to 125°,
and the reaction was stirred at this temperature
for 10 hours and then at room temperature for 6
hours. Acetic acid (572 ul, 10 mmol) was added,
and after 10 minutes, the reaction mixture was

aHmbanhmd
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concentrated in vacuo to a residue. Chromato-

- graphy of this residue on a column of Merck silica

gel (2000 ml) using a gradient of dichloromethane
to 5% methanol in dichloromethane gave 9.03 g of
partially purified desired product. Chroma=-
tography of this material on a column of SilicAR
cCc-7 (1000 ml) using a gradient of chloroform to
12% ethanol in chloroform afforded 6.63 g of pure
desired product. |

F. [1S-(1la,2B,3a,58)]=5-[2~[[ (4-Methoxyphenyl)-
diphenylmethyl]amino]-6-(phenylmethoxy)-9H-
purin=-9-vl}-3-(phenylmethoxy)-2~[ (phenyl-
methoxy)methyl]cyclopentanol |

p-Anisylchlorodiphenylmethane (3.37 g, 10.9
mmol), triethylamine 2.35 ml, 16.8 mmol) and 4-
dimethylaminopyridine (40 mg) were added to a
solution of [1S-(la,2B,3a,58)-5-[2-amino-6~-(phenyl-
methpxy)—QH-purin-9-yl]-3-pheny1methoxy)2-[(phenyl—
methoxy )methyl Jcyclopentanol (5.45 g, 9.89
mmol) in dry dichloromethane (75 ml) under
nitrogen, and the mixture was stirred at room
temperature for 3 hours. The reaction was washed
with 5% aqueous sodium bicarbonate (30 ml) and
then water (10 ml), dried (sodium sulfate), and
concentrated in vacuo to a residue. Chromato-
graphy of this residue on a column of SilicAR CC-7
(600 ml) packed in chloroform and eluting with
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chloroform—ethanbl-(99:1) gave 1.5 g of pure
desired product. Chromatography of impure
fractions on a column of SilicAR CC-7 (700 ml)
packed in chloroform and eluting with chloroform-
ethanol (99.5 : 0.5) afforded an additional 4.54 g
of pure desired product.

G. [2R-(2a¢,38,5a)]-5=-[2~[ [ (4-Methoxyphenyl)-
diphenylmethyl]amino]-6-(phenylmethoxy)-
9H-purin-9-vl1]-3-~(phenylmethoxy)-2-

[ (phenylmethoxy)methyl ]-1l~-cyclopentanone

To a solution of [1S-(la,2B,3a,58)]}=5-[2~-
[ { {(4-methoxyphenyl )diphenylmethyl]amino]-6-
(phenylmethoxy)-QH-purin-Q-yl]-3-(phenylmethdxy)-
2-[ (phenylmethoxy)methyl]cyclopentanol (4.10 g,
4.88 mmol, dried by concentration in vacuo from
dry toluene) in dry dimethyl sulfoxide (12 ml) at
room temperature under nitrogen was added 1,3~
dicyclohexylcarbodiimide (3.08 g, 14.9 mmol) and
methylphosphonic acid (0.239 g, 2.49 mmol). The

' reaction was stirred at room temperature for 4

hours, and then stored at -20° for 16 hours.
After warming to room temperature, oxalic acid
dihydrate (60 mg) in methanol (8 ml) was added,
and the mixture was stirred for 2.5 hours. The
reaction was filtered, .and the filtrate was
diluted with dichloromethane and water. The
organic layer was washed with water (3 x 70 ml),
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dried (sodium sulfate), and concentrated in vacuo
to a residue. The residue was taken up in _
dichloromethane (10 ml), filtered and concentrated
in vacuo to a residue. (An 1HNMR spectrum
indicated the presence of unreacted 1,3~dicyclo-
hexylcarbodiimide). The residue was dissolved in
dimethyl sulfoxide (9 ml) and then treated with
methylphosphonic acid (150 mg) in methanol (6 ml)
and oxalic acid dihydrate (60 mg). The mixture was
stirred at room temperature for 4 hours and worked
up as previously described to give crude desired

product as a residue (3.73 g).

H. Zinc - Titanium Tetrachloride - Dibromo-
methane Complex (Preparation 1)

This complex was prepared according to the
procedure of L. Lombardo, Tetr. Let., 23, 4293
(1982). Titanium tetrachloride (11.5 ml, 0.105
mol) was slowly added dropwise to a stirred
mixture of zinc dust (28.76 g, 0.44 mol) and di-
bromomethane (10.1 ml, 0.143 mol) in dry tetra-
hydrofuran (300 ml) at -40° under nitrogen. The
mixture was warmed to 5° over 30 minutes, and then
stirred at 5° for 4 days under argon. The slurry
was stored at -20° under nitrogen and warmed to
room temperature prior to use.
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I. [1S-(la,3a,4p)]-N-[ (4-Methoxyphenyl)diphenyl-
methyl]-6-(phenylmethoxy)-9-[2-methylene~4-
(phenylmethoxy)-3-[ (phenylmethoxy)methyl]-
cyclopentyl]-9H-§urin-2-amine

To a sblution of [2R-(2a,3B,5a)]=5=-[2~
[ [ (4-methoxyphenyl )diphenylmethyl ]amino]-6-
(phenylmethoxy)=-9H~purin-9-yl]-3~-(phenyl-
methoxy)=-2-[ (phenylmethoxy)methyl]-1-cyclo-
pentanone (1.80 g, 2.19 mmol) in dry dichloro-
methane (40 ml) under nitrogen was added a slurry
of zinc - titanium tetrachloride - dibromo-
methane complex in tetrahydrofuran (Preparation 1,
Example 1H) (40 ml, ca. 12.3 mmol). The mixture was
stirred at room temperature for 3 hours, and slowly
poured into a mixture of saturated agueous sodium
bicarbonate (200 ml) and dichloromethane {200 ml).
After stirring for 20 minutes, the mixture was
filtered through Celite. The Celite was washed
with dichloromethane, and the layers in the fil-
trate were separated. The agueous layer was.
extracted with dichloromethane, and the combined
organic layers were dried (magnesium sulfate) and
evaporated to a residue. The residue was taken up
in dichloromethane and filtered through Celite.
Concentration of the filtrate gave crude desired
product as a residue (1.43 g). '
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J. [1S-(1a,3c¢,48)]~-2-Amino~1, 9~-dihydro~9-[2-
- methylene-4-(phenylmethoxy)-3-[(phenyl-
methoxy)methyl]cyclopentyll-GH-purin-G—one

A mixture of crude [1S-(1la,3a,4B)]-N-[(4-
methoxyphenyl)diphenylmethyl]-6-(phenylmethoxy)-
9~ [2-methylene~-4-(phenylmethoxy)-3-{ (phenylmethoxy)-
methyl]cyclopentyl]-9H-purin-2-amine (2.5 g),
tetrahydrofuran (25 ml), methanol (25 ml) and 3N
hydrochloric acid (12.5 ml) was heated at 50° for
2.5 hours and cooled to room temperature. The
PH was adjusted to 7.3 with 1N potassium
hydroxide, and the mixture was extracted with

~ethyl acetate (3 x 120 ml). The ethyl acetate

extract was dried (sodium sulfate) and con-
centrated in vacuo to a residue, which was applied
to a column of Merck silica gel (340 ml) packed in
3% ethanol in chloroform. Elution with a gradient
of 3 - 20% ethanol in chloroform gave 316 mg'of
desired product as a residue.

K. - [18~(1la,3a,48)]=-2-Amino=1,9~-dihydro~-9-
[4-hydroxy-3=~(hydroxymethyl )-2-methylene~-
cyclopentyl }1-6H=-purin-6-one

To a stirred solution of [1S-(1la,3a,48)]~-
2-amino-1, 9-dihydro~9-[2-methylene~4-(phenyl-

methoxy)-3~[ (phenylmethoxy)methyl jcyclopentyl]-

6H-purin-6~one (304 mg, 0.673 mmol) in dry dichloro-
methane (12 ml) at -78° under nitrogen was added 1M

Cme———

——
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boron trichloride in dichloromethane (6.7 ml; 6.7
mmol). The reaction was stirred at -78° for 2
hours and then at -40° for 30 minutes. After
cooling the reaction to =-78°, methanol (60 ml) was
added slowly over 10 minutes. Upon warming to room
temperature, the mixture was concentrated in
vacuo, and then concentrated four times from 40
ml portions'of methanol. The residue was dissolved
in methanol (5 ml) and water (5 ml), and the pH
was adjusted to 6.8 using 1N potassium hydroxide.
After concentration in vacuo, the resulting slurry
was applied as a suspension to a column of 16 ml
of CHP-20P resin (Mitsubishi Chemical Industries
Ltd., 75 - 150 micron) packed in water. Elution
with a gradient of water to 3% acetonitrile in
water and concentration of fractions in vacuo
afforded the desired product as a solid (115 mg)
having m.p. >220° and {u]Dzz + 34° (c, 0.3, water).
Anal. calc'd. for C12H15N503 - 0.9 Hzo:

C, 49.12; H, 5.77; N, 23.87
Found: C, 49.17; H, 5.87; N, 23.81.

Example 2
[1S-(la,3a,4B)]-1-[4~-Hydroxy=-3-(hydroxymethyl)-

2-methxlenecxclopentzl|-5-methzl-2,4§1H,3H)-

pyrimidinedidne

A. [1S~(1la,2B,30,4p)]-1-[2-Bydroxy~4~-(phenyl-
methoxy)~-3-[ (phenylmethoxy)methyl]cyclo-
pentyl]-5-methyl-2,4(1H,3H)-pyrimidinedione

A mixture of 3.10 g (10 mmol) of
[1S-(1a,2a,3p,50)]-3-(phenylmethoxy)-2-[(phenyl-
methoxy)methyl]-6~oxabicyclo[3.1.0}hexane (dried

is Sheet Has Been Rerlaced

T AR




10

15

20

25

30

GY20a
-66=

by concentration in vacuo from three 10 ml
portions of dry toluene) and thymine (2.52 g, 20
mmol) in 40 ml of dry dimethylformamide under
argon was placed in an oil bath at 55° and stirred
for 5 minutes. Sodium hydridé (240 mg of 60%
sodium hydride in mineral oil, 6 mmol) was added,
and the temperature was increased to 140°. After
62 hours, the reaction was cooled to room tempera-
ture and quenched by addition of 0.45 ml of
glacial acetic acid. The solvent was removed

in vacuo (55°/1mm), and the residue was triturated
with dichloromethane and filtered. Evaporation of
the filtrate gave a residue (4.93 g), which was
applied to a column of Merck silica gel (140 g)
packed in dichloromethane. Elution with
dichloromethane and then 3% methanol in dichloro-
methane gave 1.89 g of pure desired product and
2.03 g of impure product. Chromatography of the
2.03 g fraction on 120 g of Merck silica gel using
dichloromethane and then 3% methanol in
dichloromethane provided 0.90 g of additional pure

" desired product for a total of 2.79 g.

B. |1S—§iu,3u,4§z|-5-Methzl-1-|2-oxo—4-§phenzl-
methoxy)-3~[ {phenylmethoxy)methyl]cyclo~
pentyl]-2,4(1H, 3H)-pyrimidinedione

To a solution of 2.74 g (6.28 mmol) of [1S-
(la,28,30,4)]-1~[2~-hydroxy~4-(phenylmethoxy)=-3-
[(phenylmethoxy)methyl]dyclopentyl]-5-methy1-2,4-
(1H,3H)-pyrimidinedione (dried by concentration in
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vacuo from two 25 ml portions of dry toluene) in

- 12.5 ml of dry dimethyl sulfoxide at room tempera-
-ture under argon was added 3.88 g (18.8 mmol) of
1,3-dicyclohexylcarbodiimide and 0.301 g (3.14
mmol) of methylphosphonic acid. The reaction was
stirred at room temperature for 3 hours, stored at
=-20° overnight, and stirred at room temperature for
2 hours. Methanol (2.5 ml) and oxalic acid
dihydrate (25 mg) were added, and the reaction was
stirred for 4 hours. The reaction mixture was
filtered, and the solids were washed with dichloro-
' methane. The filtrate was diluted to 250 ml with
dichloromethane, washed with water (3 x 100 ml),
dried (sodlum sulfate) and evaporated to a residue
(3.64 g). {( HNMR analysis indicated some
undecomposed 1,3-dicyclohexylcarbodiimide). The
residue was dried by concentration in vacuo from
25 ml of dry toluene. To the dried residue was
added 12 ml of dry dimethyl sulfoxide, 83 mg (0.86
mmol) of methylphosphonic acid, 6 ml of dry
methanol, and 25 mg of oxalic acid dihydrate. The
mixture was stirred at room temperature under
argon for 4 hours, filtered and washed with
dichloromethane. The filtrate was diluted with
dichloromethane to 250 ml, washed with water (5 x
100ml), dried (sodium sulfate), and evaporated to
give 2.83 g of crude desired product as a residue.
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c. [1S~(la,30,4B)]1~5-Methyl-1~[2-methylene~4~

(phenylmethoxy)-3~[ (phenylmethoxy)methyl]~

cyclopentyl]-2,4(1H, 3H)-pyrimidinedione

To crude [1S-(la¢,3a,4B)]-5-Methyl-1-[2-
oxo-4~-(phenylmethoxy)~3~[ (phenylmethoxy)methyl]-
cyclopentyl]-2,4(1H,3H)~pyrimidinedione above
(2.81 g) {(dried by concentration in vacuo from
three 25 ml portions of dry toluene) in 100 ml of
dry dichloromethane under argon was added 41 ml of
a slurry of zinc - titanium tetrachloride -
dibromomethane complex‘in tetrahydrofuran
(Preparation 1, Example 1H) (12.6 mmol). The
reaction was stirred at room temperature for 4
hours, and then a 0.7 ml aliquot was removed.
Saturated aqueous sodium bicarbonate solution (1
ml) was added to the aliquot, and the mixture was
stirred at room temperature for 5 minutes. The
mixture was extracted with dichloromethane (3x),
and the dichloromethane extract was dried
(magnesium sulfate) and evaporated to a residue.

' The residue was taken up in dichloromethane,

filtered through Celite and evaporated to a
residue, whose I.R. spectrum (dichloromethane)
indicated a weak band at 1755 - 1745 cm ™t
indicative of startinghketone. Additional zinc -
titanium tetrachloride - dibromomethane complex
(10 ml, 3mmol) was added to the reaction, and
stirring was continued for 1.5 hours. Examination
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of the reaction by I.R. analysis indicated a very
weak band at 1755 - 1745 cm™}. The reaction was
poured into 250 ml of saturated aqueous sodium
bicarbonate solution and dichloromethane (250 ml),
stirred vigorously for 15 minutes, and filtered
through Celite. The layers in the filtrate were
separated, and the aqueous layer was extracted
with dichloromethane. The combined dichloro-
methane extracts were dried (magnesium sulfate) and
evaporated to a residue, which was taken up in '
dichloromethane. After filtration, the dichloro-
methane was concentrated to a'residue (2.44 g),
which was applied to a column of Merck silica gel
(200 g) packed in chloroform. Elution of the
column with chloroform (1000-ml) and then ethyl
acetate-chloroform (15:85) gave 690 mg of desired
product as a residue.

D. [(1S=(la,30,48)]-1-[4-Hydroxy-3-(hydroxy-
methyl )-2-methylenecyclopentyl]~5-
methyl-2,4(1H,3H)-pyrimidinedione

To a stirred solution of [1S-(i«,3u¢,4B)]1-
S5-methyl-1l-[2-methylene-4~(phenylmethoxy)~3~-
[ (phenylmethoxy)methyl]lcyclopentyll-2,4(1H,3H)~
primidinedione (463 mg, 1.07 mmol) in 19 ml of dry
dichloromethane at ~70° under argon was added,
over 5 minutes, 10.7 ml of 1M boron trichloride in
dichloromethane. The reaction was warmed to -40°
over 2.5 hours and then cooled to -70°. Dry
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methanol (20 ml) was added dropwise over 5
minutes, and then the cooling bath was removed.
After stirring for 30 minutes, the reaction was
concentrated in vacuo to a residue. The residue
was concentrated four times from 20 ml portions of
dry methanol and then dissoived in methanol (10
ml) and water (6 ml). The pH was adjusted to 7.0
using 0.5 N potassium hydroxide, and the methanol
was removed in vacuo. The aqueous suspension was
applied to a column (32 ml) of CHP 20P resin
packed in water. Elution with water, and then 5%
and 10% methanol in water gave 194 mg of desired
product as an amorphous residue. This residue was
combined with an additional 70 mg of desired
product from another run and lyophilized from
water to give 215 mg of desired product having
m.p. 52 - 60° and [a]D22 +59° (c, 0.3, water).
Anal. calc'd. for cleIGHZO4 - 0.4 HZO:

C, 55.53; H, 6.53; N, 10.80
Found: C, 55.49; H, 6.29; N, 10.84.

Example 3
[1S-(1la,30,4B)]~4-Amino~1-[4~-hydroxy-3-
hydroxymethyl )-2-methylenecyclopentyl]-

2(1H)-pyrimidinone

A. 1S-(la,2p,30,4 ~1-[2~-Hydroxy-4-(phenyl-

methoxy)-3~[ (phenylmethoxy)methyllcyclo-
pentyl]~-2,4(1H,3H)~pyrimidinedione

To a solution of [1S-{la,2a,3B,5a)]-3~
(phenylmethoxy)-2~[ (phenylmethoxy)methyl]-6- _
oxabicyclo{3.1.0]hexane (3.28 g, 10.6 mmol) in dry
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dimethylformamide (40 ml) was added uracil (2.37
g, 21.2 mmol) and 60% sodium hydride in mineral
oil (254 mg,-6.34 mmol). The suspension was
heated at 140° for 5 days under nitrogen, and then
cooled to room temperature. Acetic acid (1.2 ml)
was added, and the solvents were removed in

vacuo. Chromatography of the residue on.a column
of Merck silica gel (400 ml, packed in dichloro-~
methane, eluting with a gradient of dichloro-
methane to 5% methanol in dichloromethane) afforded
2.68 g of desired product as a residue.

B. [;S-(la,Ba,4B)]-1-[2-0x044-(pheny1methoxyI—3-
[ (phenylmethoxy)methyljcyclopentyl]~-2,4(1H,3H)~-
pyrimidinedione

A solution of [1S-(lu,28,3a,48)]-1-[2-hydroxy-
4-(phenylmethoxy)-3-{[ (phenylmethoxy)methyl]cyclo-
pentyl]-2,4(1H,3H)-pyrimidinedione (2.58 g, 6.11
mmol, dried by concentration in vacuo from dry

.- toluene), 1,3~dicyclohexylcarbodiimide (3.77 g,

18.3 mmol) and methylphosphonic acid (293 mg, 3.05
mmol) in dry dimethyl sulfoxide (15 ml) was
stirred at room_temperature under nitrogen for 5
hours. Oxalic acid dihydrate (75 mg) in methanol
(10 m1) was added, and the reaétion was stirred
for 4 hours and filtered. The precipitate was
washed with dichloromethane (80 ml) and the
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filtrate and washes were combined, extracted with
water (3 x 50 ml), dried (sodium sulfate), and
concentrated in vacuo to a residue. The residue
was dissolved in 20 ml of chloroform, filtered
through Celite, and concentrated in vacuo to give
2.61 g of crude desired product.

C. [15=-(1la,3a,48)]-1-[2~-Methylene-4~(phenyl-
methoxy)-3-[ (phenylmethoxy)methyl]cyclo-
pentyl]-z,4(1H,3H)-pyrimidinedione

A slurry of zinc - titanium tetrachloride -
dibromomethane complex in tetrahydrofuran (Pre-
paration 1, Example 1H) (45 ml, 13.5 mmol) was
added to a solution of crude [1S-(la,3a,4f)]-1-
[2-0x0-4-(phenylmethoxy)-3-[ (phenylmethoxy)methyl]-
cyclopentyl]-2,4(1H,3H)~-pyrimidinedione (2.61 g,
dried by concentration in vacuo from dry toluene)
in dry dichloromethane (40 ml), and the mixture was
stirred for 3 hours under nitrogen at room tempera-
ture. Additional 0.3 M zinc - titanium tetrachloride-
- dibromomethane complex (10 ml) was added, and the
reaction was stirred for 3 hours at room temperature
and then stored at -80° for 16 hours. The reaction
was warmed to room temperature and poured into satu-~
rated aqueous sodium bicarbonate (250 ml) and
dichloromethane (250 ml). The mixture was stirred
for 1 hour and then filtered through Celite. The
layers in the filtrate were separated, and the
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organic layer was extracted with water (2 x 100
ml). All organic layers were combined, dried
(sodium'sulfate) and concentrated in vacuo to a
residue (2.5 g). Chromatography of this residue on
Merck silica gel (400 ml, packed in chloroform) bﬁ
elution with a gradient of chloroform to 30% ethyl
acetate in chloroform gave 700 mg of desired
product as a residue. -

D. [1S-(l¢,3a,4B)]~1-[2-Methylene-4-(phenyl-~
methoxy)-3-[ (phenylmethoxy)methyl]cyclo~
pentyl]-4~(1H=-1,2,4~-triazol-1-y1)=-2(1H)~
pyrimidinone

To a stirred solution of [18=(1la,3a,48)]-
l1-[2-methylene~4-(phenylmethoxy)~-3-[ (phenylmethoxy)-
methyl]lcyclopentyl]-2,4(1H, 3H)~pyrimidinedione (494
mg, 1.18 mmol) in dry pyridine (4 ml) at room
temperature under nitrogen was added 4~chloro-
phenyl dichlorophosphate (518 upl, 3.19 mmol).

After 5 minutes, 1,2,4~triazole (448 mg, 6.49

‘mmol) was added and the reaction was stirred for S

days. The solvents were removed in vacuo, and the
residue was dissolved in dichloromethane (100 ml)
and extracted with water (2 x 20 ml) and 5% sodium
bicarbonate (2 x 20 ml). The organic layer was
dried (sodium sulfate) and concentrated ia vacuo
to give 586 mg of crude desired product.
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E. [1s-{la,30,4B)]-4~-Amino-1-[2-methylene~4=-

(phenylmethoxy)-3-[ (phenylmethoxy)methyl]-

cyclopentyll-2(1H)-pyrimidinone

Concentrated ammonium hydroxide (12 ml) was
added to a solution of crude [1S-(lc,3ax,4p)]-1-~
[2-methy1ene-4r(phenylmethoxy)-B-[(phenylmethoxy)-
methyl Jcyclopentyl]l-4~-(1H-1,2,4~triazol~1-yl)-
2(1H)-pyrimidinone (586 mg) in dioxane (12 ml,
purified by passage through basic alumina). The
reaction was stirred at room temperature under
nitrogen for 16 hours. Additional ammonium hydroxide
(1 ml1) was added, and reaction was stirred for 3.

- hours longer. After removal of solvents in vacuo,

the residue was dissolved in dichloromethane (75
ml). The dichloromethane solution was extracted
with 5% sodium hydroxide (2 x 20 ml), dried (sodium
sulfate), and concentrated in vacuo to a residue.
Chromatography of this residue on a column of Merck
silica gel (100 ml, packed in chloroform) by
elution with a gradient of 2% to 8% methanol in
chloroform gave 177 mg of desired product as a

residue.

F. [1S=-(1la,30¢,48 )] =-4~-Amino=1=~{4-hydroxy-3-

hzdroxxgethzl2-2-meth1;énecxclopentxl|—

2(1H)-pyrimidinone _

To a solution of [1S-(la,3e¢,48)]~4-amino-1-
[2-methylene-4-(phenylmethoxy)-3~[ (phenylmethoxy)-
methyl]cyclopentyl]-2(1H)-pyrimidinone (164 mg,
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0.393 mmol) in dry dichloromethane (8 ml) at -78°
under nitrogen was added, over 3 minutes, 1M boron
trichloride in dichloromethane (3.93 ml, 3.93
mmol). The reaction was stirred for 1.5 hours at
-78°, and then methanol (9 mi) was added over 5
minutes. After warming the reaction to room
temperature over 20 minutes, the solvents were
removed in vacuo, and the residue was concentrated
from methanol (3 x 15 ml). The residue was dis-
solved in water and methanol, and the pH was
adjusted to 7 using 1N potassium hydroxide. The
methanol was removed in vacuo, and the aqueous
slurry was applied to a column of CHP 20P resin (70
ml) packed in water. Elution of the column with a
gradient of water to 20% methanol in water gave 48
mg of desired product as a solid having m.p. 75 =
78° and [a]y?? + 51° (c, 0.29, water).
Anal. calc'd. for C11315N303 - 1.34 Hzo:

C, 50.56; H, 6.82; N, 16.08
Found: C, 50.58; H, 6.31; N, 16.06.

Example 4
f1S-(la,3a,48)]-1-[4-Hydroxy-3-(hydroxymethyl)-

2-methylenecyclopentyl]-5-iodo-2,4(1H,3H)~-

pyrimidinedione

A. [1S~(la,28,3a,4B)]-1-[2-Hydroxy~-4-(phenyl-
methoxy)-3-[ (phenylmethoxy)methyl]cyclo-
pentyl]-5-iodo-2,4(1H, 3H)-pyrimidinedione

To a solution of [1S-(la,2B,3a,48)]-1-[2-
hydroxy-4-(phenylmethoxy)-B-[(phenylmethoxy)-
methyl]cyclopentyl]-2,4(1H, 3H)~pyrimidinedione
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(1.32 g, 3.12 mmol) in dry dioxane (50 ml) was
added iodine 1.59 gm 6.25 mmol) and 0.8 N nitric
acid (4.1 ml, 3.34 mmol). The reaction was heated
at 90° for 3 hours, and after cooling the reaction
to room temperature, a saturated solution of
sodium thiosulfate was added until a light orange

color persisted. Water (50 ml) was added, and the

mixture was extracted with dichloromethane (3 x 70
ml). The organic extract was dried (sodium
sulfate) and concentrated in vacuo to a residue:
Chromatography of this residue on a column of
Merck silica gel (100 ml, packed in dichloro-
methane) using a gradient of dichloromethane to 3%

- ethanol in dichloromethane gave 895 mg of desired

product as a residue.

