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blt(hydroxynethyl)cyclobutylI-l 9- di hydr o- 6H puri n- 6- one, i.e.,

[ere] * is an antiviral agent wth activity against herpes
sinplex virus type 1 and 2, varicella zoster virus, human

cytonegl avirus, vaccina virus, nmurine | eukema 15 virus, ag#2éunan

i mmunodeficiency virus. Methods for the preparation of this antiviral
agent are discl osed in'U S Patents 5,064,961 and 5, 153, 352 and

Eur opean

are disclosed for converting this intermediate to the

antiviral agent

N NH
<: l N/)—Nﬁz

Z
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Pat*e‘_nt Application 358, 154. The tetrabutyl ammoni um salt of
2-am no- 6- 20 benzyl oxypurine is disclosed in European Patent
Applications 55,239 and 458, 363. _
GY26a - 2- This invention isggigaected to a
process for preparing antiviral conpounds of the fornula ()

-] -

Antiviral agents having a guaninyl substituent
5 on a carbohydrate surrogate are known. For example,
the compound [1R-({1la,2B,3a)]-2-amino-9-[2,3-

bis (hydroxymethyl)cyclobutyl]-1,9-dihydro-6H-purin-6-

one, i.e.,
0
N
NH
¢
HOH,C //k
N N
NH;
10 ! éHzOH

is an antiviral agent with activity against herpes
simplex virus type 1 and 2, varicella zoster virus,
human cytomeglavirus, wvaccina virus, murine leukemia
15 wvirus, and human immunodeficiency virus. Methods for
the preparation of this antiviral agent are disclosed
in U. S. Patents 5,064,961 and 5,153,352 and European
Patent Application 358, 154.
The tetrabutylammonium salt of 2-amino-6-
20 Dbenzyloxypurine is disclosed in European Patent
Applications 55,239 and 458,363,

i



[ePr] wherein Z is a carbohydrate surrogate by reacting a purine salt
of. the fornula (rr) 1o [err] with the conmpound of the formula

(kI'l) 15 .
GY26a

This invention is directed to a process for
preparing antiviral compounds of the formula
(I}

N
NH
</| _
7 /—NH,
li‘ N
5 2

wherein Z is a carbohydrate surrogate by reacting a
purine salt of the formula

(1I)
Ra +
a0 T
N N//LNHZ Rs

with the compound of the formula '

(ITI)

15
Z—X

il i i
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15

20

- 3- to yield the purine of the

GY26a

to vield the purine of the formula
(V)

Yy

N SN
L.
2y

wherein X is a leaving group, Z1 is a protected form
of carbohydrate surrogate Z, Y] is iodo, bromo, or
chloro, and R1, R2, R3, and R4 are independently
straight or branched chain alkyl of 1 to 10 carbons
or substituted straight or branched chain alkyl of 1
to 10 carbons. The compound of formula IV is then
converted to the antiviral agent of formula I.

In the preferred process of this invention,
the antiviral agent of formula I is [1R-(1lc,28,3a)]-
2-amino-9-[2,3-bis (hydroxymethyl)cyclobutyl]l-1,9-
dihydro-6H-purin-6-one and it is prepared by reacting
a purine salt of formula II with the bis(2,3-

_protected hydroxymethyl) cyclobutane of the formula

)

Prot-0-H,C wnxX

- glllll

»~O-Prot

wherein Prot is a hydroxy protecting group. This
reaction yields the cyclobutyl purine of the formula

"nmlii\iﬁ\’f il



[er'r.] . wherein X is a |eaving group, Zerr] is a protected form of
car bohydrate surrogate Z, Y[err] is iodo, brono, or chloro, and Rferr],
R2 R3, and R4 are independently straight or branched chain alkyl of 1
to 10 carbons 10 or substituted straight or branched chain @d46éa of 1

to 10 carbons. The conpound of fornula |V i4s-then converted to the
antiviral agent of formula I. In the preferred process of this

i nventi on, the antiviral agent of formula | is
[IR-(lI[err],2[err],3¢mKr])]- 15

2-am no-9-[ 2, 3- bi s(hydroxymet hyl ) cycl obutyl]-1, 9-

di hydro-6H-purin-6-one and it is prepared by reactwng a purine salt of
formula Il with the bis(2,3- prot ect ed hydroxy thyI) cycl obut ane of
the formul a (V)

/A
N NH,

Prot-0-H,C

CH,-0O-Prot

S5 which is then converted to the antiviral agent [1R-
(la,2B,3a) ] -2-amino-9-12,3-bis (hydroxymethyl) -
cyclobutyl] -1, 9-dihydro~6H-~purin-6-one.
The bis(2,3-protected hydroxymethyl) -
cyclobutane of formula V is optically active, the
10 relative sterochemistry of the substituent X is drawn
to indicate that the leaving group X is cis to the
vicinal -CH2-0O-Prot substituent and that the two
-CH2-0-Prot substituents are trans to each other.
This invention is also directed to the novel
15 purine salts of formula I.
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[eﬁx] . wherein Prot is a hydroxy protecting group. This reaction
yiel ds the cycl obutyl purine of the formula
G¥26a (M) -

-5 ~

GY26a

The term *alkyl* refers to straight and branched
chain groups of 1 to 10 carbons. The term
"substituted alkyl* refers to such alkyl groups of 1
to 10 carbons having one, two or three substituents,

5 preferably one, selected from alkoxy of 1 to 6
carbons and aryl. The term *aryl" refers to phenyl
and phenyl having one, two, or three substituents,
preferably one, selected from alkyl of 1 to 6
carbons, alkoxy of 1 to 6 carbons, chloro, bromo,

10 iodo, and fluoro.

The carbohydrate surrogate 2 includes cyclized
and acyclic moieties which possess antiviral activity
when substituted with a guanine moiety. Suitable
groups for Z include

15
20 OH CH,0H

This Sheet Has Been R
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[eft] : 5 which is then converted to the antiviral agent [1R-
(l{err],2[err], 3a)l-2-am no-9-[2, 3-bi s(hydroxynet hyl ) -

cycl obutyl | -1, 9-di hydr o- 6H puri n- 6- one. The bis(2, 3-protected
hydr oxynet hyl ) - cycl obutane of fornula V is optically ac¥¥2age, the 10
rel ati ve sterochem stry of the substituent 6X-i s drawn to indicate that
the leaving group Xis cis to the vi cinal -CH2-0-Prot substituent and
that the two -CH2-O Prot substituents are trans to each other.

This invention is also direciedg o the novel 15 jpurigne salts of fornul a

L HOH,C HOH,C
F 14
P HOH;Ciwx
HOH,C , s\* ,
F

)
g
§

-

O
m
(o111}
m

Qi

H H,0H
HO i
y\/ ¢ mop” No N . and
5 HO OH
o CH,0H
Ho-ﬂ’/~\ﬂaf”l\‘~”’ :

OH

Z1 represents the moiety Z wherein the hydroxy groups

10 are protected. Suitable hydroxy protecting groups
include hindered silyl groups such as t-butyl-
dimethylsilyl, t-butyldiphenylsilyl, (triphenyl-
methyl)dimethylsilyl, methyldiisopropylsilyl and
triisopropylsilyl, benzyl and substituted benzyl

15 groups suchc?s p-methoxybenzyl, acyl groups of the
formula "ﬂ —Rs wherein Rg is a straight or
branched chain lower alkyl of 1 to 6 carbons, or
phenyl, especially acetyl or benzoyl, trityl, and
substituted trityl groups such as 4-monomethoxy

20 trityl or 4,4'-dimethoxytrityl.

This Sheet Has Been Re‘laced
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cvlea ! The term"al kyl" refers to straight and branched

»

chain groups of 1 to 10 carbons. The term "substituted alkyl" refers to
such al kyl groups of 1 to 10 carbons having one, two or three
substituents, 5 preferably one, selected from al koxy of 1 w266

carbons and aryl. The term"aryl" refers-t@ phenyl and phenyl having
one, two, or three substituents, preferably one, selected from al kyl of
1to6 carbons, al koxy of 1 to 6 carbons, chloro, brono, 10 iodo, and
fluoro. The car bohydeRd &cRHEERAALE Fornlth UARS 16V 1a68ng

group such as chloro, bromo, iode, an aryl
sulfonyloxy group such as p-toluenesulfonyloxy, an
alkyl sulfonyloxy group such as methanesulfonyloxy, a
5 substituted alkyl sulfonyloxy group, preferably a

perfluorocalkanesulfonyloxy group such as
trifluoromethanesulfonyloxy, a nitro-substituted
benzene sulfonyloxy group such as p-nitro-
benzenesulfonyloxy, or fluorosulfonyloxy.

10 The compounds of formula III are prepared
according to known procedures or as set forth below.
For example, the bis(2,3-protected hydroxymethyl)-
cyclobutane of formula V can be prepared as taught by
Bisacchi et al. in U.S. Patent 5,064,961. For

15 example, when X is a perfluorocalkane sulfonyloxy
group such as trifluoromethanesulfonyloxy, the
perfluoroalkanesulfonic anhydride such as
trifluoromethanesulfonic anhydride is reacted with
the diprotected 2,3- hydroxymethyl cyclobutanol of

20 the formula
{VII)

Prot-0-H,C mmOH

&

H,-0-Prot

25 in an inert solvent such as methylene chloride or
chloroform, preferably methylene chloride, in the
presence of a base such as pyridine or triethylamine,
preferably pyridine. The reaction can be run at from
about -20°C. to the boiling point of the solvent,

30 preferably at about 0°C. to room temperature.
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and acyclic_nnieties whi ch possess antiviral activity
w,th a guanine noiety. Suitable groups for Z include 15

10

15

20

when substituted

GY26a

When X is a nitro-substituted benzene
sulfonyloxy group such as p-nitrobenzenesulfonyloxy,
the cyclobutanol of formula VII is reacted with a
nitro-substituted benzene sulfonating reagent such as
p-nitrobenzenesulfonyl chloride in pyridine or in an
inert solvent such as methylene chloride or
chloroform containing a base such as pyridine or
triethylamine.

when X is fluorosulfonyloxy, the cyclobutanol of
formula VII is reacted with fluorosulfonic anhydride
in pyridine or in an inert solvent such as methylene
chloride or chloroform containing a base such as
pyridine or triethylamine.

The compounds of formula III

O
Prot-o-Hzc—O mnx

Prot-

Q wnnti

can be prepared from the pyran of the formulas

0
Prot —O—Hzc—-<—__>mun OH

Prot-0

{(VIII)

or
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[er*t] .

10

15

20

25

30

GY26a

GYZ26a

(IX)

o
Prot-o-Hzc—-<:>—0H

Prot-

Q msm

For example, treatment of the compound of formula
VIII with p-toluenesulfonyl chloride in pyridine, or
methanesulfonyl chloride and triethylamine, or
trifluoromethanesulfonic anhydride and pyridine
affords the corresponding compounds of formula III
wherein X is p-toluenesulfonvloxy, methane-
sulfonyloxy, or trifluoromethanesulfonyloxy,
respectively.

Alternatively, these compounds of formula III
wherein X is p-toluenesulfonyloxy can also be
prepared from the isomeric compound of formula IX by
known methods [see I. Galynker et al., Tetrahedron
Letters, 23, 4461(1982)]. For example, treatment of
compound IX with diethyl or diisopropyl azodi-
carboxylate in the presence of triphenylphosine, and
zinc p-toluenesulfonate affords the compound of
formula III wherein X is p-toluenesulfonyloxy.
Alternatively, these compounds of formula III wherein
X is p-toluenesulfonyloxy or methanesulfonyloxy can
also be prepared from the compound of formula IX by
treatment with p-toluenesulfonic acid or methane-
sulfonic acid, respectively, in the presence of
triethylamine, triphenylphosine, and diethyl or
diisopropyl azodicarboxylate in a solvent such as
toluene, ether, or dioxane.

These compounds of formula III wherein X is
chloro, bromo, or iodo can be prepared by treating a
compound of formula IX with a methyltriphenoxy-

This Sheet Has Been Rzi
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15

20

25

30

GY26a
- 10 -

phosphonium halide or methyltriphenylphosphonium
halide (i.e., chloride, bromide, or iodide} in a
solvent such as dimethylformamide. Alternatively,
these compounds of formula III wherein X is chloro,
bromo, or iodo can be prepared from the compound of
formula IX using triphenylphosphine, diethyl or
diisopropyl azodicarboxylate, and a source of halide
such as methyl iodide, methyl bromide, or methylene
chloride according to methodology known in the art.
See, for example, H. Loibner et al., Helv. Chim.
Acta., 59, 2100 (1976).

The compounds of formulas VIII and IX can be
prepared from the known compound of formula X [See M.
QOkabe et al., Tetrahedron Letters, 30, 2203 (1989);
M. Kugelman et al., J. Chem. Soc. Perkin I,
1113(1976); B. Fraser-Reid et al., J. Amer. Chem.
Soc., 92, 6661(1970) for the preparation of the
compound of formula X] as outlined below:

HO-H,C lo) Prot-0O-H;C 0.

& S
HO Prot-0"

{(X) {(XI)
VIIT + IX .

Treatment of the compound of formula X with
various hydroxyl protecting reagents known in the art
affords the compounds of formula XI.

The compound of formula XI wherein the hydroxy
protecting groups are acetyl can also be obtained by
the direct reduction of tri-O-acetyl-D-glucal, i.e.

eet Has Been Replaced
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[efr] Z[err] represents the noiety Z wherein the hydroxy groups 10 are

protected. Suitable hydroxy protecting groups I ncl ude hi ndered silyl
gr-oups such as t-butyl - di met hyl silyl, t-butyl di phenylsilyl,

(triphenyl - met hyl ) di net hyl silyl, methyl diisopropyl silylcYaed
triisopropylsilyl, benzyl and substituted ¥enzyl 15 groups such as

p- met hoxybenzyl , acyl groups of the formula [err] wherein Rerr] is
a straight or branched chain | ower alkyl of 1 to 6 carbons, or

phenyl, especially acetyl or benzgyl, trityl, and substituted trityl
groups such as 4-nononet hoxy 20 trfjtyl or 4,4' -dimethoxytrityl.

H;C-C-0-H,C

[[]
H3C—C-O°°°‘

see N. Greenspoon et al., J. Org. Chem., 53, 3723
(1988). Alternatively, this compound of formula XI
5 can also be obtained by treatment of tri-O-acetyl-D-
glucal with sodium borohydride in the presence of
Cu({I)Br and tetrakis(triphenylphosphine) -
palladium{0) in an aprotic solvent such as
tetrahydrofuran and/or dimethoxyethane.

10 Hydroboration of the compound of formula XI .
with borane-tetrahydrofuran complex followed by
treatment with aqueous sodium bicarbonate and 30%
hydrogen peroxide affords a mixture of the compound
of formula VIII and the isomeric compound of formula

15 IX which can be separated, e.g., by chromatography on
silica gel.

The compounds of formula IIIX

(111101

Prot-0-H;C mnx

H,-0-Prot
20
are taught by Zahler et al. in European Patent
Application 458,363.
The compounds of formula III

heet Has Been Reilaced
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GY2_6a 7- X in the conmpounds of

formula I'll is a | eaving group such as chloro, brono, iodo, an aryl

sul f onyl oxy group such as p-tol uenesul fonyl oxy, an al kyl sul f onyl oxy
group such as net hanesul fonyl oxy, a 5 substituted al kyl sul &m@8a oxy group,
preferably a per f 1 uor oal kanesul f onyl ox¥2 gr oup such as
trifluoronethanesul fonyl oxy, a nitro-substituted benzene sul f onyl oxy
group such as p-nitro- benzenesul f onyl oxy, or fluorosul fonyl oxy. 10

The conpounds of fornmula Il are prepared cording to known procedures

R, 3- protected
Pempx epar ed as taught by
exanple, when X is a

or as set forth bel ow For exanple, the
hydr oxynet hyl ) - cycl obut ane mbtforHyume
Bi sacchi et al. in U S. Patent 5,064,961. Fo

per fl uor oal kane sul f onyl oxy group such as i f1 uor onet hanesul f onyl oxy,
thefluorgﬁ;IL;g;gﬁlFan?ZU|fO;%£|§E:L22£deqig§2%fzgn the. diprotected 2, 3-
L;hroxynethyl cyclobugfggfgﬁg ¥ P Applicat
5 The compounds of formula III
0
Prot-0-H,C nnx
gH@—O-Prot

are taught by Zahler et al. in U.S. Patent 5,059,690.
10 The compounds of formula III

Prot-0-Hy,C unX

& nmn

Prot-

are taught by Ravenscroft in U.S. Patent 4,658,044.

15 The compounds of formula III
O
Prot-0-H,C wnuy Prot-O—Hzc—Qﬂl“"X
F,
: and 5
Prot-0 Prot-0O

are taught by Borthwick et al., J. Chem. Soc. Chem.
20 Commun., 1988, p. 656-658.

et Has Been Reﬁaced
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20 -.the formul a (V) [err] 25 in an inert solvent such as

nmet hyl ene chl ori de or chloroform preferably nethylene chloride, in the
presence of a base such as pyridine or triethylam ne, preferably
pyridine. The reaction can be run at from about -20C. tazylgg boiling

poi nt of the solvent, 30 preferably at abut OC. to room tenperature.

The compounds of formula III

Prot-0-HyC X

gmun

rot-0

5. are taught by Hanna et al., J. Heterocyclic Chem.,
vol. 25, p. 1899 - 1903 (1988).
Similarly, the acyclic compounds of formula
III are taught in the literature as note Martin et
al., Nucleosides & Nucleotides, Vol. 8, p. 923-926
10  (1989); Bromson et al., J. Med. Chem., Vol. 32.,
p. 1457-1463 (1989); Harden et al., J. Med. Chen.,
vol. 30, p 1636-1642 (1987) and J. Med. Chem., Vol.
32, p. 1738-1743 (1989); and Kim et al., J. Med.
Chem., Vol. 33, p. 1207-1213 (1990) and J. Med.
15 chem., Vol. 33, p. 1797-1800 (1990}.
The purine salts of formula II are prepared by
reaction of a purine compound of the formula
(XII)

¥

<§ ' NN
/’J—-

N N NHz

20 Z

with a compound of the formula

This Sheet Has Been laced
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- 8- Wen X is a

: gﬂiituted benzene sul fonyl oxy group such as
lcnzenesul f onyl oxy, t he cycl obutanol of fornula ¥16 S reacted
nitro-substituted benzene syh{gnatlng r eagent s e
enzenesul fonyl chloride in pyridine or in an I nert solvent such
ene chloride or chl or of orm cont ai ni ng a base such as pyridi ne
ri et hyl am ne. When X i s fluorosul fonyl oxy, the
it anol of 1xmMa@ynula VII is reacted with fluorosul fonic anhydride
t#-di ne or in an inert solvent such as nethyl ene chl oride or
ormcontaining a base suclz as Rr, pyKidine or triethylam ne.

pounds of formula Il 15 { og- Prot-0HC
RI—N—R4

R3

5 in a solvent such as ethanol or methylene chloride
and water followed by isolation of the salt from the
reaction.

The purine compound of formula XII wherein ¥j is
chloro is commercially available or can be prepared

10 by known methods. The purine of formula XII wherein

Y1 is bromo can be prepared by the procedure

described by R.X. Robins et al., J. Org. Chem., 27,

98 (1962). The compound of formula XIT wherein ¥j is

iodo can be prepared by treatment of the compound of

15 formula XII .wherein Y3 is chloro with aqueous

hydroiodic acid at about 1°C.

The compounds of formula XIII are known in the
art and are either commercially available or can be
prepared by published methods.

20 The reaction between the purine salt of formula

II and the compound of formula III is generally run in an

aprotic solvent such as methylene chloride,

acetonitrile, acetone, tetrahydrofuran, and the like
at a temperature of from about -20° to 100°C. for

25 from about 30 minutes to about 24 hours, preferably

from about one hour to about 12 hours. When X is a

perfluoroalkanesulfonyloxy group such as trifluoro-

methylsulfonyloxy, the soclvent employed is preferably
methylene chloride and the reaction is generally run at

30 from about 0°C. to about 30°C. When X is a nitro-

substituted benzenesulfonyloxy group such as. p-

eet Has Been Rep‘laoed
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can be prepared fromthe pyran of the formul as (Vi) 20

GY26a
- ls - 4

nitrobenzenesulfonyloxy. the solvent employed is
preferably acetonitrile and the reaction is generally
run at from about 30°C. to about 80°C.
The resulting intermediate of formula IV is

5 converted to the desired antiviral agent of formula I
by selective removal of the hydroxy protecting group
or groups in Z1 and conversion of the Y1 group to a
6-oxo. For example, when the hydroxy protecting
group or groups in the compound of formula IV are

10 acyl treatment with catalytic sodium methoxide in
methanol yields the compound of the formula
(XIV)

¥y

N NN
<; l {)—NH;

15
Similarly, when the hydroxy protecting group or
groups in the compound of formula IV are hindered
silyl groups treatment with fluoride ion such as
tetrabutylammonium fluoride yields the compound of
a 20 formula XIV and when the hydroxy protecting group or
groups in the compound of formula IV are benzyl or
substituted benzyl treatment with boron trichloride
vields the compound of formula XIV. Acid hydrolysis
of the compound of formula XIV such as by using hot
aqueous hydrochloric acid gives the desired 6-oxo

antiviral agent of formula I.