B. [18S-(la,30,48)]~5~10do=1~[2~0xX0-4~-(phenyl~
methoxy)-S-[(phenylmethoxy)methyl]cyclo-

pentyl]-2,4(1H,3H)~pyrimidinedione

A solution of {is-(la,2B8,3a,4B)]l~1-[2=~
hydroxy-4-(phenylmethoxy)-3-[ (phenylmethoxy)-
methyl]cyclopentyl]~5-iodo-2,4(1H,3H)-pyrimi-
dinedione (687 mg, 1.25 mmol, dried by concen-
tration in vacuo from dry toluene) in dry di-
chloromethane (4 ml) was added to a suspension of
pyridinium dichromate (801 mg, 2.13 mmol, dried in
vacuo over phosphorus pentoxide) and crushed 3A

molecular sieves (801 mg, dried at 325°). The
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reaction was stirred at room temperature under
nitrogen for 2 hours, and filtered through Whatman
#1 filter paper. The precipitate was washed with
dichloromethane, and the filtrate was concentrated
in vacuo to a residue, which was sonicated in 30 ml
of ethyl acetate. Filtration of the mixture
through a 0.2 pm Nylon filter (Rainin 66) layered
with Celite and glass wool, and concentration in
vacuo gave 544 mg of crude desired product as a

- residue.

c. 2inc - Titanium Tetrachloride-Dibromo-
methane Complex (Preparation 2)

This complex was prepared by a modification
of the procedure of L. Lombardo, Tetr. Let., 23,
4293 (1982). Titanium tetrachloride (5.75 ml,
0.0523 mol) was slowly added dropwise to a stirred
mixture of zinc dust (10.59 g, 0.162 mol) and
dibromomethane (4.96 ml, 0.071 mol) in dry
tetrahydrofuran (150 ml) at -40° under nitrogen.
After the addition, the mixture was warmed to 5°
over 30 minutes and then stirred at 5° under argon
for 4 days. The slurry was stored at -20° under
argon and warmed to room'temperature prior to use.
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D. [1S-(la,3a,48)]-5~Iodo=1-[2-methylene-4~
{phenyvlmethoxy)-3~[ (phenylmethoxy)methyl]-
cyclopentyl]-2,4(1H,3H)-pyrimidinedione

To a solution of [1S~(la,3w¢,4B)]-5-iodo~

1= [2-0x0-4-(phenylmethoxy)-3-[ (phenylmethoxy)-

methyl]cyclopentyl]=2,4(1H,3H)~pyrimidinedione

(428 mg, 0.783 mmol, dried by concentration in
vacuo from dry toluene and tetrahydrofuran) in'dry
dichloromethane (9.5 ml) was added the slurry of
zinc - titanium tetrachloride - dibromomethane
complex in tetrahydrofuran (Preparation 2, Example
4C) (7.83 ml, 2.35 mmol). The mixture was stirred
at room temperature under nitrogen for 3 hours, and
then it was slowly poured into a mixture of satu-
rated sodium bicarbonate (100 ml) and dichloromethane
(75 ml).' The mixture was stirred for 1 hour and
filtered through Celite using dichloromethane. The
layers in the filtrate were separated, and the
aqueous layer was extracted with ethyl acetate.

. The organic layers were combined, dried (sodium

sulfate), and concentrated in vacuo to a residue.
Chromatography of the residue on a column of Merck
silica gel (100 ml, packed in dichloromethane)
using a gradient of 1% to 5% ethanol in dichloro-
methane afforded 243 mg of desired product as a
residue.
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E. 15-(la,3a,48)]-1~[4-Hydroxy-3~{(hydroxy-
methyl)-2-methylenecyclopentyl]—S-iodo—
2,4(1H,3H)-pyrimidinedione

To a solution of [ls-(la,au,43)]-5-i6do-1—
[2-methylene-4~-(phenylmethoxy)~3~-[(phenylmethoxy)~
methyl Jcyclopentyl]-2,4(1H,3H)~-pyrimidinedione
(200 mg, 0.368 mmol, dried by concentration from
toluene) in dichloromethane (7.5 ml) at -78° under
nitrogen was added, over 3 minutes, 1M boron tri=-
chloride in dichloromethane (3.68 ml, 3.68 mmol).
The reaction was stirred for 2 hours at -78°, and
then methanol (10 ml) was added over 5 minutes.
The reaction was warmed to room temperature over
20 minutes and evaporated in vacuo to a residue.
The residue was concentrated from methanol (3 x 10
ml) and dissolved in methanol and water. The pPH
was adjusted to 7.1, using 0.1 M potassium
hydroxide, and the mixture was concentrated to
remove methanol and applied to a column of CHP 20P
resin (50 ml) packed in water. " Elution with a
gradient of water to 50% methanol in water gave 69
mg of desired product as a solid, which was
combined with 9 mg of additional desired product
from a similar smaller -scale reaction to give 78
mg of desired product as a solid having m.p. 180°
(dec.) and [a],?2 + 63° (c, 0.29, methanol).

Anal. calc'd. for C11H13IN204 - 0.32 HZO:
C, 35.72; H, 3.72; N, 7.58
Found: C, 35.97; H, 3.55; N, 7.32.
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Example 5
[1S=[la(E),3da,4B)]-5~(2-Bromoethenyl )~1-

[4~hydroxy~-3-({hvdroxymethyl )=2~
metgylgnecyclopentyl]-z,4(1H,3H)-pyrimidinedione

A. [1S-[la(E),2B.30,4B)]-3-[1,2,3,4~-Tetra~
hydro-1-{2-hydroxy-4-{phenylmethoxy)-3-
[ (phenylmethoxy)methyl]lcyclopentyl]-2,4-~
dioxo-5-pyrimidinyl]-2-propenoic acid,
methyl ester

A mixture of palladium(II) acetate (0.195 g,
0.871 mmol), triphenylphosphine (0.456 g, 1.74
mmol) and triethylamine (2.56 ml, 0.0183 mol) in
dioxane (200 ml, purified on basic alumina and
degassed in vacuo) was heated for 10 minutes at
90° under nitrogen. A solution of [1S-(1la,2B,30,4B) ]~

-1=[2=~hydroxy-4-(phenylmethoxy)~3-[ (phenylmethoxy)-

methyl Jcyclopentyl}-5-iodo~2,4(1H, 3H)-pyrimidine-
dione (6.70 g, 0.0122 mol, dried by concentration
in vacuo from dry toluene) and methyl acrylate
(3.23 ml, 0.0366 mol) in degassed dioxane (20 ml)
was added, and the reaction was heated at 90° for
4.5 hburs. Celite (5 g) was added, and after
stirring at 90° for 15 minutes, the hot slurry was
filtered through Celite and washed with chloroform
(80 ml). The filtrate and the wash were combined
and concentrated in vacuo to a residue, which was
dissolved in chloroform (400 ml). The chloroform
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was washed with water (100 ml), dried (sodium
sulfate) and concentrated in vacuo to a residue.
Chromatography of the residue on a column of Merck
silica gel (800 ml, packed in dichloromethane) by
eluting with a gradient of chloroform to 5%
ethanol in chloroform gave 2.21 g of desired
product as -a residue. '

B. [1S-{la(E),2B,30,48)]-3~-][1,2,3,4~-Tetra~-
hydro-1-[2-hydroxy-4-(phenylmethoxy)=-3-
[ (phenylmethoxy)methyl ]cyclopentyl]-2, 4~
dioxo-5-pyrimidinyl]-2-propenoic acid

A solution of [1S-[la(E),2B,3x,4B)]-3~
[1,2,3,4~-tetrahydro-1-[2-hydroxy-4-(phenyl-
methoxy)-s-[(phenylmethoky)methyl]cyclopentyl]-
2,4~-dioxo-5-pyrimidinyl]-2~propenoic acid, methyl
ester (2.98 g, 5.88 mmol), tetrahydrofuran (45
ml), and 2N potassium hydroxide (29.4 ml, 58.8
mmol) was stirred at room temperature under
nitrogen for 2.5 hours. After cooling the mixture
to 0°, the pH was adjusted to 2 using 6N hydro-
chloric acid. The tetrahydrofuran was removed in
vacuo, and the mixture was diluted with water and
extracted with ethyl acetate (3 x 200 ml). The
ethyl acetate extract was dried (sodium sulfate),
and concentrated in vacuo to give 3.14 g of
desired product as a residue.
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C. [1S-[1a(E),2B,30,48]]-5~(2~Bromoethenyl )-
1-[{2-hydroxy-4-(phenylmethoxy)-3~{ (phenyl-
methoxy)methyl Jcyclopentyl]-2,4(1H,3H)-
pyrimidinedione

Potassium bicarbonate (1.76 g, 17.64 mmol)
and N-bromosuccinimide (1.05 g, 5.88 mmol) were
added to a solution of [1S-[1a(E),2B,3x,4B)]-3~
[1,2,3,4-tet:ahydro-1—[2-hydroxy-4—(phenylmethoxy

-3-[(phenylmethoxy)methYl]cyclopentyl]-2,4-dioxo-

5-pyrimidinyl]-2-propenoic acid (2.89 g, 5.88
mmol, dried by concentration in vacuo from dry
dimethylformamide) in dry dimethylformamide (35
ml), and the mixture was stirred at room
temperature under nitrogen for 2. hours.
Filtration of the reaction mixtu;e and concen-
tration of the filtrate in vacuo gave a residue,
which was chromatographed on a column of

 Merck silica gel (400 ml, packed in dichloro-

methane) by elution with a gradient of dichloro-
methane to 5% ethanol in dichlorbmethane_to'give
1.59 g fraction containing desired product and
succinimide and a 620 mg fraction consisting of
crude desired product. Chromatography of the 620

)=

mg fraction on Merck silica gel (100 ml in dichloro-
methane), using the aforementioned gradient, gave

a fraction containing 120 mg of desired product

i
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E. [1S=-[la(E),30,4B]}~-5-(2-Bromoethenyl )=1=-
[2-methylene=~-4~(phenylmethoxy)~3-[ (phenyl
methoxy)methyl]lcyclopentyl]-2,4(1H,3H)~
pyrimidinedione

To a solution of [1S-[la(E),3a,48]]-5=-(2-
bromoethenyl )~1~-[2=-0x0-4~-(phenylmethoxy)-3-
[ (phenylmethoxy)methyl ]Jcyclopentyl]-~2,4(1H, 3H)-
pyrimidinedione (1.45 g crude, dried by concentra-
tion in vacuo from dry toluene) in dry dichloro-
methane (30 ml) was added a slurry of zinc -
titanium tetrachloride - dibromomethane complex in
tetrahydrofuran (Preparation 2, Example 4C) (25 ml,
7.5 mmol). The reaction was stirred at room
temperature under nitrogen for 5 hours and poured
into a mixture of saturated sodium bicarbonate (200
ml) and dichloromethane (200 ml). After stirring
for 45 minutes, the mixture was filtered through
Celite. The layers in the filtrate were separated,
the organic layer was washed with water (200 ml),
dried (sodium sulfate), and concentrated in vacuo
to a residue. Chromatography of the residue on a
column of Merck silica gel (600 ml, packed in
chloroform) using a gradient of chloroform to 15%
ethyl acetate in chloroform afforded 400 mg of a
solid consisting of 362 mg of desired product and
38 mg of 1,3-dicyclohexylurea.
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F. 18~[la(E),30a,48)]~-5=-{2~-Bromoethenyl )-1-
[4-hydroxy—3-(hydroxymethyl)-2-methylene-
gyclopenty11-2,4(1g,3H)-pyrimidinedione

To a solution of.the above preparation
containing 362 mg (0.769 mmol) of [1S-[la(E),3a,4B]]-
54(2-brom0etheny1)-1-[2—methy1ene-4-(phenylmethoxy)-
3~ [ (phenylmethoxy)methyl]cyclopentyl]-2,4(1H, 3H)-
pyrimidinedione (dried by concentration ian wvacuo
from dry'toluene) in 10 ml of dry dichloromethane
at -78° under nitrogen was added 1M boron trichlo-
ride in dichloromethane (7.69 ml, 7.69 mmol). The
mixture was stirred at -78° for 1 hour, and then
methanol (12 ml) was slowly added. After warming
the solution to room temperature over 30 minutes,
the solvents were removed in vacuo leaving a
residue, which was concentrated in vacuo from
methanol (2 x 20 ml). ' The residue was taken up in
methanol and water, the pH was adjusted to 7 using
0.1N potassium hydroxide. -After concentration in
vacuo to remove methanol, the aqueous suspension
was applied to a column of CHP 20P resin (40 ml,
packed in water). Elution of the column with a
gradient of water to 50% methanol-water afforded
78 mg of pure desired'prbdnct and 92 mg of impure
material. Chromatography of the 92 mg fraction on
CHP 20P resin (40 ml, packed in water) using a
gradient of 30 - 60% methanol in water provided an
additional 21 mg of pure desired product for a
total yield of 99 mg of desired product having
m.p. >220° and [¢];%? +.62° (c, 0.3, methanol).
Anal. calc'd. for c13H158204Br + 1.5 HZO:

C, 44.81; H, -4.51; N, 8.04
Found: C, 44.94; H, 4.31; N, 7.91.
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Example 6
[1R=-{1la,3a,5B)]-3-(6-Amino~9H~-purin-9-yl)=-5-
hzdroxz-z-methzléneqzclopentanemethanol

A. [1S-(1la,2B,3¢,58)]~-5-(6-Amino-9H~purin=-9-yl)-.

3-(phenylmethoxy)-2~{ (phenylmethoxy)methyl]-
czplopentanol

To [1S-(la,2a,3B,5x)]-3-(phenylmethoxy)-2~
[(phenylmethoxy)methyl]-6-oxabicyclo[3.1.0]hexane
(1.82 g, 5.85 mmol, dried by concentration in
vacuo from dry toluene) in 41 ml of dry dimethyl-
formamide under argon was added 1.58 g (11.7 mmol)
of adenine followed by 31 mg (3.9 mmol) of lithium
hydride. The stirred mixture was placed in a bath
at 60° and the temperature was increased to 130°.
After 19 hours at 130°, the mixture was cooled to
40°, and acetic acid (0.29 ml, 5 mmol) was then
added. The dimethylformamide was removed in vacuo,
and the residue was triturated with dichloro-
methane. Filtration of this triturate gave 1.60 g
of insolubles and 3.01 g of a residue from
concentration of the filtrate. Chromatography of
the 3.01 g fraction on a column of Merck silica
gel (160 g, packed in dichloromethane) by eluting
with dichloromethane and then 3% methanol in
dichloromethane afforded 1.26 g of desired product
as a residue. Trituration of the 1.60 g fraction
with dichloromethane, filtration, and evaporation
of the filtrate gave 77 mg of additional desired
product as a residue.
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B. [1S=(1la,28,3a,58)]~5-[6-(Acetylamino)-9E~
purin~-9-y1]~3-(phenylmethoxy)=-2-[ (phenyl-
methoxy)methyl ]Jcyclopentanol '

To a stirred solution of [1S~(la,2B,3a,58)]-
5-(6-amino&93-purin-9-yl)—3-(phenylmethoxy)-2- '
[(phehylmethoxy)methyl]cyclopentanol (1.33 g, 3
mmol, dried by concentration in vacuo from dry
pyridine) in dry pyridine (15 ml) at room
temperature under argon was added, dropwise,
chlorotrimethylsilane (1.91 ml, 15 mmol). After
30 minutes, acetic anhydride (1.41 ml, 15 mmol)
was added, and the mixture was stirred at room
temperature for 3 hours. The mixture was cooled
to 0-5°, and water (3 ml) was added dropwise.
Sstirring was continued for 5 ﬁinutes, and then 29%
ammonium hydroxide (3 ml) was added. After
stirring for 25 minutes, the mixture was concen-
trated in vacuo to a residue, which was taken up
in dichloromethane and 5% aqueous potassium bicar-
bonate. The layers were separated, and the
aqueous layer (pH 7.5) was extracted with dichloro-
methane (3X). The dichloromethane layers were
combined, washed with 5% potassium bicarbonate,
dried (sodium sulfate) and concentrated inp vacuo
to a residue. Chromatography of this residue on a
column of Merck silica gel (130 g, packed in
dichloromethane) by elution with a gradient of
dichloromethane to 5% methanol in dichloromethane
gave 1.23 g of desired product as a residue.
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C. [2R-{20,38,5a)]~5~-[6=-(Acetylamino)~9H~
purin-9-yl]=-3-(phenylmethoxy)=-2~[(phenyl-
methoxv)methyl Jcyclopentanone

1,3-Dicyclohexylcarbodiimide (773 mg, 3.75
mmol) and methylphosphonic acid (60 mg, 0.63 mmol)
were added to a solution of [1S-(la,2B,3a,58)]~5~
[6~(acetylamino)~9H~purin-9-yl]-3-(phenylmethoxy)-
2-[ (phenylmethoxy)methyl]cyclopentanol (610 mg,
1.25 mmol, dried by concentration in vacuo from
dry dichloromethane-~toluene (1:1)) in 2 ml of dry
dimethyl sulfoxide, and the mixture was stirred at
room temperature under argon. After 4 hours, d4ry
methanol (1.5 ml) and oxalic acid dihydrate (15
mg) were added, and the mixture was stored at -20°
under nitrogen for 16 hours. The mixture was then
stirred at room temperature under argon for 4
hours and filtered using dichloromethane.
Evaporation of the filtrate gave a residue, which
was taken up in dichloromethane. The dichloro-

.methane solution was washed with water, dried

(sodium sulfate), and concentrated in vacuo to a
residue. Addition of dichloromethane, followed
by filtration and concentration in vacuo afforded
629 mg of crude desired product as a residue.
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D. [1S~{la,30,4B)]~9~[2-Methylene-4~(phenyl-
methoxy)-3-[ (phenylmethoxy)methyllcyclo~-

entyl]-9H-purin-6-amine

To a solution of [2R-(2a,38,5a)]~5-[6-
(acetylamino)~9H-purin-9-yl]-3-(phenylmethoxy)~
2-[ (phenylmethoxy)methyl]cyclopentanone (629
mg, dried by concentration in vacuo from dry
tetrahydrofuran-toluene (1:1)) in 20 ml of dry
dichloromethane at room temperature under argon
was added 12.5 ml of a slurry of zinc -
titanium tetrachloride - dibromomethane complex in
tetrahydrofuran (Preparation 1, Example 1H) (3.75
mmol). The mixture was stirred for 4 hours and
and poured into saturated sodium bicarbonate (80
ml). Dichloromethane (80 ml) was added, and the
mixture was stirred at room temperature for. 50.
minutes. The mixture was filtered through Celite,
using dichloromethane, and the layers in the
filtrate were separated. The aqueous layer was
extracted with dichloromethane and all dichloro-
methane layers were combined, dried (magnesium
sulfate) and concentrated in vacuo to a residue.
Chromatography'of the residue on a column of Merck
silica gel (38 g, packed in dichloromethane) by
elution with a gradient of dichloromethane to 3%
methanol in dichloromethane gave 48 mg of pure
desired product and 173 mg of impure desired
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product. chromatography of the 173 mg fraction on
a column of Merck silica gel (13 g) using the
aforementioned gradient gave an additional 28 mg
of desired product as a residue for a total yield
of 76 mg of desired product.

E. [1R~(1la,3a,58)]~3~-(6~-AMino-9H-purin-9-yl)-
5=hvdroxy-z2-methylenecyclopentanemethanol

A solution of 1M boron trichloride in
dichloromethane (3.2 ml, 3.2 mﬁol) was added
dropwise over 4 minutes to a stirred solution of
(1s-(1la,3a,48)]-9~-{2-methylene-4~(phenylmethoxy)~-
3-[(phenylmethoxy)methyl]lcyclopentyl]-9B-purin-
6-amine (142 mg, 0.32 mmol) in 6.5 ml of dry
dichloromethane at -70° under argon, and the
mixture was stirred at -70° for 1.5 hours. Dry
methanol (6 ml) was added over 3 minutes, and then
the mixture was warmed to room temperature and
concentrated in vacuo to a residue. The residue
was concentrated in vacuo from three 6 ml portions
of methanol and then taken up in methanol (4 ml)
and water (2 ml). The pH was adjusted to 8.8 using
1N potassium hydroxide, and the mixture was con-
centrated to a residue, which was applied as a
suspension in water to a column of CHP-20P resin
(17 ml, packed in water). Elution with a gradient
of water to 20% methanol in water afforded, after
lyophilization, 35 mg of desired product as a solid

+ having m.p. 52 - 58°.
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Example 7
18-{la(E),3a,48)]-1-[4~-Hydroxy-3~(hydroxy-

methyl )=2-methylenecyclopentyl]-5-(2~-iodo-
ethenyl )-2,4(1H, 3H)~pyrimidinedione
A. (=)~-Diisopinocampheylborane
(-)-Diisopinocampheylborane was prepared using
(1R)-(+)fa-pinene of optical purity 98+% ([a]Dz3
+50.7° (neat)). A solution of 616 ml. of 1.0 M
borane tetrahydrofuran complex was added to
(1R)-(+)-a-pinene (185 g., 1.36 mol.) at 0-5° under
nitrogen, and the reaction was stirred overnight
at 5° to give the desired product as a crystalline

slurry.
B. (1S-trans)-2-[(Phenylmethoxy)methyl]-3-cyclo-
penten=-1-0l

- Cyclopentadiene (39 g., 0.59 mol. ) at -20°
was added over 35 minutes to a stirred mixture of
31.0 g. of 40% sodium sand in mineral oil
(0.54 g. atm.) in 264 ml. of dry tetrahydrofuran at
-15°. The mixture was stirred at -10° for 1.5 hours,
warmed to 0°, and cannulated to an addition funnel
at 0°. The mixture was then added over 30 minutes to
a stirred solution of benzyl chloromethyl ether
(100 g., 0.64 mol.) in 200 ml. of tetrahydrofuran
at -50° to -55°. The mixture was stirred at -55°
to -40° for 1 hour and then cooled to -65°. To
this was added, by cannula over 5 minutes, the
crystalline slurry of (-)-diisopirocampheylborane
from step A, which had been cooled to -60°. The
reaction was stirred at -60° for 1 hour, warmed
to -10° and stored at -20° overnight. The reaction
mixture was stirred for 1 hour at 5° and concentrated

Sheet Has Been Reﬁaced .

||IIlI A




10

15

20

25

30

: GY20a
~92=~

in vacuo to one half its original volume. Ether
(e00 ml.):was added, the stirred mixture was cooled
to 0°, and 188 ml. of 3N sodium hydroxide was
added dropwise keeping the temperature below 5°.
Cold 30% hydrogen peroxide (188 ml.) was added
dropwise over 1 hour keeping the temperature
below 12°, and then the mixture was stirred for
1 hour longer while maintaining the temperature
below 12°. The layers were separated, and the
aqueous layer was washed with ether. The ether
extracts were combined, dried(sodium sulfate),
and concentrated in vacuo to a residue (337 g.).
Chromatography of this residue on a column of
Merck silica gel [2300 g., packed in petroleum
ether-ether (2:1)] using petroleum ether-ether (2:1)
and then (1:1)] gave fraction A (17.56 g. of impure
desired product), fraction B (11.03 g. of pure
desired product), and fraction C (3.52 g. of
impure desired product). Similar chromatography
of fraction A on 800 g. of silica gel, and
fraction C on 140 g. of silica gél, gave 8.08 g.
and 2.33 g., respectively, of additional pure
desired product for a total yield of 21.44 g. of
title compound.
c. 1S=-(la,2a,38,5a)]-2~[ (Phenylmethoxy)methyl]~
6-oxabicyclo[3.1.0]hexan-3~0l
The title compound was prepared by following the
procedure in Example 1C, but using the preparation of
(1s~-trans)-2-[(phenylmethoxy)methyl]-3~-cyclopenten-
1-0l from step B above. This afforded the title
compound with [m]D22 +48.0° (¢, 1.0, CI-IC13) and
optical purity of 94%. [See S.K. Biggadike et al.,
J. Chem. Soc. Perkin Trans, 1, 549 (1988)}].
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D. [1S-(1a,20¢,38,5a)]-3-(Phenylmethoxy)=-2-
[ (phenylmethoxy)methyl ]~-6-oxabicyclo{3.1.0]-
hexane ' '

The title compound was prepafed by following the
procedure in Example 1D, but using the preparation of

- [18=-(1la,2a,3B,5¢)]~2~[(phenylmethoxy)methyl ]-6~0xa~

bicyclo[3.1.0]hexan-3-0l from step C above. _

E.  [1S-(la,28,3a,48)]-1-[2-Hydroxy-4-(phenyl-
methoxy)-3-[(phenylmethoxy)methyl]cyclopentyl]-
2,4(1H,3H)—pyrimidinedione
The title compound was prepared by following the

procedure in Example 3A, but using the preparation of

[1S-(1la,2a,3B,5a)]-3~(phenylmethoxy)-2~[(phenyl-

methoxy)methyl]-6-oxab1cyclo[3 1.0]hexane from step D

above.

F. 1S-(la,2B,3a,4p)]-1-[2~Hydroxy-4-(phenyl-
methoxy)-3-[ (phenylmethoxy)methyl]cyclopentyl]=-
S-iodo-2,4(1H, 3H)-pyrimidinedione
To a solution of [1S-(1la,2B,3a,48)]-1-[2-

hydroxy-4-(phenylmethoxy)-3=-[ (phenylmethoxy)methyl]-

cyclopentyl]-z,4(13,SH)-pyrimidinedione from step E

(11.99 g., 28.41 mmol.) in dry dioxane (455 ml.) was

added iodine (14.44 g., 56.85 mmol.) and 0.8 N nitric

acid (59.6 ml., 30.3 mmol.). The reaction was heated
at 90° for 2 hours and cooled to room temperature.

A saturated solution of sodiuh-thiosulfate (25 ml.)

was added until a light orange color persisted.

water (450 ml.) was added, the mixture was extracted

with dichloromethane (3 x 500 ml.), and the combined

dichloromethane extracts were washed with saturated
sodium chloride solution (100 ml.), dried (sodium -
sulfate), and concentrated in vacuo to a residue.

Chromatography of this re51due over 1200 ml. of o

P .~-.‘__.
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Merck silica gel using ethyl acetate-chloroform
(1:1) provided 9.5 g. of desired product as a

solid having m.p. 165°.
G. [1S~[1la(E),2B,3a¢,48)]~3-[1,2,3,4~Tetrahydro~

1-[2=-hydroxy-4-

henylmethox

-3-[ (phenyl-

methoxy)methyl]cyclopentYl]-2,4-dioxo-5-

pyrimidinyl}-2-propenoic acid, methyl ester

A mixture of palladium (II) acetate (168 ng.,
0.752 mmol.), triphenylphosphine (400 mg., 1.52 mmol.)
and triethylamine (1.1 ml., 7.9 mmol.) in dioxane
(100 ml., purified on basic alumina and degassed in
vacuo) was heated with stirring for 15 minutes at

85° under nitrogen.

To the red solution was added

[ls-(la,ZB,3a,4B)]-1-[2-hydroxy—4-(phenylmethoxy)-
3-[{phenylmethoxy)methyl]cyclopentyl]-5-iodo-2, 4~
(1H,3H)-pyrimidinedione from step F (2.90 g.,

5.28 mmol., dried in vacuo over phosphorus
pentoxide at 50° for 2 hours) and methyl acrylate

(1.40 ml., 15.6 mmol.).
for 7 hours at 80°, 2 hours at 90°,

room temperature

‘chlorcform (200 ml.).

The mixture was stirred

and then at

overnight. The mixture was filtered
through Celite, and the Celite was washed with

The combined filtrates were

concentrated in vacuo to a residue, which was

dissolved in chloroform (200 ml.).

The chloroform

was washed with water, dried (sodium sulfate), and

concentrated in vacuo to a residue.

Chromatography

of this residue on a column of Merck silica gel
(600 ml., packed in dichloromethane) by eluting with
a gradient of dichloromethane to 5% ethanol in
dichloromethane gave 1.54 g. of desired product
as a foamy solid.
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H. [JS-[la(E)L23,3a,4Bllr3-[1,2,3,4-Tetrahydro-
1-[2-hydroxy=-4-(phenylmethoxy)=3- henyl -
methoxy)methyl]cyclopentyll-z,4-dioxo-5--
pyrimidinyl]-2-propenoic acid
The title compound was prepared by following the

procedure in Example 5B, but using the preparation of

[1S~[la(E),2B,3x,48)]-3~[1,2,3,4~tetrahydro-1-[2~

hydroXy44—(phenylmethoxy)-3-[(phenylmethoxy)methyl]-

cyclopentyl]-2,4~dioxo~5-pyrimidinyl]-2-propenoic
acid, methyl ester from step G above.

I. [1S=[1a(E),2B,3a,48]]-1~[2-Hydroxy-4-(phenyl-
methoxy)-3~[ (phenylmethoxy)methyl Jcyclopentyl]-
5-(2~iodoethenyl)-2,4(1H,3H)-pyrimidinedione
To a stirred solution of [1S-[la(E),28,3a,48)]~-

3-[1,2,3,4~-tetrahydro-1~{2-hydroxy-4-(phenylmethoxy)-

3-[(phenylmethoxy)methyl]cyclopentyl]~2,4-dioxo-5-
pyrimidinyl}-2-propenoic acid from step H (500 mg.,

1.0 mmol., dried by concentration in vacuo from dry

dimethylformamide) in 10 ml. of dry dimethylformamide

under argon was added potassium acetate (1.97 g.,

20.0 mmol.). The mixture was stirred at room

temperature for 30 minutes, and then N-iodosuccinimide

(225 mg., 1.0 mmol.) was added. The mixture was

stirred at 50° for 4 hours, additional N-iodo-

succinimide (113 mg., 0.5 mmol.) was added, and
heating at 50° was continued for 4.5 hours. The
mixture was stirred overnight at room temperature

and then filtered. The solids were washed with

dimethyl formamide (20 ml.), and the combined

filtrates. were concentrated in vacuo to a residue. ,

The residue was taken up in chloroform (125 ml.), and

the chloroform solution was washed with 1M potassium
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bicarbonate (3 x 20 ml.) and water (25 ml.), dried

(sodium sulfate), and concentrated in vacuo to a

residue. Chromatography of the residue on a column

of Mexrck silica gel (75 ml., packed in dichloro-
methane) by eluting with a gradient of dichloromethane
to 3% methanol in dichloromethane gave 350 mg. of
desired product as a foamy solid.

J. [1S-[1la(E),30,4B]]~-5~(2-Iodoethenyl)-1~[2~-0xX0~
4-(phenylmethoxy)-3- [ (phenylmethoxy)methyl]-
cyclopentyl]-2,4(1H,3H)-pyrimidinedione
1,3~Dicyclohexylcarbodiimide (868 mg., 4.2 mmol.)

and methylphosphonic acid (67.2 mg., 0.7 mmol.) were

added to a solution of [ls-[ia(E),25,3a,4$]]-1-[2-

~ hydroxy=-4-(phenylmethoxy)-3-[ (phenylmethoxy)methyl]-

cyclopentyl]~5-(2~iodoethenyl }-2,4(1H,3H)~-pyrimidine-~
dione (805 mg., 1.4 mmol., dried by concentration

in vacuo from dry toluene) in dry dimethyl sulfoxide
(5.6 m1.), and the mixture was stirred at room
temperature under nitrogen for 6 hours. A solution
of oxalic acid dihydrate (16.8 mg.) in methanol

(2.2 ml.) was added, and stirring was continued

- for 2 hours. The reaction was filtered, the

precipitate was washed with dichloromethane

(30 ml1.), and the combined filtrate was washed with

water (4 x 25 ml.), dried (sodium sulfate), and

concentrated in vacuo to give 930 mg. of crude
desiredzproduct as a foamy residue.

K. [1S~[1la(E),30,4B8]]-5~(2~-Iodoethenyl)-1-[2~-
methylene-4-(phenylmethoxy)-3-[ (phenyl-
methoxy)methyl Jcyclopentyl]-2,4(1H,3H)~
pyrimidinedione
To a solution of the crude preparation of

—
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[1S-[1a(E),3a,4B]]-5-(2-i0odoethenyl )-1~[2-0X0~4~
(phenylmethoxy)-3~[ (phenylmethoxy)methyl]-cyclo=-
pentyl]-2,4(1H,3H)~pyrimidinedione from step J
above (930 mg., dried by concentration in vacuo
from dry doluene) in dry dichloromethane (17 ml.)
was added a slurry of 0.3M zinc - titanium tetra-
chloride - dibromomethane complex in tetrahydrofuran
(Preparation 2, Example 4C) (14 ml., 4.2 mmol.).
The reaction was stirred at room temperature under
nitrogen for 5 hours and poured into a mixture of
saturated sodium bicarbonate (112 ml.) and dichloro-
methane (112 ml.). After stirring for 35 minutes,
the mixture was filtered through Celite. The layers
in the filtrate were separated, and the organic layer
was washed with water (2 x 50 ml.), dried (sodium
sulfate), and concentrated in vacuo to a residue.
Chromatography of the residue on a column of Merck
silica gel (100 ml., packed in chloroform) using a
gradient of chloroform to 15% ethyl acetate in
chloroform afforded 400 mg. of a solid consisting
of 299 mg. of desired product and 101 mg. of 1,3~
dicyclohexylurea.
L. [1S-{1a(E),30,48]]~1-[4-Hydroxy-3-(hydroxy=-
methyl )-2-methylenecyclopentyl]~-5-(2~iodo~
ethenyl)-2,4(1H, 3H)-pyrimidinedione

'To a solution of 400 mg. of the preparation
from step K, containing 299 mg. (0.525 mmol.) of
[1S-[1la(E),3a,4B]]-5~(2-iodoethenyl )-1-[2-methylene~
4-(phenylmethoxy)~3~[ (phenylmethoxy)methyl jcyclo~
pentyl}-2,4(1H,3H)-pyrimidinedione (dried by
concentration in vacuo from dry toluene), in 7.5 ml.
of dry dichloromethane at ~78° under nitrogen was
added 1M boron trichloride in dichloromethane
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(5.76 ml., 5.76 mmol.). The mixture was stirred at
-78° for 1 hour, and then methanol (9 ml.) was
slowly added. After warming the solution to room
temperature over 30 minutes, the solvents were
removed in vacuo 1eaving a residue, which was
concentrated in vacuo from toluene (3 x10 ml.).
The residue was taken up in methanol (24 ml.) and
water (18 ml.), and the pH was adjusted to 7 using
1.0 N potassium hydroxide. After concentration
in vacuo to remove methanol, the aqueous suspension
(15 ml.) was applied to a column of CHP 20P resin
(48 ml., packed in water). Elution of the column with
a gradient of water to 40% methanol in water and
concentration of appropriate fractions in vacuo
gave 99 mg. of desired product as a sticky solid.
This solid and 10 mg. of sticky desired product from
a similar reaction were combined and dissolved in
60% methanol in water. Concentration of this
solution to approximately 8 ml. gave a solid, which
was collected and dried in vacuo providing 89 mg.
of desired product having m.p. 180 - 185° dec. and
[a],?? +75.7° (c, 0.3, methanol).
Anal. calc'd. for CI3HISIN204
C, 40.02; H, 3.87; N. 7.18
Found: c,-39.81; H, 3.61; N, 7.01.
' Example 8

1S-[1a(E) 3a,4p)]-5-(2-Chloroethenyl)~1-[4-

hydroxy~3-(hydroxymethyl)~-2-methylenecyclo-

pentyl]-2,4(1H,3H)-pyrimidinedione
A, {1S=[lo(E),2B,3a,48]]-5-(2-Chloroethenyl )=

1~{2-hydroxy-4-(phenylmetho =3= henyl-

methoxx!methxl|czplogentxl|-2,4§1H,3H)-

pyrlmldlnedlone
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Potassium bicarbonate (1.55 g., 15.5 mmol.)
and N-chlorosuccinimide (760 mg., 5.69 mmol.) were
added to a solution of [18=-[1a(E),2B,3a,48]]=3~
[1,2,3,4~tetrahydro~1-[2-hydroxy-4-(phenylmethoxy)-3-
[ (phenylmethoxy)methyl]cyclopentyl]-2,4~-dioxo-5~
pyrimidinyl]-2-propenoic acid (prepared as described

" in Example 7H, 2.54 g., 5.17 mmol., dried by

concentration in vacuo from dry dimethylformamide)

in dry dimethylformamide (52 ml.), and the mixture
was stirred at room temperature under nitrogen for

17 hours. The mixture was cooled to room temperature
and filtered, and the filtrate was concentrated

in vacuo to a residue. The residue was dissolvéd

-in ethyl acetate (750 ml.) and water (250 ml.), and the

pH was adjusted to 2 using 0.1 N hydrochloric acid.
The ethyl_aCetate layer was washed with water, dried
(sodium sulfate), and concentrated in vacuo to a
residue. Chromatography of this residue on a

‘column of Merck silica gel (150 ml., packed in

dichloromethane) by elution with a gradient of
dichloromethane to 3% ethanol in dichloromethane
afforded 596 mg. of desired product as a foamy solid.
B. |ls-|lagE},Sa,45]]-5-(2-Chloroethenyl)-1-[2-
oxo¥4-(pheny1methoxy)-3-[(phenylmethoxy)methyll:

cyclopentyl]-2,4(1H,3H)-pyr imidinedione
1,3-Dicyclohexylcarbodiimide (806 mg.,

. 3.9 mmol) and methylphosphonic acid (62.4 mg.,

0.65 mmol.) were added to a solution of
[1s-[1a(E),2ﬁ,3u,48]]-5-(2-chloroethenyl)-1-[2-

'hydroxy—4e(pheny1methcxy)-3-[(phenylmethoxy)methyl]-

cyclopentyl]-2,4(1H,3H)-pyrimidinedione (631 mg.,
1.3 mmol., dried by concentration in vacuo from

| dry toluene) in dry dimethyl sulfoxide (5.2 ml.),
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and the mixture was stirred at room temperature

under nitrogen for 5 hours. A solution of oxalic

acid dihydrate (15.6 mg.) in methanol (2.1 ml.)

was added, and stirring was continued for 3 hours.

The reaction was filtered, and the precipitate was

washed with dichloromethane (3 x 130 ml.). The

combined filtrate and washes were washed with

water (4 x 40 ml.), dried (sodium sulfate), and

concentrated.ig vacuo to give 850 mg., of crude

desired'p:oduct'as a foamy residue.

c. [1S-[la(E),3a,4B]]1-5-(2~Chloroethenyl)-1-
[2-methylene-4-(phenylmethoxy)-3-[ (phenyl-
methoxy)methyl]lcyclopentyl}-2,4(1H,3H)~-
pyrimidinedione
To a solution of the crude preparation of

[1S-[1a(E),3a,4B]]-5-(2-chloroethenyl )~1-[2-0X0~

4-(phenylmethoxy)-3-[ (phenylmethoxy)methyl]cyclo-

pentyl]-2,4(1H,3H)-pyrimidinedione from step B

above (850 mg., dried by concentration in vacuo

from dry toluene) in dry dichloromethane (15.6 ml.)

was added a slurry of 0.3M zinc -~ titanium tetra-

chloride - dibromomethane complex in tetrahydrofuran

(Preparation 2, Example 4C) (13 ml., 3.9 mmol.).

The reaction was stirred at room temperature under '

nitrogen for 5 hours and poured into a mixture of

saturated sodium bicarbonate (145 ml.) and dichloro-
methane (145 ml.). After stirring for 80 minutes,
the mixture was filtered through Celite. The layers
in the filtrate were separated, the organic layer
was washed with water (2 x 250 ml.), dried (sodium
sulfate), and concentrated in vacuo to a residue.

Chromatography of the residue on a column of Merck
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silica gel (110 ml., packed in chloroform) by elutlng
with a gradient of chloroform to 4% ethanol 1n
chloroform afforded 554 mg. of a solid con51st1ng
mostly ofidesired product (approximately 310 mg.)

and 1, 3-dicyclohexylurea.

D. ‘[15-[1a(E),3a,4B]]-5-(2-Chloroethenyl)-1-

[4-hydroxy-3~(hydroxymethyl )-2-methylene-

cyclopentyl]-2,4(1H,3H)-pyrimidinedione

To a solution of 554 mg. of the preparation
of step C above containing approximately 310 mg.
(0.65 mmol.) of [1Ss-[la(E),3a,4B]]~5~-(2-chloro-
ethenyl)71-[2-methy1ene-4-(phenylmethoxy)-S-[(phenyl—
methoxy)methyl]cyclopentyl]~2,4(1H, 3H)-pyrimidinedione
(dried by concentration in vacuo from dry toluene)
in 10 ml. of dry dichloromethane at -78° under
nitrogen was added 1 M boron trichloride in dichloro-

methane- (7.2 ml., 7.2 mmol.).

The mixture was

stir;ed at -78° for 1 hour, and then methanol (5.5 ml.)
was slow1y added. After warming the solution to room
temperatuté over 30 minutes, the solvents were removed
in vacuo leaving a residue, which was concentrated

- in vacuo from methanol (4 x 5.5 ml.) and then toluene

(2 x 8 ml.). The residue was taken up in methnaol

(26 ml.) and water (20 ml.), and the pH was adjusted
to 7.2 using 1N potassium hydroxide. The solution was
concentrated ig vacuo to a suspension (15 ml.),

which was épplied to a column of CHP 20P resin

(48 ml., packed in water).
with a gradient of water to 60% methanol in water
and concentration of appropriate combined fractions
to approximately 10 ml. gave a solid, which was:
collected and dried in vacuo to afford 65 mg. of

This Sheet Has Been Re[ilaced _
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desired product as a white solid having m.p.
221-223°(dec.) and [a1 % +80.7° (c, 0.3, methanol).
Anal. calc'd. for C1331501N204

C, 52.27; H, 5.06; N, 9.38

Found: C, 52.03; H, 4.87; N, 9.28.
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Example 9

ITreatment of Viral Infection in
Cell Culture in Vitro

Assays were performed in cell culture
systems to determine the concentrations of
compounds that are effective in preventing several
kinds of viral infections. The assays are
described below, and the results are presented in
Table 1.

Abbreviations:

HSV-1 (herpes simplex virus type 1, strain
Schooler), HSV=-2 (herpes simplex virus type 2,
strain 186), VZV (varicella zoster virus, strain
ELLEN), HCMV (human cytomegalovirus, strain AD 169

. HIV (human immununodeficiency v1rus, strain

HTLV-IIIB).
Cell Culture Assays:

HSV-1, HSV-2, HCMV and VZV antiviral
assays: Virus was adsorbed to WI-38 cell culture
monolayers in 6 well cnlture plates (Costar,
Cambridge, MA) for 1 hour prior to addition of
maintenance medium containing duplicate dilutions
of the test compound. Inhibition of plaque
development was evaluated on fixed and stained
monolayers after 4 days incubation at 37°C for
HSV-1 and HSV-2, and after 5-7 days incubation at
37°C for HCMV and VZV. 1IDsqo values were
determined from the drug concentration which con-
ferred at least a 50% plaque reduction compared to
virus controls.
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HIV antiviral assay: Suspensions of MT-2
cells (S. Harada, et al., Science, 229, 563
(1985)) were infected at a multiplicity of
infection of 0.03 TLIDgo/cell with HIV (strain
HTLV-1II B). After adsorption for 1 - 2 hours at
37°C, infected cells were diluted in growth medium
(RPMI 1640 containing the antibiotics penicillin
plus streptomycin and 10% fetal calf serum) to
give a final cell concentration of 1 x 104 viable
cells/culture well in the presence of serial
dilutions of the test compound, starting at
100pg/ml.  Triplicate samples at each drug
concentration were used. Cultures of uninfected
MT-2 cells were similarly prepared and incubated
with serial dilutions of test compound in
duplicate. All assays were performed in 96 well
disposable cell culture plates. Untreated
(infected and uninfected) cells were included as
controls. All cultures were incubated for 7 days
at 37°C in a humidified atmosphere containing 5%
COz. Following incubation, viable cell numbers
were counted in each well using a colorimetric
assay following incubation of cells with XTT-PMS
solution (XTT tetrazolium reagent plus phenazine
methosulfate PMS). S

Percent reduction of virai;cytopathic effect
(CPE) in drug treated compared to untreated virus
infected cells, and percent reduction of cell
viability in drug treated uninfected cells compared
to untreated controls were calculated and plotted

;m\s\w \“ mp‘wd
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versus the drug concentrations tested. From these

plots, the IDs¢ (the minimum drug concentration
that inhibits CPE by 50%) for each drug was
calculated. 2!',3'-Dideoxycytidine and 3'-azido=-3'~
deoxythymidine were used as a positive drug
controls.
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Table 1
. ID ) for the following viruses
Ry HSV-1 HSV-2 vzv HCMV HIV
7.2 - 18 - *

N NH 3.6 18 36 920

|
=

[ NH,

NH, : 191 - 191 -

N- N .- 38 ' > >38 ok
/) U 383 383 96 3 |
P

NNy |

|
: NH» 4.2 - 2.1 =~ 4.2 - 2.1 - NA

N;E 8.4 4.2 42 4.2
| o}\n

* 41% reduction in viral CPE at 12uM and 4% reduction in
cell wviability in uninfected 'cells.
*%* 50% reduction in viral CPE at _27 MM and 23% reduction
in cell viabiliﬁy in uninfected cells. '
NA = Not Active

d
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Table 1 (Continued)

Ry

= No_1; active
= Not determined

GY20a
-107-

IDgo(pM) for the following viruses

HSV-1 HSV-2 vzv HOMV HIV
40 - 40 -
8 - 20 100 400 2396 . NA
68 - 68 -~
6 - 14 >275 137 137 NA
0.6 - 29~ 0.3 -
1.5 73 0.6 201 ND
0.5~ 13- 0.05- > 260 ND
1.3 26 .0.14
0.07- 2 1.7 ND ND
0.16
. ‘This Sheet Has Been Re;
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CLAIMS: for AT, BE, CH, DE, DK, FR,
GB, IT, LU, NL, SE

or such a compound in pharmaceutically acceptable salt
form wherein R is

(’f/’\ </N' \,JN\

’ r NE,
g e,
//N‘ NH /N XN
N TJQ\ NE, ' <1;I I ) ,J |
e NE,
<I;_:’(N\ J\F <?I L o
" e e e B s
[
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)\N )\N
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c1 OR,
N N N SN
¢TI T
N = N - NE
| NHz | 2
N NH N NH
¢ S P
NN g Sn=cE-N , Ii' N > NEC-Rs
| \z,
P 7
N=CH-N\ NHC-Rg
¢ I
o B
l cl
N — NH N N
N J ¢l _
N N
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wherein R, is fluoro, chloro, bromo, iodo, hydrogen,
methyl, trifluoromethyl, ethyl, n-propyl, 2-fluoro=-
ethyl, 2-chloroethyl, ethynyl or

(trans)
wherein Rz is chloro, bromo, iodo, hydrogen
methyl or trifluoromethyl; R4 is alkyl; Rs is
hydrogen, alkyl, substituted alkyl, or aryl; and
Re¢ and R; are independently hydrogen,
_ o |

-PO3H, or —E—Rs.

2. A compound according to Claim 1
wherein R; is

9 | - o
N A nm BN CHs
SO 1
N N o7 N ,

|

l N NBz ’
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3. A compound according to Claim 1
wherein R, is

NH,
«N\/\NH N}j
, |
I"L\IWIJ\\lﬂig Ogi\li ;
f
o §
Br HN AN Cl
' i
/'\}'I 4 o//k]_f s OX
L
HN N

4. A compound according to any one of Claims

0
il

1-3 wherein R. and R7 are independently hydrogen or -C-RS.

B
5. A compound according to any one of Claims
1-3 wherein RB and R7 are independently hydrogen or —P03H2
6. A compound according to any one of Claims 1-3

iherein RB and R7 are hydrogen.

7. A compound according to Claim 1 wherein

| 1
N NH
C L
- . .
o
Has Been Replaced

Hll\lll\lII\H\\Hl\\lI\ .

is




R, is

is

L

GY20a
-112-
8. A compound according to Claim 1 wherein
: ?Hz
N.__ N
¢ )
N“Sn . |
9. A compound according to Claim 1 wherein
i
Ty
OJ\RI .
10. A compound according to Claim 1 wherein
0
HN)j,I-
A
O'/ ? .
11. A compound according to Claim 1 wherein

%
HF N Br
.
y

o] l'ﬁ .

. 12. A compound according to Claim 1 wherein

j\)]/\/a |

13. A compound according to Claim 1

wherein R1 is

- This Sheet Has Bee,
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14. A compound according to Claim 1 wherein
R, is

15. A compound according to Claim 1,
‘[18=(1la,3a,4B)]-2-amino~1, 9-dihydro-9-
[4-hydroxy=-3=~(hydroxymethyl )-2-methylene-
cyclopentyl]-6H~-purin-6-one.

16. A compound according to Claim 1,
[1S-(l«a,3a,4B)]1-1-[4-hydroxy-3-(hydroxymethyl)-
2-nethylenecyclopentyl]-5-methyl-2,4(1H,3H)~-
pyrimidinedione.

17. A compound according to Claim 1,
[1S-(1la,30,4p)]~4~amino~1=~[4~hydroxy-3-
(hydroxymethyl )~2-methylenecyclopentyl]-
2(1H)-pyrimidinone.

18. A compound according to Claim 1,
[1S-(1a,3a,4B)]-1-[4-hydroxy—3-(hydroxymethyl)-
2-methyleﬁécyclopentyl]-5-iodo-2,4(1H,3H)- )
pyrimidinedione.

19. A compound according to Claim 1,
[1S-[1a(E),3a,48]]~5~(2-bromoethenyl )-1~
[4-hydroxy-3-(hydroxymethyl )-2-methylenecyclo-
pentyl]-2,4(1H,3H)~pyrimidinedione.

'~ 20. A compound according to Claim 1,
[1R-(1la,3a,58)]-3~-(6-amino-9H~-purin-9-yl)-5-
‘hydroxy-2-methylenecyclopentanemethanol.

21. A compound according to Claim 1,
[1S=[1a(E),3a,4B]]=-5~(2~-chloroethenyl)~1-{4~
hydroxy-3-(hydroxymethyl )-2-methylenecyclopentyl]-
2,4(1H,3H)~-pyrimidinedione.

et Has Been Reraced

\\\\\\\\ T



THIS SHEET HAS BEEN

REPLACED

' GY20a
-114~

22. A compound according to Claim 1,
[1s-[10(E), 3¢ +48]1]-1~ [4-hydroxy-3—(hydroxymethyl )-
2-methylenecyclopentyl]-5-(2-iodoethenyl)—2,4(1H,3H)-
pyrimidinedione.

23. A compound.accordihg to any preceding claim for
use in the treatment of viral infections.

24, Use of a compound according to any one of Claims

1-22 for the manufacture of a medicament for treatment of
viral infections.

Sﬁeet Has Been Replaced
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CLAIMS: for ES and GR

LTI

1. A process for preparing a compound of the formula

or such a compound in pharmaceutically acceptable salt form
wherein R, is

;
N ¥ NH '
¢ i
N ‘J\\ <11 ! ﬂJ
;N TN, [N Twm,
g 2
//N .NH ’N \N
N‘N ] //l\ | ,J
' N NHZ ’ ? N p
NHZ NH2
3‘\ SN N N
(N N ¢ | J
i N \F ! N N ~ NH2 ’
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NH,
Q
Ry
Iy O%Nj'
, ’
Cl
N OR,
</fN 1/{ SN ‘
I[q N‘;J\an <N | QL
| N “NE,
N .o .NB
</ } _ Nram
- : Rg
T 'N/I\N=CH-1/' QN | //’L E
\R4 { N NEHC=R;
R .
o oz
N N R =g
</ , N 4 5 ~=N
¥ NJ <N,! )
. ! N
. . c1
/ N N
<N ! A or @l /}
| N . I‘q N/
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Rz_ is fluoro, chloro, bromo, iodo, hydrogen, methyl,
trifluoromethyl, ethyl, n-propyl, 2~fluorocethyl,
2-chloroethyl, ethynyl or

H \\‘C c/R3
< (trans) > H

e

Ry is chloxo, bromo, iodo, hydrogen, methyl or
trifluoromethyl;

R, is alkyl;

Ry is hydrogen, alkyl, substituted alkyl, or aryl; and
R, and R, are independently hydrogen, —P03H2 or '
i

—C~Rg which comprises:

a) reacting a compound of the formula

\\Q
- N -
@'-HZC OHZC :

<
PO

wherein P is a protecting group with a compound of
the formula '

RIH

which is optionally protected to give the intermediate

This Sheet Has Been Reﬁaced
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' HO
. = R
@— HZCOHZCW 1
RS
P-0

b} oxidizing the intermediate of step (2) to give
the intermediate

0
e | R
@-nzc OHZC&G} 1
N .
~

P-0

c) reacting the intermediate of step (b) with a
methylation reagent to give the intermediate

H H

N R,
RGOk, Cq '

il
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2. The procéss'of Claim 1 wherein R, is

? s

;F7- . _hﬁi , Nz

¢ , o

lf N NE, 07 "N ,
<o t
' i clL

:INL HN’T\/
oF /4L‘N ¢ OF
°

-~

X,

5 .
[
and Rs and R7 aré both hydrogen.

3. The process of any one of claims 1 and 2 wherein the protecting

-

group P is benzyl,'trityl, substituted trityl, or a silyl group.

T
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ABSTRACT

Hydroxymethyl(methylenecyclopentyl)
' Purines And Pyrimidines

Antiviral activity is exhibited by compounds
having the formula

RgOCH

and its phaimaceutically acceptable salts.

—
TTe——
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Purines and Pyrimidines

Antiviral activity is exhibited by compounds

having the formula

RN
'y RegOCH2 | ,R:
H H
\\ H
N
R,-0 H \H

and its pharmaceutically acceptable salts. 1In
formula I, and throughout the specification, the

symbols are as defined below.
R1 is

N

\'/§N
(4
<N’l\ N/J\

e
N XN
1
N~ Y
N
!
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wherein R; is fluoro, chloro, bromo, iodo, hydrogen,
methyl, trifluoromethyl, ethyl, n-propyl, 2-fluoro-
ethy;, 2-chloroethyl, ethynyl, or

H R

Se=d

(trans)
wherein Rz is chloro, bromo, iodo, hydrogen,
methyl or trifluoromethyl; Ry is alkyl; Rs is
hydrogen, alkyl, substituted alkyl, or aryl; and
Re¢ and R; are independently hydrogen,
ﬁ
=POgH, or =C-Rg.
Preferred compounds of formula 1 are when

R; is
¥ 9
N NH BN cag
¢ -8
v A J
I N NH o ? )

H

N P
0¢LN' : OJ\:T\',
‘ I

’o o
HN I a _-CL _ 1
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NHz NH,

) <N
7
k < P
Most preferred compounds of formula 1 are
when R; is

_ 8 NH,
N - NH N~z
¢ ,/I . J
1;‘ N~ “NH, 07 N ,
}
9
o1 -
HN X Br ' X 1
I : OX
ofLN ] N

‘The term "alkyl" refers to both straight and

branched chain groups. Those groups having 1 to

10 carbons are preferred. The term "substituted
alkyl" refers to alkyl groups having one or more,
preferably one, substituents. Preferred substitu-
ents are halogen, amino, azido, hydroxy, cyano, tri-
alkylammonium (wherein each alkyl group has 1 to 6
carbons), alkoxy of 1 to 6 carbomns, aryl and carboxy.
The term "aryl" refers to phenyl and phenyl substitu-

'ted with one, two or three substituents, preferably one.