Alternatively, treatment of the compcund of
formula IV wherein the hydroxy protecting group or
groups are acyl, benzyl, or substituted benzyl with
hot aqueous acid effects selective conversion of the

t}hsBamRTimxd

“In




GYZ6a | - 9- (1X) [err] For

exdanpl e, treatnent of the conpound of fornmula 5 VIII with

p--t ol uenesul fonyl chloride in pyridine, or met hanesul fonyl chl ori de and
triethylamne, or trifluoromet hanesul foni c anhydri de andgyghi di ne
affords the correspondi ng conpounds of ferXl-a |11, wherein X is

[err]-tol uenesul fonyl oxy, nethane- 10 sul fonyl oxy, or
trifluoromethanesul f onyl oxy,

Y1 group to & 6-oxo group to provide a compound of
the formula

(xXv)
0

N.
NH
g
//Lmz
N N
|
Z

wherein the hydroxy group or groups in Zi are
protected by an acyl, benzyl, or substituted benzyl.
In this reaction, when the protecting group or groups
are acyl and Y1 is iodo treatment of the compound of

10 formula IV with hot agqueous acetic acid yields the
compound of formula XV. When the hydroxy protecting
group or groups are benzyl or substituted benzyl and
Y1 is chloro, bromo or iodo treatment of the compound
of formula IV with hot aqueous hydrochloric acid

15 yields the compound of formula Xv. The hydroxy
protecting group or groups can then be removed from
the compound of formula XV by the methods described
above or other known methods in the art to give the
desired antiviral agents of formula I. For example,

20 when the hydroxy protecting group or groups are an
acyl such as benzoyl treatment with agqueocus sodium
hydroxide or sodium methoxide in methanol will give
the desired final product. Similarly, when the
hydroxy protecting group or groups is benzyl or

25 substituted benzyl hydrogenolysis will give the
desired product.

In a further alternate procedure, the compound
of formula XIV or the hydroxy protected compound of
formula IV wherein the protecting group or groups are

30 acyl can be treated with excess sodium methoxide in

This Sheet Has Been Reﬁ!aced
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respect'i vel y. Al ternatively, these conpounds of fornula II

wherein X is [err]-tol uenesul fonyl oxy can al so be prepared fromthe

i soneric conpound of formula I X by 15 known nethods [see |. Gl ynker et
al ., Tetrahedron Letters, 23, 4461(1982)]. For exanple, &gzat nent of
conpound I X with diethyl or diisopropyl azadi- carboxylate in the
presence of triphenyl phosine, and zinc [err]-toluenesul fonate affords

t he conpound of 20 formula Il wherein Xis [err]- toluenesulfonyloxy
Alternatively, these,GoEpaungs (b0 BUbAike NEhBbEa gr &b

[err]-tol uenesul fonylo or nethanesulfonyloxy can ﬂ e prepared
fromthe conpound of 9 Ml a | X by treatnent with [err] t ol uenesul foni c

aci d- or nethane- 25 (B@)fonic acid, respectively, in the presence of
triethyl amne, triphenyl phosine, and di 8%yl or di i sopropyl

azodi carboxyl ate in a solvent such_as tol uene, ether, or dioxane.
These conpounds of forrmula |11l wh XNIws 30 chloro, bronp, or iodo can
be prepared by treating a confbuh la I X with a

met hyl tri phenoxy- .

N—3z

Acid hydrolysis, for example, using hot aqueous
hydrochloric acid, of the compound of formula XVI
gives the desired 6-oxo antiviral agent of formula I.
Alternatively, treatment of a compound of
10 formula IV wherein the hydroxy protecting group or
groups are acyl with hot aqueous hydroxide such as
sodium or potassium hydroxide or with an acid such as
hydrochloric acid followed by sodium or potassium
hydroxide and heating gives the desired 6-oxo
15 antiviral agent of formula I.
Preferably, the process of this invention

employs the compounds of formula III wherein
Z;—X ‘is

Prot-0-H,C mmx

20 CH;-0O-Prot

i i i



Grz6a ' -10 - phosphoni um hal i de or

mat hyl t ri phenyl phosphoni um halide (i.e., chloride, brom de, or iodide)
in a sol vent such as di nethyl fornmam de. Alternatively, t hese
conpounds of formula Il wherein Xis chloro, 5 bronp, or igxdeacan be
prepared fromthe conmpound of f or nul-a U8X-usi ng tri phenyl phosphi ne,

di et hyl or di i sopropyl azodicarboxylate, and a source of halide

such as nethyl iodide, nethyl brom de, or nethylene chl ori de accordi ng
to met hodol ogy known in the art. 1§ See, for exanple, H Loibner et al.,
Hel v. Chim Acta., 59, 2100 (1876). The conpounds of
formulas VIIl and | X can be pregxed fromthe known conmpound of formula X

[see M Okabe et al., Tetrapf Letters, 30, 2203 (1989);
Prot-0-HyC umx

¢

H,-0-Prot

Prot-0O-H,C wmnx

CQmimn

H,-0O-Prot

Q
Prot-0~Hzc——<:> e

'.== . OX

s Prot -6
Prot-0-HyC Ny ¢
&
F\
CH,-0O-Prot

Prot is acetyl or berizoyl.
10 X is p-nitrobenzenesulfonyloxy or
trifluoromethanesulfonyloxy.
Preferred purine salts of formula I for use
. within the process of this invention are those

wherein:
15 Y1 is chloro or iodo, especially iodo.
R1i. R2, R3 and R4 are each n-butyl or Ri1, R2,
and R3 are ethyl and R4 is benzyl.

i i



15" M *Kugel man et al., J. Chem Soc. Perkin I, 1113(1976); B.

Fraser-Reid et al., J. Aner. Chem Soc., 92, 6661(1970) for the
preparation of the’ conpound of forrmula X] as outlined bel ow [err]
VIIl + 11X 25 Treat ment of the conpound of fornul &%6a t h
various hydroxyl protecting reagents knowd% n the art affords the
conpounds of formula Xl. The conpound of formula Xl wherein the
hydroxy 30 protecting groups are acetyl can al so be obtained by t he
direct reduction of. tri-Orf¢etpderPrBldg2beeds, Eparticularly when

Z—X is

0
O
C-—0 _Hzc wmmnd- SOZ -CF3
v 0
CHy;-0-C

5
can be performed under milder reaction conditions, in
a shorter period of time, and with higher yields than
previously reported process for preparing the
antiviral agents of formula I.

10 The following examples are illustrative of the

invention.
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Gr26a - 11 - GY26a
[err] see N. Greenspoon et al., J. Og. Chem, 53, 3723
' cY26a
- 20 -

10

i5

20

25

30

a) = —9H- in-2-
6-Chloro-9H-purin-2-amine (5.0 g., 29.5 mmole)

was added to 47% hydrogen iodide {61 ml., 12.2
ml./g.) chilled in an ice bath. After 1.5 hours,
water (61 ml.) was added and the mixture stirred in
an ice- bath for 30 minutes. The yellow solid was
filtered out and the filter cake was washed with
water. The wet solid was transferred to a beaker and
the residue in the funnel was washed into the beaker
with water (30 ml.). 6M Sodium hydroxide (7 ml.) was
added with stirring until all the so0lid had dissolved
(pH 14). The sclution was added to boiling water (30
ml.) containing acetic acid (3 ml.). The mixture was
boiled briefly and allowed to stand at room
temperature for one hour. The product was filtered
of £, washed with water, and dried under vacuum
overnight to give 6.88 g. of the desired product:;
m.p. about 240°C. (dec.).
Anal. calc'd. for CsHgNsI - 0.014 HyO:

C, 22.99; H, 1.55; N, 26.81; I, 48.57;

H,0, 0.10

Found: ¢, 23.32; H, 1.52; N, 26.75; I, 48.14;
Hzo. 0.09.

Benzyltriethylammonium hydroxide (24.6 ml., 43.3
mmole, 40 wt % in methanol) was added to a suspension
of 6-iodo-9H-purin-2-amine (10.0 g., 38.3 mmole)
stirred in absolute ethanol (22 ml.) until nearly all
of the suspension had dissolved. Additional 6-iodo-

SMmeB&mmTMMi
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(1988). Alternatively, this conpound of formula XI 5 can al so be obtai ned
by.treatnment of tri-O acetyl-D glucal with sodi um borohydride in the
presence of Cu(l)Br and tetrakis(triphenyl phosphi ne) - pal | adi um( O
in an aprotic solvent such as tetrahydrofuran and/ or di rf¥2BRaxyet hane.
.10 Hydr obor ati on of the compound & formula Xl W th

bor ane-tetrahydrofuran conplex foll owed by treatnent wth aqueous

sodi um bi carbonate and 30% hydr ogen peroxide affords a m xture of the

conpound of f or glgudhl-b-aaiGhet e, 4 @QWAscaaae@%adtm miqtard a 15 | X
whi ch can be separaled, ste‘iF?Fa £ $ETRTREQYN ARAY Qess ¢5iddoCanIe! -

The conpounds of fornul
purin-2-amine was filtered off, washed with absolute

ethanol, and the filtrate evaporated until no more
5 ethanol was observed on the condenser. The residue

was rapidly stirred while ethyl acetate (25 ml.) was
added all at once. A solution was formed from which
a solid precipitated. Additional ethyl acetate (175
ml,) was added dropwise over 30 minutes. After

10 precipitation was complete, the mixture was stirred
for 2 hours, filtered, washed with ethyl acetate, and
dried under vacuum to give 15.16 g. of the desired
salt product; m.p. 156-159° C. {effervescent}.

15 2anal. calc*d. for C18H25N5I . 0.065 Hzo . 0.02

starting material:
C, 47.39; H, 5.54; N, 18.63; I, 28.22;
HZO' 0.26

Found: C, 47.45; H, 5.50; N, 18.89; I, 27.94;
20 H,0, 0.26,

Trifluoromethanesulfonic anhydride (4.02 ml.,

24.0 mmole) in dry methylene chloride (4 ml.) was

25 added dropwise over 5 minutes to a solution of
[1s-(1a,2PB,3PB) 1 -3-hydroxy-1, 2~cyclobutane-dimethanol,
dibenzoate ester (6.80 g., 20.0 mmole) and pyridine
{2.56 ml., 30.0 mmole) in methylene chloride {30 ml.)
chilled in an ice-bath. After 20 minutes, the

30 reaction was quenched with ice, washed into a
separatory funnel with methylene chloride, and washed
with cold water (2 x 30 ml.}, 5% sodium bisulfate (30
ml.), and water (30 ml.). Each aqueous layer was
rinsed with a few mls. of methylene chloride which

35 were added to the previous layer. The methylene

is Sheet Has Been Reilaced
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20" ) [err] are taught by Zahler et al.
I n. European Pat ent Application 458, 363. The conpounds of

formula 111 GY26a - 12
- [err] o GY26a
- 22 -

chloride layer was dried with magnesium sulfate with
stirring for 5 minutes. The mixture was filtered and
the magnesium sulfate was washed three times with
methylene chloride. The total volume of the
5 methylene chloride filtrate was about 75 ml. {about
0.25 M in trifluoromethane-sulfonate).
6-Iodo-9H-purin-2-amine, ion (17), triethyl-
{(phenylmethyl)ammonium (1:1) salt (10.49 g.,.
22.0 mmole) was added and the suspension was stirred
10 at room temperature. - After 6 hours the mixture was
filtered, the filter cake was washed with methylene
chloride, and the filtrate evaporated. The residue
was taken up in water (50 ml.) and ethyl acetate (100
ml.). The agqueous layer was separated, and the ethyl
15 acetate layer was washed with water (3 x 50 ml.), 30%
phosphoric acid (2 x 10 ml.}, water (50 ml.), a
mixture of 5% aqueous sodium bicarbonate (30 ml.) and
brine (20 ml.), and brine {10 ml.). The organic
layer was dried over magnesium sulfate for 5 minutes
20 and 10 g. of charcoal {(Dacro, fine mesh) was added.
The mixture was stirred for 15 minutes, filtered
through Celite, and the filter cake was washed 5
times with ethyl acetate. The filtrate was evaporated
to a foam {(11.67 g.). The residue was evaporated from
25 a mixture of methylene chloride (10 ml.}) and absolute
ethanol (10 ml.) to form a solid. This solid was
heated on the steam bath to boiling with absolute
ethanol (80 ml., 7 ml./g. foam} for 2 minutes. The
mixture was kept at room temperature for 3 hours,
30 filtered, and washed twice with cold 95% ethanol.
The solid was dried under vacuum overnight to give

8.07 g. of the desired product; m.p. 148 - 149°C.,
[aJD = -20.5° {c = 1, chloroform). TLC (gilica gel,

ethyl acetate, Rf = 0.65}.

i i’




aré& taught by Slusarchyk in European Application 352,013. 5

canpounds of formula 111 [err] are taught by Zahler et al
U.S. Patent 5,059, 690. 10 The conpounds of forrula I
GY26a
_23_

10

15

20

25

30

Anal. calc'd. for c25 22 504 - 0.06 H20 . 0,02

C,HgOH
c, 51.38; H, 3.83; N, 11.96; I, 21.68;
H,0, 0.18
Found: C, 51.19; H, 3.77; N, 11.89; I, 21.86;
H,0, 0.18.

A sSolution of sodium methoxide (5.3 ml., 3.9 M
prepared from sodium/methanol) was added by syringe
to a suspension of [1S-(la,2B,3a)]-3-(2-amino-6-iodo-
9H-purin-9-yl) -1, 2-cyclobutanedimethanol, dibenzoate
ester (8.0 g., 13.7 mmole) in dry methanol (40 ml.).
The mixture was refluxed for 1.5 hours. The solution
was neutralized with IN HCl1l (10.1 ml.) to pH 7. The
methanol was evaporated to give a reaction mixture
containing [1S-{la,2B,3a)]-3~(2-amino-6-methoxy-9H-
purin-9-yl)-1,2-cyclobutanedimethanol.

This agueous mixture was washed into a
separatory funnel with water (2 x 8 ml.) and
acidified with concentrated HCl1 (3.6 ml., 43.9 mmole)
to pH of about 0.5. The mixture was washed with
methylene chloride (3 x 15 ml.) to remove
methylbenzoate and the aqueous layer was rotary
evaporated for a few minutes to remove any residual
methylene chloride. The aqueous layer was heated in
a 95° oil bath for 3 hours. Sodium hydroxide (10.6
ml., 4N) was added to adjust the pH to 7. Crystals
formed immediately. The mixture was allowed to cool
to room temperature slowly. After standing overnight
at room temperature, the mixture was chilled at 0° C
for one hour, filtered, and washed with cold water.
The wet product was washed into a 250 ml. flask with
35 ml. of water. The mixture was heated to boiling

This Sheet Has Beenllleﬂlaced
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[er"r_] " are taught by Ravenscroft in U S. Patent 4,658,044. 15
The conpounds of fornula |11 [err] are taught by Borthw ck et
al., J. Chem Soc. Chem 20 Conmun., 1988, p. 656-658.

: GY26a
- 24 -

and 30 ml. of water was added to dissolve all of the
product. The solution was kept at room temperature
for 3 hours and at 0° C. for one hour. The crystals
were filtered, washed with cold water, and dried

5 under vacuum over phosphorus pentoxide to give 3.4 g.
of the desired product; m.p. about 290° C. (dec.}.,
[0'.]D = - 24.4° (c = 1, dimethylsulfoxide), +25.3°
(c =1, 0.1 N sodium hydroxide). TLC (silica gel;
tetrahydrofuran, methanol, ammonium hydroxide, 6:3:1,

10 Rf = 0.45).
Anal. calc*d. for C11H15N503 « 1.04 KZO:

C, 46.51; H, 6.06; N, 24.65; Hy0, 6.60
Found: C, 46.71; H, 6.02; N, 24.88; H,0, 6.62.

.15

20 6-Iodo-9H-purin-2-amine (133 g., 510 mmole)
ground up in a mortar and pestle was washed into a 2
liter pot with 1.5 liter dichloromethane. Aqueous
tetrabutylammonium hydroxide (1.53 M, 333 ml., 510
mmole) was added and the mixture was stirred

25 mechanically for 30 minutes. The mixture was then
filtered through Celite, washed five times with
methylene chloride, and the methylene chloride layer
was separated, dried (MgSO4), and evaporated. The
residue was evaporated from toluene (300 ml.). The

30 residue was taken up in 1 liter of ethyl acetate and
heated briefly to form a two-phase mixture. This
mixture was stirred mechanically at room temperature
for 30 minutes. The resulting crystals were
filtered, washed with ethyl acetate, and dried under

This Sheet Has Been Re’p
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GrZéa ' - 13 -

formula 111 [err]

Chem , Vol . 25, p. 1899 - 19d3 (1988).

acyclic conpounds of formula [1l are taught
Martin et al ., Nucl eosi des & Nucl eot+ &8s Vol .
(1989); Bronson et al., J. Med. Chem, Vol.

Harden et al., J. Med. Chem,

vacuum overnight to give 213.5 g. of product.

5 are taught by Hanna et al., J.

The conpounds of

Het erocyclic
Simlarly, the

in the |literg@abgge as note

8, p. 923-926 10

32. ; p. 1457-1463 (1989);

20 g.

10

15

20

25

30

of this material was dried further overnight at 50°
C. under vacuum over phosphorus pentoxide to give 6-
iodo-9B-purin-2-amine, ion (1), tetrabutylammonium
{1:1) salt; m.p. 114 - 116° C.

Anal. Calc'd. for C5H3IN5 . c16H36N . 0.13 Hzo:
C, 49.96; H, 7.84; N, 16.65; I, 25.14;
HZO' 0.46

Found: ¢, 50.17; 4, 7.91; N, 16.86; I, 25.33;
HZO' 0.48.

b) - =3-{2- ~6~ -9H~ =

{1s-(1la, 2B, 3B) 1 ~3-Bydroxy-1,2-cyclobutane-
dimethanol, dibenzoate ester (3.40 g., 10.0 mmole)
was dissolved in methylene chloride (15 ml.) and
chilled in an ice bath. Pyridine (1.28 ml., 15.0
mmole) was added. Trifluoromethanesulfonic anhydride
(2.01 ml., 12.0 mmole) was added by syringe to
methylene chloride (3 ml.) in a dropping funnel. The
trifluoromethanesulfonic anhydride solution was added
dropwise to the cold reaction mixture over 5 minutes.

- After a total of 25 minutes, the reaction was worked

up at a temperature below 20° C. The reaction

mixture was quenched with ice and diluted to 100 ml.
with methylene chloride.
washed with 25 ml. of each of ice-water (twice), cold
5% sodium bisulfate, and ice water.
layer was backwashed with 2 ml. of methylene

chloride. The combined organic layers were dried

over magnesium sulfate. After filtration, the

The organic layer was

Each organic

solution was evaporated down to a mobile oil in a
bath of ice water.
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Vol 30, p 1636-1642 (1987) and J. Med. Chem, Vol. 32, p. 1738-1743

(1989); and Kimet al., J. Med. Chem, Vol. 33, p. 1207-1213 (1990) and
J. Med. 15 Chem . Vol. 33, p. 1797-1800 (1990). The purine salts
of formula Il are prepared by reaction of a purine conpmwdaof the
formul a (XI1) 20 - 26 - ) [err] with a

conpound of the formula

6-Iodo-9H-purin-~2-amine, ion (17}, tetra-
butylammonium (1:1) salt (6.02 g., 12 mmole, dried
over phosphorus pentoxide under wvacuum at 50° C.,
0.13 M% water) was dissolved in methylene chloride (7
5 nmnl.) and chilled in an ice bath. The above
trifluoromethanesulfonyloxy material was washed into
this solution with methylene chloride (5 x 1 ml.).
After 30 minutes, the ice bath was removed and the
reaction mixture was stirred overnight at room
10 temperature. A precipitate formed. The methylene
chloride was evaporated and the residue was taken up
in ethyl acetate (50 ml.) by brief heating on a steam
bath. The mixture was diluted with toluene (50 ml.),
washed with 30% phosphoric acid (25 and 10 ml.), and
15 water (6 x 150 ml.). The organic layer was then
washed with 5% sodium bicarbonate (50 ml.) and brine
(50 ml.) and then dried (magnesium sulfate). '
Charcoal (Darco, 5 ¢.) was added to the dry solution,
stirred for 30 minutes, and filtered through Celite.
20 The filter cake was washed with ethyl acetate (5 x 10
ml.). The filtrate was evaporated to give 5.51 g. of
crude product.
The residue was heated to boiling with absolute
ethanol (90 ml.)} on the steam bath. The product
25 formed an oil on heating which crystallized in the
boiling mixture. The hot mixture was allowed to cool
to room temperature and allowed to stand for 4 hours
and then kept at 0° C. overnight. The crystals were
filtered, washed with cold 95% ethanol (2 x 20 ml.),
30 and dried under vacuum to give 4.43 g. of material,
m.p. 148 - 149° C.
This material (1.0 g.) was dissolved in
methylene chloride (3 ml.) and diluted with absolute
ethanol (10 ml.}. The solution was evaporated under

Sheet Has Been Reilaced

I,



GyZ6a -14- (XI11) [err] 5in a

solvent” such as ethanol or nmet hyl ene chl ori de and water followed by

i solation of the salt fromthe reacti on. The purine conpound
of formula X1 wherein Y[err] is chloro is conmercial | y egesal abl e or
can be prepared - 27 -

vacuum until it had become cloudy. It was heated
briefly on the steam bath and kept at room
temperature for 2 hourg. After being kept at 0° C
overnight, the product was filtered, washed twice

5 with cold 95% ethanol, and dried under vacuum to give
0.946 g. of the desired product; m.p. 149 - 150° cC.,
@]y = -20.5° {¢ = 1, chloroform). TLC {(silica gel;
ethanol, Rfg = 0.59).
anal, calc*d. for CzsH22INsO4 « 0.13 H20 . 0.15 C2H50H:

10 C, 51.28; H, 3.94; N, 11.82; I, .21.41;
H20, 0.4
Found: C, 51.46; H, 3.75; N, 11.76; I, 21.09;
H0, 0.4.
Example 3
15 - -3-(2-Amino-6- ~9H- -9-y1l)}-
l.2-cvclobutanedimethanol

An analytically pure sample of this intermediate
was prepared as follows.
A suspension of [1s-{(la,2B,3a)]-3-(2-amino-6-
20 iodo-9H—pﬁrin-9-yl)-1,2—cyclobutanedimethanol,
dibenzoate ester (2.915 g., 5 mmole) and sodium
methoxide (0.35 ml., 4.63 M in methanol, 1.62 mmole)
in methanol (20 ml.) was stirred under nitrogen at
room temperature. After 3.5 hours a clear solution
25 was obtained. After 4.5 hours, sodium methoxide
(1.5 ml., 4.63 M in methanol, 6.9 mmole} was added
and the mixture was heated at 65° C. for 5 hours.
The mixture was cooled to room temperature and acetic
acid was added (0.48 g., 8 mmole, pH about 8.5
30 measured with electrode and about 5 with wet pH
paper). The solvent was evaporated under vacuum and
the residue was heated in acetone (15 ml.) and
filtered. The insoluble material was washed with
acetone (5 ml.). The solvent was removed from the
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10° by known nethods. The purine of fornmula XII wherein Y1 is brono
can be prepared by the procedure described by R K Robins et al., J.
O-g. Chem, 27, 98 (1962). The conpound of forrmula XIl wherein Y[err]
S _ |odo can be prepared by treatnent of the conpound of G¥86afornula Xl |
wherein Y[err] is chloro with aqueous -~ 3¥ydroiodic acid at about 1[err]C.
The conpounds of formula X'l are known in the - art and are either
comercially available or can be prepared by published nmethods. 20

]:l'gre mrJ FZCT : ?nl ge£ \Sﬁe:}ﬁﬂa&ean nféuéh&%h%?}&sﬁulef Q4dWlaBhed x:hlrleeaimiietghelaﬁlrrpound of
ro sol v
acet oﬁgxaxgeettlsaﬂ@g‘ e 1nsofgﬁ]ﬁ1§8¥' 3¢,§1 pELhyl ene chlori de,

acetonitrile, rof uran at_ a tenperature
of from about -20 taedbejdvefidn hgE ?‘EFtWPoHSa%u{ 36' hei PRAYSEt 0 about 24
hours, preferably cryétaibiabdsutoneattenr standibgueveraibburin abhete x is a

per f I uor oal kanesy! f axh%aeggayfa sHsheateted | Wighes wicn adbybo f onyl oxy.

t he sol vent enploye f erabl neth Ien rige and t he
reaction is run at %ﬁ aptif BT r eﬁo% b?eréj] C . V\hen Xis a
ni tro- subst i tumdt@@rweﬁesmhreﬁthy Eﬁ cﬁi’p’esh

product. After 2 days a second crop (0 236 g.) of
product was obtained from the mother liquors. These

10 two crops were combined and 1.236 g. of impure
product was dissolved in hot ethyl acetate (15 ml.).
Silica gel (EM-60, 60 g.) was added and the solvent
was removed on a rotary evaporator. This adsorbed
material was then charged on a silica gel column

15 {about 25 x 250 mm) and eluted successively with
ethyl acetate (100 ml.), 10% ethanol in ethyl acetate
(1700 ml.}), and 20% ethanol in ethyl acetate (1100
ml.). The TLC homogeneous fractions were combined
and the solvent was removed to give 0.7 g. of the

20 desired product. The solid was heated in acetone (15
ml.) and allowed to stand at room temperature for 7
hours. The product was filtered, washed with acetone
and dried over phosphorus pentoxide under vacuum for
15 hours to give 0.55 g. of the desired product; m.p.

25 144 - 145° C.; (@], = -21.4° (c=1, dimethyl-
sulfoxide). TLC{(silica gel; ethanol:hexane, 1l:1,
Re = 0.5).
Anal. calc'd. for C12H17N503:

¢, 51.61; H, 6.13; N, 25.07
30 Pound: C, 51.52; H, 6.07; N, 25.28.
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GyZ6a

the sol vent enployed is

- 15 - ni t robenzenesul f onyl oxy,

preferably acetonitrile and the reaction is run

at- fromabout 30[err]C. to about 90[err]C The resulting

intermedi ate of formula IVis 5 converted to the desired aswediral

of formula I by
or groups in Zerr]

exanpl e,

net hano

when the hydroxy protecting
formula IV are 10 acyl treatnent Withﬁﬁﬁﬁﬁéﬂic sodi um et hoxi de in

yi el ds the

10

15

20

25

30

sel ective renoval of -t#% -hydroxy protecting group

agent

and conversion of the Y[err] group to a 6- oxo. For

mpou f he for_ K _ _

a) &-Chloro-9H-purin-2-amine, jon(l-)., tetra-
butylammopium (1:1) salt
An agqueous solution of tetrabutylammonium

hydroxide (1.53 M, 2.5 ml., 3.83 mmole) was added
dropwise to a slurry of 6-chloro-9H-purin-2-amine
{1.69 g., 10 mmole) in methylene chloride (40 ml.) at
ambient temperature. After 10 minutes the biphasic
solution was filtered with suction through a sintered
glass funnel to remove a small amount of undissolved
solid. The filtrate was transferred to a separatory
funnel énd the organic layer was separated, dried
over magnesium sulfate, and filtered. The filtrate.
was evaporated under vacuum and the residue was
triturated with ethyl acetate (20 ml.) and filtered.
The product was dried under vacuum over phosphorus
pentoxide at ambient temperature for 5 hours to give
3.41 g. of desired product; m.p. greater than 89° C.
Anal. calc'd. for C31HagNgCl . 0.65 H20:

C, 59.66; H, 9.61, N, 19.88; Cl, 8.39;

H20, 2.79
Found: C, 59.22;:; H, 9.88, N, 19.86; C1l, 8.74;

H,0, 2.77.

b) = =3-(2-Amino-6- -9-purin-

A solution of trifluoromethanesulfonic anhydride
(5.97 ml., 35.5 mmole) in dry methylene chloride (10
ml.) was added dropwise over 5 minutes to a solution
of [18-(1la,2PB,3P)]1-3-hydroxy-1,2-cyclobutane-
dimethanol, dibenzoate ester (10.06 g., 29.6 mmole)
and pyridine (3.7 ml., 44.4 mmole) in methylene
chloride (45 ml.) chilled in an ice bath. Aafter 20
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A

15 . . [err] Simlarly, when the hydroxy protecting group
or - groups in the conpound of fornula IV are hindered silyl groups
treatment with fluoride ion such as t et rabut yl amoni um fl uori de yi el ds
the conpound of 20 fornula XI'V and when the hydroxy protectd¥dgagroup or
groups in the conpound of fornula IV are”B¥nzyl or substituted benzyl
treatnment with boron trichloride yi el ds the conmpound of fornula X V.
Acid hydrolysis of the compound of formula XIV such as by using hot 25

aqueous hydrochl ori ﬁlﬁ@déi ghy&%ahbﬁoxd%gr@shr@heaqum i88f iwsshaé agent of
formula I. tgr rg Eeattrﬁa gt 1etntéecﬁfo"{319und n%f
forrruIaIVWnereln tlﬁe @/5% tecting
washed with 1ce cold water (2 x 100 ml.), 5% sodium
bisulfate (150 ml.}, and ice cecld water (100 ml.).

5 Each aqueous layer was washed with methylene chloride
{10 ml.) which was added to the previous methylene
chloride layer. The slightly colored and turbid
methylene chloride layer was dried with magnesium
sulfate by stirring for 20 minutes and filtered to

10 give an almost clear solution. The solvent was
evaporated to 25 ml. and then the solution was
diluted to 101 ml. with dry methylene chloride to
give a 0.29 molar solution of trifluoromethane-
sulfonyloxy compound. The solution was stored over

15 magnesium sulfate under argon at -20° C

6-Chloro-9H-purin-2-amine, ion (1), tetra-
butylammonium (1:1) salt (2.47 g., 6 mmole) was added
to the above trifluoromethanesulfonyloxy compound
(17.2 ml., 0.29 M in methylene chloride, 5 mmole) and

20 the suspension was stirred at room temperature. After
6 hours the reaction flask was stored at -20° C.
overnight. After warming to room temperature, the
mixture was filtered. Baker silica gel (60 - 200
mesh, 10 ml.) was added to the filtrate and the

25 solvent was evaporated under vacuum. The solid was
charged on a silica gel column (25 x 260 mm.,
prepared in 25% ethyl acetate in hexane). The product
was eluted successively with 25%, 50%, and 75% ethyl
acetate in hexane (100 ml. each) and ethyl acetate

30 (300 ml.) collecting 50 ml. fractions. Fractions
9 - 12 (TLC, silica gel, ethyl acetate, Rg = 0.56)
were combined and evaporated to give 1.54 g. of
desired product.
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groﬁps ére acyl, benzyl, or substituted benzyl with 30 hot aqueous acid
ef fects sel ective conversion of the
This is the replacenent sheet

GY26a - 16- GY26a
- 31 -

A solution of sodium methoxide (0.39 M in

methanol, 0.081 ml., 0.32 mmole) was added by syringe

S to a suspension of [1S-(1la,2B,3a)]~3-(2-amino-6-
chloro-9H-purin-9-yl) -1, 2-cyclo-butanedimethanol,
dibenzoate ester (1.54 g., 3.14 mmole) in dry
methanol (20 ml.). After stirring for 2 hours at
room temperature the mixture was stored for 2 days at

10 -20° c. The product crystallized during further
stirring at room temperature for 2 hours. The
mixture was allowed to stand at 0° C. for 3 hours.
The solid was filtered, washed with cold methanol,
and dried under vacuum to give 0.52 g of desired

15 product; m.p. 198 - 201° C. TLC (silica gel:
ethanol:ethyl acetate, 1:9; Rf 0.49).
Anal. calc'd. for C11 14Cl 5 0y

C, 46.43; H, 4.99; N, 24.61; Cl, 12.46;

H,0, 0.30

20 TFound: C, 46.81; H, 5.01; N, 24.24; Cl, 12.54;
. H,0, 0.36. _

a) - -2-Aming-9-12,3-bi -

A mixture of [1S-(la,2f,3a)]-3-(2-amino-6-

25 chloro-9H-purin-9-yl)-1,2-cyclobutanedimethanol and
2N HC1l was heated under nitrogen at 95° C. After one
hour the mixture was neutralized with 4N sodium
hydroxide (about 0.6 ml.) and a few drops of 1IN
sodium hydroxide to a pH of about 8.0. A thick white

30 precipitate formed. The mixture was stirred in an
ice bath for about 1.5 hours, filtered, washed with
ice cold water (2 ml.), and dried over phosphorus
pentoxide under vacuum to give the.desired product.

i




Y[éfr]ﬂgroup to a 6-o0xo group to provide a conpound of

the formula (XV) [err] 5
wherein the hydroxy group or groups in Zerr] are

protected by an acyl, benzyl, or substituted benzyl. GY26a

In this reaction, when the protecting grol® or groups

are acyl and Y[err] is iodo treatnent of the conpound of 10
formula IV with hot aqueous acetic acid yields the

conmpound of fornula XV. Wien th tﬂé_ﬁy protectlng

group or groups are al . S 1 .bg

Y[err] is chloro, b
of formula IV with s
t he conpound of forml a
group or groups gan Jthe
of formula XV by thé me

15 vyields
pr ot ecti ng
t he conpound

ods. descri bed. ) o
p-Nltrobenzenesulfonylchlorlde (5.9 g., 24.0

mmole) was added to a solution of [1S-({(la,2f,3f)]-3-
hydroxy-1, 2-cyclobutanedimethanocl, dibenzoate ester
6.8 g., 20.0 mmole) in pyridine (20 ml.). After
10 stirring overnight at room temperature, water (8 ml.)
was added and the mixture was stirred for one hour.
The pyridine was evaporated off and the residue was
"treated with ethyl acetate (150 ml.). The mixture
was washed successively with water, 1% hydrochloric
15 acid, water, 5% sodium bicarbonate, water, and brine.
The solution was dried (MgSO4), stirred for 15
minutes with activated charcoal, and filtered through
celite. The solvent was evaporated to give 8.7 g. of
crude product. This crude solid was triturated with
20 ether (25 ml.) and then stirred for one hour. The
product was filtered, washed with ether, and dried
under vacuum to give 7.89 g. of [1S-(1w,2B,3B)1-3-
[{ {(4-nitrophenyl)sulfonyl]loxyl-1,2-cyclobutane-
dimethanol, dibenzoate ester; m.p. 100 - 101°C.
25 2Anal. calc'd. for CagH23NOgS e 0.11 H30:
C, 59.19; H, 4.44; N, 2.65; 5, 6.08;
H20, 0.39

Found: ¢, 59.17; H, 4.02; N, 2.61; S, 6.19;
H20, 0.39. ‘

30

6-Iodo-9H-purine-2-amine, ion (1°), triethyl-
(phenylmethyl)ammonium {(1:1) salt (4.97 g., 11.0
mmole) was added to a solution of the product from
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above or other known methods in the art to give the
desired antiviral agents of formula |I. For exanple,
when the hydroxy protecting group or groups are an -
acyl such as benzoyl treatnent w th aqueous sodi um
hydr oxi de or sodi um net hoxi de in methanot 3@ - give
the desired final product. Simlarly, when the
protecting group or groups is benzyl or

benzyl hydrogenol ys

In a further altern%érwnf%cegure, he co
formula XIV or the

25

20
GY26a

hydr oxy
substi t ut ed

g5 Vs ghe 10 0 mmole) in acetonitrd&Si(bed F”'Od?Ct
%t“&@f:gﬂem ?#}SAXSF for 8.5 hours. The

formula IV wherein tshév?ﬂfof"ééﬁwogﬁﬁﬁp apd grogpsidyewas taken up 30
acyl can be treatediw éthyaxaessateod2aommie) hoxindesoéXution was washed
Gr2 6a 5 with water (4 x 200MT.), dried (MgSOs}, and the

solvent was evaporated. The crude product was

purified by flash chromatography over silica gel (25

x 200 mm. column). The product was eluted

successively with 500 ml. each of 10%, 30%, 60%, and
10 80% ethyl acetate in hexane followed by ethyl acetate

(500 ml.). Product containing fractions were

combined and evaporated to give 3.73 ¢g. of desired

product.

a) R oAt G s

A mixture of [1S-(la,2B,3a)]-3-(2-amino-6-iodo-

20 9H-purin-9-yl)-1, 2-cyclobutanedimethanol, dibenzoate
ester {(1.755 g., 3.0 mmole} and 57% aqueous acetic

acid was heated to 100°C. under a nitrogen

atmosphere. After 4.5 hours, the solution was cooled
and treated with sodium bicarbonate (252 mg., 3.0

25 mmole). The solvent was evaporated on a rotary
evaporator and the residue was dried for one hour
under vacuum. The solid was treated with water (10

nl.), filtered, and washed with water.

The product

was dried under vacuum overnight. The solid was
30 slurried in aqueous sodium bicarbonate (10 ml.}.
After stirring for 45 minutes, the solid was
filtered, washed with water, and dried under vacuum

over phosphorus pentoxide to give 1.4 g. of crude

product.
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methandl at reflux to provide a conpound of the fornul a (XVI)

5 [err] Aci d hydrol ysis, for exanple, using hot
aqueous hydrochloric acid, of the conpound of formula Xvi gi ves the
desired 6-oxo antiviral agent of fornula I. Al t eG¥8f2 vel y,

treatnment of a conpound of 10

group or

or potassium hydroxide or with an acid such as

groups are acyl with hot aqueous hydroxi de such as

formul a |1'V34herein the hydroxy protecting

sodi um

hydrochl ori ¢ acid

foll owed by sodi um or pojassiueidn of BMEr@xadepradcbeni iedByDiacesatde desired

6- oX0

10

15

20

25

30

was charged on a silica gel column (200 ml., prepared
in hexane). The column was eluted successively with
100 ml. of ethyl acetate, 1.5 1. 10% methanol in
ethyl acetate, and 500 ml. of 50% methanol in ethyl
acetate. Fractions were collected (about 35 ml.
each) as soon as the yellow band on the column
started to elute. Fractions 3 to 17 gave 1.1 g. of
product as a light yellow solid. An analytical
sample was obtained by crystallization from ethyl
acetate followed by recrystalization from
acetone/water to give pure product; m.p. 160 -
161°C.; lalp = -11.5° (c = 1, dimethylformamide}.
TLC (silica gel; methanol: methylene chloride, 1:9,
Re = 0.43).
Anal. calc'd. for CzsHz3NsO05 ¢ 0.5 Ha0:
_ C, 62.23; H, 5.01; N, 14.52; H20, 1.87
Found C, 62.00; H, 4.68; N, 14.56; H20, 1.59.
b) 1R- -2-Amino-9- =bi roxXy-—

A suspension of the product from part (a) (95
mg., 0.2 mmole) in aqueous sodium hydroxide (1 ml.,
1N) was heated under argon at 100° C. in an oil bath.
After 3 hours, the mixture was cocoled to room
temperature and acidified with 1N hydrochloric acid
to pH 3. Benzoic acid partly crystallized out during
acidification. The mixture was washed with methylene
chloride (3 x 2 ml.) to remove the benzoic acid. The
pH of the aqueous layer was adjusted to 6 with 1IN
sodium hydroxide. The aqueous solution (total volume
about 7 ml.) was concentrated to about 4 ml. on a
rotary evaporator. The product was crystallized out
during evaporation. The flask was coocled in an ice
bath. After 3 hours, the product was filtered,
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15 {antlviral agent of fornmula I. Preferably, the process of
enpl oys the conpounds of formula Il wherein [err]

t his
GY26a

i nvention

10

15

20

25

30

GY26a
..35-

washed with ice-cold water and dried over phosphorus
pentoxide under vacuum to give 48 mg. of desired
product as white crystals; m.p. greater than 280°
{(Gec.}.

Alternatively, the desired final product was
also prepared as follows:

A suspension of the product from part {(a} (95
mg., 0.2 mmole) in methanolic sodium methoxide (2
ml., 0.2 M) was refluxed under argon in an oil bath.
After 2.5 hours, the mixture was cooled to room
temperature and the solvent was evaporated. The
residue was treated with 1.5 ml. of 1IN hydrochloric
acid. The mixture was washed with methylene chloride
{3 x 2 ml.) to remove methyl-benzoate. The pH of the
aqueous layer was adjusted to 6 with 1N sodium
hydroxide. The product crystallized out in a few
minutes. The flask was cooled in an ice bath. After
3 hours, the product was filtered, washed with ice
cold water, and dried over phosphorous pentoxide
under vacuum overnight to give 42 mg. of product as
pale yellow crystals; m.p. 275° (dec.).