Preferred substitutents are alkyl of 1 to 6 carbons,
alkoxy of 1 to 6 carbons, halogen, trifluoromethyl,
amino, alkylamino of 1 to 6 carbons, dialkylamino,
wherein each alkyl is of 1 to 6 carbons,nitro, cyano,
alkanoyloxy of 2 to 11 carbons, carboxy, carbamoyl and
hydroxy.
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The compounds of formula 1, and the pharma-
ceutically acceptable salts thereof, are antiviral
agents that can be used to treat viral infection:
in mammalian species such as domesticated animals
(e.g., dogs, cats, horses and the like) and

- humans, and avian species (e.g., chickens and
turkeys). The compounds of formula 1 wherein R,

is
? . Fﬂz
<Nf X
. y
? N7 SN, f “x

o o
BN AT HN 1
- ]

d?' ?. ' o7 f ’

8 fﬁz
HN CHg N 2
L] 173
o N , 0P N ’
' |
1 1
HmII o _c1 o -
HN
: | .
4;::::]//\\V// v OF 44\'NI
0 ) o |

are effective against one or more of the following
viruses: herpes simplex virus 1 and 2, varicella-
zoster virus, cytomegalovirus, and human immuno-
deficiency virus (HIV). They are also believed to
be .active against a variety of other DNA and
retroviruses.
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Exemplary DNA viruses in addition to those named
above include other herpes viruses (e.g., Epstein-
Barr virus, pseudorabies virus, human herpes virus
6, and the like), poxviruses (e.g. vaccinia virus,
monkey pox, and myoma), papovaviruses (e.g., the
papilloma viruses), hepatitis B virus, and adeno-
viruses. Exemplary retroviruses in addition to
that named above include those effecting man, such
as human T-cell lymphotropic viruses -I and -II and
those effecting other animals, such as feline
leukemia virus, murine leukemia virus and equine
infectious anemia virus. All of the other compounds
of formula 1 are believed to be active against one
or more of the following viruses: herpes simplex
virus 1 and 2, varicella-zoster virus, cytomegalo-
virus, and the retroviruses and other DNA viruses
described above.

- The compounds of this invention may be
administered parenterally (for example, by intra-
venous, intraperitoneal or intramuscular injection),
orally or topically. _ .

The compounds may be administered orally or
parenterally in an amount effective to treat the
infection. The dosage will, of course, depend on
the severity of the infection, but will likely be

'in the range of about 1.0 to 50 mg/kg of body

weight. The desired dose may be administered
several times daily at appropriate intervals.



10

15

20

25 -

30

35

REPLACEMENT SHEET

Dat827AUG19$ :! |

GY20a
-7~

~

For infections of the eye, or other
external tissues, (e.g. mouth and skin), the

. compositions may'be applied to the infected part

of the body of the patient topically as an
ointment, cream, aerosol, gel, powder, lotion,

 suspension or solution (e.g. as in eye drops).
‘The concentration of the compound in the vehicle

Vill, of course, depend on the severity of the
infection, but will likely be in the range of
about 0.1 to 7% by weight.

According to another aspect of the present invention, there

is provided a process for preparing a compound of the formula

or such a compound in pharmaceutically acceptable salt form

wherein R1 is

N NH N SN
2P <’?I;,J

‘ N NBZ ’ \mz !
ﬁ 2
N NH N N
/, /Z,
N IO
' N NHZ ? ’ N [
NH, NH,
N N N N
ae S
NS N \F N> "SNwm,



=CH-N
N N
¢ M
_
N
N NH

REPLACEMENT SHEET ||




REPLACEMENT SHEET

R, is fluoro, chloro, bromo, iodo, hydrogen. methyl,
trifluoromethyl, ethyl, n-propyl, 2-fluoroethyl,
~2-chloroethyl, ethynyl or

—— ;
~~  (trans) \H

R, is chloro, bromo, iodo, hydrogen, methyl or

trifluoromethyl;
0 R, is alkyl;
R; is hydrogen, alkyl, substituted alkyl, or aryl; and
R, and R, are independently hydrogen, -POH, or
(|)
. —C-R, which comprises:
15

a) reacting a compound of the formula

M N

N
0

1140,

20

P

wherein P is a protecting group with a compound of
og the formula '

Rlﬁ

which is optionally protected to give the intermediate
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HO

= R,
’*2‘”‘*2"\@'1

S
<>
P=-0

b) oxidizing the intermediate of step (2) to give
the intermediate '

o)
@—Hzc-onzc\& 1
>
~

P-~-0

_ c) reacting the intermediate of step (b) with a
methylation reagent to give the intermediate

H H

>
Sy
peo

: d) removing the benzyl protecting group, the
protecting group P and any protecting groups in Ry to
give the desired final product.
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The compounds of this invention can be
prepared from a compound of formula
\'.\\\0

PO

. 2
‘wherein "Bn" i '
© O

and P is a protecting group such as a benzyl,
trityl, substituted trityl (e.g. 4-monomethoxy-
trityl or 4,4'~-dimethoxytrityl), or silyl group.
The term silyl refers to silyl protecting groups
well known in the art [e.g. t-butyldimethylsilyl,
t-butyldiphenylsilyl, (triphenylmethyl)dimethyl-
silyl, methyldiisopropylsilyl, or triisopropyl-
silyl]). Protection of'the hydroxyl Qroup in the
known compound of formula

il o
\\

)

HO
3
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using benzyl bromide and sodium hydride affords
the known compound of formula 2 wherein P is a benzyl
group [see K. Biggadike et.al, J. Chem. Soc. Perkin
Trans, 1 549 (1988)]. Protection with a trityl,
substituted trityl or silyl group can be accomplished
by methods known in the art.

A compound of formula 1 wherein R; is

1

N N

Y ‘1 .
~,
N NH2

and Rg and R, are hydrogen can be prepared by
reaction of a compound of formula 2 with a
compound of formula

NN
G

N~ NH
&

2

in the presence of a base such as lithium hydride,
sodium hydride, or potassium hydride in an aprotic
polar solvent such as dimethylformamide, dimethyl
sulfoxide, or sulfolane (tetramethylene sulfone).
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_This Yields the corresponding compound of formula

. ?1
N N

2@

" N A xm,
2

BnoO . /

p-o™
5

Protection of the amino (-NH,) group in the
compound of formula 5 affords a compound of formula

jeew

(11 Xe)

H

110

By

p-o™
6
wherein the protecting group P; can be trityl or
substituted trityl (e.g. 4-monomethoxytrityl or
4,4'-dimethoxytrityl). The protection can be
accomplished by treatment of the compound of
formula 5 with trityl chloride or a substituted

trityl chloride in dichloromethane in the presence



10

15

20

GY20a
- 1% -

-

of triethylamine (and, optionally, in the presence
of 4-N,N-dimethylaminopyridinei. Oxidation of the
hydroxyl group in this compound of formula 6 yields
a compound of formula

cl
N N
7 N
ael

p-o'" 7
The oxidation can be carried out by methods
well know in the art (e.g. 1,3-dicyclohexylcar-

bodiimide/dimethyl sulfoxide/methylphosphonic acid

NH-P,
Bno

-in dichloromethane or pyridinium dichromate/molec-

ular sieves in dichloromethane). Treatment of a
compound of formula 7 with a methylenation reagent
such as zinc/titanium tetrachloride/dibromomethane
in dichloromethane/tetrahydrofuran or methyl=-
enetriphenylphosphorane yields a compound of

formula
Ccl
N. N
e
7
H N

NE-P,

)
]
o)
<
(o
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Removal of the protecting groups from a
compound of formula 8 provides the compound of
formula 1 wherein R, is

$l
N N
L
S,
and Rg and R; are hydrogen.
When the protecting groups P and P; are trityl or
substituted trityl, removal of the trityl groups P
and P; can be accomplished by treatment with
agueous alcoholic mineral acid (e.g. hydrochloric
acid in agueous methanol) or agueous acetic acid.
Subsequently, the benzyl group protecting the
primary hydroxyl group can be removed by treatment
with boron trichloride in dichloromethane. When
the protecting group P is benzyl and the P, pro-
técting group is trityl or substituted trityl, the
P, protecting group can be removed by treatment
with agqueous alcoholic mineral acid or agqueous
acetic acid, and the benzyl protecting groups can
be removed with boron trichloride. Wwhen the
protecting group P is a silyl group and P, is a
trityl or substituted trityl group, the silyl group
can be removed first by treatment with fluoride ion
(e.g. tetrabutylammonium fluoride in tetrahydrofuran).
subsequently, the P; protecting group can be
removed by treatment with aqueous alcoholic mineral
acid or aqueous acetic acid, and then the benzfl
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group protecting the primary alcohol group can be
removed by treatment with boron trichloride.
Alternatively, the P; protecting group can be
removed first, the silyl protecting group P second,
and the benzyl group protecting the primary alcohol
last.

The compound of formula 1 wherein R; is

ST
i N~ T NH,

and Rg and R; are hydrogen can be prepared as
follows:

Reaction of a compound of formula 2 with a
compound of formula '

oBn
N_ AN’
A

)
] NH2
H 9

according to procedures analogous to those used
in preparation of'the compound of formula 5 affords
a compound of formula

OBn

|
N N
@
N/\N/ NNE,
Bni
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Protection of the amino group (-NH,) in the
compound of formula 10 according to the procedures
analogous to those used in the preparation of the
compound of formula 6 yields a compound of formula

f\\n
| 4]\
NN SNE-P,
BnO
10 ]
P-0° 1

Oxidation of the alcohol group in the

compound of formula 1l under conditions analogous
15 to those used in the preparation of the compound of

formula 7 provides a compound of formula

: OBn
N \N
S
N Py .
(o] N NH-P,

Bno
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Methylenation of the ketone group in the
compound of formula 12 under conditions analogous
to those used in the preparation of the compound of
formula 8 yields a compound of formula

OBn

N N :
G
NN\ N nB-P,

B |

p-ontt" 13
Finally, removal of the protecting groups
from the compound of formula 13 provides the
compound of formula 1 wherein R, is

?
sed

and R¢ and R, are hydrogen.

when the protecting groups P and P, are trityl or
substituted trityl, removal of the trityl groups

and the purine O-benzyl protecting group can be
accomplished by treatment with agueous alcoholic
mineral acid (e.qg. hydrochloric acid in aqueous
methanol). Subsequently, the benzyl group protecting
the primary hydroxyl, can be removed by treatment
with boron trichloride in dichloromethane. When

the protecting group P is benzyl and the P, protecting
group is trityl or substituted trityl, the P,
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protecting group and the purine O-benzyl protecting
group can be removed first by treatment with
aqueous alcoholic mineral acid. Subsequently, the
benzyl groups protecting the alcohol groups can be
removed by treatment with boron trichloride. Wwhen
the protecting group P is a silyl group and P, is a
trityl or substituted trityl group, the silyl
group can be removed first by treatment with
fluoride ion (e.g. tetrabutylammonium fluoride in
tetrahydrofuran). Subsequently, the P; protecting
group and the purine O-benzyl protecting group
can be removed by treatment with aqueous alcoholic
mineral acid. Finally, the benzyl group protecting
the primary alcohol can be removed by treatment
with boron trichloride. Alternatively, the P, and
purine O-benzyl protecting groups can be removed
first, the silyl protecting group P second, and
the benzyl group protecting the primary alcochol
last.

Alternatively, this compound can be prepared
from a compound of formula 1 wherein R; is

and Rg¢ and Ry are hydrogen, by hydrolysis of the
chloro group using aqueous acid (e.g. aqueous
hydrochloric acid).
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The compound of formula 1 wherein R; is

apu

and Rg and R, are hydrogen can be prepared from
the compound of formula 5 wherein P is a silyl
group (e.g. t~butyldiphenylsilyl). Hydrogenolysis
of this compound (e.g. ammonium formate and pal-
ladium on carbon in methancl; palladium hydroxide
on carbon and cyclohexehe in ethanol; or palladium
on carbon, hydrogen, and ethanol) results in
reduction of the chloro group and removal of the
benzyl protecting group on the primary hydroxyl

to afford the compound of formula

faell

nuo

\
-0V 14

Protection of the primary hydroxyl group and
the amino (~NHz) group in the compound of formula
14 by reaction with trityl chloride or a substituted

"trityl chloride in dichloromethane in the presence
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of triethylamine and 4-N,N-dimethylaminopyridine
affords the compound of formula

where the P; groups are trityl or substituted
trityi. Sequential oxidation and methylenation of
the compound of formula 15 under conditions analo-
gous to those used in the preparation of the
compounds of formulas 7 and 8,respectively,
followed by removal of the protecting groups,
affords the compound of formula 1 wherein R; is

YL

and Rg and R, are hydrogen. .
The silyl protecting group P can be removed
first by treatment with fluoride ion (e.g.
tetrabutylammonium fluoride in tetrahydrofuran),
and ther the trityl protecting groups P; can be
removed by treatment with aqueous alcoholic
mineral acid (e.g. hydrochloride acid in aqueous
methanol) or aqueocus acetic acid. Alterna-
tively, the trityl protecting groups P; can be
removed first followed by removal of the silyl
protecting group P.
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Alternatively, reaction of the compound .
of formula '

16
wherein P, is a trityl or substituted trityl
group, with a compound of formula 2 under
conditions analogous to those used in the prepara-
tion of the compound of formula S affords a compound

of formula
N N
~N
< i
N—\
N NE-P,

NH-P; ,

Bn

p-ow 17
Sequential oxidation and methylenation of the
compound of formula 17 under conditions analogous
to those used in the preparation of the compounds
7 and 8, respectively, followed by removal of the
protecting groups affords the compound of formula
1l wherein R; is

I
i N NH,

and R¢ and R; are hydrogen.
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_Alternatively, reaction of a compound of

formula
N N
a0
? | l‘?k NH_

H
18
with a compound of formula 2 affords a compound of
formula
N N
<>
N el
HO NH,
BnoO
. \ ) .
P_o '-\\ }2

Protection of the amino (-NH;) group with a trityl
or substituted trityl group provides the compound
of formula 17, which can then be converted (as
described above) to the compound of formula 1
wherein R; is

N N
e
¥ N NH.

and Rg and R; are hydrogen.
The compound of formula 1 wherein R; is

NH,
N N
I" N/ NH»
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and Rg¢ and R; are hydrogen can be prepared from a
compound of formula 8 by methods known in the art.
Thus, for example, when a compound of formula 8 .
(wherein P is a protecting group such as benzyl,
silyl, trityl or substituted trityl, and P, is
trityl or substituted trityl) is treated with hot
methanolic ammonia, displacement of the chloro
group with an amino group will result.  The.pro-
tecting groups can then be removed according to
procedures known in the art.

Alternatively, this compound of formula 1
can be prepared from a compound of formula 1
wherein Ry is

?l
N N
SXL
. e’
| N Naz

and Rg and R; are hydrogen by methods known in the
art. (See, e.g., J.C. Martin, et al, J. Med. Chem. 28,
358 (1985)).
A compound of formula 1 wherein R, is
Ry

N

P

|
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and R¢ and R; are hydrogen can be prepared by.
treatment of a compound of formula 5 with sodium
alkoxide, which provides the compound of formula

OR,4
N \JN
<ff
A

W\

P-O" 20
Protection of the amino group, oxidation and
methylenation (according to procedures analogous to
those used in the preparation of compounds 6, 7 and

HQ
B

L3

.8), followed'by removal of protecting groups,

provides the compound of formula 1 wherein R; is

OR4
N N
el
A
‘ N NHz

and Rg and R; are hydrogen. _
Alternatively, this compound of formula 1

‘can be prepared from a compound of formula 1

wherein R; is

?1
N. \\N
CIL
H7SN" g,
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and R¢ and R; are hydrogen by methods known in the
art. See, for example, J.F. Gerster, et al., J.
Amer. Chem. Soc., 87, 3752 (1965); K.K. Ogilvie,
et al., Can. J. Chem., 62, 2702 (1984); M.R.
Harnden, et al., J. Med. Chen., 30, 1636 (1987).

Alternatively, this compound of formula 1
can be prepared from a compound of formula

OR,
101
N NH,
# 21
and a compound of formula 2 using procedures
analogous to those used in the preparation of
compounds 5, 6, 7 and 8, followed by removal of the
protecting groups. A compound of formula 21 can be
prepared from the compound of formula 4 by methods
know in the art (See, e.g., W.A. Bowles, et al.,
J. Med. Chem., 6, 471 (1963); M.MacCoss, et al.,
Tetrahedron Lett., 26, 1815 (1985)). )
The compound of formula 1 wherein R, is




10

15

REPLACEMENT SHEET

_ 27 GY20a

“and R¢ and R; are hydrogen can be prepared from

a compound of formula 2 and a compound of formula
B

OBn
o~
¥~ nm,
H

22
according to procedures analogoﬁs to those used in
preparation of compounds 10, 11, 12, and 13,
followed by removal of the protecting groups.
The compound of formula 1 wherein R, is

} N

and R¢ and R; are hydrogen can be prepared as
follows:
Reaction of the compound of formula

NH2
N N
3¢
NN
H

23
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with a compound of formula 2 according to
procedures analogous to those used in preparation
of the compound of formula 5, affords a compound of
formula

BnoO

N\
p-o"' 24

Selective protection of the amino (-NH,)
group in the compound of formula 24 with an acyl
group P, (e.g., acetyl) gives the compound of
formula

BnoC

See, for example, G. S. Ti et al., J. Amer.

Chem. Soc., 104, 1316 (1982)). oOxidation of the
compound of formula 25 and subsequent treatment
with zinc/titanium tetrachloride/dibromomethane
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according to procedures analogous to those used
in the preparation of compounds 7 and 8 provides
a compound of formula

AW
P-oM : 26
Removal of the protecting groups from this
compound yields the compound of formula 1 wherein
R; is

BnO

N
AP
¥ w
and Rg and R; are hydrogen.

" Altermatively, oxidation of the compound of
formula 25 and subsequent treatment with methylene-
triphenylphosphbrane according to procedures analogous
to those used for the preparation of compounds
7 and 8 gives the compound of formula 26 wherein
the amino (~NH,) group still possesses an acyl
protecting group, P,. Removal of the protecting
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groups from this compound provides the compound of
formula 1 wherein R; is

NH,
NN
e
S

and Rg and R; are hydrogen. (Removal of the acyl
protecting group Pz can be accomplishéd using
sodium methoxide in methanol or methanolic

ammonia) .

Alternatively, this compound of formula 1
can be prepared by reaction of the compound of

formula
cl
1
~ N
él@
7
N7 Sn
H

27

with a compound of formula 2 under conditioms
analogous to those used for the preparation of

the compound of formula 5.

Subsequent oxidation

and methylenation according to procedures analogous
to those used in the preparation of compounds
7 and 8 provides the compound of formula '

H

Bno

p-o\Y

N
3
H N

Cl
N

y

EEF LA—(;E?v'i ENT SHEET

e e

0%, |
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. Treatment of a compound of formula 28 with
hot ammonia in an alcohol (such as methanol or
ethanol) followed by removal of protecting groups
yields the compound of formula 1 wherein R, is

NH,
-N. N
NN

and R¢ and R; are hydrogen.

In another alternative, this compound of
formula 1 can be prepared from a compound of
formula 1 wherein R, is

and Rg and R; are hydrogen by methods known in the

art. (See e.g. J.C. Martin et al., J. Med. Chem.,

28, 358 (1985)). '
The compound of formula 1 wherein R; is

- . Cl
[ae
!
¥ Nél

and Rg and R; are hydrogen can be prepared by
removal of the protecting groups from the compound
of formula 28.
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The compound of formula 1 wherein R; is

NH» '
N \N
7 | ~
<?:]:j:;i\~F

and R¢ and R; are hydrogen can be prepared from
the compound of formula 1 wherein R; is

NH»
4@
<

¥ ﬁ;J\\Nﬂz

and Rg and R; are hydrogen by following known
procedures. See, for example, J. A. Montgomery
et al., "Synthetic Procedures in Nucleic Acid
Chemistry", Vol. 1, W. W. Zorbach and R. S.

Tipson, Eds., Interscience Publishers (John Wiley

and Sons), N.Y. p. 205, 1968.
The compound of formula 1 wherein R; is

<§f;m

and Rg and R; are hydrogen can be prepared
from this compound of formula 1 wherein R; is

Cl
~ N
&fl
NN7
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and Rg¢ and R; are hydrogen by acid hydrolysis
(e.g. hot aqueous hydrochloric acid) or basic
hydrolysis (e.g., aqueous methanolic sodium
hydroxide).

Alternatively, this compound of formula 1
can be prepared by treatment of a compound of
formula 1 wherein R; is

NH,
@
T~

and Rg and R; are hydrogen with adenosine

deaminase or nitrous acid according to methods
known in the art (e.g., M. J. Robins, et al., J.
Med. Chem., 27, 1486 (1984); K.K. Ogilvie et al,
Can. J. Chem., 62 241 (1984)); I. Iwai, et al., in
"Synthetic Procedures in Nucleic Acid Chemistry",

-Vol. 1, W. W. Zorbach and R. S. Tipson, Eds., Inter-

science Publishers (John Wiley and Sons), N.Y., p.
135, 1968; R. E. Holmes et al., J. Amer. Chem. Soc.,
86, 1242 (1964)).

The compound of formula

l N
oy A
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wherein R, is hydrogen, fluoro, methyl, ethyl,
n-propyl, 2-chloroethyl, or 2-fluoroethyl can be

prepared by reaction of the corresponding compound
of formula

o
OJ\III
H
30
with a compound of formula 2 in the presence of a
base such as lithium hydride, sodium hydride, or
potassium hydride in an aprotic polar solvent such
as dimethylformamide, dimethyl sulfoxide or
sulfolane to yield a compoung of formula

o

P=0O \\\‘ §2__
Oxidation of the hydroxyl group in a
compound of formula 31 using methods known
in the art (e.g. 1,3~dicyclohexylcarbodiimde/
dimethylsulfoxide/methylphosphonic acid in di-
chloromethane or pyridinium dichromate/molecular

H

1o



10

15

20

25

30

u REPLACEMENT SHEET
l

~ 35 =

\

sieves in dichloromethane) provides the compound of
formula '

Treatment of the compound of formula 32 with a
methylenation reagent such as zinc/titanium tetfa-
chloride/dibromomethane in dichloromethane/tetra-
hydrofuran or methylenetriphenylphosphorane

" yields the compound of formula

BnoO

'On

p-o'" 33

Removal of the protecting groups from the
compound of formula 33 provides the corresponding
compound of formula 29. For example, when the
protecting group P is benzyl, both benzyl groups
can be removed by treatment with boron trichloride
in dichloromethane. When the protecting group P is
trityl or substituted trityl, the trityl protecting
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group can be removed by treatment with aqueous
acetic acid or aqueous alcoholic mineral acid,
(e.g., hydrochloric acid in aqueous methanol),

and then the benzyl protecting group can be removed
by treatment with boron trichloride. When the
protecting group P is a silyl group, removal of the
silyl protecting group can be accomplished with
fluoride ion (e.g. tetrabutylammonium fluoride in
tetrahydrofuran) and then the benzyl group can be
removed by treatment with boron trichloride.
Alternatively, the benzyl group can be removed
first, followed by removal of the silyl group.

The compound of formula 30 wherein R; is
2-chloroethyl or 2-fluoroethyl can be prepared by
methods known in the art (H. Griengl et. al., J.
Med., 30 1199 (1987); J. Med. Chem., 28 1679
(1985)).

The compound of formula 31 wherein R, is
fluoro can alsc be prepared from the corresponding
compound 31 wherein R, is hydrogen and the
protectlng group P is benzyl, trityl or
substituted trityl by fluorination using trifluoro- -
methyl hypofluorite following methodology known in
the art. For example, see M.J. Robins, et al.,

J. Amer. Chem. Soc., 93 5277 (1971); Chem.
Communs., 18 (1972); T.S. Lin et al., J. Med.
Chem., 26, 1691 (1983).
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The compounds of formula 29 wherein R, is
2~-chloroethyl and 2-fluoroethyl can also be pre-
pared from a compound of formula

BN OP3

BnoO

W
Bno W ' 34

wvherein Pz is trityl, substituted trityl, or a
silyl protecting group. Removal of the P,
protecting group yields a compound of formula 33
wherein P is benzyl and R, is 2-hydroxyethyl.
Treatment of this compound with triphenylphosphine-
carbon tetrachloride, and subsequent removal of
the benzyl protecting groups with boron _
trichloride, affords the compound of formula 29
wherein R, is 2-chloroethyl. Similar treatment
using triphenylphosphine/N-bromosuccinimide or
triphenylphosphine/N-bromosuccinamide/tetra-
butylammonium iodide in place of triphenylphos-
phine/carbon tetrachloride (e.g., see H. Griengl,
et al., J. Med. Chem., 28, 1679 (1985)) affords
compounds of formula 33 wherein P is benzyl and R;
is 2-bromoethyl or 2-iodoethyl, respectively.
Subsequent treatment with fluoride ion, followed
by removal of the benzyl protecting groups;
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provides the compound of formula 29 wherein R, is
2-fluorocethyl. Alternatively, treatment of a
compound of formula 33 wherein P is benzyl and R,
is 2-hydroxyethyl with diethylaminosulfur
trifluoride provides, upon removal of the benzyl
protecting groups, a compound of formula 29
wherein R, is 2-fluoroethyl.

The compound of formula 34 can be prepared
from a compound of formula

O
HN CH oP
! ' z\\\NCHE//, 3
T
) H

35
and a compound of formula 2 by methods analogous
to those used in the preparation of compounds 31,
32 and 33 wherein R, for example, is hydrogen,
methyl or ethyl, and P is benzyl. The compound of
formula 35 can be prepared from the corresponding
free alcohol by methods known in the art.

The compound of formula
NH»
$

H d?’

\
BO iV 36

——— e,
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wherein R; is hydrogen, fluoro, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluoroethyl can be
prepared from the corresponding compound of formula
33 wherein the protecting group P is a benzyl,
trityl, substituted trityl or silyl group. Treat-
ment of this compound with, for example,
4~-chlorophenyl dichlorophosphate and 1, 2,4-triazole
in a solvent such as pyridine and reaction of the
resulting intermediate with ammonium hydroxide in a
solvent such as dioxane provides the corresponding
compound of formula
NH»
NZ- R

BnO

pom“‘“ 37
See, for example, T. S. Lin et al., J. Med. Chem.,
26, 1691 (1983); P. Herdewijn, et al., J. Med.
Chem., 28, 550 (1985). Removal of the protecting
groups from the compound of formula 37 yields the
corresponding compound of formula 36. For example,
if P is a benzyl group, both benzyl protecting
groups can be removed by treatment with boron
trichloride. If P is a trityl or substituted
trityl protecting group, the P group can be
removed with agueous alcoholic mineral acid or
aqueous acetic acid, and the benzyl group
protecting the primary alcohol can be removed with

r_ET
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boron trichloride. 1If P is a silyl protecting
group, the P group can be removed with fluoride
ion followed by removal of the benzyl protecting
group. Alternatively, the benzyl protecting group
can be removed with boron trichloride followed by
removal of the silyl protecting group with

- fluoride ion. -

Alternatively, the compound of formula 33
wherein R, is hydrogen, fluoro, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluoroethyl and the
protecting group P is a benzyl, trityl,
substituted trityl or silyl group can be
reacted with a sulfonyl chloride (e.g., p-
toluenesulfonyl chloride) in an inert solvent
(e.g., 1,2-dichloroethane or dioxane) in the
presence of a base such as potassium carbonate.
(For other sulfonyl chlorides and solvents, see,
for example, European Patent Application EP
204,264). This affords the corresponding compound
of formula

Bno

\\
POt 38
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which can be treated with ammonia gas in an inert
solvent (e.g., 1,2-dichloroethane or dioxane) to
afford the corresponding compound of formula 37 .
Removal of the protecting groups from the compound
of formula 37 yields the corresponding compound of
formula 36.

Alternatively, the compound of formula 36
wherein R; is fluoro, hydrogen, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluoroethyl can be
prepared from the corresponding compound of
formula 29 by methods known in the art. sSee, for
example, T.S. Lin, et al., J. Med. Chem., 26, 1691
(1983); P. Herdewijn, et al., J. Med. Chem., 28,
550 (1985); European Patent Application EP 360018.

Alternatively, the compound of formula 36
wherein R, is fluoro, hydrogen, methyl, ethyl,
n-propyl, 2-chlorcethyl or 2-fluoroethyl can be
prepared by reaction of the corresponding compound

of formula .
NH:
&N
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with a compound of formula 2 in the presence of a
lithium hydride, sodium hydride or potassium
hydride in an aprotic polar solvent such as
dimethylformamide, dimethyl sulfoxide or sulfolane
to yield a compound of formula

NH»
N/ﬁ/ Rz
|
o//j\N -

H

(o’

1"t

BnO

\
wWY

40
Selective protection of the amino group‘iﬁ
the compound of formula 40 with an acyl group P
(e.g. acetyl) yields a compound of formula
NH-P,
T,’ Rz
I

SN

lﬂg

Bn

') \\
r-0" 41

(See, for example, G.S. Ti et al., J. Amer.

Chem. Soc., 104, 1316 (1982)). Oxidation of the
compound of formula 41, followed by methylenation
with zinc/titanium tetrachloride/dibromomethane,
with subsequent or simultaneous removal of the acyl
protecting group P,, gives a compound of formula
37. Removal of the protecting groups from this
compound provides a compound of formula 36 wherein
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R, is fluoro, hydrogen, methyl, ethyl, n-propyl,
2-chloroethyl or 2-fluoroethyl. When the pro-
tecting group P is benzyl, both benzyl groups can
be removed by treatment with boron trichloride in
dichloromethane. When the protecting group P is
trityl or substituted trityl, the trityl protecting
group can be removed by treatment with aqueous
acetic acid or agueous alcoholic mineral acid
(e.g., hydrochloric acid in aqueous methanol),
and then the benzyl protecting group can be removed
by treatment with boron trichloride. When the
protecting group P is a silyl group, removal of the
silyl protecting group can be accomplished with
fluoride ion (e.g., tetrabutylammonium fluoride in
tetrahydrofuran) and then the benzyl group can be
removed by treatment with boron trichloride.
Alternatively, the benzyl group can be removed
first followed by removal of the silyl group.
Alternmatively, oxidation of the compound of

-formula 41 and subsequent treatment with methylene-

triphenylphosphorane. gives a_compound of formula
- NH-P,

S
A
A

Ry

H
BnO

\
p-o V"' 42
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Removal of the protecting groups from this
compound provides the compound of formula 36
wherein R; is fluoro, hydrogen, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluroethyl. Removal
of the acyl protecting group P, can be
accomplished using sodium methoxide in methanol or
methanolic ammonia. '

Alternatively, the compound of formula 40
wherein R; is hydrogen, fluoro, methyl, ethyl,
n-propyl, 2-chloroethyl or 2-fluoroethyl and the
protecting group P is a benzyl, trityl, or silyl
group can be prepared from the corresponding
compound of formula 31 using methodology
known in the art. See, for example, T.S. Lin et
al., J. Med. Chem., 26, 1691 (1983); P. Herdewijn
et al., J. Med. Chem., 28, 550 (1985); Eurcpean
Patent Applications EP 360018 and EP 204264.

Alternatively, the compound of formula 40 or
41 wherein R, is fluoro can be prepared from the
cofresponding compound of formula 40 or 41 wherein
Rz is hydrogen and the protecting group P is benzyl,
trityl or substituted trityl by fluorination using
trifluoromethyl hypofluorite following methodology
known in the art. For example, see M.J. Robins,
et al., J. Amexr. Chem. Soc., 93, 5277 (1971) and
Chem. Communs., 18 (1972); T.S. Lin et al., J.
Med. Chem., 26, 1691 (1983).

The compound of formula 29 wherein R, is
chloro, bromo or iodo can be prepared from the
compound of formula 31 wherein R, is hydrogen
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and the protecting group P is a benzyl group.
Halogenation of this compound of formula 31 by
methods known in the art provides the
corresponding compound of formula

-

BnO\\\‘\ 43
wherein R, is chloro, bromo or iodo. (See, for
example, P. Herdewijn et al., J. Med. Chem., 28,
550 (1985); M. J. Robins et al., J. Org. Chem.,
48, 1854 (1983); T.S. Lin et al., J. Med. Chem.,
26, 598 (1983); T. Ueda et al., Nucleotides and
Nucleosides, 4, 401 (1985); "synthetic Procedures
in Nucleic Acid Chemistry", Vol. 1, W.W. Zorback
and R.S. Tipson, Eds., John Wiley and Sons, NY, p.
491, 1968). Oxidation of the compound of formula
43 and subsequent methylenation with zinc/titanium
tetrachloride/dibromomethane or methylenetriphenyl-
phosphorane provides the compound of formula

H

(o]

BnO

i
HN/!j/Rz
l
S o)\n

a—
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wherein R, is chloro, bromo or iodo. (See, for
example, European Patent Application EP 360018).
Removal of the benzyl protecting groups in the com-
pound of formula 44 by treatment with boron tri-
chloride affords the compound of formula 29 wherein
Ry is chloro, bromo, or iodo.

The compound of formula 36 wherein R, is
chloro, bromo or iodo can be prepared from the
corresponding compound of formula 44 using methods
known in the art (and analogous to those used in
the conversion of compound 33 to compound 37
wherein, for example, R; is hydrogen, methyl or
ethyl), followed by removal of the benzyl
protecting groups with boron trichloride.

Alternatively, the compound of formula 36
wherein R; is chloro, bromo or iodo can be
prepared from the corresponding .compound of
formula 29 by methods known in the art. See, for
example, T.S. Lin, et al., J. Med. Chem., 26, 1691

(1985); European Patent Applications EP 360018 and
EP 204264).

The compound of formula 29 wherein R, is tri-
fluoromethyl can be prepared from the compound of
formula 44 wherein R, is iocdo by treatment with
trifluoromethyl iodide and copper followed by the
removal of the benzyl protecting groups using boron
trichloride. See, for example, Y. Kobayashi et
al., J. Chem. Soc. Perkin 1, 2755 (1980); S. Lin
et al., J. Med. Chem., 26, 1691 (1983).
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The compound of formula 29 wherein R; is
trifluoromethyl can be prepared from a compound of
formula 43 wherein R, is iodo as follows: A
compound of formula 43 wherein R, is iodo can be
converted to a compound of formula

Bnot vV 4s
wherein R, is iodo and the protecting group P, is
trityl, substituted trityl or acyl (e.g., acetyl).
Treatment of this compound of formula 45 with
trifluoromethyl iodide and copper according to
procedures known in the art (see for example, Y.
Kobayashi, et al., J. Chem. Soc. Perkin, 2755
(1980); S. Lin, et.al.; J. Med. Chem., 26 1691
(1983)) and subsequent removal of the P, protecting
group provides the compound of formula 43 wherein
Ry is trifluoromethyl. Oxidation of the compound of
formula 43 wherein R; is trifluoromethyl and
subsequent treatment with zinc/titanium tetra-
chloride/dibromomethane or methylenetriphenylphos-
phorane provides the compound of formula 44 wherein
Ry is trifluoromethyl. Removal of the benzyl
protecting groups from. the compound of formula 44
by treatment with boron trichloride provides the
compound of formula 29 wherein R, is trifluoro-
methyl.
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The compound of formula 36 wherein R; is
trifluoromethyl can be prepared from the cor-
responding compound of formula 44 using methods
known in the art (and analogous to those used in
the conversion of compound 33 to compound 37
wherein, for example, R, is hydrogen, methyl, or
ethyl), followed by removal of the benzyl protecting
groups with boron trichloride.

Alternatively, the compound of formula 36
wherein R, is trifluoromethyl can be prepared
from the corresponding compound of formula 29
by methods known in the art. See for example, T.S.
Lin et al., J. Med. Chem., 26, 1691 (1983); P.
Herdewijn et al., J. Med. Chem., 28, 550; (1985);
European Patent Applications EP 360018 and EP

204264.
The compound of formula 29 wherein R, is
H R
N 0

and Ra is chloro, bromo, iodo, hydrogen, methyl or
trifluoromethyl can be prepared from the compound
of formula 43 wherein R, is iodo or -HgCl.
Reaction of the compound of formula 43 wherein R,
is iodo or -HgCl via organopalladium intermedi-
ates affords the compound of formula 43 wherein

Ry is |

Rs

:::c’/

H
~N
/' =



10

15

20

25

- 49 -

and Rz is chloro, bromo, iodo, hydfogen, methyl or
trifluoromethyl. The cdmpound of formula 43
wherein R; is HgCl can be prepared from the com-
pound of formula 31 wherein R, is hydrogen and P is
a benzyl protecting group. See, for example,
references in E. DeClercq et al., Pharmac.

Ther., 26, 1 (1984); M.E. Perlman et al., J.

Med. Chem., 28, 741 (1985); P. Herdewijn et al., J.

" Med. Chem., 28, 550 (1985); D. E. Bergstrom et

al., J. Med. Chem., 27, 279 (1984).
Oxidation of a compound of formula 43
wherein R; is

/ m
and Rz is chloro, bromo, iodo, hydrogen, methyl,
or trifluoromethyl, and subsequent treatment with
zinc/titanium tetrachloride/dibromomethane or
methylenetriphenylphosphorane
provides the corresponding compound of formula 44.
Removal of the benzyl protecting gtoups from this
compound using boron trichloride affords the
compound of formula 29 wherein R, is

H Ra
N o

c=¢C
/7 g
and Rz is chloro, bromo, iodo, hydrogen, methyl or
trifluoromethyl. .
The compound of formula 36 wherein R, is
H\ _Rs
c::.q\

/ H
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and Ry is chloro, bromo, iodo, hydrogen, methyl or
trifluromethyl can be prepared from the
corresponding compound of formula 29 by methods
known in the art. See for example, T.S. Lin, et
al., J. Med. Chem., 26, 1691 (1983); P. Herdewijn,
et al., J. Med. Chem., 28, 550 (1985); European
Patent Applications EP 360018 and EP 204264.

Alternatively, the compound of formula 36
wherein R, is H Rs

\\C:::C’/

/&
and R; is chloro, bromo, iodo, hydrogen, methyl or
trifluoromethyl can be prepared from the corres-
ponding compound of formula 44 using methods known
in the art (and analogous to those used in the
conversion of compound 33 to compound 37 wherein,
for example, R, is hydrogen, methyl or ethyl),
followed by removal of the benzyl protecting
groups with boron trichloride.

' The compound of formula 29 wherein R, is
ethynyl can be prepared from a compound of formula
45 wherein Rz is iodo and the protecting P4 is
acyl (e.g. acetyl), trityl, or substituted trityl
as follows: Treatment of the compound of formula
45 wherein R, is iodo and P, is acyl with
trimethylsilylacetylene/bis (triphenylphosphine)
palladium (II) chloride/copper (I) iodide in
triethylamine and, subsequently, with sodium
methoxide in methanol according to procedures
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known in the art (see, for example, E. DeClercq
et al., J. Med. Chem., 26, 661 (1983)) provides
the compound of formula 43 wherein R, is ethynyl.
Alternatively, analogous treatment of the compound
of formula 45 wherein R, is iodo and P4 is trityl
or substituted trityl, followed by removal of the
trityl or substituted trityl protecting group P,,
using, for example, agqueous acetic acid or agqueous
alcoholic mineral acid, provides the compound of
formula 43 wherein R, is ethynyl. Oxidation of
the compound of formula 43 followed by methyle-
nation with zinc/titanium tetrachloride/dibromo-
methane or methylenetriphenylphosphorane yields
the compound of formula 44 wherein R, is ethynyl,
and subsequent removal of the benzyl protecting
groups with boron trichloride provides the
compound of formula 29 wherein R; is ethynyl.

The compound of formula 36 wherein R; is
ethynyl can be prepared from the corresponding
compound of formula 44 using methods known in the
art (and analogous to those used in the conversion
of compound 33 to compound 37 wherein, for
example, Rz is hydrogen, methyl, or ethyl),
followed by removal of the benzyl protecting
groups with boron trichloride.
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Alternatively, the compound of formula 36
wherein R, is ethynyl can be prepared from the
corresponding compound of formula 29 by methods
known in the art. See, for example, T.S. Lin, et
al., J. Med. Chem., 26, 1691 (1983); P. Herdewiin
et al., J. Med. Chem., 28, 550 (1985); European
Patent Applications EP 360018 and EP 204264.

Compounds of formula 1 wherein R; is

, Lz,
¢ fl *

N\\,/I?Q
__——an
: "L\‘CJ
I'N
can be prepared from the corresponding compounds of
formula 1 wherein R; is

i e
N . NH ' N N
¢ O
- 0
N> " m, ¥ "w

by methods known in the art.
Compounds of formula 1 wherein one

NHC Rs

or both Rg¢ and R; are -H—Rs can be prepared by
methods known in the art from the corresponding
compounds of formula 1 wherein Rg and R; are
hydrogen. |
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For examples of acylation procedures see:
"synthetic Procedures in Nucleic Acid Chemistry",
Vol. 1, W. W. Zorbach and R. S. Tipson, Eds., John
Wiley and Sons, 1968; "Nucleic Acid Chemistry,"
Part 1, L.B. Townsend and R. S. Tipson, Eds., John
Wiley and sons, 1978; Y. Ishido, et al.,
Nucleosides and Nucleotides, 5, 159 (1986); J.C.
Martin, et al., J. Pharm. S¢i., 76, 180 (1987);

A. Matsuda, et al., Synthesis, 385 (1986).

Compounds of formula 1 wherein R; is

Ry
N=CH-N
N—_~“NH NN R4
N
soNpIRse
~
n N~ N"CH-N\/ or Y NJ

can be prepared from the corresponding compound of
formula 1 wherein R; is

NH,

. Qyj:[:E\NH <?l]zf%:N
I

f ﬁsJ\Nﬁg or .Ty ﬁCJ

by procedures known in the art. See, for example,
A. Holy and J. Zemlicka, Collect. Czech. Chem.
Commun., 32, 3159 (1967); K.K. Ogilvie, et al.,
Nucleosides and Nucletides, 4, 507 (1985); M.H.
Caruthers, et al., J. Amer. Chem. Soc., 108, 2040
(1986).
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Compounds of the formula 1 wherein Rg
and/or R; are -POgzH, can be prepared from the
corresponding compounds of formula 1 wherein Rg
and Ry are hydrogen by procedures known in the
art. See, for example, H. Schaller, et al., J.
Amer. Chem. Soc., 85, 3821 (1963); J. Beres, et
al., J. Med. Chem., 29, 494 (1986); R. Noyori, et
al., Tet. Lett., 28, 2259 (1987); W. Pfeiderer, et
al., Helv. Chim. Acta., 70, 1286 (1987); "“Nucleic
Acid Chemistry"“. Part 2, L.B. Townsend and R.S.
Tipson, Eds., John Wiley and Sons, 1978.

Unless otherwise stated, the stereochemistry
shown for the compounds of this invention and
intermediates leading to compounds of this
invention is absolute. It is drawn to show that in
the compounds of this invention, the base repre-
sented by R; is cis to the -CH;ORg substituent and
trans to the -OR; substituent attached directly to
the cyclopentyl ring. It is also drawn to show
that the absolute stereochemistry of the cyclo-
pentyl carbon attached to the base (R;) is "s".

For example, the lS~-enantiomer of the com-
pound of formula 1 wherein R, is

g:/)\ .
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and Rg and R, are hydrogen, [1S-(la,3a,4p)]}=-2-amino-
1,9~dihydro~9~[4-hydroxy-3~(hydroxymethyl)-2-
methylenecyclopentyl]-SH-purin-s-one, can be pre-
pared from the 1S-enaﬁtiomer of the compound of
formula 2. The 1S-enantiomer of the compound of
formula 2 can be prepared from the lS-enantiomer of
the compound of formula 3. By following the
procedure described by K. Biggadike et al.,

J. Chem. Soc. Perkin Trans 1, 549 (1988), the
1S-enantiomer of the compound of formula 3 can be
prepared from the l1S-enantiomer of the compound of
formula

Bn

g0\

46
and the lS-enantiomer of the compound of
formula 46 can be
prepared by reaction of the compound of formula

47
with the chiral hydroborating agent, (-)-diisopino-
campheylborane [i.e. (-)-diisopinan-3~ylborane].
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can form acid addition salts with inorganic or
organic acids, Illustrative are the halide
(e.g., chloride and bfomide), alkylsulfonate,
sulfate, phosphate and carboxylate salts.

The compounds of formula I wherein R; is
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can form basic salts with inorganic and organic
bases. Illustrative are alkali metal salts (e.q.,
sodium and potassium), alkaline earth metal salts
(e.g. calcium and magnesium), ammonium and
15 substituted ammonium salts.
The compounds of formula 1 wherein Rg
and/or R; are -POzH, can form basic salts with
inorganic and organic bases. .Illustrative are the
alkali metal salts (e.g., sodium and potassium),
20 alkaline earth metal salts (e.g., calcium and
magnesium), ammonium and substituted ammonium
salts.
The following examples are specific
embodiments of this invention. All temperatures
25 are given in degrees Centigrade.
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Example 1
[1S-(la,3a,48)]1-2-Amino=-1,9-dihydro-9-

[4-hydroxy-3~(hydroxymethyl }-2-methylene-
cyclopentyl]-6H-purin-6-one

A. (-)-Diisopinocampheylborane

(-)-Diisopinocampheylborane was prepared
according to the procedure of H.C. Brown et al.,
J. Org. Chem., 49, 945 (1984) starting with
(1R)=(+)-a~pinene having [a] D23 + 48° (neat).

(1R)=(+)=-a-pinene (158.8 ml, 1 mol) was
added to a stirred solution of 10M borane - methyl
sulfide complex in methyl sulfide and 1000 ml of
dry tetrahydrofuran at 0° under argon. After the
addition, the flask was stoppered and left to
stand at 5°. After 16 hours, additional (1R)~(+)-
a=-pinene (15.8 ml, 1 mol) was added, and the
suspension was stirred for 8 hours at 5°. The
solvents were removed by cannulation, and the
residual solids were then washed with three 130 ml
portions of dry ether (via cannulation) and dried
in vacuo to give 205 g of (~-)~diisopinocampheyl-
borane.

B. (lS~trans)=-2=[ (Phenylmethoxy)methyl]=~3=-=
cyclopenten~l-=0l

The known title compound and the title
compounds in sections C and D were prepared by
modification of the method of K. Biggadike et al.,
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J. Chem. Soc. Perkin Trans. 1, 549 (1988). Cyclo-
pentadiene (28.68 g, 0.434 mol), maintained

at -30°, was added over 1 hour to a stirred mixture
of 22.5 g of 40% sodium sand in mineral oil (0.391
g atm) in dry tetrahydrofuran (156 ml) at -10°
under nitrogen. After the addition, the mixture
was cannulated to an addition funnel at 0°C and
added over 1.3 hours to a stirred solution of
benzyl chloromethyl ether (65.2 ml, 0.469 mol) in
tetrahydrofuran (130 ml) at -50° under nitrogen.
After the addition, the reaction was stirred at =-45°
for 1.3 hours and then cooled to =-60°. Tetrahydro-
furan (390 ml) was added followed by the above
preparation of (-)~diisopinocampheylborane (136 g,
0.477 mol). The reaction was stirred for 1 hour
at -60°C, warmed to -10°C over 1.5 hours and then
stirred for 16 hours at +5°. After concentrating
the reaction mixture ip vacuo to one half of its
original volume, ether (390 ml) was added. The
stirred mixture was cooled to 0° and then 3N sodium
hydroxide (156 ml, 0.469 mol) was added over 45
minutes keeping the temperature at 0°. Then, 30%
hydrogen peroxide (156 ml) was added over 1 hour
while maintaining the temperature below 12°.

After the addition, the reaction was stirred for 1
hour at 10°, and then the layers were separated.
The aqueous layer was washed with ether (300 ml)
and all ether layers were combined, washed with
aqueous sodium chloride, dried (sodium sulfate), and
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concentrated in vacuo to a residue. Chromatography
of the residue on a column of Merck silica gel
(5000 ml) using petroleum ether-ether (2:1) gave a
10 g fraction of impure desired product, a 15.72 g
fraction of pure desired product, and a 2.7 g
fraction of impure desired product. The 10.0 g
and 2.7 g fractions were combined with 4.7 g of
impure desired product from several other similar
reactions, and the mixture was chromatographed
over 1500 ml of Merck silica gel, using petroleum
ether-ether (2:1 and then 1:1), to give an
additional 8.00 g of pure desired product.

c. [1S=(1la,2a,38,5a)]=2=~[(Phenvlimethoxy)=~
methyl]-s-oxabiqyclo[S.1.01hexan-3-ol

A solution of 3M t-butyl hydroperoxide in
2,2,4-trimethylpentane (87 ml, 0.261 mol) was
added to a solution of (1S—trans)-2-[(phenyl-
methoxy)methyl]}-3-cyclopenten-1l-ol (29.63 g, 0.145
mol) and vanadyl acetylacetonate (400 mg) in dry
dichloromethane (60 ml) under nitrogen over 75
minutes keeping the temperature at 25°. The
mixture was stirred at room temperature for 16
hours and then cooled to 0°. Saturated aqueous
sodium sulfite (150 ml) was added over 1 hour
keeping the temperature below 20°, and the
reaction was stirred at room temperature for 1.5
hours. The layers were separated, and the agqueous
layer was extracted with dichloromethane (50 ml).
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The organic layers were combined, washed with
water (50 ml), dried (sodium sulfate) and
concentrated in vacuo to a residue. Chromato-
graphy of this residue on a column of Merck silica
gel (2000 ml), eluting with a gradient of 33 - 50%
ether in petroleum ether, afforded 24.19 g of
pure desired product. Similar chromatography of
impure fractions on Merck silica gel (400 ml)
using petroleum ether-ether (1:1) gave an addi-
tional 2.71 g of desired product for a total yield
of 26.90 g. The desired product had [a]D22 +44.6°
(c, 1.0, CHCl;) and optical purity of ca. 87%.
(See K. Biggadike et al., J. Chem. Soc. Perkin
Trans, 1, 549 (1988).

D. [1S-(la,2a,3B,5¢)]~3-(Phenylmethoxy)~2-~

[ (phenylmethoxy)methyl]-6-oxabicyclo-
[3.1.0]hexane

To a mixture of 60% sodium hydride in
mineral oil (5.11 g, 0.128 mmol) in dry tetra-
hydrofuran (247 ml) at room temperature under
nitrogen was added, dropwise over twenty minutes,

a solution of [1S~(1l«,2a,3B,5¢)]-2-[(phenylmethoxy)-
methyl]-6-oxabicyclb[3.1.0]hexan-3-ol (25.58 g,
0.116 mol) in tetrahydrofuran (123 ml). The
mixture was stirred at room temperature for 2 hours
and at 40° for 1 hour and then cooled to room
temperature. Benzyl bromide (15.2 ml, 0.128 mol)
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and tetrabutylammonium iodide (412 mg) were added,
and the reaction was stirred for 3 hours at room
temperature. Ethanol (20 ml) was added, and after
10 minutes, the solvents were removed in vacuo.

The residue was taken up in water (200 ml) and
ether (200 ml) and the layers were separated. The
aqueous layer was extracted with ether (200 ml) and
the organic layers were combined, dried (sodium
sulfate), and concentrated in vacuo to a residue.
Chromatography of this residue on a column of Merck
silica gel (2000 ml) using a gradient of 33 - 50%
ether in petroleum ether afforded 27.21 g of
desired product.

E. 1S-(la,2B8,3¢,58)~5~[2-Amino-6-(phenyl-
methoxy)~-9H-purin-9-vl]-3-(phenylmethoxy)-
2= henylmethoxy)methyvl Jcyclopentanol

Lithium hydride (80 mg, 10 mmol) was added
to a stirred solution of {1s-(1a,2a,3B,5a)]-3~
(phenylmethoxy)~2~[ (phenylmethoxy)methyl]-6~oxa~-
bicyclo[3.1.0]hexane (6.2 g, 20 mmol) and 2-amino-
6-(phenylmethoxy)-9H~purine (9.64 g, 40 mmol) in
dry dimethylformamide (80 ml) at 60° under
nitrogen. The temperature was increased to 125°,
and the reaction was stirred at this temperature
for 10 hours and then at room temperature for 6
hours. Acetic acid (572 pl, 10 mmol) was added,
and after 10 minutes, the reaction mixture was

L mUAGEMENT SHEET |
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concentrated in vacuo to a residue. Chromato-
graphy of this residue on a column of Merck silica
gel (2000 ml) using a gradient of dichloromethane
to 57 methanol in dichloromethane gave 9.03 g of
partially purified desired product. Chroma-
tography of this material on a column of SilicARrR
CC-7 (1000 ml) using a gradient of chloroform to
12% ethanol in chloroform afforded 6.63 g of pure
desired product.

F. [1S-(la,2B,3a,58)]=5~[2~[[(4-Methoxyphenyl)-
diphenylmethyl Jamino] -6~ (phenylmethoxy)-9H=-
purin-9-vli-3-(phenylmethoxy)-2~[(phenyl-

methoxy)methyl jcyclopentanol

p-Anisylchlorodiphenylmethane (3.37 g, 10.9
mmol), triethylamine 2.35 ml, 16.8 mmol) and 4~
dimethylaminopyridine (40 mg) were added to a
solution of [1S-(la,28,3a,5B)=-5~[2-amino-6~(phenyl~-
methoxy)-9H-purin-9-yl]-3-phenylmethoxy)2-[(phenyl-
methoxy)methyl]cyclopentanol (5.45 g, 9.89
mmol) in dry dichloromethane (75 ml) under
nitrogen, and the mixture was stirred at room
temperature for 3 hours. The reaction was washed
with 5% agqueous sodium bicarbonate (30 ml) and
then water (10 ml), dried (sodium sulfate), and
concentrated in vacuo to a residue. Chromato-
graphy of this residue on a column of SilicAR CC-7
(600 ml) packed in chloroform and eluting with
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chloroform-ethanol (99:1) gave 1.5 g of pure
desired product. Chromatography of impure
fractions on a column of SilicAR CC-7 (700 ml)
packed in chloroform and eluting with chloroform-
ethanol (99.5 : 0.5) afforded an additional 4.54 g
of pure desired product.

G. [2R~-(2a,3B,5a0)]=5=[2=[[ (4-Methoxyphenyl)-
diphenylmethyl Jamino]-6~(phenylmethoxy)-
9H-purin-9-yl]-3-(phenylmethoxy)-2-
{(phenylmethoxy)methyl]-l-cyclopentanone

.To a solution of [1S~(la,2Bp,3cx,5B)]-5-[2~
[ [ {(4-methoxyphenyl )diphenylmethyl]amino]-6-
(phenylmethoxy)~-9H~-purin-9-~yl]~3~(phenylmethoxy)~
2=-[ (phenylmethoxy)methyl]cyclopentanol (4.10 g,
4.88 mmol, dried by concentration in vacuo from
dry toluene) in dry dimethyl sulfoxide (12 ml) at
room temperature under nitrogen was added 1,3-
dicyclohexylcarbodiimide (3.08 g, 14.9 mmol) and
methylphosphonic acid (0.239 g, 2.49 mmol). The
reaction was stirred at room temperature for 4
hours, and then stored at -20° for 16 hours.
After warming to room temperature, oxalic acid
dihydrate (60 mg) in methanol (8 ml) was added,
and the mixture was stirred for 2.5 hours. The
reaction was filtered, and the filtrate was
diluted with dichloromethane and water. The
organic layer was washed with water (3 x 70 ml),
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dried (sodium sulfate), and concentrated in vacuo
to a residue. The residue was taken up in '
dichloromethane (10 ml), filtered and concentrated

Iin vacuo to a residue. (An 1

HNMR spectrum

indicated the presence of unreacted 1,3-dicyclo-
hexylcarbodiimide). The residue was dissolved in
dimethyl sulfoxide (9 ml) and then treated with
methylphosphonic acid (150 mg) in methanol (6 ml)
and oxalic acid dihydrate (60 mg). The mixture was
stirred at room temperature for 4 hours and worked
up as previously described to give crude desired

product as a residue (3.73 g).