A suspension of sodium borohydride (3.14 g..
83.0 mmole) in anhydrous tetrahydrofuran (226 ml.)
and 1,2-dimethoxyethane (113 ml.) was refluxed for
1.5 hours. After cooling, copper({I)bromide (297 mg.,
2.07 mmole) was added and the mixture was refluxed
for 2 hours. To this slurry was added tri-O-acetyl-
D-glucal {(11.30 g., 41.53 mmole} and tetrakis-
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15

20

25

30

GY26a
_36_

{triphenyl-phosphine)palladium(o) (2.39 g., 2.076
mmole) at room temperature. The mixture was stirred
at room temperature overnight, and then heated at 50°

C. for 5 hours. The reaction mixture was then cooled
to room temperature , treated at 0°C. with saturated
sodium bicarbonate (11 ml.) and 30% hydrogen peroxide
(22 ml.). The reaction mixture was diluted with
ethyl acetate, washed with saturated sodium
bicarbonate, dried and concentrated in vacuo. The
residue was purified by column chromatography on
silica gel, eluting with ethyl acetate (5% to 10%)-
hexane with 0.1% triethylamine to give the title
compound as a white solid (2.18 g., 10.18 mmole).

A 1.0 M borane-tetrahydrofuran complex (9.59
ml., 9.59 mmole) was added dropwise at 0°C under
nitrogen to a dry tetrahydrofuran solution (22 ml.)
of the product from part (a) {(2.055 g., 9.59 mmole).
After 2.5 hours, the mixture was treated with

saturated sodium bicarbonate (2 ml.) and 30% hydrogen
peroxide (4.3° ml.) at 0-5°C. and stirred for 2

.hours. The reaction mixture was cooled to 0°C.,

diluted with ethyl acetate, washed with sodium
bicarbonate, dried and concentrated in vacuo. The
crude product was purified by column chromatography
on silica gel, eluting with ethyl acetate {(50%, 75%)
- hexane, to yield the title compouﬁd as a colorless
oil (0.654 g., Rg = 0.44) and the epimeric alcohol,
[2R- (2, 3B, 5) 1 -2~ [ {acetyloxy) -methyl] tetrahydro-2H-
pyran-3,5-diol, 3-acetate, as a white crystalline
solid (0.325 g., Re = 0.34).
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Prc').t is acetyl or benzoyl. 10 X is p-nitrobenzenesul fonyl oxy or

trifl uoromet hanesul f onyl oxy. Preferred purine salts of formula

for use Wi thin the process of this invention are those wherein: 15

Y[err] is chloro or iodo, especially iodo. Rl err] GYRa R3 and R4

are each n-butyl or Rerr], R2 and R33re ethyl and R err] is benzyl.
{ester)

To a mixture of 6-iodo-2-aminopurine (1.21 g.,
5 4.637 mmole) in methylene chloride (12 ml.) at room
temperature, was added 1.5 M tetra(n-butyl)ammonium
hydroxide (2.7 ml., 4.05 mmole). The reaction
mixture was stirred for 10 minutes, and the volatiles
were removed in vacuo. Methylene chloride (12 ml.)

10 was added to the white residue, and the resulting
solution was dried (magnesium sulfate), filtered, and
the filtrate was concentrated ipn vacuo to yield the
tetra({n-butyl)ammonium salt of 6-iodo-2-aminopurine
as a white residue.

.15 To a stirred solution of [2R-{2a,3B,5B)]1-2-
[(acetyloxy)methyl]tetrahydro-ZH—pyran—3.5—diol, 3-
acetate (0.633 g., 2.72 mmol) in methylene chloride
(12 ml.) at -20°C. was added pyridine (0.33 ml., 4.09
mmole) and trifluoromethanesulfonic anhydride (0.504

20 ml., 3.0 mmole}. The reaction was warmed to room
temperature. The mixture was diluted with methylene
chloride, washed with 10% sulfuric acid, saturated
sodium bicarbonate, and water. The organic layer was
separated, dried, and concentrated in vacuo to yield

25 crude trifluoromethanesulfonyl product as a dark pink
oil.

A solution of this trifluoromethanesulfonyl
product in methylene chloride (4 ml.) was added to a
mixture of the tetra(n-butyl) ammonium salt of 6-

30 iodo-2-aminopurine in methylene chloride (10 ml.) and
the reaction was stirred at room temperature for 16
hours. The mixture was concentrated in vacuo. The
residue was dissolved in ethyl acetate (120 ml.) and
water (120 ml.), treated for 2 hours with AG-MP 50
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GY26a * - 19 - This preferred

process; particularly when Z[err]-Xis 5 can be
performed under nilder reaction conditions, in a shorter period of
time, and with higher yields than previ ously reported pri¥ééds for
preparing the antiviral agents of formfia I.

cation resin (sodium* form, 30 g.), and filtered

through celite®. The crude product was purified by
column chromatography on silica gel, eluting with

ethyl acetate (50%,75%,100)-hexane, to yield the
5 title compound as a foamy yellow solid (0.587 g.,
1.235 mmole).

10 Sodium methoxide solution (0.43 M, 4.22 ml.)
was added to a solution of the product from part (c}
(0.58 g., 1.2 mmole) in methanol (5 ml.). The
mixture was stirred at room temperature for 45
minutes and then refluxed for 5 hours. After cooling

15 to room temperature, the pH of the mixture was
adjusted to 7.0 by the addition of 1N hydrochloric
acid (1.4 ml.), and concentrated jn vacuo.

Additional 1N hydrochloric acid (2.5 ml.} was added
to the residue and this mixture was heated at 50°C

20 for 18 hours and then at 85°C for 3 hours. The
reaction mixture was cooled to room temperature,
diluted with water, and the pH adjusted to 7.0 by the
addition of 3N sodium hydroxide (0.8 ml.). The
mixture was concentrated ipn wvacuo and the residue was

25 subjected to a CHP-20 column, eluting with a
continuous gradient (water to 25% acetonitrile in
water), to afford a yellow residue. This crude
product was triturated in methylene chloride,
recrystallized from hot water, and treated with

30 activated charcoal to yield 48 mg. of the title
compound as white crystals; [a@lp = -3.46° {(c =

0.0866, dimethylsulfoxide}.
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10* * The foll ow ng exanples are illustrative of the I nventi on.

GY2 ‘6a - - 20-

Exanmple 1 [IR(I[err],2[err],3[err])]-2-Am no-9-[2. 3-bi s

hydr oxynmet hyl ) - cycl obutyl |l -1, 9-di hydro- 6H puri n- 6- one G¥26a)

6- 1 odo- 9H- puri n- 2- am ne 6- Chl of 399H-puri n-2-amne (5.0 g., 29.5
nol e) was added to 47% hydrogen iodide (61 m., 12.2 m./qg.)
chilled in an ice bath. After 1.5 hours, water (61 m.) was added and

the mxture stirred_.in
1y NMR (270 MHz, DMSO-dg): & 10.57 (s, 1H,-NH):

(s,1H,C8H); 6.47 (s,2H,-NHz): 4.92 (4, J=5.28Hz, 1H);

4.67-4.62 (t,J=5.86Hz, 1H); 4,52(s,1H):

4.06(d,J=2.34Hz,1H); 3.83-3.78 (dd,J=2.34Hz,12.3Hz,
5 1H); 3.66(m,1H); 3.5 (m,1H); 3.16 (m,1H); 2.51

(m,1H); 2.20 (m,1H); 1.85-1.79 (m,1H).

1.R. {(KBr pellet): 3435, 3194,2648,2903,1697,16339,

1606,1398,1180,1066 cm-1.
Anal. calc'd. for Cy1HisNsOg ¢ 0.36 H20:

10 c, 45.90; H, 5.51; N, 24.33
Found: C, 46.07; H, 5.06; N, 24.16.
Example 8
15 a) - -6-TIodo-9- -4.5-
amine

A mixture of [3R-(3a,4c,5B)]-tetrahydro-4,5-
bis[ (phenylmethoxy)methyl]-3-furanol, 4-methyl-

20 Dbenzenesulfonate ester (54.24 g., 112.5 mmole,
prepared as described in Example 1 of U.S. Patent
5,059,690) and 6-iodo-9H-purin-2-amine, ion (17},
tetrabutylammonium (1:1) salt (89.1 g., 177.5 mmole)
in anhydrous dimethylformamide (600 ml.) was heated

25 under nitrogen at 85 - 90° C. for 12 hours. The
yellow solution was partitioned between water (1.5
1.) and ethyl acetate (1.5 1.). The organic layer
was dried (sodium sulfate) and evaporated to give 66
g. of an oil. Chromatography on 5 1. of silica gel

30 (K-60) in ethyl acetate/hexane (2/1) afforded 31.2 g.
of the product (Rf = 0.42, ethyl acetate/hexane,
2/1), which gave a crystalline product on standing;
m.p. 84 - 86° C.
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10*“ an'*ice- bath for 30 minutes. The yellow solid was filtered out and

the filter cake was washed with water. The wet solid was transferred to
a beaker and the residue in the funnel was washed into the beaker

with water (30 nl.). 6M Sodium hydroxide (7 m.) was 15 addexkéaith
stirring until all the solid had dissolveddd - (pH 14). The sol uti on was
added to boiling water (30 m.) containing acetic acid (3 m.). The

m xture was boiled briefly and allowed to stand at room

tenperature for one hour. The product was filtered 2Q off ashed with
water, and dried un R TRt f - ™ BP5825*-bf the desired

product; m p. difvamef1{ox aithy) f . ~phrint2-f or

%egr?] Hézlg[err]l : O.%&HZO C. 22 99 H 1 55 N, 26.81; 1|,
H err Foun 2 2; 2; N,

26.75: |. 48.14: A.s’olui:_"[.ox}, Ip]EOtheOpagguct fgg ;?’ar% (a’_| (3]1 §

6- 1 0do- 9H- pur i n- 5 ar-ne54i ¢hmpele) in yagmgerhanol (500K he¥as) | )
ammoni un(1: 1) salt ©3Rated all Berondet wiwd Nyk asodinmungdrpctidei 58 (24.6 m .,

g3| g do. gHm“J'“en 20 ' 0 '£1h a@ewg hwéeaaédﬁdodeohamst&psn&é& of
P ant rllxee ( e pg was adjusrm% eg 7 with 10% hydrochloric

acid (45 ml.) and the mixture was evaporated to a

10 gum. This was partitioned between ethyl acetate and
water, the organic layer was dried (sodium sulfate),
and evaporated to give 24.9 g. of product as a foam.
TILC (silica gel; ethyl acetate) Rf = 0.57.
c) = —6- =9- = =

15 i hyl)-3- ~9H- in-2-

All of the product from part (b} was covered
with 95% ethanol (800 ml.), 20 g. of 20% palladium
hydroxide on carbon catalyst was added, followed by
cyclohexene (400 ml.). The mixture was refluxed at

20 85 - 90° ¢. for 2 hours. The catalyst was filtered
on Celite® and the filter cake was washed with
methanol (300 ml.). The filtrate was evaporated to
give 17.8 g. of the product as an oil. TLC (silica
gel; chloroform:methanol:ammonium hydroxide, 6:3:1)

25 Rf = 0.75.

d) — =2-Amino- =di =9-
purin-6-one

All of the crude product from part {c) was

30 dissolved in 1N hydrochloric acid (200 ml.) and
heated at 70 - 75° C¢. for 10 hours under nitrogen.
The resulting solution was cooled to room temperature
and filtered through a celite® pad. The filtrate was
basified to pH of about 8 by the addition of 20 ml.
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sti i’-[ed"i n absolute ethanol (22 m.) until nearly all of the suspension
had.di ssol ved. Additional 6-i odo-

GY26a - 21 - 9H purin-2-amne (0.4 g.)
was added and the m xture was stirred for 15 m nutes. Té¥R26axcess
6-1 odo- 9H purin-2-amine was filtered4bff, washed with absol ute
ethanol, and the filtrate evaporated until no nore 5 ethanol was observed
on the condenser. The residue was rapidly stirred while ethyl acetate
(25 nl.) was ad&@@oﬁé&n&%t@@%oﬁi&@'h%f%déas Yy '?EQuitﬁQﬁ‘ whi ch
a solid precipitated. Add| |onal XLegcet atﬁ: (11 {d was added

ot te unti

dropwi se over 30 m n“ﬁ’tl
dlssolved, then allowed to come to room temperature

over 2 hours. The mass of solid was filtered and

5 washed with water (75 ml.), dried as much as
possible, and the filter cake was washed with 200 ml.
of acetonitrile and finally with 200 ml. of ether.
Drying in vacuo gave 11.6 g. of solid, m.p. 240 -
245° C.,.which was 99% pure by electrochromatography.

10 This material was combined with 1.1 g. of product
from a smaller run and recrystallized by dissolving
in hot water (200 ml.), filtering hot (rapidly), and
cooling to room temperature in an ice-bath. The
solid was filtered and washed with 100 ml. of cold

15 water. Drying in vacuo over phosphorus pentoxide for

18 hours gave 10.96 g. of product as a white solid;
m.p. 270 - 275° C. [w)p = -46.8% (c = 0.22,

dimethylsulfoxide) .
. Anal. calc'd. for C11H]SN5O4 e 0.23H20 ¢ 0.088NH4Cl:
20 C, 45.54; H, 5.49; N, 24.57; c1, 1.08

Found: C, 45.54; H, 5.40; N, 24.23; Cl, 1.08.
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'eci pitation was conplete, the m xture was stirred for 2 hours,
red,  washegh

felt 1t Baeh RegIREAL €, and - dried under vacuumto give
of the product; mp. 156-159 C. (effervescent).
cal c' d. Tm‘“ H“lzﬂ% 0.065 Herr]O. 0.02 GY26a -
#ng nmaterial C, 47.49-H 5.54; N, 18.63; |, 28.22;
BD. 26 Found: C, 47.45;; H 5.50; N, 18.89; |, 27.94; 20
B O 0. 26. c) CLAIMS
[err],2[err],3[err])1-3-(2-Am no- 6- iodo-9H—purin-9-y)-
v cl obut anedi net hanol . _di benzoate .ester
iuoronethanesulfgnlc a.ﬂVﬁPFé %4Iﬁ?f 24.0 mole) in dry

.Iene chloride (4 m.) was 25 added dropW| se over 5 minutes to a

E i on of

Xl[err],2[err 3[err]ﬂ 3- hyd\ox- 1, 2- cycl gbut angs di ne anpl

fhzoat e ester (6 80g 20.0 | e) and pyrldlnelL (2. 56n1 , 30.0

) in nethyl (30 mhy.) chi! gpd- g—angj cerbath. After 20
tes, the 30 rée(ct]io %ﬁiquen hed with ig¢e, wasl‘ued intof a

R3

wherein:

Y1 is chloro, bromo, or iodo;
Rl’ Rz. R3, and R4 are independently selected

from she=greup—conssstimg—of straight or branched
chain alkyl of 1 to 10 carbons and substituted

straight or branched chain alkyl of 1 to 10 carbons;
substituted straight or branched chain alkyl of

1 to 10 carbons refers to such alkyl groups having

one, two, Ox, three substituents selected from ¢he

“\ group=sTnsiesing—of alkoxy of 1 to 6 carbons and
aryl;

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from tsiremgweus
eaasisting-af alkyl of 1 to 6 carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and fluoro.

2. The compound of Claim 1 wherein:

Yy is iodo; and

Rl. R2, R3 and R4 are each n-butyl; or

Y1 is iodo; and

Ri, Rz, and R3 are each ethyl and Ry is benzyl;

or

Y1 is chloro; and

Ri1, R2. R3, and R4 are n-butyl.

3. A process for preparing the cyclobutyl
purine of the formula

RN HIII II |Ill




separatory funnel with nethylene chloride, and washed with cold water
(2 x 30 m.),. 5%sod.iumbisulfate(30 m.), and water (30 m.). Each
aqueous | ayer was with a fewms. of nmethylene chloride which 35

wer e added ke ayer. The net hyl ene G¥26a
GY26a \ m -- 432 - chloride layer was dried
w t h magnesi stirring for 5 mnutes. The m xture was

filtered and t he magnesi um sul fate was washed three tines with
met hyl ene chloride. The total volune of the (5 nmethylene chloride filtrate
was about 75 m . (about 0.25 Min trlflu )r omet hane- sul f onat e) .

R Py
e
3 N nm,

Qi

H,-0-Prot

wnich comprises reacting a purine zalt of the formula

Proc-0-H,C S 4

(@il
4
i
?
g
K
Q
rt

Prot is a hydroxy protecting group ssziscced from

shrorTsoeooRssoesse=== hindered silyl groups,
benzyvl, substituted benzvl, and acvl groups of thse
—C—R5 wherein Rs is straight or branchsd

~

chain alkyl of 1 to & carbons Or phenyl;
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o 9H- purin-2-am ne, ion (1 ), triethyl- (phenyl net hyl ) anmoni um
B . salt (rilﬁgsﬂeguglsBeenReplac .0 mmol e) was added and the suspensi on was

'f:?-’ ed 10 at ure After 6 hours the m xture was filtered,
gilter W|th met hyl ene chloride, angy2ése filtrate
rat ed T € |due was taken up im4#ater (50 ml.) and ethyl acetate

The aqueous | ayer was separ ated, and the ethyl 15 acetate
was vvashed with water (3 x 50 m.), 30% phosphoric acid (2 x 10

e T st e gl oo 0,
H over nagneé‘ﬁ'ﬁfgr?s*?ﬂqs&f'éuﬁﬂ' bgnzeng, isud £9 ??8’96'°§p'09rcharcoal ( Dacr o,

: mesh) was adidedrosulfofipboxyi;xture was stirred for 15 minutes, filtered
ugh Celite, and tHg is |chdproakeromas wasinei®:5 times with ethyl

jate. The filtrat eRwasR evggo&&iqpl are ifiepeh@antiyl kelécfed - The residue
fevaporated from 2513 re of 4mat hyl ene chloride (10 ni.) and

‘ute et hinoh Heegrbud—easigrimeefolstdaightti orsbrankchesds heat ed on
st eam bat h tanbmlamglv\bm %lasgbuc&aa:bons ghiandst(8Qead ., 7 m./g. foam

2 s BBt o AR, SEEk, g 20 PSLg UL 3 howrs: 30
substituted straight or branched chain alkyl of

1 to 10 carbons refers to such alkyl groups having

one, two, or three substituents select2d from tie

grenp—ceongigiine—af alkoxy of 1 to 6 carbons and

aryl; and
aryl refers to phenyl and phenyl having one,

two, or three substituents selected from the=gesus

cengisting—of alkyl of 1 to 6 carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and fluorc.

4. The.process of Claim 3 wherein:
Prot is selected from the=ge=sup—consisting—of -
butyldimethylsilyl, t-butyldiphenylsilyl, (tri-
phenylmethyl)dimethylsilyl, methyldiisopropylsilyl,
triisopropylsilyl, benzyl, p-methoxybenzyl, acetyl,
and benzoyl;

X is selected from the—geovs—consisting
o€ trifluoromethanesulfonyloxy, p-nitrobenzene-
sulfonyloxy, and fluorosulfonyloxy:

Y1 is chloro or iodo; and

R1, Rz, Rz and R4 are each n-butyl or Ri, Ra,
and R3 are each ethyl and Rgq is benzyl.

5. The process of Claim 4 wherein:

Prot is benzoyl;

X is trifluoromethanesulfonyloxy;

¥1 is iodo; and

R1, R2. R3 and R4 are each n-butyl; or

[ IIIIII IIIIl IIIII Il lIII



The solid was dried under vacuum overni ght to give 8.07 g. of the

desi‘red product; mp. 148 - 149[err]C., [[err]][err] =-20.5 (c = 1,
chloroform. TLC (silica gel, ethyl acetate, Rf = 0.65). ThisSheet Has Been Replaced
GY26a -23- Anal . ©algg' d. f
Cerr]JHerr]INerr]Oerr]. 0.06 H2045 9O.02 l’ l,
C, 51.38; H 3.83; N 11.96; |, 21.68; H20, 0.18 .

C, 51.19; H 3.77; N, 11.89; |, 21.86; Herr]O 0.18.

Prot is benzoyl:;
X is trifluoromethanesulfonyloxy;
¥; is iodo; and

Ri, Rz and R3 are each ethyl and Ry is benzvl;

Prot is benzoyl;

X is trifluoromethanesulfonyloxy;

Y; is chloro; and

Ri, Rz, R3 and Ry are each n-butyi; or

Prot is benzovl;

X is p-nitrobenzenesulfonyloxy;

Y is iodo; and

Ri, Rz, and R3 are each ethyl and Rg is benzyl.

6. A process for preparing the antiviral agent
[1R-{1a,2B,3c) ]1-2-amino-9~[2, 3-bis (hydroxy--
methyl)cyclobutyl} -1, 9-dihydro~6E-purin-6-one which
comprises

a} reacting a purine salt of the formula

p 41 T TZ +
§ NN Ry N—Ry
L |
N N NH, R

with bis(2,3-protected hvdroxymethyl)cvclobutane of
the formula

Prot-0-H,C nuny

CH,-O-Prot

to give the cyclcbutyl purine of the formula

e



R-(I[err],2[err],3[err]) 1-2-Ami no-9-[ 2, 3- bi s(bydr oxy-

) cycl obutyl]-1,9-di hydro- 6H puri n-6-one - A solution of

g net hoxide (5.3 m., 3.9 M10 prepared from sodi un net hanol) was

B by syringe to a suspension of GY26a

E[err],2[err],3[err])]-3-(2-ani no= &6 odo-

Ein-9-yl)-1, 2-cycl obut anedi net hanol , di benzoate ester (8.0 g.

fmol e) in dry nmethanol (40 m.). The mi xture was refluxed for 1.