H. Zinc - Titanium Tetrachloride - Dibromo-

methane Complex (Preparation 1)

This complex was prepared according to the
procedure of L. Lombardo, Tetr. Let., 23, 4293
(1982). Titanium tetrachloride (11.5 ml, 0.105
mol) was slowly added dropwise to a stirred
mixture of zinc dust (28.76 g, 0.44 mol) and di-
bromomethane (10.1 ml, 0.143 mol) in dry tetra-
hydrofuran (300 ml) at -40° under nitrogen. The
mixture was warmed to 5° over 30 minutes, and then

stirred at 5° for 4 days under argon.

The slurry

was stored at -20° under nitrogen and warmed to

room temperature prior to use.
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t [1S-(la,30,48)]-N=-[(4-Methoxyphenyl)diphenyl-

methy1]-6—(phenylmethoxy)-9-[2-methylene-4-
(phenylmethoxy)=-3~((phenylmethoxy)methyl]-
cyclopentyl ]-9H-purin-2-amine

To a solution of [2R~(2«,3B,5¢)]~5-[2~
[[(4-methoxyphenyl )diphenylmethyl]amino]-6-
(phenylmethoxy)-9H-purin-9-yl]-3-(phenyl-
methoxy)-z-[(phenylmethoxy)methyl]-l-cyclo--
pentanone (1.80 g, 2.19 mmol) in dry dichloro-
methane (40 ml) under nitrogen was added a slurry
of zinc - titanium tetrachloride -~ dibromo-
methane complex in tetrahydrofuran (Preparation 1,
Example 1H) (40 ml, ca. 12.3 mmol). The mixture was
stirred at room temperature for 3 hours, and slowly
poured into a mixture of saturated aqueous sodium
bicarbonate (200 ml) and dichloromethane (200 ml).
After stirring for 20 minutes, the mixture was
filtered through Celite. The Celite was washed -
with dichloromethane, and the layers in the fil-
trate were separated. The agqueous layer was
extracted with dichioromethane, and the combined
organic layers were dried (magnesium sulfate) and
evaporated to a residue. The residue was taken up
in dichloromethane and filtered through Celite.
Concentration of the filtrate gave crude desired
product as a residue (1.43 g).
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J. [1S-(l¢,30,48)]~2-Amino-1,9-dihydro=-9-[2-

. methylene-4-(phenylmethoxy)-3-[{(phenyl-
methoxy)methyl jcyclopentyl ]~6H-purin-6-one

A mixture of crude [1S5-(lc,3a,4B)]}-N-[(4-
methoxyphenyl )diphenylmethyl]-6~-(phenylmethoxy)-

9-[2-methylene-4-(phenylmethoxy)-3~[ (phenylmethoxy)-

methyl]cyclopentyl]-9H-purin-2-amine (2.5 g),
tetrahydrofuran (25 ml), methanol (25 ml) and 3N
hydrochloric acid (12.5 ml) was heated at 50° for
2.5 hours and cooled to room temperature. The

PH was adjusted to 7.3 with 1N potassium
hydroxide, and the mixture was extracted with
ethyl acetate (3 x 120 ml). The ethyl acetate
extract was dried (sodium sulfate) and con-
centrated in vacuo to a residue, which was applied
to a column of Merck silica gel (340 ml) packed in
3% ethanol in chloroform. Elution with a gradient
of 3 - 20% ethanol in chloroform gave 316 mg of
desired product as a residue.

K. [1S=(la,3¢,48)]=-2-Amino~1l,9-dihydro=9=-
[4=-hydroxy-3-(hydroxymethyl )-2-methylene~

cyclopentyl ]-6H~-purin-6-one

To a stirred solution of [1S-(la,3c¢,4B)]~
2-amino-1,9~-dihydro-9~[2-methylene-4-(phenyl-
methoxy)-3-[(phenylmethoxy)methyl]cyclopentyl]-

6H-purin-6-one (304 mg, 0.673 mmol) in dry dichloro-
methane (12 ml) at -78° under nitrogen was added 1M
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boron trichloride in dichloromethane (6.7 ml, 6.7
mmol). The reaction was stirred at -78° for 2
hours and then at ~-40° for 30 minutes. After
cooling the reaction to -78°, methanol (60 ml) was
added slowly over 10 minutes. Upon warming to room

_ temperature, the mixture was concentrated in

vacuo, and then concentrated four times from 40
ml portions of methanol. The residue was dissolved
in methanol (5 ml) and water (5'ml), and the pH
was adjusted to 6.8 using 1IN potassium hydroxide.
After concentration in vacuo, the resulting slurry
was applied as a suspension to a column of 16 ml
of CHP-20P resin (Mitsubishi Chemical Industries
Ltd., 75 - 150 micron) packed in water. Elution
with a gradient of water to 3% acetonitrile in
water and concentration of fractions in vacuo
afforded the desired product as a solid (115 mg)
having m.p. >220° and {a]DZZ + 34° (c, 0.3, water).
Anal. calc'd. for C12H15N503 - 0.9 HZO:

C, 49.12; H, 5.77; N, 23.87
Found: C, 49.17; H, 5.87; N, 23.81.

Example 2
[1S-(la.3c,4B)]~-1~[4-Hydroxy-3-(hydroxymethyl )~

2-methzleneczclogentxl|-5-methxl-2,4glﬂ,3ﬂl-

pyrimidinedione

A. [1S-(la,28,3a,48)]-1~[2-Hydroxy-4~(phenyl-
methoxy)-3-[ (phenylmethoxy)methyl ]cyclo~
Qentzl|-5-methzl-2,4(1H.3H!-pxrimidinedione

A mixture of 3.10 g (10 mmol) of
[1S-(la,2a,3B,5a)]-3-(phenylmethoxy)=-2-[(phenyl-
methoxy)methyl]~6-oxabicyclo[3.1.0lhexane (dried
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by concentration in vacuo from three 10 ml
portions of dry toluene) and thymine (2.52 g, 20
mmol) in 40 ml of dry dimethylformamide under
argon was placed in an oil bath at 55° and stirred
for 5 minutes. Sodium hydride (240 mg of 60%
sodium hydride in mineral oil, 6 mmol) was added,
and the temperature was increased to 140°. After
62 hours, the reaction was cooled to room tempera-
ture'and quenched by addition of 0.45 ml of
glacial acetic acid. The solvent was removed

in vacuo (55°/1lmm), and the residue was triturated
with dichloromethane and filtered. Evaporation of
the filtrate gave a residue (4.93 g), which was
applied to a column of Merck silica gel (140 g)
packed in dichloromethane. Elution with
dichloromethane and then 3% methanol in dichloro-
methane gave 1.89 g of pure desired product and
2.03 g of impure product. Chromatography of the
2.03 g fraction on 120 g of Merck silica gel using
dichloromethane and then 3% methanol in
dichloromethane provided 0.90 g of additional pure
desired product for a total of 2.79 g.

B. 1S=-(la,3c¢,4 -5-Methyl-l-[2~0x0=-4-(phenyl-
methoxv)-3-[ (phenylmethoxy)methyl]cyclo~-
pentvll-2,4(1H,3H)-pyrimidinedione

To a solution of 2.74 g (6.28 mmol) of [1S-
(la,2B,3a,4p)]-1~-[2-hydroxy-4-(phenylmethoxy)-3-
[ (phenylmethoxy )methyl ]Jcyclopentyl]=-5-methyl-2, 4~
(1H,3H)-pyrimidinedione (dried by concentration in



10

15

20

25

REPLACEMENT SHEET

| oore. 2.7.AU5. 1996

"

GY20a
- 71 -

-
H

vacuo from two 25 ml portions of dry toluene) in
12.5 ml of dry dimethyl sulfoxide at room tempera-
ture under argon was added 3.88 g (18.8 mmol) of
1,3-dicyclohexylcarbodiimide and 0.301 g (3.14
mmol) of methylphosphonic acid. The reaction was
stirred at room temperature for 3 hours, stored at
-20° overnight, and stirred at room temperature for

2 hours. Methanol (2.5 ml) and oxalic acid

dihydrate (25 mg) were added, and the reaction was
stirred for 4 hours. The reaction mixture was
filtered, and the solids were washed with dichloro-
methane. The filtrate was diluted to 250 ml with
dichloromethane, washed with water (3 x 100 ml),
dried (sodium sulfate) and evaporated to a residue
(3.64 g). (1HNMR analysis indicated some
undecomposed 1,3-dicyclohexylcarbodiimide). The
residue was dried by concentration in vacuo from
25 ml of dry toluene. To the dried residue was
added 12 ml of dry dimethyl sulfoxide, 83 mg (0.86
mmol) of methylphosphonic acid, 6 ml of dry
methanol, and 25 mg of oxalic acid dihydrate. The
mixture was stirred at room temperature under
argon for 4 hours, filtered and washed with
dichloromethane. The filtrate was diluted with
dichloromethane to 250 mi, washed with water (5 x
100ml), dried (sodium sulfate), and evaporated to
give 2.83 g of crude desired product as a residue.
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C. [ls-(la,3a,4§)]-S-Methyl-l-[2-methylene-4-
(phenylmethoxy)=-3~[ (phenylmethoxv)methyl]-
cyclopentyl]-2,4(1H,3H)-pyrimidinedione

To crude [1S-(l¢,3a,4B)]-5-Methyl-1-[2-
oxo-4-(phenylmethoxy)~-3-[(phenylmethoxy)methyl]-
cyclopentyl]-2,4(1H,3H)-pyrimidinedione above
(2.81 g) (dried by concentration in vacuo from
three 25 ml portions of dry toluene) in 100 ml of
dry dichloromethane under argon was added 41 ml of
a slurry of zinc - titanium tetrachloride -
dibromomethane complex in tetrahydrofuran
(Preparation 1, Example 1H) (12.6 mmol). The
reaction was stirred at room temperature for 4
hours, and then a 0.7 ml aliquot was removed.
Saturated aqueous sodium bicarbonate solution (1
ml) was added to the aliquot, and the mixture was
stirred at room temperature for 5 minutes. The
mixture was extracted with dichloromethane (3x),
and the dichloromethane extract was dried
(magnesium sulfate) and evaporated to a residue.
The residue was taken up in dichloromethane,
filtered through Celite and evaporated to a
residue, whose I.R. spectrum (dichloromethane)
indicated a weak band at 1755 - 1745 c¢m ™~
indicative of starting ketone. Additional zinc -
titanium tetrachloride -~ dibromomethane complex
(10 ml, 3mmol) was added to the reaction, and
stirring was continued for 1.5 hours. Examination
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of the reaction by I.R. analysis indicated a very
weak band at 1755 - 1745 cm t. The reaction was
poured into 250 ml of saturated aqueous sodium
bicarbonate solution and dichloromethane (250 ml),
stirred vigorously for 15 minutes, and filtered
through Celite. The layers in the filtrate were
separated, and the aqueous layer was extracted
with dichloromethane. The combined dichloro-
methane extracts were dried (magnesium sulfate) and
evaporated to a residue, which was taken up in
dichloromethane. After filtration, the dichloro-
methane was concentrated to a residue (2.44 g),
which was applied to a column of Merck silica gel
(200 g) packed in chloroform. Elution of the
column with chloroform (1000 ml) and then ethyl
acetate-chloroform (15:85) gave 690 mg of desired
product as a residue.

D. - [18=(1la,30¢,4B)]~1~[4~-Hydroxy-3~(hydroxy-

methyl )-2-methylenecyclopentyl]=5=-
methyl-2,4(1H,3H)~-pyrimidinedione

To a stirred solution of [1S~(la,3a,48)]-
5-methyl-1-[2-methylene-4-(phenylmethoxy)-3-
[ (phenylmethoxy )methyl Jcyclopentyl]-2,4(1H,3H)~
primidinedione (463 mg, 1.07 mmol) in 19 ml of dry
dichloromethane at -70° under argon was added,
over 5 minutes, 10.7 ml of 1M boron trichloride in
dichloromethane. The reaction was warmed to -40°
over 2.5 hours and then cooled to -70°. Dry
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methanol (20 ml) was added dropwise over 5
minutes, and then the cooling bath was removed.
After stirring for 30 minutes, the reaction was
concentrated in vacuo to a residue. The residue
was concentrated four times from 20 ml portions of
dry methanol and then dissolved in methanol (10
ml) and water (6 ml). The pH was adjusted to 7.0
using 0.5 N potassium hydroxide, and the methanol
was removed in vacuo. The agueous suspension was
applied to a column (32 ml) of CHP 20P resin
packed in water. Elution with water, and then 5%
and 10% methanol in water gave 194 mg of desired
product as an amorphous residue. This residue was
combined with an additional 70 mg of desired
product from another run and lyophilized from
water to give 215 mg of desired product having
m.p. 52 - 60° and [a] ?? +59° (c, 0.3, water).
Anal. calc'd. for 0123165204 - 0.4 H,0:

C, 55.53; H, 6.53; N, 10.80
Found: C, 55.49; H, 6.29; N, 10.84.

Example 3
[1S-(la,3x,4B)]=4~Amino-1=-[4-hydroxy-3-

hydroxymethyl )-2-methylenecyclopentyl]-

2(1H)-pyrimidinone

A. [1S=(la,2B,3a,4B)]-1~-[2-Hydroxy-4-(phenyl-
methoxy)-3-{ (phenylmethoxy)methyl]cyclo-
pentyl]-2,4(1H,3H)-pyrimidinedione

To a solution of [1S~(la,2a,3B,5¢)]~3-
(phenylmethoxy)-2-[ (phenylmethoxy)methyl]-6-
oxabicyclo[3.1.0lhexane (3.28 g, 10.6 mmol) in dry

-
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dimethylformamide (40 ml) was added uracil (2.37
g, 21.2 mmol) and 60% sodium hydride in mineral
oil (254 mg, 6.34 mmol). The suspension was
heated at 140° for 5 days under nitrogen, and then
cooled to room temperature. Acetic acid (1.2 ml)
was added, and the solvents were removed in

vacuo. Chromatography of the residue on a column
of Merck silica gel (400 ml, packed in dichloro-
methane, eluting with a gradient of dichloro-
methane to 5% methanol in dichloromethane) afforded
2.68 g of desired product as a residue.

B. [1S—(1u,3a,4B)]-1-[2-Oxo-4-(phenylmethoxy)-B-
[(phenylmethoxy)methyl]cyclopentyl]-2,4(13,33)-
pyrimidinedione

A solution of [1S-(la,28,3a,4B)]-1-[2-hydroxy-
4-(pheny1methoxy)-3-[(phenylmethoxy)methyl]cyclo-
pentyl]-2,4(1H,3H)-pyrimidinedione (2.58 g, 6.11
mmol, dried by concentration in vacuo from dry
toluene), 1,3-dicyclohexylcarbodiimide.(3.77_g,

© 18.3 mmol) and methylphosphonic acid (293 mg, 3.05

mmol) in dry dimethyl sulfoxide (15 ml) was
stirred at room temperature under nitrogen for 5
hours. Oxalic acid dihydrate (75 mg) in methanol
(10 ml) was added, and the reaction was stirred
for 4 hours and filtered. The precipitate was
washed with dichloromethane (80 ml) and the
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filtrate and washes were combined, extracted with
water (3 X 50 ml), dried (sodium sulfate), and
concentrated in vacuo to a residue. The residue
was dissolved in 20 ml of chloroform, filtered
through Celite, and concentrated in vacuo to give
2.61 g of crude desired product.

C. [1S=-(la,30,48)]-1-[2~-Methylene-4-(phenyl~
methoxy)-3~[ (phenylmethoxy)methyljcyclo~
pentyl]-2,4(1H,38)-pyrimidinedione

A slurry of zinc ~ titanium tetrachloride -
dibromomethane complex in tetrahydrofuran (Pre-
paration 1, Example 1H) (45 ml, 13.5 mmol) was
added to a solution of crude [1S-(l¢,3a,4B8)]-1~-
[2-0%x0-4~(phenylmethoxy)-3-[ (phenylmethoxy)methyl]-

cyclopentyl]-~2,4(1H,3H)-pyrimidinedione (2.61 g,

dried by concentration in vacuo from dry toluene)

in dry dichloromethane (40 ml), and the mixture was
stirred for 3 hours under nitrogen at room tempera-
ture. Additional 0.3 M zinc - titanium tetrachloride-
- dibromomethane complex (10 ml) was added, and the
reaction was stirred for 3 hours at room temperature
and then stored at -80° for 16 hours. The reaction
was warmed to room temperature and poured into satu-
rated aqueous sodium bicarbonate (250 ml) and
dichloromethane (250 ml). The mixture was stirred
for 1 hour and then filtered through Celite. The
layers in the filtrate were separated, and the
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qrganic layer was extracted with water (2 x 100
ml). All organic layers were combined, dried
(sodium sulfate) and concentrated in vacuo to a
residue (2.5 g). Chromatography of this residue on
Merck silica gel (400 ml, packed in chloroform) by
elution with a gradient of chloroform to 30% ethyl
acetate in chloroform gave 700 mg of desired
product as a residue.

D. [1S=-(la,3a,4B)]-1~[2-Methylene~4-(phenyl-
methoxy)-3-[ (phenylmethoxy)methyl]cyclo~
pentyl]-4-(1H~1,2,4-triazol-1-y1)-2(1H)-
pyrimidinone '

To a stirred solution of [1S-(la,3a,4B)]~
l1-{2~-methylene~-4~-(phenylmethoxy)-~3-[ (phenylmethoxy)~
methyljcyclopentyl]-2,4(1H,3H)-pyrimidinedione (494
mg, 1.18 mmol) in dry pyridine (4 ml) at room
temperature under nitrogen was added 4-~chloro-
phenyl dichlorophosphate (518 pl, 3.19 mmol).

After 5 minutes, 1,2,4-triazole (448 mg, 6.49
mmol) was added and the reaction was stirred for S
days. The solvents were removed in vacuo, and the
residue was dissolved in dichloromethane (100 ml)
and extracted with water (2 x 20 ml) and 5% sodium
bicarbonate (2 X 20 ml). The organic layer was
dried (sodium sulfate) and concentrated in vacuo
to give 586 mg of crude desired product.
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E. [1s-(1a,3u,4§)]-4-Amino-1-[2—methylene-4;
(phenylmethoxy)-3~[ (phenylmethoxy )methyl]-
cyclopentyl]l-2{(1H)-pyrimidinone

Concentrated ammonium hydroxide (12 ml) was
added to a solution of crude [1S-(l¢,3c¢,4p)]-1-
[2-methylene-4r(phenylmethoxy)-B-[(phenylméthoxy)-
methyl]cyclopentyl]-4-(1H-1,2,4~-triazol-1-yl)~-
2(1H)-pyrimidinone (586 mg) in dioxane (12 ml,
purified by passage through basic alumina). The
reaction was stirred at room temperature under
nitrogen for 16 hours. Additional ammonium hydroxide
(1 ml) was added, and reaction was stirred for 3
hours longer. After removal of solvents in vacuo,
the residue was dissolved in dichloromethane (75
ml). The dichloromethane solution was extracted
with 5% sodium hydroxide (2 x 20 ml), dried (sodium
sulfate), and concentrated in vacuo to a residue.
Chromatography of this residue on a column of Merck
silica gel (100 ml, packed in chloroform) by
elution with a gradient of 2% to 8% methanol in
chloroform gave 177 mg of desired product as a
residue.

F. [1S=-{(la,30,4B)]~4~-Amino=1=[4-hydroxy-3-
hydroxymethyl )-2-methylenecyclopentyl] -
2(1H)-pyrimidinone

To a solution of [1S-(la,3a,4B)]}-4-amino-1-
[2-methylene~4-(phenylmethoxy)-3~[(phenylmethoxy)-
methyl]cyclopentyl]-2(1H)-pyrimidinone (164 mg,

-fgﬂEET
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0.393 mmol) in dry dichloromethane (8 ml) at -78°
under nitrogen was added, over 3 minutes, 1M boron
trichloride in dichloromethane (3.93 ml, 3.93
mmol). The reaction was stirred for 1.5 hours at
-78°, and then methanol (9 ml) was added over 5
minutes. After warming the reaction to room
temperature over 20 minutes, the solvents were
removed in vacuo, and the residue was concentrated
from methanol (3 x 15 ml). The residue was dis-
solved in water and methanol, and the pH was
adjusted to 7 using 1N potassium hydroxide. The
methanol was removed in vacuo, and the aqueous
slurry was applied to a column of CHP 20P resin (70
ml) packed in water. Elution of the column with a
gradient of water to 20% methanol in water gave 48
mg of desired product as a solid having m.p. 75 -
78° and [a]D22 + 51° (c, 0.29, water). K
Anal. calc'd. for C11315N303 - 1.34 HZO:

C, 50.56; H, 6.82; N, 16.08
Found: C, 50.58; H, 6.31; N, 16.06.

Example 4
[1S-(la,3a,48)]=-1-[4-Hydroxy-3-(hydroxymethyl )-

2-methxleneczclogentzl|-5-iodo-2,4§15,3H)-

pyrimidinedione

A. [1S-(la,2B8,3a,48)]-1-[2-Hydroxy-4-(phenyl-
méthoxy)-B-[(phenylmethoxy)methyl]cyclo-
pentyl]-5-iodo-2,4(1H,3H)-pyrimidinedione

To a solution of [1S-(la,2B,3a,48)]-1-[2~
hydroxy-4-(phenylmethoxy)-3=-[ (phenylmethoxy)-
methyl Jcyclopentyl]-2,4(1H,3H)~pyrimidinedione

-
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(1.32 g, 3.12 mmol) in drv dioxane (50 ml) was
added iodine 1.59 gm 6.25 mmol) and 0.8 N nitric
acid (4.1 ml, 3.34 mmol). The reaction was heated
at 90° for 3 hours, and after cooling the reaction
to room temperature, a saturated solution of
sodium thiosulfate was added until a light orange
color persisted. Water (50 ml) was added, and the
mixture was extracted with dichloromethane (3 x 70
ml). The organic extract was dried (sodium
sulfate) and concentrated in vacuo to a residue.
Chromatography of this residue on a column of
Merck silica gel (100 ml, packed in dichloro-

methane) using a gradient of dichloromethane to 3%

ethanol in dichloromethane gave 895 mg of desired
product as a residue.

B. [18=(la,3a,48)]~5-10d0~1=[2~-0%X0~-4~(phenyl-
methoxy)=3-[ (phenylmethoxy)methyl]lcyclo~

pentyl]-2,4(1H, 3H)~-pyrimidinedione

A solution of [1S-(la,2B,3a,4B)]-1-[2-
hydroxy-4-(phenylmethoxy)-3-[ (phenylmethoxy)-
methyl]cyclopentyl]}~5-iodo-2,4(1H,3H)~pyrimi-
dinedione (687 mg, 1.25 mmol, dried by concen-
tration in vacuo from dry toluene) in dry di-
chloromethane (4 ml) was added to a suspension of
pyridinium dichromate (801 mg, 2.13 mmol, dried in
vacuo over phosphorus pentoxide) and crushed 3A
molecular sieves (801 mg, dried at 325°). The
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reaction was stirred at room temperature under
nitrogen for 2 hours, and filtered through Whatian
#1 filter paper. The precipitate was washed with
dichloromethane, and the filtrate was concentrated
In vacuo to a residue, which was sonicated in 30 ml
of ethyl acetate. Filtration of the mixture
through a 0.2 um Nylon filter (Rainin 66) layered
with Celite and glass wool, and concentration in
vacuo gave 544 mg of crude desired product as a
residue.

c. Zinc -~ Titanium Tetrachloride-Dibromo-
methane Complex (Preparation 2)

This complex was prepared by a modification
of the procedure of L. Lombardo, Tetr. Let., 23, _
4293 (1982). Titanium tetrachloride (5.75 ml, ‘
0.0523 mol) was slowly added dropwise to a stirred
mixture of zinc dust (10.59 g, 0.162 mol) and
dibromomethane (4.96 ml, 0.071 mol) in dry
tetrahydrofuran (150 ml) at -40° under nitrogen.
After the addition, the mixture was warmed to 5°
over 30 minutes and then stirred at 5° under argon
for 4 days. The slurry was stored at -20° under
argon and warmed to room temperature prior to use.

REPLAGEMENT SHEET || ./
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D. [1S~(la,3a,4B)]~5~10do~1-[{2~-methylene-4-
(phenylmethoxy)-3~[(phenylmethoxy)methyl]-

cyclopentyl]-2,4(1H, 3H)-pyrimidinedione

To a solution of [1S-(l¢,3a,48)]=-5-iodo~-
1-[2-oxo-4-(phenyimethoxy)—3-[(phenylmethoxy)—
methyl]cyclopentyl]-2,4(1H, 3H)-pyrimidinedione
(428 mg, 0.783 mmol, dried by concentration in
vacuo from dry toluene and tetrahydrofuran) in dry
dichloromethane (9.5 ml) was added the slurry of
zinc ~ titanium tetrachloride - dibromomethane
complex in tetrahydrofuran (Preparation 2, Example
4C) (7.83 ml, 2.35 mmol). The mixture was stirred
at room temperature under nitrogen for 3 hours, and

‘then it was slowly poured into a mixture of satu-

rated sodium bicarbonate (100 ml) and dichloromethane
{75 ml). The mixture was stirred for 1 hour and
filtered through Celite using dichloromethane. The
layers in the filtrate were separated, and the
aqueous layer was extracted with ethyl acetate.

The organic layers were combined, dried (sodium
sulfate), and concentrated in vacuo to a residue.
Chromatography of the residue on a column of Merck
silica gel (100 ml, packed in dichloromethane)
using a gradient of 1% to 5% ethanol in dichloro-
methane afforded 243 mg of desired product as a
residue.
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methyl )~-2-methylenecyclopentyl j~5~iodo-
2,4(1H, 3H)-pyrimidinedione

To a solution of [1S-(la,3c¢,4B)]}-5-iodo-1-
[2=-methylene~4-(phenylmethoxy)-3-[(phenylmethoxy)-
methyljcyclopentyl]-2,4(1H,3H)-pyrimidinedione
(200 mg, 0.368 mmol, dried by concentration from
toluene) in dichloromethane (7.5 ml) at -78° under
nitrogen was added, over 3 minutes, 1M boron tri=-
chloride in dichloromethane (3.68 ml, 3.68 mmol).
The reaction was stirred for 2 hours at -78°, and
then methanol (10 ml) was added over 5 minutes.
The reaction was warmed to room temperature over
20 minutes and evaporated in vacuo to a residue.
The residue was concentrated from methanol (3 x 10
ml) and dissolved in methanol and water. The pH
was adjusted to 7.1, using 0.1 M potassium
hydroxide, and the mixture was concentrated to
remove methanol and applied to a column of CHP 20P
resin (50 ml) packed in water. Elution with a
gradient of water to 50% methanol in water gave 69
mg of desired product as a solid, which was
combined with 9 mg of additional desired product
from a similar smaller scale reaction to give 78
mg of desired product as a solid having m.p. 180°
(dec.) and [a]1,%? + 63° (c, 0.29, methanol).

Anal. calc'd. for C,,H;3IN,0, - 0.32 H,O0:
Cc, 35.72; H, 3.72; N, 7.58
Found: C, 35.97; H, 3.55; N, 7.32.
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Example 5
[ls-[la(E),3a,48)]45-(ZfBromoethenyl)-l-

{4-hydroxy-3-(hydroxymethyl)-2-
methylenecyclopentyl]-2,4(1H,3H)-pyrimidinedione

A. [1S-{1a(E),2B8,30,48)]-3~(1,2,3,4~-Tetra-
hydro-l1-[2-hydroxy~4-(phenylmethoxy)=3-
[ (phenylmethoxy)methyl]cyclopentyl]=-2,4-
dioxo~-5-pyrimidinyl]-2-propenocic_acid,
methyl ester

A mixture of palladium(II) acetate (0.195 g,
0.871 mmol), triphenylphosphine (0.456 g, 1.74
mmol) and triethylamine (2.56 ml, 0.0183 mol) in
dioxane (200 ml, purified on basic alumina and
degassed'in vacuo) was heated for 10 minutes at
90° under nitrogen. A solution of [1S-(1la,2B,3¢,4B)]-
1-[2-hydroxy-4-(phenylmethoxy)~-3-[(phenylmethoxy)-
methyl ]cyclopentyl]-5-iodo-2,4(1H, 3H)-pyrimidine~
dione (6.70 g, 0.0122 mol, dried by concentration
in vacuo from dry toluene) and methyl acrylate
(3.23 ml, 0.0366 mol) in degassed dioxane (20 ml)
was added, and the reaction was heated at 90° for
4.5 hours. Celite (5 g) was added, and after _
stirring at 90° for 15 minutes, the hot slurry was
filtered through Celite and washed with chloroform
(80 ml1). The filtrate and the wash were combined
and concentrated in vacuo to a residue, which was
dissolved in chloroform (400 ml). The chloroform
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was washed with water (100 ml), dried (sodium
sulféte) and concentrated in vacuo to a residue.
Chromatography of the residue on a column of Merck
silica gel (800 ml, packed in dichloromethane) by
eluting with a gradient of chloroform to 5%
ethanol in chloroform gave 2.21 g of desired
product as a residue.

B. [1S-[la(E),2B,30,48)]~3~-[1,2,3,4-Tetra~
hydro-l-[2-hydroxy-4-(phenylmethoxY)-S-
[ (phenylmethoxy)methyl lcyclopentyl]-2, 4~
dioxo=-5-pyrimidinyl]-2-propenoic acid

A solution of [1S-[1a(E),2B,3a,48)]-3-
[1,2,3,4-tetrahydro~-1~[2~-hydroxy-4-(phenyl-
methoxy)-3-[ (phenylmethoxy)methyl]cyclopentyl]-
2,4-dioxo~5-pyrimidinyl]~-2-propenoic acid, methyl
ester (2.98 g, 5.88 mmol), tetrahydrofuran (4S5
ml), and 2N potassium hydroxide (29.4 ml, 58.8
mmol) was stirred at room temperature under
nitrogen for 2.5 hours. After cooling the mixture
to 0°, the pH was adjusted to 2 using 6N hydro-
chloric acid. The tetrahydrofuran was removed in
vacuo, and the mixture was diluted with water and
extracted with ethyl acetate (3 x 200 ml). The
ethyl acetate extract was dried (sodium sulfate),
and concentrated in vacuo to give 3.14 g of
desired product as a residue.




10

15

20

25

- 86 ~

c. [1S-[la(E),2B,30,4B8]]~5~(2-Bromoethenyl )~
1-[2-hydroxy~4-(phenylmethoxy)-3~[ (phenyl-
methoxy)methyl]cyclopentyl]-2,4(1H,3H)~
pyrimidinedione

Potassium bicarbonate (1.76 g, 17.64 mmol)
and N-bromosuccinimide (1.05 g, 5.88 mmol) were
added to a solution of [1S-[la(E),2B,3e,4B)]-3-
[1,2,3,4-tetrahydro—l-[2-hydroxy-4-(phenylmethoxy)-
3-[(phenylmethoxy)methyl]cyclopentyl]=-2,4-dioxo- .
S-pyrimidinyl]-2-propenoic acid (2.89 g, 5.88
mmol, dried by concentration in vacuo from dry
dimethylformamide) in dry dimethylformamide (35
ml), and the mixture was stirred at room
temperature under'nitrogen for 2 hours.

Filtration of the reaction mixture and concen-~
tration of the filtrate in vacuo gave a residue,
which was chromatographed on a column of

Merck silica gel (400 ml, packed in dichloro-
methane) by elution with a gradient of dichloro-
methane to 5% ethanol in dichloromethane to give a
1.59 g fraction containing desired product and
succinimide and a 620 mg fraction consisting of
crude desired product. Chromatography of the 620
mg fraction on Merck silica gel (100 ml in dichloro-
methane), using the aforementioned gradient, gave
a fraction containing 120 mg of desired product
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and succinimide. The 1.59 g fraction and the 120
mg fraction were dissolved in dichloromethane (100
ml), and the solution was washed with dilute sodium
thiosulfate (50 ml), 1M potassium bicarbonate (3 x
50 ml) and water (50 ml), dried (sodium sulfate)
and concentrated in vacuo to give to give 1.56 g
of pure desired product.

D.  [1S-[la(E),3a,48]]~5-(2~-Bromoethenyl)-1-
[2-0%X0-4~-(phenylmethoxy)~3~-[ (phenylmethoxy)-
methyl Jcyclopentyl]~2,4(1H,3H)-pyrimidine-
dione

1,3-Dicyclohexylcarbodiimide (1.55 g, 7.5
mmol) and methylphosphonic acid (120 mg, 1.25 mmol)
were added to a solution of [1S-[la(E),28,3a,48]1]-
S5-(2-bromoethenyl )~1-[2-hydroxy-4-(phenylmethoxy)~-
3-[(phenylmethoxy)methyl]cyclopentyl]-2,4(1H,3H)-
pyrimidinedione (1.32 g, 2.5 mmol, dried by concen-
tration in vacuo from dry toluene) in dry dimethyl
sulfoxide (10 ml), and the mixture was stirred at
room temperature under nitrogen for S hours. A
solution of oxalic acid dihydrate (30 mg) in
methanol (4 ml) was added, and stirring was
continued for 2 hours. The reaction was filtered,
and the precipitate was washed with dichloro-
methane.. The combined filtrate and wash (ca. 80
ml) was washed with water (4 x 40 ml), dried
(sodium sulfate), and concentrated in vacuo to
give 1.45 g of crude desired product as a residue.



10

15

20

25

—
l REPLACEMENT SHEET

| Foto-2.7.AUG.19%...

GY20a
. - 88 -

rd

- E. [1S-[1a(E),3x,4B]]=-5-(2~-Bromoethenyl )-1-

[2-methylene-4-(phenylmethoxy)-3-[ (phenyl
methoxy)methyl]cyclopentyl]-2,4(1H,3H)~
pyrimidinedione

To a solution of [1S-[la(E),3«,48]1-5-(2-
bromoethenyl )-1~[2~-oxo-4~(phenylmethoxy)-3~
[(phenylmethoxy)methyl]cyclopentyl]-2,4(1H,3H)-
pyrimidinedione (1.45 g crude, dried by concentra-
tion in vacuo from dry toluene) in dry dichloro-
methane (30 ml) was added a slurry 6f zinc -
titanium tetrachloride - dibromomethane complex in
tetrahydrofuran (Preparation 2, Example 4C) (25 ml,
7.5 mmol). The reaction was stirred at room
temperature under nitrogen for 5 hours and poured
into a mixture of saturated sodium bicarbonate (200
ml) and dichloromethane (200 ml). After stirring
for 45 minutes, the mixture was filtered through
Celite. The layers in the filtrate were separated,
the organic layer was washed with water (200 ml),
dried (sodium sulfate), and concentrated in vacuo
to a residue. Chromatography of the residue on a
column of Merck silica gel (600 ml, packed in
chloroform) using a gradient of chloroform to 15%
ethyl acetate in chloroform afforded 400 mg of a
solid consisting of 362 mg of desired product and
38 mg of 1,3-dicyclohexylurea.
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F. 1S-[la(E),30,4B)]-5-(2-Bromoethenyl )=1~
[4-hydroxy-3-(hydroxymethyl )~-2-methylene-
cyclopentyli-2,4(1H, 3H)-pyrimidinedione

To a solution of the above preparation
containing 362 mg (0.769 mmol) of [1S~-[la(E),3c¢,4B]]-
5-(2-bromoethenyl )-1~-[2-methylene~4-(phenylmethoxy)-
3-[(phenylmethoxy)methyl]cyclopentyl]-2,4(1H,3H)~-
pyrimidinedione (dried by concentration in wvacuo
from dry toluene) in 10 ml of dry dichloromethane
at -78° under nitrogen was added 1M boron trichlo-
ride in dichloromethane (7.69 ml, 7.69 mmol). The
mixture was stirred at -78° for 1 hour, and then
methanol (12 ml) was slowly added. After warming
the solution to room temperature over 30 minutes,
the solvents were removed in vacuo lgaving a
residue, which was concentrated in vacuo from
methanol (2 x 20 ml). The residue was taken up in
methanol and water, the pH was adjusted to 7 using
0.1N potassium hydroxide. After concentration in
vacuo to remove methanol, the aqueous suspension

- was applied to a column of CHP 20P resin (40 ml,

packed in water). Elution of the column with a
gradient of water to 50% methanol-water afforded
78 mg of pure desired product and 92 mg of impure
material. Chromatography of the 92 mg fraction on
CHP 20P resin (40 ml, packed in water) using a
gradient of 30 - 60% methanol in water provided an
additional 21 mg of pure desired product for a
total yield of 99 mg of desired product having
m.p. >220° and [a]D22 + 62° (¢, 0.3, methanol).
Anal. calc'd. for c13H15N204Br + 1.5 Hzo:

C, 44.81; H, 4.51; N, 8.04
Found: C, 44.94; H, 4.31; N, 7.91.
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[1R-(1a,3a,SB)]-3-(G-Amino-QH-purin—Q-yl)-5-
hxdroxz-z-methzleneczclogentanemethanol

A. [1S-(1la,2B,3a,58)]-5-(6-Amino-9H~-purin-9-yl)=-

3-(phenylmethoxy)=-2-[ (phenylmethoxy)methyl]-
cyclopentanol

To {1S-(la,2a,3B,5¢)]=-3-(phenylmethoxy)-2-
[ (phenylmethoxy)methyl]-6-oxabicyclo[3.1.0]hexane
(1.82 g, 5.85 mmol, dried by concentration in
vacuo from dry toluene) in 41 ml of dry dimethyl-
formamide under argon was added 1.58 g (11.7 mmol)
of adenine followed by 31 mg (3.9 mmol) of lithium
hydride. The stirred mixture was placed in a bath
at 60° and the temperature was increased to 130°.
After 19 hours at 130°, the mixture was cooled to
40°, and acetic acid (0.29 ml, 5 mmol) was then
added. The dimethylformamide was removed in vacuo,
and the residue was triturated with dichloro-

 methane. Filtration of this triturate gave 1.60 g

of insolubles and 3.01 g of a residue from
concentration of the filtrate. Chromatography of
the 3.01 g fraction on a column of Merck silica
gel (160 g, packed in dichloromethane) by eluting
with dichloromethane and then 3% methanol in
dichloromethane afforded 1.26 g of desired product
as a residue. Trituration of the 1.60 g fraction
with dichloromethane, filtration, and evaporation
of the filtrate gave 77 mg of additional desired
product as a residue.
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B.  [1S-(1la,2B,3a,58)]=5-[6-(Acetylamino)-9H-
urin-9-vlJ]-3-(phenylmethoxy)-2- henyl-

methoxy)methyl jcyclopentanol

To a stirred solution of [1S-(la,2B,3a,58)]-
5-(6-amino-9H-purin-9-yl)-3-(phenylmethoxy)-2-
[ (phenylmethoxy)methyl]cyclopentanol (1.33 g, 3
mmol, dried by concentration in vacuo from dry
pyridine) in dry pyridine (15 ml) at room
temperature under argon was added, dropwise,
chlorotrimethylsilane (1.91 ml, 15 mmol). After
30 minutes, acetic anhydride (1.41 ml, 15 mmol)
was added, and the mixture was stirred at room
temperature for 3 hours. The mixture was cooled
to 0-5°, and water (3 ml) was added dropwise.
Stirring was continued for 5 minutes, and then 29%
ammoniumr hydroxide (3 ml) was added. After
stirring for 25 minutes, the mixture was concen-
trated in vacuo to a residue, which was taken up
in dichloromethane and 5% aqueous potassium bicar-
bonate. The layers were separated, and the
aqueous layer (pH 7.5) was extracted with dichloro-
methane (3X). The dichloromethane layers were
combined, washed with 5% potassium bicarbonate,
dried (sodium sulfate) and concentrated in vacuo
to a residue. Chromatography of this residue on a
column of Merck silica gel (130 g, packed in
dichloromethane) by elution with a gradient of
dichloromethane to 5% methanol in dichloromethane
gave 1.23 g of desired product as a residue.
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cC. [2R-(2x,38,50)]~5~-[6~(Acetylamino)-9H~
purin-9-vl]-3-{phenylmethoxy)-2~[{phenyl~
methoxy)methyl jcyclopentanone

1,3-Dicyclohexylcarbodiimide (773 mg, 3.75
mmol) and methylphosphonic acid (60 mg, 0.63 mmol)
were added to a solution of [1S-(l«,2B,3a,58)]-5~-
[6=(acetylamino )~9H~purin-9-yl]~3-(phenylmethoxy)-
2-[ (phenylmethoxy)methyl]cyclopentanol (610 mg,
1.25 mmol, dried by concentration in vacuo from
dry dichloromethane~toluene (1:1)) in 2 ml of dry
dimethyl sulfoxide, and the mixture was stirred at
room temperature under argon. After 4 hours, dry
methanol (1.5 ml) and oxalic acid dihydrate (15
mg) were added, and the mixture was stored at ~20°
under nitrogen for 16 hours. The mixture was then
stirred at room temperature under argon for 4
hours and filtered using dichloromethane.
Evaporation of the filtrate gave a residue, which
was taken up in dichloromethane. The dichloro-~
methane solution was washed with water, dried
(sodium sulfate), and concentrated in vacuo to a
residue. Addition of dichloromethane, followed
by filtration and concentration in vacuo afforded
629 mg of crude desired product as a residue.
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D. [1S-(1la,30,48)]~9=-[2-Methylene-4-(phenyl-
methoxy)=~3-[ (phenylmethoxy)methyl]cyclo-

pentyl]-9H-purin-6-amine

To a solution of [2R-(2c¢,3B8,5¢)]=5-[6~
(acetylamino )-9H~-purin-9-yl]-3-(phenylmethoxy)-
2-[ (phenylmethoxy)methyl]cyclopentanone (629
mg, dried by concentration in vacuo from 4dry
tetrahydrofuran-toluene (1:1)) in 20 ml of dry
dichloromethane at room temperature under argon
was added 12.5 ml of a slurry of zinc -
titanium tetrachloride - dibromomethane complex in
tetrahydrofuran (Preparation 1, Example 1H) (3.75
mmol). The mixture was stirred for 4 hours and
and poured into saturated sodium bicarbonate (80
ml). Dichloromethane (80 ml) was added, and the
mixture was stirred at room temperature for 50
minutes. The mixture was filtered through Celite,
using dichloromethane, and the layers in the
filtrate were separated. The agueous layer was
extracted with dichloromethane and all dichloro-
methane layers were combined, dried (magnesium
sulfate) and concentrated in vacuo to a residue.
Chromatography of the residue on a column of Merck
silica gel (38 g, packed in dichloromethane) by
elution with a gradient of dichloromethane to 37
methanol in dichloromethane gave 48 mg of pure
desired product and 173 mg of impure desired
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product. Chromatography of the 173 mg fraction on
a column of Merck silica gel (13 g) using the
aforementioned gradient gave an additional 28 mg

of desired product as a residue for a total yield
of 76 mg of desired product.

E. [1R=-(1lc¢,3a,58)]=-3=(6-Amino-9H-purin=9-yl)-
S-hydroxy-2-methylenecyclopentanemethanol

A solution of 1M boron trichloride in
dichloromethane (3.2 ml, 3.2 mﬁol) was added
dropwise over 4 minutes to a stirred solution of
[1S-(1la,3a,4B)]=9-[2-methylene-4~(phenylmethoxy)-
3-[(phenylmethoxy)methyl]cyclopentyl]-9H-purin-
6-amine (142 mg, 0.32 mmol) in 6.5 ml of dry
dichloromethane at -=70° under argon, and the
mixture -was stirred at -70° for 1.5 hours. Dry
methanol (6 ml) was added over 3 minutes, and then
the mixture was warmed to room temperature and
concentrated in vacuo to a residue. The residue
was concentrated in vacuo from three 6 ml portions
of methanol and then taken up in methanol (4 ml)
and water (2 ml). The pE was adjusted to 8.8 using
1N potassium hydroxide, and the mixture was con-
centrated to a residue, which was applied as a
suspension in water to a column of CHP-20P resin
(17 ml, packed in water). Elution with a gradient
of water to 20% methanol in water afforded, after
lyophilization, 35 mg of desired product as a solid
having m.p. 52 - 58°.
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© 1s-[la(E),3a,4B)]-1-[4-Hydroxy=-3-{(hydroxy-
methyl )-2-methylenecyclopentyl]-5-(2~-iodo~-
ethenyl)-2,4(1H,3H)-pyrimidinedione
A, (-)-Diisopinocampheylborane
(-)-Diisopinocampheylborane was prepared using
(1R)=-(+)=-a-pinene of optical purity 98+% ([a]D23
+50.7° (neat)). A solution of 616 ml. of 1.0 M
borane tetrahydrofuran complex was added to
(1R)=(+)~c~pinene (185 g., 1.36 mol.) at 0-5° under
nitrogen, and the reaction was stirred overnight
at 5° to give the desired product as a crystalline
51urry.
B. {1S-trans)-2-[ (Phenylmethoxy)methyl]-3-cyclo-
penten-1-ol
Cyclopentadiene (39 g., 0.59 mol.) at -20°
was added over 35 minutes to a stirred mixture of
31.0 g. of 40% sodium sand in mineral oil
(0.54 g. atm.) in 264 ml. of dry tetrahydrofuran at
-15°. The mixture was stirred at ~10° for 1.5 hours,
warmed to 0°, and cannulated to an addition funnel
at 0°. The mixture was then added over 30 minutes to
a stirred solution of benzyl chloromethyl ether
(100 g., 0.64 mol.) in 200 ml. of tetrahydrofuran
at -50° to =55°. The mixture was stirred at -55°
to -40° for 1 hour and then cooled to -65°. To
this was added, by cannula over 5 minutes, the
crystalline slurry of (-)-diisopirocampheylborane
from step A, which had been cooled to -60°. The
reaction was stirred at -60° for 1 hour, warmed
to -10° and stored at -20° overnight. The reaction
mixture was stirred for 1 hour at 5° and concentrated

| REPLACENENT SHEET
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in vacuo to one half its original volume. Ether
(600 ml.) was added, the stirred mixture was cooled
to 0°, and 188 ml. of 3N sodium hydroxide was
added dropwise keeping the temperature below 5°.
Cold 30% hydrogen peroxide (188 ml.) was added
dropwise over 1 hour keeping the temperature
below 12°, and then the mixture was stirred for
1 hour longer while maintaining the temperature
below 12°. The layers were separated, and the
aqueous layer was washed with ether. The ether
extracts were combined, dried(sodium sulfate),
and concentrated in vacuo to a residue (337 g.).
Chromatography of this residue on a column of
Merck silica gel [2300 g., packed in petroleum
ether-ether (2:1)] using petroleum ether-ether (2:1)
and then (1:1)] gave fraction A (17.56 g. of impure
desired product), fraction B (11.03 g. of pure
desired product), and fraction C (3.52 g. of
impure desired product). Similar chromatography
of fraction A on 800 g. of silica gel, and
fraction C on 140 g. of silica gel, gave 8.08 g.
and 2.33 g., respectively, of additional pure
desired product for a total yield of 21.44 g. of
title compound. :
C. 1S-(la,2a,3B,5a -2-[ (Phenylmethoxy)methyl]=-

' 6-oxabicyclo[3.1.0]hexan-3-0l

The title compound was prepared by following the

procedure in Example 1C, but using the preparation of
{(1s-trans)-2-[(phenylmethoxy)methyl]-3-cyclopenten-
1-0l from step B above. This afforded the title
compound with [cr]nz2 +48.0° (c, 1.0, CHC13)_and
optical purity of 94%. [See S.K. Biggadike et al.,
J. Chem. Soc. Perkin Trans, 1, 549 (1988)}].
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D. [1S-(la,2c¢,38,5a¢)]~3=-(Phenylmethoxy)-2- -

[ (phenylmethoxy)methyl ]-6-oxabicyclo[3.1.0]-

hexane

The title compound was prepared by following the
procedure in Example 1D, but using the preparation of

[1S-(la,2a,3p,5¢)]-2-[(phenylmethoxy )methyl]-6-oxa-

bicyclo[3.1.0]hexan~-3-0l from step C above.

E. [18=-(1la,2B,3¢,48)]~1~-[2-Hydroxy-4-(phenyl-
methoxy)=-3-[ (phenylmethoxy)methyl]cyclopentyl]-
2,4(1H,3H)~-pyrimidinedione
The title compound was prepared by following the

procedure in Example 3A, but using the preparation of

[1s-(1la,2a,3B,5¢)]~3~(phenylmethoxy)-2~[(phenyl-

methoxy)methyl]-6-oxabicyclo[3.1.0]hexane from step D

above. .

F. [1S-(1la,2B,3a,48)]-1~[2-Hydroxy-4-(phenyl-
‘methoxy)-3-[ (phenylmethoxy)methyl]cyclopentyl]~
5-iodo-2,4(1H,3H)-pyrimidinedione
To a solution of [1S-(la,2B,3x,48)]-1-[2-

hydroxy—4-(phenylmethoxy)-3-[(phenylmethoxy)methyl]-

cyclopentyll-2,4(1H,3H)~pyrimidinedione from-step E

(11.99 g., 28.41 mmol.) in dry dioxane (455 ml.) was

added iodine (14.44 g., 56.85 mmol.) and 0.8 N nitric

acid (59.6 ml., 30.3 mmol.). The reaction was heated
at 90° for 2 hours and cooled to room temperature. '

A saturated solution of sodium thiosulfate (25 ml.)

was added until a light orange color persisted.

Water (450 ml.) was added, the mixture was extracted

with dichloromethane (3 x 500 ml.), and the combined

dichloromethane extracts were washed with saturated
sodium chloride solution (100 ml.), dried (sodium
sulfate), and concentrated in vacuo to a residue.

Chromatography of this residue over 1200 ml. of
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Merck silica gel using ethyl acetate-chloroform

(1:1) provided 9.5 g. of desired product as a

solid having m.p. 165°.

G. {1S=-{la(E),28,32,48)]-3~[1,2,3,4-Tetrahydro-
1-[2=-hydroxy-4-(phenylmethoxy)-3-{(phenyl-
methoxy)methyljcyclopentyl]-2,4-dioxo~-5-
pyrimidinyl]-2-propenoic acid, methyl ester
A mixture of palladium (II) acetate (168 mg.,

0.752 mmol.), triphenylphosphine (400 mg., 1.52 mmol.)

and triethylamine (1.1 ml., 7.9 mmol.) in dioxane

(100 ml., purified on basic alumina and degassed in

vacuo) was heated with stirring for 15 minutes at

85° under nitrogen. To the red solution was added

{1S-(1la,2B8,3x,48)])-1-[2-hydroxy-4-(phenylmethoxy)-

3~ [ (phenylmethoxy)methyl]cyclopentyl]-5-icdo-2,4-

(1H,3H)-pyrimidinedione from step F (2.90 g.,

5.28 mmol., dried in vacuo over phosphorus

pentoxide at 50° for 2 hours) and methyl acrylate

(1.40 ml., 15.6 mmol.). The mixture was stirred

for 7 hours at 80°, 2 hours at 90°, and then at

room temperature overnight. The mixture was filtered

through Celite, and the Celite was washed with
chloroform (200 ml.). The combined filtrates were
concentrated in vacuo to a residue, which was
dissolved in chloroform (200 ml.). The chloroform
was washed with water, dried (sodium sulfate), and
concentrated in vacuo to a residue. Chromatography
of this residue on a column of Merck silica gel

(600 ml., packed in dichloromethane) by eluting with

a gradient of dichloromethane to 5% ethanol in

dichloromethane gave 1.54 g. of desired product

as a foamy solid.
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H. [1S-[1a(E),28,3a,48)]-3-[1,2,3,4~Tetrahydro-

1-[2-hydroxy-4-~(phenylmethoxy)-3-[ (phenyl-

methoxy)methyl]cyclopentyl]-2,4-dioxo-5-

pyrimidinyl]-2-propenoic acid

The title compound was prepared by following the
procedure in Example 5B, but using the preparation of

[1s-[1a(E),2B,3a,48)]-3~[1,2,3,4~tetrahydro-1-[2~

hydroxy-4-(phenylmethoxy)-3~-[ (phenylmethoxy)methyl]~

cyclopentyl]-2,4-dioxo-5-pyrimidinyl]-2-propenoic
acid, methyl ester from step G above.

I. [1S=[la(E).2B8,30,48]]-1~-[2~-HBydroxy-4-(phenyl-
methoxy)-3~[ (phenylmethoxy)methyl]lcyclopentyl]-
5-(2-iodoethenyl)~2,4(1H,3H)~pyrimidinedione
To a stirred solution of [1s-{la(E),28,3a,48)]-

3-{1,2,3,4-tetrahydro-1-[2~hydroxy-4-(phenylmethoxy)-

3-[{(phenylmethoxy)methyllcyclopentyl]-2,4-dioxo~5=~
pytimidinyl]-z-propenoic acid from step H (500 mg.,

1.0 mmol., dried by concentration in vacuo from dry

dimethylformamide) in 10 ml. of dry dimethylformamide

under argon was added potassium acetate (1.97 g.,

20.0 mmol.). The mixture was stirred at room

temperature for 30 minutes, and then N-iodosuccinimide

(225 mg., 1.0 mmol.) was added. The mixture was

stirred at 50° for 4 hours, additional N-iodo-

succinimide (113 mg., 0.5 mmol.) was added, and
heating at 50° was continued for 4.5 hours. The
mixture was stirred overnight at room temperature
and then filtered. The solids were washed with
dimethylformamide (20 ml.), and the combined
filtrates were concentrated in vacuo to a residue.

The residue was taken up in chloroform (125 ml.), and

the chloroform solution was washed with 1M potassium
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bicarbonate (3 x 20 ml.) and water (25 ml.), dried

(sodium sulfate), and concentrated in vacuo to a

residue. Chromatography of the residue on a column

of Merck silica gel (75 ml., packed in dichloro-
methane) by eluting with a gradient of dichloromethane
to 3% methanol in dichloromethane gave 350 mg. of
desired product as a foamy solid.