Rclmxd

met hanol was evaporated to give a reaction m xture ﬁWﬂT’I "I

[err],2[err],3a)]-3-(2-am no-6-net hoxy-9H

k-9-yl)-1, 2- cycl obut anedi et hanol . ¥hi s aqueous mi xture was

¢d into a 20 separatory funnel with maher 8 m.) and

ffied with concentrated HC1 (3.6 ml. 8. i ) to pH of about

The m xture was washed with rrethy entl chlotide (3 x 15 m.) to

e nmet hyl benzoate and the aqueouys |8yer S Lary 25 evaporat ed

h few minutes to renove any residu; met hyl ene 2chl ori de. The

gpus |ayer was heated igror-o-@cimie | bath for 3 hours. Sodium

G@pxi de (10.6 m., 4N) was adden ddj ust the pHto 7. Crystals

d i mediately. The m xture was al I'afed to cool 30 to roomtenperature

y. After standing overnight

The solution 15 was neutralized with 1IN HCl (10.1 ‘T

Z
A
t
£
]

%5

5

&

ST '~ -2 O

Hy-O-Prot

wherein:

Prot is a hydroxy protecting group selected from
the—group——consisting=of hindered silyl groups,
benzyl, subs(t):ituted benzyl, and acyl groups of the

I
formula =™ C"Rs wherein Rs is straight or branched
chain alkyl of 1 to 6 carbons or phenyl;

X is a perfluoroalkane sulfonyloxy group, a
nitro-substituted benzene sulfonyloxy group, or
fluorosulfonyloxy;

Y3 is chloro, bromo, or iodo;

Ri, R2, R3 and Ry are independently selected
‘7 from the—gmens—semgigsineof straight or branched
, chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons:

substituted straight or branched chain alkyl of
1l to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from txe
group—censssting—of alkoxy of 1 to 6 carbons and
aryl; and

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from she=gross

0 g




s

mteaperatumssﬁeaeiayheehuéﬁacws chilled at 0 C for one hour,

red., and vvashe1 ter. The wet product was washed jnto a
t. flask with ﬂmﬂmaﬂn wat er. The m xture was heated to boiling
i and 30 m . of water was¥afaed, to

ve all of the product. The svl4ftion was kept at room tenperature
£ hours and at O[err]C. for one hour. The crystals were filtered,

fl wWith cold water, and dried 5 under vacuum over phosphorus

o

Xi de 10 gi VeoRedslingof 9ikfNSrdeSts ¢l JA-BAHE! JalRRy 8POUIL90[Err] C
4 [TerTd LRrfons, 2 tnthel f etmo, Liodh, "BhY RLR.IOX d8) +25. 3l err]
b} treating the product from part (a) to remove '
the hydroxy protecting groups and give the cyclobutyl
purine of the formula

Y
N
<L
N i

HOH,C

EH20H

¢) treating the product of part (b} to convert
the ¥; substituent to a 6-oxo substituent and then
separating Ehé desired antiviral product from the
reaction mixture.

7. The process of Claim 6 wherein:
; Prot is a hindered silyl group, step (b)
comprises treating the product from part (a) with a
fluoride ion, and step (c)} comprises acid hydrolysis;
! or

‘ Prot is benzyl or substituted benzyl, step (b)

comprises treating the product from part (a) with
boron trichloride, and step (c) comprises acid
hydrolysis; or

Prot is acetyl or benzoyl, step (b) comprises
treating the product from part (a) with catalytic
sodium methoxide in methanol, and step {(c) comprises
acid hydrolysis.

8. A process for preparing the antiviral agent
[1R- (1a, 2B, 30)]1-2-amino-9-[2, 3-bis (hydroxy-

L




(c‘= 1] 0.1 N sodium hydroxide). TLC (silica gel; t et r ahydr of ur an,

met Hanol , anmoni gslgignk facddl, 10 Rf = 0.45). Anal . calc'd. for
C[err]H[err]N[err rr]O C, 46.51; H, 6.06; N,
24.65; Herr]O 6 m“ | C, 46.71; H, 6.02; N, 24.8@yzklerr]O

6. 62. Exanpl a82- [1S-
(1[err], 2[err],3[err])1 3-(2- Am no- 6-i odo- 9H puri n-9-yl)-1. 2-
cycl obut anedi et hanol . di benzoate ester a) 6-1odo-9H purin-2-ani ne.

ion (1-). tetra 1 Oprre _
6- 1 odo- 9H- puri n- 2- agn&th%) Z%ggmﬁ&%gl}(} )9 aﬁl‘@gdr% ~6H rm 6 oﬁlel ‘ﬁh%?hrmrtar and

pestle was washed i RPBPTESe liter pot with 1. 5 Ilter di chl or onet hane.

Aqueous t et r abut yl ammonireactivngr expwienglsdld bf 383 folmylab10 nmol e)
was added and the m xture was stirred 25 nechanically for 30 mnutes. The
m xture was then filtereg througf €elite, waghed firye tinesquith
net hyl ene chl ori de, fand the t hyl eney chl ori de | ayer was §epar at ed,
dried (MgS™), and ¢v N he resi due Remagoraged ¥f rom tol uene
(300 m.). The |
2N !
N N NH, 3

with the bis(2,3-protected hydroxymethyl)cyclo-
butane of the formula

Prot-0O-H,C )4

gl-llll

>-0-Prot

to give the cyclobutyl purine of the formula

N.

¢ 1

N
Prot-0-H,C

H,-0-Prot

wherein:

R ) AR 1



ki due_ was
a two-

Rt. 20 g.
fer vacuum

puri n- 2-

fll6[err]C.

taken up in 1 liter of ethyl acetate and heated briefly

wetHaxBdsh Replabdl S m xture was stirred nechanically at
nutes. The resulting crystals were
etate, and dried under GY26a

vaddum overni ght to give 213.5 g. of
of this material was dried further overnight at 50[err]
over phosphorus pentoxide to give 6-

am neprbPNid b hyatdl/ DUE&&@H&DQEH&& stlecklalirsgl t; mp.
! Anal . CalC'd. ;%gengglilgl S‘L%thegjggggﬂr. 0. 1_3 H2O
-l
and acyl groups of the formula ——C—Rs wherein Rs
is straight or branched chain alkyl of 1 to 6 carbons
or phenyl; _

X is a perfluoroalkane sulfonvloxy group, a
nitro-substituted benzene sulfonyloxy group, or
fluorosulfonyloxy:

Y1 is chloro, bromo, or iodo:

Ri, Rz, R3 and R; are independently selected
from the—group—consieting—sf straight or branched
chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;

substituted straight or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the
SESUB~Conciatiag-of alkoxy of 1 to 6 carbons and
aryl; and

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the=greup
eesgiarina—af 3lkyl of 1 to 6 carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, ahd fluoro;

b) treating the product from part (a) to
convert the Y; substituent to a 6-oxo substituent;
and

c} treating the product from part (b) to remove
the hydroxy protecting groups and then separating the
desired antiviral product from the reaction mixture.

9. The process of Claim 8 wherein:

Prot is benzoyl;

Y1 is iodo;

X is p-nitrobenzenesulfonyloxy or
trifluoromethanesulfonyloxy:

L



C, '49.96; H, 7.84; N, 16.65; |, 25.14; H2O, 0.46 10 Found:

C, 50.17; H, 7Tﬁs’LsheétIHaéIBee886pldced 25. 33; H2O, 0. 48. b)
[IS— (I[err] 2[ (2 Am no- 6-i odo- 9H puri n-

9-yl)-1.2- cycl o . di benzoate ester 15 Gy2ea
[1S-(I[err], 2[err err -3 Hydroxy 1,238yt obut ane- di met hanol ,
di benzoate ester (3 40 g., 10.0 fnol e) was di ssol ved i n nethyl ene
chloride (15 m.) and chllledln an ice bath. Pyridine (1.28 m., 15.0

mol e) was added. Trifl ongg; hanasdlH,08: &€ cavhysrbud@l 28k rRi( RDhnal ., 12.0
mol e) was added by syrl ng{gttl hgéen chloride (3 m.) in a dropp| ng
funnel . The trif? 8o anesu%"‘f ani ¢ &an| ydr| de sol ution was added
dropwi se to the cold r eakrdasANg] 3% §Eep olRdr compRifgecseacting feer 3 total of
25 m nutes, the reagtodurtwisompaked(25with it agieseactticeabedow 20[ err]

C.  The reaction andl Xture was quenched with ice and diluted to 100 nl.
with methylene chloride. The . organig¢ |ayer th 25 m. of
each of ice-water (tw cefeEdPy = 5%39/ gﬁdcorrﬁ%lsesl 1Ctlgﬁv\d' |ce wat er .

Each organic 30 | apeedugks Epem ipaashee) With auuepus (fodiup Hydzpgide

or sodium methoxide in methanol; or
Prot is benzyl or substituted benzyl;
Y, is chloro, bromo, or iodo;

X is p-nitrobenzenesulfonyloxy or
trifluoromethanesulfonyloxy;

Ri1, R2, Ri and Rg are each n-butyl or Ri, R2,
and R3 are ethyl and Rg is benzyl;

treating in step (b) comprises reacting the
product from part {a) with hot aqueous hydrochloric
acid; and

treating in step {c¢) comprises hydrogenolysis of
the product from part (b).

10. A process for preparing the antiviral agent
[1R- {1, 2P, 30)] -2-amino-9-[2, 3-bis (hydroxy-
methyl)cyclobutyl]-1,9-dihydro-6H-purin-6-one which

comprises:
a) reacting a purine salt of the formula
Y1 Ry +
. I
< 7 N Ry— zlc—m.
//k Ry
N N NH,

with bis(2,3-protected hydroxymethyl)cyclobutane of
the formula

—

R D || lIll



¥i de. . FThe conbi ned orgam c layers were dried over magnesi um

it e AftéflhISShdetli mﬂﬁ\ﬁi sol uti on was evaporated down to a nobile
N a er. GY26a
- 204 .

fto- OH- purin-2-amne, ion (1), tetra- but yl ammoni um (1: 1) salt
¥ 9., 12 nmmole, dried dver phosphorus pent oxi de under vacuum at
r] C, 0.13 Mowater) was dissolved in nethylene chloride (7 5

£ and chilled in an ice bath. The above trifluoronethanesul f onyl oxy

fial was washed into this solutl thylene chloride-(5 x 1
3 Prot-0-H,C it

o

H,-O-Prot

to give the cyclobutyl purine of the formula

51
N
</ \l(&/k
N/'\N/
NH;
Prot-0-H,C
&H,-0-Prot
wherein:
o]
Il
Prot is an acyl group of the formula —C—Rs

wherein Rgs is straight or branched chain alkyl of 1
to 6 carbons or phenyl;
X is a perfluoroalkane sulfonyloxy group, a
nitro~substituted benzene sulfonyloxy group, or
4 fluorosulfonyloxy;

Y1 is chloro, bromo, or iodo;

Ri, Rz, R3 and R4 are independently selected
from She—group—sonsiesing=of straight or branched
chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;

substituted straight or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the

HIII||\ l|||\| IIlll lllll l\ lIII




B30 minutes, the ice bath was renpved and the reaction m xture was
0 over fiigdnket ks BeoRepliced t enperature. A precipitate formed. The

vaporated and the residue was taken up °~ in
i ef heating on a steam baghagdhe m xture
0

Facet ate )
Eluted wi uene (50 m.), - gpashed with 30% phosphoric acid (25
b m.), and 15 water (6 x 150 m.).. The organic |ayer was then

il Wi th 5% sodi um bi carbonate (50 m.) and brine (50 m.) and then

:(rragnesi um sul fate). Charcoal (Darco, 5 g.) was added to the dry
5 on, S FPRETST I oSeRITT G 500 RE /i FPef RATRRSUPE Cel ite. 20 The
by cake was amgiheshdv th ethyl acetate (5 x 10 m.). The filtrate

jvaporated to gi : r 8Chav . The residue
%@y?tﬁéfgg-ssof?ét%henyﬁ gnt@ﬁ PP Chaving one

heated to boiling W | anol. " (90 .) on the steam bat h.

broduct 25 Br e ?“W%@SPF%@%FEWC#W %ﬁm n the

ng m xture. gsti Exalingd wislatd dvedrbonsodlkoxy ¢H ¥ dom

prat ure and gakhoMsik,t ensbadd treo4 {HAY,Sand £RREthen kept at Oferr] C
ight. The crystals were. filtered shed_w ol d_95% et hanol (2

W ri.), 30 and d bed""[ﬁ?%é%’é‘&%nﬁﬁ@ cbi%\%“h.‘ﬁ?‘ &o °nhEEPYS m p.

149[ err] ¢he hydroxy protecting groups and convert Y; to a 6-

methoxy substituent; and

¢} treating the product from part (b} to
convert the 6-methoxy substituent to & 6-oxo and then
separating the desired antiviral product from the
reaction mixture.

11. <The process of Claim 10 wherein:

Prot is benzoyl:

X is p-nitrobenzenesulfonyloxy or
trifluoromethanesulfonyloxy;

Ri, R2. Rz and Rgq are each n-butyl or Rj, R2,
and R3 are ethyl and Ry is benzyl;

Y1 is iodo;

treating in step (b) comprises reacting the
product from part (a) with excess sodium methoxide in
methanol; and

treating in step (c) comprises acid hydrolysis
of the product from part (b) with hot aqueous
( hydrochloric acid.

12. A process for preparing the antiviral agent
[1R- (1, 2B,30a)]} -2-amino-9~[2, 3-bis thydroxy-
methyl)cyclobutyl]-1,9-dihydro-6H-purin-6-one which
comprises:

a) reacting a purine salt of the formula

DT




Thi's mat eri alnn geewﬁs d| ssol ved in met hyl ene chloride (3 m.) and
dilwuted with 3 ffanol (10 mM.). The solution was evaporated

untder GY26a
-27- had becone cloudy. It was heatedy26a briefly on
the steam bath and kept at room tenpebature for 2 hours. After being
kept at O[err] overni ght, the product was filtered, washed twce 5
with cold 95% et hanol, and dried under vacuumto give 0.946 g. of the
desired product; mp., 149 - 150[err] Cooe [[epr]lleyr] = -2Ql_5 (c =1,
chloroformy. TLC (si |ca gel ; |2
</ \N Rl—IiI—Rll
_ Ry

NH,

with bis(2,3-protected hydroxymethyl)cyclobutane of
the formula

Prot-0-H,C mnex

H,-O-Prot

to give the cyclobutyl purine of the formula

N
N
¢ \/k
2
-] N NH;
Prot-0-H,C

é

H,-O-Prot

wherein:

O

i
Prot is an acyl group of the formula ——C—Rs
wherein Rs is straight or branched chain alkyl of 1

to 6 carbons or phenyl:;

I|I|II|| |||Il| lIIII IIIII ll |I|I



Rf stiﬁﬁﬁtHasBeenm@iae gcalc'd. for CJerr]H22INJerr]O4 . 0.13 H20 .

H[err] C, 51.28; H 3.94; N, 11.82; |, 21.41;

? IH"I% H, 3. 75 N, 11.76; 1, 21.09; '
: Exanple 3 15 GY26a
-[err] 2[err],3[err]) 1-3-(2-Am no-B et hoxy-9H purin-9-yl)-

yCl obut anedi net hanol An analytically pure sanple of this
pdi at e was prepar ed as foll ows. A suspensi on of
a,2[err],3a)]- 2 am
MOH- purin- 9- yl)- 1 el)rf?.gﬁ atrl}?ano}fonylo’% Tengsafe ester (2.915
g mole) and Wuﬁ\mstltﬁﬁeﬁd@amneosxalaqulom FPURk | % et hanol', 1. 62.

i n nmetflawebs¢Pfonfloxynas stirred under nitrogen at r oom

tenp@rature. After 3.5 ,hourg;y rgl e,g,_ron;gol i ffacZS Was obtained. After 4.5
sodi um net hoxi de 9 mmol e) was

t ha
and the m >?tlur§2'w§§ ‘T‘Ré%\tgéda’é? %éeee"a%?”%e' g?‘léted The
- - aekl stoetigbt or branchledvas added (0. 48

mol e, pH aﬁﬁ% §115y13(-}f liroeéa%&bs %hach&wﬁtaeéaabout 5 with wet
paper). The SOLNE: \gaangh %3t 8% 198 e VA 1020 bons ;

substituted stralght or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from thae
greup—censisbing=of alkoxy of 1 to 6 carbons and
aryl; and

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the=grcup
eergigtins-—af alkyl of 1 to 6 carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and fluoro;

b) treating the product from part (a) with
hot agqueous sodium or potassium hydroxide or treating
the product of part (a} with an acid such as
hydrochloric acid followed by sodium or potassium
hydroxide and heat to remove the protecting groups
and convert the Y; substituent to a 6-oxo; and

¢) separating the desired antiviral product
from the reaction mixture.

/| 13. A process for preparing the compound of
the formula

b 41

N SN
S,

2
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, V§S|due acet one (15 m.) and filtered. The insoluble
S 2l Mﬁﬂl]ﬁﬁﬁ i'4cet one (5 mM.). The solvent was renoved from
- - GY2 6a

j fil resi due was_washed three ti ne§¥#f*h .  hexane

: The insol ubl e port I on was “r¥dissol ved in hot acetone (15 m .).
: oduct crystallized out. After standing overnight in an ice 5
the solid was filtered, washed with acetone (5 m.), and dried
- vacuum overgikas phiiSes reacting a purine salt of the formula
Fo\T
N —_—
NN Ry N Ry
(] l
7 Rj

with the compound of the formula
Zl—-x

wherein Y] is chloro, bromo, or iodo;

' R1, R2, R3 and R4 are independently selected
straight or branched
chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;

X is a leaving group selected from &he—gmoun
semsieting=gs—chloro, bromo, iodo, an aryl
sulfonyloxy group, an alkyl sulfonyloxy group., a
substituted alkyl sulfonyloxy group, a nitro-
substituted benzene sulfonyloxy group, and
fluorosulfonyloxy, and 21 is a hydroxy protected form

of the carbohydrate surrogate Z.
14. The process of Claim 13 wherein 2 is

selected from the—greun—econgistingaf

HOH,C —O HOH,C —o

’

[1{{1e)]

[
Qunm

H,0H H,OH
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for Tlﬁhsrsa&thﬁlﬂélﬁe ve 1.04 g. of crude product. After 2

second c product was obtai ned fromthe nother
S. These Were conbi ned and 1.236 g. of inpure '

t was di ss et hyl acet gte (15 m.). SkK2éam gel (EM 60,
was added and the sol vent % gnoved on a rot ary evapor at or .

jadsor bed material was then charged on a silica gel colum 15

it 25 x 250 mMm) and el uted successively with et hyl acetate (100

/R 10% ethanol in eth adkt at e (1700 m.), and 20% et hanol in ethyl
'Wte (1100 Homjce="The YLC honpgeneous frageions were conbi ned and
Bol vent was renoved\t & gfve 0.7 g. of the gpsired product. - The

| was heated in acetlsreM( 15 " HOH2 G d to 'stand at room
grature for 7 h@g s. The product was €red, washed with acetone
Iri ed over phosphorus pentoxi de under vacuum for 15 hours to give

of the desired product; mp. 25 144 - 145[err]C; [[err]][err] =

.[érr] (c 1, dinethy sul foxide). TPXSAliga gel; ethanol: hexane,
‘ Rf = O.SQHzC @ cal c' d. I_Io%rca M err] O3:
2

OH CH,0H
O 0.
HOH,C HOH,C
F, . HO ,
i H -
OH OH
0
. HOH,C s
HOHzC ‘S‘
> ' F~ 4 ’
HO CH,0H
o)
HO "
}/\/ ¢ mo-p” N0 N ., and
HO C')H
o CH,0H
HO_TAO :
OH

Z1 represents the moiety Z wherein the hydroxy
substituents are protected by members selected from

the—geoun—consistine—of hindered silyl groups,

KA ) AR A




“@61 H 6. 13inidpe? B30, Found:  C, 51.52; H, 6.07; N, 25.28.