J. [1S-[la(E),3a,48]]1-5-(2~-Iodoethenyl )~1-[2-0x0~
4-(phenylmethoxy)-3-[ (phenylmethoxy)methyl]-
cyclopentyl]-2,4(1H,3H)-pyrimidinedione
1,3-Dicyclohexylcarbodiimide (868 mg., 4.2 mmol.)

and methylphosphonic acid (67.2 mg., 0.7 mmol.) were

added to a solution of [1S-[la(E),2B,3a,4B]]}-1-[2~
hydroxy-4-(phenylmethoxy)~3-[{phenylmethoxy)methyl]~
cyclopentyl]-5-(2-iodoethenyl)-2,4(1H,3H)-pyrimidine-
dione (805 mg., 1.4 mmol., dried by concentration

in vacuo from dry toluene) in dry dimethyl sulfoxide

(5.6 ml.), and the mixture was stirred at room

temperature under nitrogen for 6 hours. A solution

of oxalic acid dihydrate (16.8 mg.) in methanol

(2.2 ml.) was added, and stirring was continiued

for 2 hours. The reaction was filtered, the

precipitate was washed with dichloromethane

(30 ml.), and the combined filtrate was washed with

water (4 x 25 ml.), dried (sodium sulfate), and

concentrated in vacuo to give 930 mg. of crude
desired product as a foamy residue. '

K. [1S-[1la(E),30,48]1]~-5-(2-Icdoethenyl)~-1-[2~-
methylene-4~(phenylmethoxy)-3-{ (phenyl-
methoxy)methyljcyclopentyll-2,4(1H,3H)~
pyrimidinedione

To a solution of the crude preparation of
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[1S-[1a(E),3a,4B])]-5-(2~i0doethenyl)~1~[2-0xX0~4~-
(phenylmethoxy)-3-[(phenylmethoxy)methyl]-cyclo-
pentyl]-2,4(1H,3H)-pyrimidinedione from step J

above (930 mg., dried by concentration in vacuo

from dry doluene) in dry dichloromethane (17 ml.)

was added a slurry of 0.3M zinc - titanium tetra-

chloride - dibromomethane complex in tetrahydrofuran

(Preparation 2, Example 4C) (14 ml., 4.2 mmol.).

The reaction was stirred at room temperature under

nitrogen for 5 hours and poured into a mixture of

saturated sodium bicarbonate (112 ml.) and dichloro-
methane (112 ml.). After stirring for 35 minutes,
the mixture was filtered through Celite. The layers
in the filtrate were separated, and the organic layer
was washed with water (2 x 50 ml.), dried (sodium
sulfate), and concentrated in vacuo to a residue.

Chromatography of the residue on a column of Merck

silica gel (100 ml., packed in chloroform) using a

gradient of chloroform to 15% ethyl acetate in

chloroform afforded 400 mg. of a solid consisting
of 299 mg. of desired product and 101 mg. of 1,3~

dicyclohexylurea. .

L. [1S-[1a(E),30,4B]}]~1~[4-Hydroxy-3-(hydroxy-
methyl )-2-methylenecyclopentyl]-5~(2~iodo~
ethenyl)-2,4(1H,3H)-pyrimidinedione
To a solution of 400 mg. of the preparation

from step K, containing 299 mg. (0.525 mmol.) of

[1S~-[1la(E),3¢,4B]]~-5~-(2-i0doethenyl)~-1-[2-methylene~

4-(phenylmethoxy)-3~[ (phenylmethoxy)methyl]cyclo-

pentyl]l-2,4(1H,3H)-pyrimidinedione (dried by

concentration in vacuo from dry toluene), in 7.5 ml.

of dry dichloromethane at ~78° under nitrogen was

added 1M boron trichloride in dichloromethane
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(5.76 ml., 5.76 mmol.). The mixture was stirred at
-78° for 1 hour, and then methanol (9 ml.) was
slowly added. After warming the solution to room
temperature over 30 minutes, the solvents were
removed in vacuoc leaving a residue, which was
concentrated in vacuo from toluene (3 x 10 ml.).

The residue was taken up in methanol (24 ml.) and
water (18'm1.), and the pH was adjusted to 7 using
1.0 N potassium hydroxide. After concentration

in vacuo to remove methanol, the agueous suspension
(15 ml.) was applied to a column of CBP 20P resin
(48 ml., packed in water). Elution of the column with
a gradient of water to 40% methanol in water and
concentration of appropriate fractions in wvacuo

gave 99 mg. of desired product as a sticky solid.
This solid and 10 mg. of sticky desired product from
a similar reaction were combined and dissolved in
60% methanol in water. Concentration of this
solution to approximately 8 ml. gave a solid, which

was collected and dried in vacuo providing 89 mg.
of desired product having m.p. 180 - 185° dec. and
[a]y%? +75.7° (c, 0.3, methanol).

Anal. calc'd. for C,.H,.IN,O

137157274 °
C, 40.02; H, 3.87; N. 7.18

Found: C, 39.81; H, 3.61; N, 7.01.

A.

_ Example 8
ls-jla(E),3a,46)]-5-(2-Chloroethenyl)-1-[4-

hydroxy~3-(hydroxymethyl)-2-methylenecyclo-

pentyl]}-2,4(1H,3H)~-pyrimidinedione
{1S-[1a(E),2B,30,48]1]~5-(2-Chloroethenyl )~
1-[2=-hydroxy-4-(phenylmethoxy)-3-[ (phenyl-
methoxy)methyl Jcyclopentyl]-2,4(1H,3H)-

pyrimidinedione
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Potassium bicarbonate (1.55 g., 15.5 mmol.)
and N-chlorosuccinimide (760 mg., 5.69 mmol.) were
added to a solution of [1S-({la(E),2B,3¢,48]]-3-
[1,2,3,4-tetrahydro~1-[2~-hydroxy-4-(phenylmethoxy)-3-
[ (phenylmethoxy)methyl]cyclopentyl]-2,4~dioxo~5-
pyrimidinyl]-2-propenocic acid (prepared as described
in Example 7H, 2.54 g., 5.17 mmol., dried by
concentration in vacuo from dry dimethylformamide)
in dry dimethylformamide (52 ml.), and the mixture
was stirred at room temperature under nitrogen for
17 hours. The mixture was cooled to room temperature
and filtered, and the filtrate was concentrated
in vacuo to a residue. The residue was dissolved
in ethyl acetate (750 ml.) and water (250 ml.), and the
pH was adjusted to 2 using 0.1 N hydrochloric acid.
The ethyl acetate layer was washed with water, dried
(sodium sulfate), and concentrated in wvacuo to a
residue. ' Chromatography of this residue on a
column of Merck silica gel (150 ml., packed in
dichloromethane) by elution with a gradient of
dichloromethane to 3% ethanol in dichloromethane
afforded 596 mg. of desired product as a foamy solid.
B. {1S-[1la(E),30,4B]1]~5~(2-Chlorcethenyl)=-1-[2=-
0Xo=-4-(phenylmethoxy)-~3- henylmethoxy)methyl]-
cyclopentylj-2,4(1H,3H)-pyrimidinedione
1,3-Dicyclohexylcarbodiimide (806 mg.,
3.9 mmol) and methylphosphonic acid (62.4 mg.,
0.65 mmol.) were added to a solution of
(1s-[1a(E),28,3a,4B]]-5-(2-chloroethenyl)-1-[2~
hydroxy-4-(phenylmethoxy)-3-{ (phenylmethoxy)methyl]~
cyclopentyl]-2,4(1H,3H)-pyrimidinedione (631 mg.,
1.3 mmol., dried by concentration in vacuo from
dry toluene) in dry dimethyl sulfoxide (5.2 ml.),
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and the mixture was stirred at room temperature

under nitrogen for 5 hours. A solution of oxalic

acid dihydrate (15.6 mg.) in methanol (2.1 ml.)

was added, and stirring was continued for 3 hours.

The reaction was filtered, and the precipitate was

washed with dichloromethane (3 x 130 ml.). The

combined filtrate and washes were washed with
water (4 x 40 ml.), dried (sodium sulfate), and
concentrated in vacuo to give 850 mg., of crude
desired product as a foamy residue.

c. [1S=-[la(E),3a,4B]]~-5-(2-Chloroethenyl)-1-
[2-methylene=-4-(phenylmethoxy)-3~[ (phenyl-
methoxy )methyl]cyclopentyl]l-2,4(1H,3H)~
pyrimidinedione
To a solution of the crude preparation of

[1S=-[1a(E),3x,4B]]=-5~(2=chlorcethenyl )-1l-{2-0x0~

4~-(phenylmethoxy)-3~[ (phenylmethoxy)methyl]lcyclo-

pentyl]-2,4(1H,3H)-pyrimidinedione from step B

above (850 mg., dried by concentration in wvacuo

from dry toluene) in dry dichloromethane (15.6 ml.)

was added a slurry of 0.3M zinc - titanium tetra-

chloride - dibromomethane complex in tetrahydrofuran

(Preparation 2, Example 4C) (13 ml., 3.9 mmol.).

The reaction was stirred at room temperature under

nitrogen for 5 hours and poured into a mixture of

saturated sodium bicarbonate (145 ml.) and dichloro-
methane (145 ml.). After stirring for 80 minutes,
the mixture was filtered through Celite. The layers
in the filtrate were separated, the organic layer
was washed with water (2 x 250 ml.), dried (sodium
sulfate), and concentrated in vacuo to a residue.

Chromatography of the residue on a column of Merck
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silica gel (110 ml., packed in chloroform) by eluting

with a gradient of chloroform to 4% ethanol in

chloroform afforded 554 mg. of a solid consisting
mostly of desired product (approximately 310 mg.)

and 1,3-dicyclohexylurea.

D. [1S-[la(E),3¢,4B]]-5-(2-Chloroethenyl =1~
[4-hydroxy-3-(hydroxymethyl)-2-methylene-
cyclopentyl]-2,4(1H, 3H)-pyrimidinedione
To a solution of 554 mg. of the preparation

of step C above containing approximately 310 mg.

(0.65 mmol.) of [1S-[lw¢(E),3¢,4B]]=5-(2-chloro-

ethenyl )~1-[2-methylene-4-(phenylmethoxy)-3-[(phenyl-

methoxy)methyl]cyclopentyl]-2,4(1H,3H)~pyrimidinedione

(dried by concentration in vacuo from dry toluene)

in 10 ml. of dry dichloromethane at -78° under

nitrogen was added 1 M boron trichloride in dichloro-

methane (7.2 ml., 7.2 mmol.).' The mixture was

stirred at -78° for 1 hour, and then methanol (5.5 ml.)

was slowly added. After warming the solution to room

temperature over 30 minutes, the solvents were removed
in vacuo leaving a residue, which was concentrated

in wvacuo from methanol (4 x 5.5 ml.) and then toluene

(2 x 8 ml.). The residue was taken up in methnaol

(26 ml.) and water (20 ml.}, and the pH was adjusted

to 7.2 using 1N potassium hydroxide. The solution was

concentrated in vacuo to a suspension (15 ml.),

which was applied to a column of CHP 20P resin

(48 ml., packed in water). Elution of the column

with a gradient of water to 60% methanol in water

and concentration of appropriate combined fractions

to approximately 10 ml. gave a solid, which was

collected and dried in vacuo to afford 65 mg. of




e AGEENT SN

.

o

- 106 -~

-
-

desired pi‘oduct as a white solid having m.p.
221-223°(dec.) and [a] %% +80.7° (c, 0.3, methanol).
Anal. calc'd. for C13H15C1N204:

C, 52.27; H, 5.06; N, 9.38

Found: C, 52.03; H, 4.87; N, 9.28.
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Example 9
Treatment of Viral Infection in

Cell Culture in Vitro

Assays were performed in cell culture
systems to determine the concentrations of
compounds that are effective in preventing several
kinds of viral infections. The assays are
described below, and the results are presented in
Table 1.

Abbreviations:

HSV=-1 (herpes simplex virus type 1, strain
Schooler), HSV-2 (herpes simplex virus type 2,
strain 186), V2ZVv (varicella zoster virus, strain
ELLEN), HCMV (human cytomegalovirus, strain AD 169
HIV (human immununodeficiency virus, strain
HTLV-IIIB).

Cell Culture Assays:

HSV-1, HSV-2, HCMV and VZV antiviral
assays: Virus was adsorbed to WI-38 cell culture
monolayers in 6 well culture plates (Costar,
Cambridge, MA) for 1 hour prior to addition of
maintenance medium containing duplicate dilutiomns
of the test compound. Inhibition of plaque
development was evaluated on fixed and stained
monolayers after 4 days incubation at 37°C for
HSV-1 and HSV-2, and after 5-7 days incubation at
37°C for HCMV and VZV. 1IDgo values were
determined from the drug concentration which con~
ferred at least a 50% plaque reduction compared to
virus controls.
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HIV antiviral assay: Suspensions of MT-2
cells (S. Harada, et al., Science, 229, 563
(1985)) were infected at a multiplicity of
infection of 0.03 TLIDjsq/cell with HIV (strain
HTLV-III B). After adsorption for 1 -« 2 hours at
37°C, infected cells were diluted in growth medium
(RPMI 1640 containing the antibiotics penicillin
plus streptomycin and 10% fetal calf serum) to
give a final cell concentration of 1 x 104 viable
ceils/culture well in the presence of serial
dilutions of the test compound, starting at
100ug/ml. Triplicate samples at each drug
concentration were used. Cultures of uninfected
MT-2 cells were similarly prepared and incubated
with serial dilutions of test compound in
duplicate. All assays were performed in 96 well
disposable cell culture plates. Untreated
(infected and uninfected) cells were included as
coﬁtrols. All cultures were incubated for 7 days
at 37°C in a humidified atmosphere containing 5%
CO;. Following incubation, viable cell numbers
were counted in each well using a colorimetric
assay foliowing'incubation of cells with XTT-PMS
solution (XTT tetrazolium reagent plus phenazine
methosulfate PMS).

Percent reduction of viral cytopathic effect
(CPE) in drug treated compared to untreated virus
infected cells, and percent reduction of cell
viability in drug treated uninfected cells compared

'~ to untreated controls were calculated and plotted
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versus the drug concentrations tested. From these
plots, the IDso (the minimum drug concentration
that inhibits CPE by 50%) for each drug was
calculated. 2',3'-Dideoxycytidine and 3'-azido-3'~
deoxythymidine were used as a positive drug
controls.
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Table 1
IDgo(pM) for the following viruses
Ry B HSV-1 HSV-2 vzv HCMV HIV
’ 7.2 - 18 - *
N< NH 3.6 18 36 90
<’ |
N o
1 N¥E,
NHp 191 - 191 -
N N 383 8 >96 >38 **
/! N 383 9
G
| N
NH» 4.2 - 2.1 - 4.2 - 2.1 - NA
NZ 8.4 4.2 42 4.2
2\ ‘ |
N , ’

* 41% reduction in viral CPE at 12uM and 4% reduction in
cell viability in uninfected cells.

*% 50% reduction in viral CPE at 27 pM and 23% reduction
in cell viability in uninfected cells.

NA = Not Active
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Table 1 (Continued)

'IDgg(uM) for the following viruses

Ry HSV-1 HSV-2 vzZv HCMV HIV
? ' 40 - 40 -
HN Ha 8 - 20 100 400 2396 NA
A
07 °X _
|
o 68 - 68 -
HN | I 6 - 14 >275 137 137 NA
L’jr | |
07N
|
(8] 0.6 - 29~ 0.3 -
I?N I S r 1.5 73 0.6 291 ND
o”L N
|
0
) ! 0.5 13- 0.05- > 260 ND
1.3 26 0.14
//'\N '
0 |
0.07- 2 1.7 ND ND
0.16

NA =
_ND

Not active
Not determined
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wherein R; is fluoro, chloro, bromo, iodo, hydrogen,
methyl, trifluoromethyl, ethyl, n-propyl, 2-fluoro-
ethyl, 2-chloroethyl, ethynyl or

(trans) _
wherein Rs is chloro, bromo, iodo, hydrogen
methyl or trifluoromethyl; Ry is alkyl; Rs is
hydrogen, alkyl, substituted alkyl, or aryl; and
Rg and R; are independently hydrogen,

o)
-PO3H, or -E-Rs.
2. A compound according to Claim 1

wherein R; is '

Q o
Nf\ BN CHa
J |
| A
‘ \NH, , o/ N ,
o | o

HN I BN AN Br
B T
N
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4. A compound according to Claim 1 wherein

Rg and R; are independently hydrogen or -g-ng.

5. A compound according to Claim 1 wherein
Rg and R; are independently hydrogen or -POgH;.

6. A compound according to Claim 1 wherein
Rg and R; are hydrogen.

7. A compound according to Claim 1 wherein
R, is

et Has Been Reflaced
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8. A compound according to Claim 1 wherein

NH,

!
N.__~XN
¢
N">n :
9. A compound according to Claim 1 wherein

o)
& _-CH;
/L |

o” N .

10. A compound according to Claim 1 wherein

o N -
¢

o] N .
12. A compound according to Claim 1 wherein

o .
HN)']/§/C1 _
PR

7y

13. A compound according to Claim 1

wherein Rl is
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14. A compound according to Claim 1 wherein
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15. A éompound according to Claim 1,
[18-(1la,3a,4B)]-2-amino~1,9~dihydro~9=-
[4-hydroxy-3-(hydroxymethyl )~-2-methylene-
cyclopentyl]-6H=-purin~6-one.

16. A compound according to Claim 1,
[1S=(1la,3a,48)]=-1=[4-hydroxy-3-(hydroxymethyl )~
2-methylenecyclopentyl]-S5-methyl-2,4(1H,3H)-
pyrimidinedione.

17. A compound according to Claim 1,
[1S=(la,3a,4B)]-4-amino-1-[4~-hydroxy~-3-
(hydroxymethyl)-2-methylenecyclopentyl]-~
2(1H)~-pyrimidinone.

18. A compound according to Claim 1,
[1S-{1la,3a,4B)]~1~[4~-hydroxy-3~-(hydroxymethyl)-
2-methylenecyclopentyl]=-5-iodo-2,4(1H,3H)~-
pyrimidinedione.

19. A compound according to Claim 1,
{1s-[1a(E),3a,48])]~5-(2-bromoethenyl)-1-
[4-hydroxy-3-(hydroxymethyl )-2-methylenecyclo-
pentyl]-2,4(1H,3H)-pyrimidinedione.

20. A compound according to Claim 1,
(1R-(1le¢,3a,5B)]=3~(6~amino~-9H~-purin-9-yl)=5-
hydroxy-2-methylenecyclopentanemethanol.

21. A compound according to Claim 1,
[1s-[1la(E),3a,4B]]~5-(2~-chloroethenyl)-1~[4~
hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]-
2,4(1H,3H)~-pyrimidinedione.

* - C L L S *
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22. A compound according to Claim 1,
| {1S-[1a(E),3a,48]]~1~[4~hydroxy-3~(hydroxymethyl)-
2-methylenecyclopentyl]-5-(2-iodoethenyl)-2,4(1H,3H)~
pyrimidinedione. :

W
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Hydroxymethyl (methylenecyclopentyl)

Purines And Pyvrimidines

Antiviral activity is exhibited by compounds
having the formula

and its pharmaceutically acceptable salts.
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Most preferred compounds of formula 1 are
when R, is

T NE,

The term ';alkyl" refers to both straight and
branched chain groups, having 1 to 10 carbons. The
term ''substituted alkyl'' refers to alkyl groups
having one or more, preferably one, substituents.
The substituents are halogen, amino, azido,'
hydroxy, cyano, trialkylammonium (wherein each
alkyl group has 1 to 6 carbons), alkoxy of 1 to 6
carbons, aryl and carboxy. The term '‘aryl'' refers
to phenyl and phenyl substituted with one, two or
three substituents, preferably one. The
substitutents are alkyl of 1 to 6 carbons, alkoxy
of 1 to 6 carbons, halogen, trifluoromethyl, amino,
alkylamino of 1 to 6 carbons, dialkylamino, wherein
each alkyl is of 1 to 6 carbons, nitro, cyano,
alkanoyloxy of 2 to 11 carbons, carboxy, carbamoyl
and hydroxy. '
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EP-A-304889 discloses cyclopentyipurine derivatives useful as antiviral

agents. However the méthylene group is at position 3- of the cyclopentyl
moiety and is substituted with halogen. Furthcrmorc the -CH, OR, substituent
at position 3 of the cyclopentyl moiety is not present.

The compounds of formula 1, and the pharma-
ceutically acceptable salts thereof, are antiviral
agents that can be used to treat viral infection
in mammalian species such as domesticated animals
{e.qg., dbgs, cats, horses and the like) and
humans, and avian species (e.g., chickens and
turkeys). The compounds of formula 1 wherein R,

u J «Zfﬁ"

SNE, | N ,
QM . J\
o) 1;132
BN CHa - N.;\/'
l l
o’LN , 0”LN ,
- | |
o) (o]
HN/"\/\/ cl - | T
_ . HN
J\NJ , Oor //klii |

o) i o
are effective against one or more of the following
viruses: herpes simplex virus 1 and 2, varicella-
zoster virus, cytomegalovirus, and human immuno-
deficiency virus (EHIV). They are also believed to

be active against a variety of other DNA and
retroviruses. '
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wherein R, is fluoro, chloro, bromo, iodo, hydrogen,
methyl, trifluoromethyl, ethyl, n-propyl, 2-fluoro-
ethyl, 2-chloroethyl, ethynyl or

C

|
Q

(trans) :
wherein R; is chloro, bromo, iodo, hydrogen
methyl or trifluoromethyl; R, is alkyl; Rs is
hydrogen, alkyl, substituted alkyl, or aryl; and
Rg¢ and R; are independently hydrogen, '
5 .
~-POzH, or -3—35;

wherein _

the alkyl groups have 1 to 10 carbons;

"substituted alkyl” means "alkyl” having one or more substituents
selected from halogen, amino, azido, hydroxy, cyano, trialkylammonium
(wherein each alkyl group has 1 to 6 carbons), alkexy of 1 to 6 carbons, aryl
and carboxy; ﬁnd |

"aryl” means phenyl or phenyl with one, two or three substituents
selected from alkyl of 1 to 6 carbons, alkoxy of 1 to 6 carbons, halogen,
triﬂuoroffxethyl, amino, alkylamino of 1 to 6 carbons, dialkylamino, wherein
each alkyl is of 1 to 6 carbons, nitro, cyano, alkanoyloxy of 2 to 11 carbons,

carboxy, carbamoyl and hydroxy.
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2. A compound acco::d.tng to Claim 1
wherein R; is

| Q
BN 2\ CH,
(fJ o
“\NE, , o7 x .
| |

i | g
HN I BNWB::
L7 13
oZ  n . O’I'W .

|

NH
/2 NH

N/’) N '\N

Oka ’ </I\,J ’
| N N
| [

7 0
ﬁ/\\/u - N T
e e T
& N

|

This Sheet Has Been Replaced
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14. A compound according to Claim 1 wherein
R; is
2
N~Z
L l
o Z N . _

15. A c':ompound according to Claim 1, which is
[18-(1la,3¢,4B)]-2~amino-1,9-dihydro~9-
[4-hydroxy~3-(hydroxymethyl) -2-methyl ene-
cyclopentyl ]-6H~-purin-6-one.

16. A compound according to Claim 1,whichis
- [18-(1a,3c¢,4B)]~1-[4~hydroxy-3-(hydroxymethyl)-
2-methylenecyclopentyl]-5-methyl-2,4(1H,3E)-
pyrimidinedione.

C17. A compound according to Claim 1, whichis
[1S-(lc,3a,4B))~-4-amino-1~[4~hydroxy-3- '
(hydroxymethyl )~-2-methylenecyclopentyl]-
2(1H)-pyrimidinone.

18. A compound according to Claim 1, which is
[1S-(1la,3ax,4B)]-1~[4-hydroxy-3- (hydroxymethyl)-
2-methylenecyclopentyl]-5-iodo-2,4(1H,3H)~
pyrimidinedicne.

_19. A compound according to Claim 1, whichis
[1S-[1a(E), 3a, 4B]]-5-(2-bromoethenyl)~1~
[4-hydroxy~3-(hydroxymethyl )~2-methyl enecyclo-
pentyl]l-2,4(1E,3H)~pyrimidinedione. ,

20. A compound according to Claim 1, Whichis
[1R-(l«¢,3a,58)]~3~(6-amino-9H~-purin-9-yl)~5-
hydroxy-2-methylenecyclopentanemethanol.

21. A compound according to Claim 1, Whlch is
[1S-[1x(E),3«¢,4B]]-5-(2-chloroethenyl)-1-~[4-
hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]-
2,4(1H,3H)~-pyrimidinedione.

r
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22. A compound according to Claim 1, whichis .
[1S-[1a(E),3¢,4B]]-1-[4~hydroxy-3~(hydroxymethyl )~
2-methylenecyclopenty1]-5-(Z-iodoéthenyl)-2,4(1&,33)-
pyrimidinedione. '

23. A compound according to any preceding claim for
use in the treatment of viral infections.

24, Use of a compound according to any one of Claims
1-22 for the manufacture of a medicament for treatment of

viral infections.
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25, A process for preparing a compound of the formula

B B
RgOCH; IR
H Ng .
Qb\ \\ g

R;-0> H 'H

ar such a compound in pharmacesutically acceptable salt form
wherein R is

SLI. O

- va, -
N XN N N
! ¢

= z
1 NJ\F 1,‘ NJ\NH,
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R, is fluoro, chlors, bromo, iodo, hydrogen, methyl,
trifluoromethyl, ethyl, n-propyl, 2-fluoroethyl,
2-chloroethyl, ethynyl or

R
H‘\\C ___._____C'/ ?
~  (trans) \H

~e

'R3 is chloro, bromo, iodo, hydrogen, methyl or
trifluoromethyl;

Ry is alkyl;

RS ;’.s hydrogen, alkyl, substituted alkyl, or aryl; and
Re and R, are independently hydrogen, -PO3H, or

o]

il
=C-R. which comprises:

a) reacting a compound of the formula

\ 2
Of Nod

. wherein P is a protecting group with a compound of
the formula

which is optionally protected to give the intermediate
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b) oxidizin
the inte:mediate

P

0
Ry
N
:: -
O

g the intermediate of Step (a) to give

= -

c) .

reaéting the intermediate of step (b) with a
methylation

Teagent to give the intermediate

. H H
- . R

N
~
P-0>

d) removing the benz

PTotecting group P and a

give the desired finai p

Yyl Protecting group, the
Ny protecting groups in R

1 to
roduct,
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wherein
the alkyl groups have 1 to 10 carbans;

"substimuted alkyl” means “alkyl” having one or more substnents
select=d from halogen, amino, azido, hydroxy, cyano, wialkylammanium
(whersin each alkyl group has 1 o 6 carbons), alkoxy of I © 6 carbons, aryl

., and carboxy; and
| "aryl” means phenyl or phenyl with one, two or thres supstituents
selected from alkyl of 1 © 6 carbons, alkoxy of 1 © 6 carbons, halﬁgen,
wifluoromethyl, amino, alkylamino of 1 w 6 carbons, dialkylamino, wherein
eaca alkyl is of 1 10 6 carbons, i, cyano, alkanoyloxy of 2 o 11 carbons,

carboxy, carbamoyl and hydroxy.

. A . . . . - . i
26, e procegs of Claim 25 wherein Ry 13

. ? NE,
¥ A N;‘j
y _ !
e AT

-
4

and R and R, ar= both hydrogen. .

27 The process of claim2s or 26 wherein the protecting group P is benzyl.

wicyl, substituted aicyl, or a silyl group.
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ABSTRACT
# ——————————

Hydroxymethvyl (methylenecyclopentyl)
Purines And Pyrimidines

Antiviral activity is exhibited by compounds
having the formula

and its pharmaceutically acceptable salts.
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CLAIMS:

1. a compound having the formula

or such a compound in pharmaceutically acceptable salt
form wherein R is

&3 lﬂ S
’ i N

] 1332.
I’N,i NH ,N' XN
N !
Ny //l '
N N \‘lmaz , N Nﬂj
| - ’
I.QHZ NH,
\N N N
7
@ ¢ J
- N
N SrE

s
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3. A compound according to Claim 1
wherein R, is o

0 NH,
i
’ N~ “NH, 07N ,
. , {

f

6]

i

4, A compound according to-any one of Claims
o a

0y

1-3 whereih Rs and R7 are independent;y hydrogen or -g-Rs.
S. A compound according to any one of Claims

1-3 wherein Rs and R7 are independently hydrogen or -P03H2.
6. A compound according to any one of Claims 1-3

wherein Rg and R., are hydrogen.
7. A compound according to Claim 1 wherein

This is the replacement she«t

Date: @6 OCT 1997