Gvgaa eplaced Exarrpl e 4
[lR—(I[err],Z[err]w Ulwm ﬂ’ no-9-[ 2, 3- bi s( hydr oxynet hyl) -
cycl obutyll-1.9-di 6- one a) 6- Chl or o- 9H$E6aNn- 2- ani ne.

ion (1-), tetra- 5 butylamonium (,1:1) " saf t An aqueous sol ution
of tetrabutyl amoni um hydroxide (1.53 M 2.5 m., 3.83 nmole) was added
dropwi se to a slurry of 6-chloro-9H purin-2-am ne (1.69 g., 10 mmol e)
in nmethyl ene chl oristaz{4) sdbstitiited benzyl, acyl groups of the

I
formula —C —Rs, trityl, and substituted trityl; and
Rs is straight or branched chain alkyl of 1 to

6 carbons or phenyl.

g.ﬁ e ',.
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- : : _ woFse-A 3000
10 ,anbient tenperature. After 10 m nutes the biphasic sol ution was

filtered with suction through a sintered gl ass funnel to renove a
smal | amount of undi ssol ved solid. The filtrate was transferred to a
separatory funnel and the organic |ayer was separated, dried 15 _over

magnesi um sulf at.e, A The filtrate was evapdi@fed under
G bk sncshent

vacuum and t triturated with ethyl acetate (20.m.) and
filtered. The product was, dried under vacuum over phosphorus

pent oxi de at PP en? 1aﬂ£ﬂﬁaﬂmhe for 5 hours to give 20 3.41 g. of desired
product; mp. greater than 89[err]C ABSYRACT calc'd. for C21H err]Ned

0. 65 H20: C, 59.66; H 9.61, N, 19.88; d, 8.39;
H2O, 2.79 Found: C, 59.22; H 9.88, N 19.86;, d, 8.74; 25
Herr]O 2.77. b) [I S-

(I[err],2[err],3[erd
9-vl)-1I.2-cycl obut anedpg®

Asgol uti on of

trifluoronethanesul fonic anhydri de (5. 97 . , 35.5 mMmmvole) in dry
met hyl ene chloride (10 30 ml.) was_added dropwi se over 5 mnutes to a
sol uti on of [IS-(I[err PRFEre [sa3F 2 hp- Bxpdie oxy- 1, 2- cycl obut ane-
di net hanol , di benzoate ester (10.06 g., 29.6 mol e)
Y - Ry +
N | I
</ | N Rl—T—R4
N
N N~ TNH, R

wherein Y1 is chloro, bromo, or iodo, and R1. R2, R3,

. and R4 are independently selected from alkyl and
substituted alkyl is reacted with the compound of the
formula

ZI_X

to yield the purine of the formula
¥
N
NN
g
7 NH,
1i1 N

Z;

Y

wherein X is a leaving group, and 21 is a protected
form of the carbohydrate surrogate Z. Several routes
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and pyridine (3.7 m., 44.4 mmole) in nethylene chloride (45 m.)
chilled in an ice bath. After 20

GY2 6a - 30 - m nutes the reaction was
quenched with ice, washed into a separatory funnel with nethylene
chl oride, and washed with ice cold water (2 x 100 m.), #%8&ddi um
bi-sulfate (150 m.), and ice cold water (100 m.). 5 Each aqueous | ayer
was washed with nethyl ene chloride (10 m.) which was added to the
previ ous net hyl ene chloride layer. The slightly col ored and turbid

met hyl ene chl ori de | ayerdiggdoskd ddrvedrvernimeshiisn intermadilatat €0 hest irri ng
for 20 mnutes and fahtBFied1t fgent

_ 0
N NH
CIL
|

Z
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10 -give an alnost clear solution. The solvent was evaporated to 25
m . and then the solution was diluted to 101 m. with dry nethyl ene

chloride to

sul fonyl oxy compound. The solution was stored over

give a 0.29 nolar solution of trifluoronethane-

15 rmagnesi um sul f at.e

under argon at -20 C 6- Chl or 0- 9H- puri n- 2- anfBeéa jon (1), tetra-
butyl ammoni um (1:1) salt (2.47 g., 6 nnDIe) was added to the above
trifluoromethanesul f onyl oxy conpound' (7.2 m., 0.29 Min nethylene
chloride, 5 nmole) and 20 the suspension was stirred at roomtenperature.
After 6 hours the reaction flask was stored at -20 C. over night .
After warmng to roomtenperature, the m xture was filtered. Baker
silica gel (60 - 200 mesh, 10 m.) was added to the filtrate and the 25
sol yent was evaporated under vacuum The solid was charged on a silica
gel colum (25 x 260 nm, prepared in 25% et hyl acetate in hexane) The
pr oduct was eIut-J..- 5 p hgw 16

acetate in hexane (100,pnd

‘) col | ecting

50 m. fractions. Fra gerl, Nyl acetate, Rf
0. 56) wer e conbi ned and evaporated to glve 1.54 g. of desired
product. Antiviral agents having a guaninyl substituent

5 on a carbohydrate surrogate are known. For example,
the compound {1R-(1@,2B,3ct)]-2-amino-9-[2,3-~

bis (hydroxymethyl)cyclobutyl]-1,9-dihydro-6H-purin-6-

one, i.e.,
0
N
NH
¢
HOH,C N ~
N NH,
10 EHQOH

is an antiviral agent with activity against herpes
simplex virus type 1 and 2, varicella zoster virus,
human cytomeglavirus, vaccina virus, murine leukemia
15 virus, and human immunodeficiency virus. Methods for
the preparation of this antiviral agent are disclosed
in U. S. Patents 5,064,961 and 5,153,352 and European
Patent Application 358, 154.
The tetrabutylammonium salt of 2-amino-6-
20 Dbenzyloxypurine is disclosed in European Patent
Applications 55,239 and 458,363.
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GY26a -31 - c)
[I1S-(I[err],2[err],3[err]) ]-3-(2-Am no-6-chloro-9H purin-

9-y1)-1. 2-cycl obut anedi net hanol _ A solution of sodi um net hoxi de
(0.39 Min met hanol, 0.081 ni., 0.32 nmole) was added hyyg4ringe. . 5
to a suspension of [IS-(I[err],2[err],3[ere]y]-3-(2-am no-6-

chl oro-9H purin-9-yl)-1, 2-cycl o- but anedi net hanol di benzoate ester
(1.54 g., 3.14 mole) in dry met hanol (20 ml.). After stirring for 2
hour s at roomtenperature.t s at 10

@eetmsxturg.was e%tg{r)eag fgr 2 %
120 C.  The product crystaltcz&d St RgT GHEREY FPFFIhdat room
tenmperature for 2 h®§erBarifigeantiviral compounds of the formula

(I)

0]
N
NH
¢
7 /—NH,
Iil N
5 yA
wherein Z is a carbohydrate surrogate by reacting a

purine salt of the formula
{(II)

10
¥y - R3 +
. I
<E/ I NN Rf“‘T""R4
N N~ nNH, R3
with the compound of the formula
(III)

15
z 1—X

This is the replacement zheet
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m xture was allowed to stand at 0 C. for 3 hours. The solid was

filtered, washed with cold nethanol, and dried under vacuumto give

0.52 g of desired 15 product; mp. 198 - 201 C. TLC (sili ca gel ;

et hanol : ethyl acetate, 1:9, Rf = 0.49). Anal . cal c' d. %2

C[err]H[err]ClN[err]qerr] -3C 46.43; H 4.9 f\? 24. 61

a, 12.46; Herr]O 0.30 20 Found: C, 46.81; H 5.01; N,

24.24; d, 12. 54 Herr]O 0 36. d)

[IR—(I[err] 2[err],3[err] &% - Am no- 9-r 2. bls(hf/droxy-

met hyl ) - cycl obut yl | -89 &i@ yeht PRGNt R deEmula A mxture of

[1S-(1a, 2[err], 3[errijw- 3-(2-am no-6- 25

chl oro-9H purin-9-yl) -1, 2-cycl obut anedi et hanol and 2N HC1 was heat ed

under nitrogen at 95[err] C. After one y;hour the m xture was

neutralized with 4N sodi um hydr oxi de (pbout 0.6 m.) and a few drops

of 1IN sodi um hydroxi de to a pH ofyab g 0. Athick white 30

precipitate formed. The m xture was iffred n an ice bath for about

1.5 hours, filtered, washed with i cod—ymer (2 m.), and dried

over phosphorus pent oxi de under v’?cuurﬂto gi ve the desired product.
Z

wherein X is a leaving group, 21 is a protected form
of carbohydrate surrogate 2, Y1 is iodo, bromo, or
chloro, and Ri, R2, R3, and R4 are independently
straight or branched chain alkyl of 1 to 10 carbons
10 or substituted straight or branched chain alkyl of 1
to 10 carbons. The compound of formula IV is then '
converted to the antiviral agent of formula I.
In the preferred process of this invention,
the antiviral agent of formula I is [1R-{1lc,2B,3c}]-
15 2-amino-9-(2,3-bis(hydroxymethyl)cyclobutyl]l-1,9-
dihydro-6H-purin-6-one and it is prepared by reacting
a purine salt of formula II with the bis(2,3-
protected hydroxymethyl) cyclobutane of the formula
(v) ' :

Prot-0-H,C nuny

20 H,-0O-Prot

wherein Prot is a hydroxy protecting group. This
reaction yields the cyclobutyl purine of the formula

This is the replacement sheet
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GY26a - 32- Exanpl e 5
[1S-(I[err],2[err],3[err])]-3-(2-Am no-6-io0do-9H purin-9-yl)-1.2-

cycl obut anedi et hanol , di benzoate ester - a)
[IS-(I[err],2[err],3[err])1-3-11(4-Nitrophenyl)-sul fonyll - 262

oxyl - 1, 2- cycl obut anedi net hanol . di benzoateyester

p- Ni t robenzenesul fonyl chloride (5.9 g., 24.0 nmol e) was added to a
solution of [1S-(I[err],2[err],3[err])]-3-
hydr oxy- 1, 2- cycl obut anedi net hanol , di benzoate ester 6.8 g., 20.0 mvol e)
in pyridine (20 m .)YVIAfter 10 stirring overnight at roomtenperatdure,
water (8 nml.) was added and the m xture was stirred for one hour.
. , 51
N N
<’Ii
~
N N WH,
Prot-0-H,C
H,-0-Prot

5 - which is then converted to the antiviral agent [1R-
{la,2B,3¢) ] -2-amino-9-[2, 3-bis (hydroxymethyl) -
cyclobutyl] ~1,9-dihydro-6H-purin-6-one.

The bis(2,3-protected hydroxymethyl)-
cyclobutane of formula V is optically active, the
10 relative sterochemistry of the substituent X is drawm
to indicate that the leaving group X is cis to the
vicinal -CH2-0O-Prot substituent and that the two
-CH2~0-Prot substituents are trans to each other.
This invention is also directed to the novel
15 purine salts of formula I.

This Sheet Has Been

LTI
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The pyridi ne was evaporated off and the residue was treated with ethyl

acetate (150 m.). The m xture was washed successively with water, 1%
hydrochloric 15 acid, water, 5% sodi um bicarbonate, water, and brine.

The solution was dried (MyS04), stirred for 15 “mi nut es W tp acti vat.ed
charcoal, and filtered through Celite sThe sol vent was evaporated to
give 8.7 g. of - crude product. This crude solid was triturated with 20
ether (25 m.) and then stirred for one hour. The product was
filtered, washed with ether, and dried under vacuumto give 7 89 g. of
(1S (I[err],2[err], 3[ err Fig term “alivl) peferspheRArpiony Ig

-1, 2-cycl obut ane-  chadlnnetdupnodf ldcbellr catlorest eThe mepm 100 - 101[err]C

25 Anal. calc'd. fopuC36RANGI £1GHS refrbledBhcn aliyl groups o€159. 19! H
444N2658608 g 5@17,H,

02: N, 2.61. S 6. fglo carbons hav:.ngl_?ﬁ? Bw%gar Bteeo f& “uents,
[err], 2[err], 3Per PFpEerablypaneo selpekns §rrp alkaxpof 1 to
)-1.2-cycl obut ane diaEBolnRal. agithentThatrerpstail refers to phenyl
| odo- 9H- puri ne- 2- agi Npbdin L etwa I th r-.( ROSEY] yRLpy! )ammnl um
(1:1) salt (4.97 g., gﬁédﬁ g’§£ y%lre ) SF%UOI’] of the
product from preferably one, se cted from a kyl of to

carbons, . alkoxy of 1 to 6 carbons, chloro, bromo,
10 iodo, and fluoro.

The carbohydrate surrogate Z includes cyclized

4.
(1
yl
6

and acyclic moieties which possess antiviral activity
when substituted with a guanine moiety. Suitable
groups for Z include

15
E
HOH,C HOH,C
= ? = 14
éHzOH EHon
HOH,C
‘ HOH,C ’
OH
O
HOH,C HOHZC—Q/
20 OH CH,0H

Thig is the replacement sheet
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GY26a - 33-
nmol e)
hours.
et hyl

m.),

product was
x 200 nm colum).

in acetonitrile (20
The sol vent was evaporated and the r
acetate (200 m.). The solution was_
dried (MgSJ err]), and the

The product was el uted
each of 10% 30% 60% and % et hyl
ethyl acetate (B®gC Prpduct conscH,0f
conbi ned and evaporated to \gi®e/3.73 g. of desi

Qunu

H

o
mmhc-<;::>y,'

&>
&
&
"

H

HO

CH,0H

0

OH

Q
o

H

vashed S5 with water
sol vent was evaporated. The crude
purified by flash chronmat ography over silica gel

acetate

HO-IIPI/\O /\/ A

part (a) (5.25 g., 10.0

m.) and the m xture was refluxed for 8.5

esi due was tagg up in

4 x 200

(25
successively with 500 ml.
xane foll owed by
fragti ons were :

eH”o

’

Qi

H

mmﬁcls
ﬁs '

CH,0H

and

Z1 represents the moiety Z wherein the hydroxy groups

10 are protected.

Suitable hydroxy protecting groups

include hindered silyl groups such as t-butyl-

dimethylsilyl, t-butyldiphenylsilyl,

{triphenyl-

methyl)dimethylsilyl, methyldiisopropylsilyl and
triisopropylsilyl, benzyl and substituted benzyl

15 groups such as p-methoxybenzyl,

I
formula —C —Rs

acyl groups of the

wherein Rs is a straight or

branched chain lower alkyl of 1 to 6 carbons, or
phenyl, especially acetyl or benzoyl, trityl, and

substituted trityl groups such as 4-monomethoxy

20 trityl or 4,4'-dimethoxytrityl.

Thig is the replacement sheet

2 1 AUG 1996

Date:



pr oduct . Example 6 15 [IR-
(ITerr],2[err],3[err]) 1 -2-Am no-9- [2, 3-bis(hydroxynethyl) -

cycl obutyl | -1.9-di hvdr o- 6H puri n- 6- one a) [1R (l[err],2[err],3[err])
| - 2- Ami no-9-r2. 3-bi s[ (benzoyl - GY26a .
oxy) net hyl | cycl obutyl | - 1. 9-di hydr o- 6H- pur’ A- B- one A m xture of
[1S-(1[err],2[err],3[err])]-3-(2-am no-6-iodo- 20

9H purin-9-yl)-1, 2-cycl obut anedi net hanol , di benzoate ester (1.755 g.,

3.0 nmmol e) and 57% aqueousx a®ethé compodtddl ofafor@ds exkt @s 1HQeakihg. under a

ni trogen at nosp er.4 ur he; 3l ul.i s cool ed * and
treated with sodi um@%igggr%{)ctr}]latgg ‘f}gig thl'%’om%' 0 o?& n’m%?gz The sol vent was
evaporated on a rot &yIonyloxy gruR SHCRAF PrEPLUERPIHIEORKLO®i 88 for one
hour under vacuwiky¥hsalfohylbxyagrovmesueh ad mhthetesnl{dryloxy, d . ),

filtered, and washeguwstivualeslkyiNguPiifieky groupPordibesbiynder vacuum

overni ght. The soli % 30 lurri.ed in_aqueous _sqdi_um bi carbonate (10
Moy O After sti Pt EhnorthetenutTpnddbad g sich 2 U1 el ed, washed
with water, and dri édififtrromgsbanapulionthpey . hedprOTUPSPEFHEE de to give
1.4 g. of crude beneen tsul fonyloxy group such as p-nitro-
benzenesulfonyloxy, or fluorosulfonyloxy.
10 The compounds of formula III are prepared

according to known procedures or as set forth below.
For example, the bisg(2,3-protected hydroxymethyl)-
. cyclobutane of formula V can be prepared as taught by
Bisacchi et al. in U.S. Patent 5,064,961. For
15 example, when X is a perfluorocalkane sulfonyloxy
group such as trifluoromethanesulfonyloxy, the
perfluocroalkanesulfonic anhydride such as
trifluoromethanesulfonic anhydride is reacted with
the diprotected 2,3- hydroxymethyl cyclobutanol of
20 the formula
(VII)

Prot-0-H,C wnOH

Quun

H,-0O-Prot

25 in an inert solvent such as methylene chloride or,
chloroform, preferably methylene chloride, in the
presence of a base such as pyridine or triethylamine,
preferably pyridine. The reaction can be run at from
about -20°C. to the boiling point of the solvent,

30 preferably at about 0°C. to room temperature.

This is the replacement sheet
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GY26a

product in ethyl acetate

pr epar ed i n hexane). The
m. of ethyl acetate, 1.5 1.
of 50% met hanol in ethyl

m . each) as soon as the

- 34- A solution of the crude
was charged on a silica gel colum (200 m .,
columm was el uted successively with 100

10% net hanol in 5 ethyl acetat&26and 500 .ni.
acetate. Fracfions were collected (about 35
yel | ow band on the col umm started to

elute. Fractions 3 to 17 gave 1.1 g. of product as a light yellow
solid. An analytical 10 ﬁ]@éﬁ)|xelg\la§ tgb}aigmtbwt@aygéﬁelngzat ion from et hyl

BT R STESARR SO g e i P

ormula VII is reacted with a

nitro-substituted benzene sulfeonating reagent such as

5 p-nitrobenzenesulfonyl chloride in pyridine or in an
inert solvent such as methylene chloride or

chloroform containing a base such as pyridine or
triethylamine.

When X is fluorosulfonyloxy, the cyclobutanol of
10 formula VII is reacted with fluorgsulfonic anhydride

in pyridine or in an inert solvent such as methylene
chloride or chloroform containing a base such as
pyridine or triethylamine,

The compounds of formula IIIX

15

QO
Prot-O-HZC—-<3""""X

Prot-

O e

can be prepared from the pyran of the formulas

{VIII)
20

' o}
P’I'Ot"O"HzC@mmI OH

Prot-

O wnnn

or

Tiug 15 the repiacement sheel

2 1 AUG 199



TLC (silica gel; nethanol: nmethylene chloride, 1:9, 15 Rf = 0.43).

Anal . calc'd. for (JQerr]H23N[err](err] . 0.5 HO C, 62.23; H,

5.01; N, 14.52; H2O 1.87 Found C, 62.00; H, 4.68; N, 14.56; H20

1.59. b) [IR—(I[err] 2[err],3[err])]- Amn09r23b|§("ﬁﬁélroxy .20

met hyl ) cycl obutyl | - 1. 9-di hydro 6H— purin- 6-6ne A suspensi on of the

product frompart (a) (95 nyg., 0.2 nmole) in agueous sodi um hydroxi de

(1 m ., IN) was heated under argon at 100[err] C. in an oil bath.

After 3 hours, the m[xture was cooled to room 25 t enperature and acidified

W th 1IN hydrochl oric acid to pH 3. Benzli acid partly crystallized out
Ul

during acidification. The pgottyLg,cea Sdeatyyt h et hyl ene
chloride (3 x 2 m.) to renove the benzoic The pH of the aqueous
| ayer was adjusted to 6 with 1IN 30 sodi um lgdroxi de. The aqueous sol ution
(total vol unme about 7 m.) was concentraated to about 4 mM. on a

rotary evaporator. The product was cry®retid zed out during evaporation.’
-The flask was cooled in an ice bath. After 3 hours, the product was

filtered,

For exaﬁple, treatment of the compound of formula

5 VIII with p-toluenesulfonyl chloride in pyridine, or
methanesulfonyl chloride and triethylamine, or
trifluoromethanesulfonic anhydride and pyridine
affords the corrésponding compounds of formula IXII
wherein X is p-toluenesulfonyloxy, methane-

10 sulfonyloxy, or trifluoromethanesulfonyloxy,
respectively.

Alternatively, these compounds of formula III
wherein X is p-toluenesulfonyloxy can also be
prepared from the isomeric compound of formula IX by

15 known methods [see I. Galynker et al., Tetrahedron
Letters, 23, 4461(1982)]. For example, treatment of
compound IX with diethyl or diisopropyl azodi-
carboxylate in the presence of triphenylphosine, and
zinc p-toluenesulfonate affords the compound of

20 formula III wherein X is p-toluenesulfonyloxy.
Alternatively, these compounds of formula III wherein
X is p-toluenesulfonyloxy or methanesulfonyloxy can
also be prepared from the compound of formula IX by
treatment with p-toluenesulfonic acid or methane-

25 sulfonic acid, respectively, in the presence of
triethylamine, triphenylphosine, and diethyl or
diisopropyl azodicarboxylate in a solvent such as

- toluene, ether, or dioxane,.

These compounds of formula III wherein X is

30 chloro, bromo, or iodo can be prepared by treating a
compound of formula IX with a methyltriphenoxy-

This is the replacement sheet
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GY26a -35 - washed with ice-cold water
and dried over phosphorus pent oxi de under vacuumto give 48 ny. of
desired product as white crystals; mp. greater than 280[err]

(dec.). 5 Al'ternatively, the desired final product vR6a al so
prepared as foll ows: A suspenst d® of the product frompart (a)
(95 ng., 0..2 nmmmole) in nethanolic sodi um net hoxi de (2 m., 0.2 M
was refluxed under argon in an oil bath. 10 After 2.5 hours, the m xture

was cool ed to room phos ﬁﬁ%é&&@ea&dm*e@gyﬁ(}l Fﬁéﬁyl\bﬁés&\{&ﬁ%at ed. The
resi due was treat edﬁ% rochloric acid. The m™ture

was washed with net éiee]?éh%'r |c&g°n&\le'( romisles oy iogide) dn.a

met hyl - benzoat e. Th&opremf suple as d1methylformam1de. Alternatively,
these compounds of formula III wherein X is chloro,

5 ©bromo, or iocdo can be prepared from the compound of
formula IX using triphenylphosphine, diethyl or
diisopropyl azodicarboxylate, and a source of halide
such as methyl iodide, methyl bromide, or methylene
chloride.according to methodology known in the art.

10 See, for example, H. Loibner et al., Helv. Chim.
Acta., 59, 2100 (1976).

The compounds of formulas VIII and IX can be

prepared from the known compound of formula X [See M.
Okabe et al., Tetrahedron Letters, 30, 2203 (1989};

15 M., Kugelman et al., J. Chem. Soc¢. Perkin I,
1113{1976})}; B. Fraser-Reid et al., J. Amer. Chem.
Soc., 92, 6661(1970) for the preparation of the
compbund of formula X] as outlined below:

HO-H,C, 0 Prot-0-H;C o)

I — —

N
&

20 HO Prot-o
{(X) (X1)

VIITI + 1IX
25
Treatment of the compeound of formula X with

various hydroxyl protecting reagents known in the art
affords the compounds of formula XI.
-~ The compound of formula XI wherein the hydroxy
30 protecting groups are acetyl can also be obtained by
the direct reduction of tri-O-acetyl-D-glucal, i.e.

This is the replacement sheet
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15 aqueous |layer was adjusted to 6 with 1N sodium hydr oxi de. The

product crystallized out in a few m nutes. The flask was cooled in an
ice bath. After 3 hours, the product was filtered, washed with ice
cold water, and dried over phosphorous pent oxi de 20 undeQY%é%uun1overn|ght
to give 42 ny. of product as pale %eTIOM/crystaIs mp. 275[err]
(dec.). EXAVPLE 7 .[3S-(3a.5[err],6[err])1
-2-Amno-1 9- dlhydro 9- [tetrahydro-5-

hydr oxy- 6- (hvdr oxynet hyl) - 2H.pyran- 3-yl ] - 6H—pur|n 6- 25 one a)
(2R-trans)-3- (Acetyl oxy) - 3. 4qdi hvdr o- 2H pyr an- 2- met hanol , acetate
(ester) A suspenston of sodi®Rborohydride (3.14 g., 83.0
mrol e) in anhydrous tetrdafdfoPuliz ) 30 and 1, 2-di net hoxyet hane
(113 m.) was refluxed for 105 ho fter cooling, copper(l)bromde
(297 ny., 2. 07 mmol e) mazggdg 8\" A\ m xture was refl uxed for 2
hours. To this slurry was ad o- ac-tﬁl- D-glucal (11.30 g., 41.53
mol e) and tetrakis- 0-C-CH,

see N. Greenspoon et al., J. Org. Chem., 53, 3723
(1988). Alternatively, this compound of formula XI
5 can also be obtained by treatment of tri-O-acetyl-D-
glucal with sodium borohydride in the presence of
Cu(I)Br and tetrakis{triphenylphosphine) -
palladium(0) in an aprotic solvent such as
tetrahydrofuran and/or dimethoxyethane.

10 Hydroboration of the compound of formula XI
with borane-tetrahydrofuran complex followed by
treatment with équeous sodium bicarbonate and 30%
hydrogen peroxide affords a mixture of the compound
of formula VIII and the isomeric compound of formula

15 IX which can be separated, e.g., by chromatography on
silica gel.

The compounds of formula III

[[T1R¢s)

Prot-0-H;,C unux

é

H,-O-Prot
20
are taught by Zahler et al. in European Patent
Application 458,363.
The compounds of formula III

Tnis 15 the repiacement sheet
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GY2 6a -36 -

(triphenyl - phosphi ne) pal l adi um{ O (2.39 g. 2 076 nmol e) at room

t emper at ur e. Then1murevmsstnwed : room t enper at ure _over ni ght,
and then heated at 50[err] C. for 5 hggr The reacti or®¥A%t ure was
then cooled 5 to roomtenperature , treat at Of[err]C. with saturated
sodi um bi carbonate (11 m .) and 30% hydrogen peroxi de (22 m.). The
reaction mxture was diluted with ethyl acetate, washed with saturated
sodi um bi carbonate, dried and concentrateg/\n vacuo. The 10 residue

was purified by col um chromat ography on a gel, eluting with ethyl

acetate (5%to 109 - hexane BRPEHO (209 M'¥e to give the title
conpound as a white solid (2.18 g.;, 10.18 b)
[2R-(2[err],3[err],5[err])]-2-[ (Acetyl oxy) net yIItetrahydro- 15
2H pyran-3.5-diol. 3-acetate

are taught by SIusarchyk in European Appllcatlon

352,013.

5 The compounds of formula III
0

Prot-0-H,;C w3

Cumn

H,~0-Prot

are taught by Zahler et al. in U.S. Patent 5,059,690.
10 The compounds of formula III

Prot-0-H,C MY

O Wi

Prot-

are taught by Ravenscroft in U.S. Patent 4,658,044.

15 The compounds of formula III
o}
Prot-0-H;C (LD ¢ Prot-0-HyC aumxy
F,
: and =
Prot-0 Prot-0

are taught by Borthwick et al., J. Chem. Soc. Chem.
20 Commun., 1988, p. 656-658.
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A 1.0 M borane-tetrahydrofuran conplex (9.59 m., 9.59 mol e) was added
dropwi se at O[err] C under nitrogen to a dry tetrahydrofuran sol ution
(22 m.) of the product frompart (a) (2.055 g., 9.59 nmole). 20 After
2.5 hours, the mxture was treated with sat urat ed sodi ums¥2ieear bonate (9
m .) and 30% hydr ogen peroxide (4.3'-md3 )y at 0-5[err]C. and stirred for
2 hours. The reaction m xture was cooled to O[err]C., diluted with
et hyl acetate, washed with sodi um 25 bi carbonate, dried and concentrated in
vacud. The crude produgf, g@r&&%gfépqopﬁ&olﬂgﬂ chr omat ogr aphy on
silica gel, eluting with ethyl acetate ( OA; 75% - hexane to yield
the title conpound as a col orl ess oi | 324 g., R = 0.44) and the
epi neric al cohol, 30 (2R- Prot -0-H,C I
(2[err] 3[err], 5[err]] 2-[ (acetyl oxy) - feth p]rbetcr hydr o- 2H
pyran , 5-di oI 3-acetate, as a white crystalli solid (0.325 g., Rf =
0. 34).

5 are taught by Hanna et al., J. Heterocyclic Chem.,
Vol. 25, p. 1899 - 1903 (1988).
Similarly, the acyclic compounds of formula
_ III are taught in the literature as note Martin et
al., Nucleosides & Nucleotides, vol. 8, p. 923-926
10 {(1989); Bronson et al., J. Med. Chem., Vol. 32.,
' p. 1457-1463 (1989); Harden et al., J. Med. Chemn.,
Vvol. 30, p 1636-1642 (1987) and J. Med. Chem., Vol.
32, p. 1738-1743 (1989); and Kim et al., J. Med.
Chem., Vol. 33, p. 1207-1213 (1990) and J. Med.
15 Chem., Vol. 33, p. 1797-1800 (1990).
The purine salts of formula II are prepared by
reaction of a purine compound of the formula
(XI1)

b4
N
’;J‘*ﬂ%
1i3 N
20 yA

with a compound of the formula

Sheet Has Been RTiIaced

LT
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GY26a c) [2R-(2a.3[err],5[err])]-3-(Acetyl oxy)-5-(2-am no-6-i odo-

9H purin-9-yl | tetrahvdro-2H pyran-2- nmet hanol . acetate (ester)

To a mi xture of 6-iodo-2-am nopurine (1.21 g., 5 4.637 mole) in nethylene
chloride (12 m.) at room tenperature, was added 1.5 M Gy26a .
tetra(n-butyl)ammoni um hydroxide (2.7 -, 4.05 mmole). The reaction

m xture was stifred for 10 mnutes, and the volatiles were renoved in
vacuo. Methylene chloride (12 m.) 10 was added to the white residue, and
the resulting Sﬁ*ﬂ_lrl on was dried (magnesiumsulfate), filtered, and
the filtrate was concéntrated in vacuo to yield the
tetra(n-butyl)amoniumsalt of 6-iqdo- 2-Ram' n pu+ri ne as a white residue.
15 . To a stirred solution [ 2R{€2[ erX], 3[err],5[err]]-2-

[ (acetyl oxy) met hyl ] t et rahydr o- 2H pygan- §.5:di 4l , O acetate (0.633 g.,

2.72 mmol ) in nethylene chloride : (J‘Z 4.) at -20[err]C. was added
pyridine (0.33 m., 4.09 Ry

5 in a solvent such as ethanol or methylene chloride
and water followed by isolation of the salt from the
reaction.

The purine compound of formula XII wherein Y1 is
chloro is commercially awvailable or can be prepared

10 ° by known methods. The purine of formula XII wherein
Y1 is bromo can be prepared by the procedure
described by R.K. Robins et al., J. Org. Chem., 27,
98 (1962). The compound of formula XII wherein Y; is

) iodo can be prepared by treatment of the compound of

15 formula XII wherein Y1 is chloro with aqueous
hydroiodic acid at about 1°C.

The compounds of formula XIII are known in the
art and are either commercially available or can be
prepared by published methods.

20 The reaction between the purine salt of formula
II and the compound of formula III is run in an
aprotic solvent such as methylene chloride,
acetonitrile, acetone, tetrahydrofuran, and the like
at a temperature of from about -20° to 100°C, for

25 from about 30 minutes to about 24 hours, preferably
from about one hour to about 12 hours. Wwhen X is a
perflucroalkanesulfonyloxy group such as trifluoro-

. methylsulfonyloxy, the solvent emploved is pre-
ferably methylene chloride and the reaction is run at

30 from about 0°C. to about 30°C. when X is a nitro-
substituted benzenesulfonyloxy group such as p-

Trig 13 the repiacement sheot
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mrol e) and trifl uoronethanesul fonic anhydride (0.504 20 nml., 3.0 nmole).

The reaction was warned to room tenperature. The m xture was dil uted
wi t h et hyl ene chloride, washed with 10% sul furic acid, saturated

sodi um bi carbonate, and water. The organic |ayer was sepahgted, dried,
and concentrated in vacuo to yield 25 crude-trifluoronethanesulfonyl
product as a dark pink oi | . A solution of this
trifluoromethanesul f onyl product in nmethylene chloride (4 m.) was
added tp a m xture Qof the t ranbut %ammniumialt of 6- 30

i odo- 2- ani nopuri ne PATRASAFERARM ﬁf‘ e %*1 sepvent ggploved 18 reaction was
stirred at room t enpeefenabdyfaretbfitrilenegnd ssheTheagtiipnuke xyasatoncent r at ed
i n vacuo. The rg%ﬂ%du@s:,gﬁcssebv%dtng@@yl acetate (120 m.) and
water (120 m.), treated f'!‘?x resu Lég.ggV\:‘Lr;[tgrxﬁ‘gail\a@eSQE formula IV is

5 converted to the desired antiviral agent of formula I
by selective removal of the hydroxy protecting group
or groups in Zj1 and conversion of the ¥1 group to a
6-oxo. For example, when the hydroxy protecting
group or.groups in the compound of formula IV are

10 acyl treatment with catalytic sodium methoxide in
methanol yields the compound of the formula
(xXIV)

Y1

2
/)-Nﬁz
N N
Z
15
Similarly, when the hydroxy protecting group or
groups in the compound of formula IV are hindered
silyl groups treatment with fluoride ion such as
ﬁetrabutylammonium fluoride yields the compound of
20 formula XIV and when the hydroxy protecting group or
groups in the compound of formula IV are benzyl or
substituted benzyl treatment with boron trichloride
vields the compound of formula XIV. Acid hydrolysis
of the compound of formula XIV such as by using hot
25 aqueous hydrochloric acid gives the desired 6-oxo
antiviral agent of formula I.

Alternatively, treatment of the compound of
formula IV wherein the hydroxy protecting group or
groups are acyl, benzyl, or substituted benzyl with

30 hot aqueous acid effects selective conversion of the

This is the replacement sheet
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GY26a - 38- cation resin (sodium- form

30 g.), and filtered through Celite. The crude product was purified by
col um chromat ography on silica gel, eluting with _ ethyl acetate

(50% 75% 100) - hexane, to yield the 5 title conpound as a fogfgayel | ow.
solid (0.587 g., 1. 235 mol e). d} 163S-(3a. 5[err], 6a)

]-2- Am no- 1, 9-di hvdr o- 9-

rtetrahydro- 5- hydr oxv- 6- ( hydr oxymnet hyl ) - 2H pvr an- 3- yl]-6H purin-6-one
10 Sodi um méft hoxi de sol u%ion &0. 43 M_ 4. 28 m c)f %\/&% added to a
solution of the proddct*FHRorPpart o) 9¥°UP FH BROV4%e 4 SO™RAM%PEi n net hanol
(5 mM.). The m xt the f@smudeirred at roomtenperature for 45 m nut es
and then refluxed fqigyp hours. After cooling 15 to roomtenperature, the
pH of the m xture was adjusted to 7.0 the addition of 1N

hydr ochl ori c acid (1.4 m.), and concepggrated in vacuo. Addi ti onal

I N hydrochloric acid (2.5 m.) was a NH

' | {51—NH2
N N

|

2

wherein the hydroxy group or groups in Zj are
protected by an acyl, benzyl, or substituted benzyl.
In this reaction, when the protecting group or groups
are acyl and Y1 is iodo treatment of the compound of

10 formula IV with hot aqueous acetic acid yields the
compound of formyla XV. When the hydroxy protecting
group or groups are benzyl or substituted benzyl and
Y1 is chloro, bromo or iodo treatment of the compound
of formula IV with hot agqueous hydrochloric acid

15 yields the compound of formula XV. The hydroxy
protecting group Or groups can then be removed from
the compound of formula XV by the methods described
above or other known methods in the art to give the
desired antiviral agents of fbrmula I. For example,

20 when the hydroxy protecting group or groups are an
acyl such as benzoyl treatment with agueous sodium
hydroxide or sodium methoxide in methanol will give
the desired final product. Similarly, when the
hydroxy protecting group or groups is benzyl or

25 substituted benzyl hydrogenolysis will give the
desired product.

In a further alternate procedure, the compound
of formula XIV or the hydroxy protected compound of
formula IV wherein the protecting group or groups are

30 acyl can be treated with excess sodium methoxide in

This is the replacement shest
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to the residue and this mixture was heated at 50[err]C 20 for 18 hours and

then at 85[err]C for 3 hours. The reaction m xture was cooled to room
t enper at ur e, diluted with water, and the pH adjusted to 7.0 by the
addi ti on of 3N sodi um hydroxide (0.8 m.). The m xture vexegaoncentrated
in vacuo and the residue was 25 subjectedlte a CHP-20 colum, eluting with
a continuous gradient (water to 25% acetonitrile in water), to
afford a yell ow residue. This crude product was triturated in methyl ene
chl ori de, recry ed, f rom o n Wy 30 activated
tharcoal to yield 4§E@£AAOZJT % { t tl{(:aoviﬁlb%de %og?\rgg&ih fte crystal s;
[[err]][err] = -3.46°Fpula 00866 dlrrethylsquOX|de)
GY26a {XVI) -39 -
OCH,
. .
NN
<
7 J—NH
N N’/L- 2
Z
5

Acid hydrolysis, for example, using hot agueous
hydrochloric acid, of the compound of formula XVI
gives the desired 6-oxo antiviral agent of formula I.
Alternatively, treatment of a compound of
10 formula IV wherein the hydroxy protecting group or
groups are acyl with hot aqueous hydroxide such as
sodium or potassium hydroxide or with an acid such as
hydrochloric acid followed by sodium or potassium
hydroxide and heating gives the desired 6-oxo
15 antiviral agent of formula I.
Preferably, the process of this invention

employs the compounds of formula III wherein
Z;—X is

Prot-0-H,C wmy

20 CH,-0O-Prot

Tins is the repiacement skeet
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[erf]H NNR(27O MHz, DMSO-d6): [err] 10.57 (s, 1H, -NH); (s, 1H, C8H);

6.47 (s,2H,-NH2); 4.92 (d, J=5.28Hz, 1H); 4.67-4.62 (t,J=5.86Hz, 1H);
4,52(s, 1H); 4.06(d,J=2.34Hz, 1 H); 3.83-3.78 (dd, J= 2 34Hz,12. 3Hz, 5
1H); 3.66(m1H); 3.5 (m1H); 316(m1H) 2.51 (mI1H); CQ)i’%@(mll—l)
1.85-1.79 (m 1H). 1.R (KBr pellet)T ¥435 3194, 2648, 2903, 1697, 1639,
1606, 1398, 1180,1066 cnt 1. Anal . calc'd. for C[err]H[err]N[err]C{err] *
0.36 H2O 10 C, 45.90; H 5.51; N, 24.33 Found: C, 46.07,;
H 5.06; N, 24.16. Exanpl e 8

[3S-(3[err],4[err],5err])]-2-Am ne—l 9-di hvdro-9-rtetrahydro-
4. 5- bi s(hydroxyrret hyI) 3-furanyl | < purin-6-one 15 a)
[3S-(3[err],4[err],5err]) )
bi s[ (henvl net hoxv) netRTY™ )
m xture of [3R-(3[err],4[err],5[ € ] -tetrahydro-4,5-

bi s[ (pheny!l met hoxy) net hyl ]-3-furandl, 4-nethyl- 20 benzenesul fonate ester
(54.24 g., 112.5 mol e, preparéﬁz.@pgg@cri bed in Exanple 1 of U. S

Pat ent

¥8r i n- 2- ani ne A

Prot-0-HyC mnx

&

¢

Hz“O‘ Prot

Prot-0-HyC npnx

.

s O

Q

wn

N

H

o

ct
1

Prot-O-HyClmes nemx
S
by

F

H,-0O-Prot

Prot is acetyl or benzoyl.

10 X is p-nitrobenzenesulfonyloxy or
trifluoromethanesulfonyloxy.

Preferred purine salts of formula I for use
within the process of this invention are those
wherein:

15 Y1 is chloro or iodo, especially iodo.

R1, R2, R3 and Rg are each n-butyl or Ri, R2,

and R3 are ethyl and R4 is benzyl.

This is the replacement sheet
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5,059, 690) and 6-iodo-9H purin-2-amne, ion (1-), t et rabut yl anmoni um
(1:1) salt (89.1 g., 177.5 mmuol e) i n anhydrous di net hyl f ormam de (600
m.) was heated 25 under nitrogen at 85 - 90[err]C for 12 hours. The
yel Il ow sol ution was partitioned between water (1.5 1.) awdset hyl
acetate (1.5 1.). The organic |ayer wa® dried (sodiumsulfate) and
evaporated to @i ve 66 g. of an oil. Chromatography on 5 1. of silica
gel 30 (K- 60) in ethyl acetate/hexane (2/1) afforded 31.2 g. of the
product (Rf 0.42, ethyl t , e a
¢crystalline pr oduct on th{ﬁgg e%??é‘@%?oc%sf aé%%muw?}éﬁb WA ’
GY26a

C—-O ‘—Hzc lllllllO SOz"’CF3
EHz—o-c—@
5
can be performed under milder reaction conditions, in
a shorter period of time, and with higher vields than
. previously reported process for preparing the
antiviral agents of formula I.
10 The following examples are illustrative of the

invention.

This is the replacement sheet
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b) '[35-(3[err].4[err].5[err])]-6-NEthoxy-9-[tetrahvdro-4. 5- bi sr(

henyl met hoxvl net hyl ] - 3-furanyl ] - 9H puri n- 2- anm ne A
solution of the product frompart (a) (31.2 5 g., 54.64 mmole) in warm
met hanol (500 m .) was treated all at once with 10% sodi gu2éwydr oxi.de
(50 m.), and then was heated for one RBur on a steam cone. The pH
was adjusted to-7 with 10% hydrochl oric acid (45 m.) and the m xture
was evaporated to a 10 gum This was partitioned between ethyl acetate
and - water, the organic |ayer was dried (sodium sulfate), and
évaporated to give 24.9 g. of product as_a foa TLC (silica gel’ ethyl
acetate) Rf = 0.57. c) r 3s- (3[err1§;&§fpérﬁ7-?]5[err])

] - 6- Met hoxy-9-[t et r ahs LAl 200 0 - "’-’»’".'s R PRE X /1|

part (b) was covered

- 9H puri n- 2- am ne Al b-&i o 5
A Q0 | adi um hydr oxi de on car bon

with 95% et hanol 5(80
catal yst was added, exene (400 ni. % The m xture was
refluxed at 20 85 - 90 eﬁr'F}"Ef’rQ"(?Fi Eu’l’l’éhlzsammPné %al y3$- EEOLE) t er ed

on Celite[err] and tves fadﬁedartocﬂ%e hyaigogars Hedige t(61 ml. makhanol (300 m .).

The filtrate was evaporgledediQled ifianeidd vacH: Hecbher By adued, as an oil.

TLC. (silica water (61 ml.) was added and the mixture stirred in

18 an ice- bath for 30 minutes. The vellow solid was
filtered out and the filter cake was washed with
water. The wet solid was transferred to a beaker and
the residue in the funnel was washed into the beaker
with water {30 ml.). 6M Sodium hydroxide (7 ml.) was

15 added with stirring until all the solid had dissolved
(pH 14). The solution was added to boiling water (30
ml.) containing acetic acid (3 ml.). The mixture was
boiled briefly and allowed to stand at room
temperature for one hour. The product was filtered

20 off, washed with water, and dried under vacuum
overnight to give 6.88 g. of the desired product;
m.p. about 240°C. (dec.}.

-Anal. calc'd. for CgH4NsI - 0.014 H20:
c, 22.99; H, 1.55; N, 26.81; I, 48.57;

25 H,0, 0.10
Found: C, 23.32; H, 1.52; N, 26.75; I, 48.14;
HZO. 0.09.
b} = ~-9H~ =2= - =
{phenvimethyvl)ammonium(l:1) salt
30 Benzyltriethylammonium hydroxide (24.6 ml., 43.3

mmole, 40 wt % in methanol) was added to a suspension
of 6-iodo-9H-purin-2-amine {10.0 g., 38.3 mmole)
stirred in absolute ethanol (22 ml.) until nearly all
of the suspension had dissolved. Additional 6-iodo-

This is the repiacement sheet
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gel; chl or of or m net hanol : ammoni um hydr oxi de, 6:3:1) 25 R = 0.75. d)

[3S-(3[err],4[err], 5[err])] 2 Am no- 1. 9- di hydr o- 9- rtetrahydro-4.5-bis
hydr oxynet hyI) 3- furanyl] Al'l of the crude product from
part (c) was 30 dissol ved |n 1IN hydrochl oric acid (200 m .) cuneh heat ed
at 70 - 75[err]C. for 10 hours under nitrogén: The resulting solution
was cooled to roomtenperature and filtered through a Celite[err] pad.
The filtrate was basified to pH of about 8 by the addition of 20 ml.
Gr26a 9H-purin-2-amine (0.41g.) was added and the mixture .

was stirred for 15 minutes. The excess 6-iodo-9H-
purin-2-amine was filtered off, washed with absolute
ethanol, and the filtrate evaporated until no more
5 ethanol was observed on the condenser. The residue

was rapidly stirred while ethyl acetate (25 ml.} was
added all at once. A solution was formed from which
a solid precipitated. Additional ethyl acetate {175
ml.) was added dropwise over 30 minutes. After

10 precipitation was complete, the mixture was stirred
for 2 hours, filtered, washed with ethyl acetate, and
dried under vacuum to give 15.16 g. of the desired
salt product; m.p. 156-159° C. (effervescent).

15 2Anal. calc'd. for C18 25 sI - 0.065 H 0. 0.02

starting material:
C, 47.39; H, 5.54; N, 18 63; I, 28.22;
HZO’ 0.26

Found: C, 47.45; H, 5.50; N, 18.89; I, 27.94;
20 HZO' 0.26.

c) 1ls-(1la.28.3031-3-(2-Amino-6-iodo-9H-purin-9-v1}-
1,2- 1o} limet] 1. dil :
Trifluoromethanesulfonic anhydride (4.02 ml.,

24.0 mmole) in dry methylene chloride (4 ml.) was

25 added dropwise over 5 minutes to a solution of
[1s-(1e, 2B, 3B) ) -3-hydroxy-1,2-cyclobutane-dimethanol,
dibenzoate ester (6.80 g., 20.0 mmole) and pyridine
(2.56 ml., 30.0 mmole) in methylene chloride (30 ml.)
chilled in an ice-bath. after 20 minutes, the

30 reaction was quenched with ice, washed into a

separatory funnel with methylene chloride, and washed
with cold water (2 x 30 ml.}, 5% sodium bisulfate (30
ml.), and water (30 ml.). Each aqueous layer was
rinsed with a few mls. of methylene chloride which

35 were added to the previous layer. The methylene

This is the replacement sheet
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of concent’rated anmmoni um hydr oxi de. The resulting white slurry was
heated on a hot plate until di ssol ved, then allowed to cone to room

t enperature over 2 hours. The mass of solid was filtered and 5 washed
with water (75 m.), dried as nuch as possi bl e, and the fid%2ér cake_ was
washed with 200 ni. of acetonitrile and 43 mally with 200 ml. of ether.
Drying in vacuo'gave 11.6 g. of solid, mp. 240 - - 245 C., which was 99%
pure by el ectrochromatography. 10 This material was conbi ned with 1.1 g. of

%fggczzoo mfr;)m ?. lst”%?mhﬁflc%é’o?a da@cayﬁdawuz%ngys:.dmsg@iﬂaawmn in hot
|
210 e STl e mirr e Wt ort R h 100

temperature in an i ceS5AFht
m . of cold 15 water. tmyqusmwmabvwspﬁmﬁ%epéh@%ﬁ(|Vd-éhfor 18
hours gave 10.96 ¢g. OfmephpUaind ca:Soﬁdwhl teheS@btdl, volumenof. tRg0 - 275C.

Ll e, e o P G o . M 0,
H 5.49; N 24.57; d? in crifipegomethgnezgilignage) 5 40, N, 24.23; d,
1.08. 6-Iodo~9H-purin-2~-amine, ion (1), trlethyl-
{phenylmethyl)ammonium (1:1) salt (10.49 gq.,
22.0 mmole) was added and the suspension was stirred
10 at room temperature. After 6 hours the mixture was
filtered, the filter cake was washed with methylene
chloride, and the filtrate evaporated. The residue
was taken up in water (50 ml.) and ethyl acetate {100
ml.). The aqueous layer was separated, and the ethyl
15 acetate layer was washed with water (3 x 50 ml.), 30%
phosphoric acid (2 x 10 ml.), water (50 ml.), a
mixture of 5% aqueous sodium bicarbonate {30 ml.) and
brine (20 ml.), and brine (10 ml.). The organic
layer was dried over magnesium sulfate for 5 minutes
20 and 10 g. of charcoal (Dacro, fine mesh} was added.
The mixture was stirred for 15 minutes, filtered
through Celite, and the filter cake was washed 5
times with ethyl acetate. The filtrate was evaporated
to a foam (11.67 g.). The residue was evaporated.from
25 a mixture of methylene chloride (10 ml.) and absolute
ethanol (10 ml.) to form a solid. This solid was
heated on.the steam bath to boiling with absolute
ethanol (80 ml., 7 ml./g. foam) for 2 minutes. The
mixture was kept at room temperature for 3 hours,
30 filtered, and washed twice with cold 85% ethanol.
- The solid was dried under vacuum overnight to give

8.07 g. of the desired product; m.p. 148 - 149°C.,
[a]D = -20.5° (¢ = 1, chloroform). TLC (silica gel,

ethyl acetate, Re = 0.65).
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GY26a VWhat we claimis: 1. A conmpound of the fornula [err]
wher ei n:

GY26a
- 23 -
Anal. calc*'d. for C25H221Ns04 - 0.06 HZO - 0.02 :
CZHSOH:
C, 51.38; H, 3.83; N, 11.96; I, 21.68;
HzOI 0-18

5 Found: C, 51.19; H, 3.77; N, 11.89; I, 21.86;
H,0, 0.18.

d) - =2-Amino-9- =bj =
A solution of sodium methoxide (5.3 ml., 3.9 M

10 prepared from sodium/methanocl) was added by syringe
to a suspension of [1S-(le,2B,3a)]-3-(2-amino-6-iodo-
9H-purin-9-yl)-1,2-cyclobutanedimethanol, dibenzoate
ester (8.0 g., 13.7 mmole) in dry methanol (40 ml.).
The mixture was refluxed for 1.5 hours. The solution

15 was neutralized with 1N EC1l (10.1 ml.) to pH 7. The
methanol was .evaporated to give a reaction mixture
containing [1S-(la,2B,3a)]-3-(2-amino-6-methoxy-9H-
purin-9-yl) -1, 2-cyclobutanedimethanol.

This aqueous mixture was washed into a

20 separatory funnel with water (2 x 8 ml.} and
acidified with concentrated HCl (3.6 ml., 43.9 mmole)
to pH of about 0.5. The mixture was washed with
methylene chloride (3 x 15 ml.) to remove
methylbenzoate and the aqueous layer was rotary

25 evaporated for a few minutes to remove any residual
methylene chloride. The aqueous layer was heated in
a 95° oil bath for 3 hours. Sodium hydroxide (10.6
ml., 4N} was added to adjust the pH to 7. Crystals
formed immediately. The mixture was allowed to cool

30 to room temperature slowly. After standing overnight
at room temperature, the mixture was chilled at 0° C.
for one hour, filtered, and washed with cold water.
The wet product was washed into a 250 ml. flask with
35 ml. of water. The mixture was heated to boiling
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Y[err] is chloro, brono, or iodo; Rlerr], R2, R3, and R4 are

I ndependently selected fromthe group consisting of straight or branched
chain alkyl of 1 to 10 carbons and substitut.ed straight or branched chain
al kyl of 1 to 10 carbons; substituted strai ght or braggaﬁg chain al kyl
of 1 to 10 carbons refers to such alkylzgnpups havi ng one, , or three
substituents selected fromthe group consisting of al koxy of 1 to 6 carbons
and aryl; aryl refers to phenyl and phenyl having one, two, or three
substituents selected fromthe group consisting of alkyl of 1 to 6 carbons,
al koxy of 1 to &ndBMO@AS, ocEMiaxter wasoatded ot digBd1v6UOID.of the 2. The

conpound of d aj er gin: . ] LS, i.QdQ; _an rr], R2, R3
and R4 are eacﬂb{r?-%“lﬁwyl ;‘ﬁég somt’f}'[er%r%t llés&f oag:o%bgﬁdgemperﬁ:@,[r%m, and R3
are each ethyl %% RIouTspapdyat Qr C. Tor ygng hpours cHRererysidds Rlerr],
R2, R3, and R ewéde adiaterbai yWashed wih fold aees,f ahdpdeisi i ng t he
cycl obutyl S5 under vacuum over phosphorus pentoxide to give 3.4 g.

of the desired product; m.p. about 290° C. (dec.),

Iu.]D = - 24.4° (c = 1, dimethylsulfoxide), +25.3°

{c =1, 0.1 N sodium hydroxide). TLC {(silica gel;

tetrahydrofuran, methancl, ammonium hydroxide, 6:3:1,

10 Rg = 0.45).

;Anal.:calc'd. for Cy1H15Ns03 « 1.04 H,O:

C, 46.51; H, 6.06; N, 24.65; H,0, 6.60

Found: C, 46.71; H, 6.02; N, 24.88; HzO, 6.62.

15

20 6-Todo-9H-purin-2-amine (133 g., 510 mmole)
ground up in a mortar and pestle was washed into a 2
liter pot with 1.5 liter dichloromethane. Aqueous
tetrabutylammonium hydroxide (1.53 M, 333 ml., 510
mmole) was added and the mixture was stirred

25 mechanically for 30 minutes. The mixture was then
filtered through Celite, washed five times with ’
methylene chloride, and the methylene chloride layer
was separated, dried (MgSO4), and evaporated. The
residue was evaporated from toluene (300 ml.). The

30 residue was taken up in 1 liter of ethyl acetate and
heated briefly to form a two-phase mixture. This
mixture was stirred mechanically at room temperature
for 30 minutes. The resulting crystals were -
filtered, washed with ethyl acetate, and dried under

This is the replacement sheet
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purine of the formul a GY26a
- 43 - N

GY26a
- 25 -

L13

vacuum overnight to give 213.5 g. of product. 20 g-

of this material was dried further overnight at 50°

C. under vacuum over phosphorus pentoxide to give 6-

iodo-9H~-purin-2-amine, ion {17), tetrabutylammonium
5 (1:1) salt; m.p. 114 - 116° C.

Anal. Calc'd. for CSH3INs . C16H36N « 0,13 Hzo:

C, 49.96; H, 7.84; N, 16.65; I, 25.14;

HZO' 0.46

10 Found: C, 50.17; H, 7.91; N, 16.86; I, 25.33;
; . Hy0, 0.48.

b) _ -3- (2-Amino-6-jodo-9H-purin-

15 [1s-(1le, 2B, 3P) 1 -3-Bydroxy-1, 2-cyclobutane-

dimethanol, dibenzoate ester (3.40 g., 10.0 mmole)
was dissolved in methylene chloride (15 ml.) and
chilled in an ice bath. Pyridine (1.28 ml., 15.0
mmole} was added. Trifluoromethanesulfonic anhydride

20 (2.01 ml., 12.0 mmole) was added by syringe to
methylene chloride (3 ml.) in a dropping funnel. The
trifluoromethanesulfonic anhydride solution was added
dropwise to the cold reaction mixture over S minutes.
After a total of 25 minutes, the reaction was worked

25 up at a temperature below 20° C. The reaction
mixture was quenched with ice and diluted to 100 ml.
with methylene chloride. The organic layer was ’
washed with 25 ml. of each of ice-water (twice), cold
5% sodium bisulfate, and ice water. Each organic

30 layer was backwashed with 2 ml. of methylene
chloride. = The combined organic layers were dried
over magnesium sulfate. After filtration, the
solution was evaporated down to a mobile oil in a
bath of ice water.
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[erf] whi ch conprises reacting a purine salt of the formul a
with the bis (2,3-protected hydroxynethyl)cycl o- butane of the fornula
Prot- O H2C '

GY26a
- 26 -

6-Iodo-9H-purin-2-amine, ion (17}, tetra-
butylammonium (1:1) salt (6.02 g., 12 mmole, dried
over phosphorus pentoxide under wvacuum at 50° C.,
0.13 M% water) was dissolved in methylene chloride (7
5 ml.) and chilled in an ice bath. The above
trifluoromethanesulfonyloxy material was washed into
this solution with methylene chloride (5 x 1 ml.).
After 30 minutes, the ice bath was removed and the
reaction mixture was stirred overnight at room
10 temperature. A precipitate formed. The methylene
chloride was evaporated and the residue was taken up
in ethyl acetate (50 ml.) by brief heating on a steam
bath. The mixture was diluted with toluene (50 ml.)},
washed with 30% phosphoric acid (25 and 10 ml.), and
‘15 water (6 x 150 ml.). The organic layer was then
washed with 5% sodium bicarbonate (50 ml.) and brine
(50 ml.) and then dried (magnesium sulfate).
Charcoal (Darco, 5 g.) was added to the dry solution,
stirred for 30 minutes, and filtered through Celite.
20 The filter cake was washed with ethyl acetate (5 x 10
ml.). The filtrate was evaporated to give 5.51 g. of
crude product.
" The residue was heated to boiling with absolute
ethanol (90 ml.) on: the steam bath. The product
25 formed an oil on heating which crystallized in the
boiling mixture. The hot mixture was allowed to cool
to room temperature and allowed to stand for 4 hours
and then kept at 0° C. overnight. The crystals were
filtered, washed with cold 95% ethanol (2 x 20 ml.),
30 and dried under vacuum to give 4.43 g. of material,
) m.p. 148 -~ 149° C.
This material (1.0 g.) was dissolved in
methylene chloride (3 ml.) and diluted with absolute
ethanol (10 ml.}. The solution was evaporated under
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[erf] wher ei n: Prot is a hydroxy protecting group selected fromthe
group consisting of hindered silyl groups, benzyl, substituted benzyl, and
acyl groups of the formula [err] wherein Rlerr] is straight or branched

chain alkyl of 1 to 6 carbons or phenyl; Gg26d M S
. - 27 -

vacuum until it had become cloudy. It was heated .
briefly on the steam bath and kept at room
temperature for 2 hours. After being kept at ¢° C.
overnight, the product was filtered, washed twice

5 with cold 95% ethanol, and dried under wvacuum to give
0.946 g. of the desired product; m.p. 149 - 150° C.,
[a]D = -20.5° (c = 1, chloroform). TLC (silica gel;
ethanol, Rf = 0.59).
Anal. calc'd. for CzsHz2INsO4 - 0.13 H20 . 0.15 C2HsOH:

10 C, 51.28; H, 3.94; N, 11.82; I, 21.41;
' H20, 0.4

Found: C, 51.46; H, 3.75; N, 11.76; I, 21.09;
Hz0, 0.4.

15

An analytically pure sample of this intermediate
was prepared as follows.
A suspension of [1S-({la,2B,3x)]1-3-(2-amino-6-
20 iodo-9H-purin-9-yl)-1,2-cyclobutanedimethanol,
dibenzoate ester (2.915 g., 5 mmole} and sodium
methoxide (0.35 ml., 4.63 M in -methanol, 1.62 mmole)
in methanecl (20 ml.) was stirred under nitrogen at
room temperature. After 3.5 hours a clear solution
25 was obtained. After 4.5 hours, sodium methoxide
(1.5 ml., 4.63 M in methanol, 6.9 mmole) was added
and the mixture was heated at 65° C. for 5 hours.
The mixture was cooled to room temperature and acetic
acid was added (0.48 g., 8 mmole, pH about 8.5
30 measured with electrode and about 5 with wet pH
-~ paper). The solvent was evaporated under vacuum and
the residue was heated in acetone (15 ml.) and
filtered. The insoluble material was washed with
acetone (5 ml.). The solvent was removed from the
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GY26a : ; : -44- X is a-perfluoroal kane
sul f onyl oxy group a nitro-substituted benzene sul fonyl oxy group, or
fl uorosul f onyl oxy; Y[err] is chloro, brono, or iodo; Rerr],
Rlerr], R3 and R err] are independently selected fromthe group consisting
of stralght or branched chain alkyl of 1 to 10 carbons andG¥ifisstit uted
strai ght or branched chain alkyl of 1 to0280 carbons; substituted
strai ght or branched chain alkyl of 1 to 10 carbons refers to such al ky} - ...
groups havi ng
’ : filtrate and the residue was washed three times with
hexane (5 ml.). The insoluble portion was
- redissolved in hot acetone (15 ml.). The product
crystallized out. After standing overnight in an ice
5 bath, the solid was filtered, washed with acetone {5
ml.}, and dried under wvacuum over phosphorus
pentoxide for three hours to give 1.04 g. of crude
product. After 2 days a second crop (0.236 g.) of
product was obtained from the mother liquors. These
10 two crops were combined and 1.236 g. of impure
product was dissolved in hot ethyl acetate (15 ml.}.
Silica gel (EM-60, 60 g.) was added and the solvent
‘was removed on a rotary evaporator. This adsorbed
. material was then charged on a silica gel column
15 (about 25 x 250 mm) and eluted successively with
ethyl acetate (100 ml.), 10% ethanol in ethyl acetate
. (1700 ml.), and 20% ethanol in ethyl acetate (1100
ml.}. The TLC homogeneous fractions were combined
and the solvent was removed to give 0.7 g. of the
20 desired product. The solid was heated in acetone (15
ml.}) and allowed to stand at room temperature for 7
hours. The product was filtered, washed with acetone
and dried over phosphorus pentoxide under vacuum for
15 hours to give 0.55 g. of the desired product; m.p.
25 144 - 145° C.; el = -21.4° (c=1, dimethyl- .
sulfoxide). TLC(silica gel; ethanol:hexane, 1:1,
= 0.5).
Anal. calc'd. for C12H17N503:
c, S51.61; H, 6.13;: N, 25.07
30 Found: C, 51.52; H, 6.07; N, 25.28.
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one, two, or three substituents selected fromthe group consisting of

al koxy of 1 to 6 carbons and aryl; and aryl refers to phenyl and
phenyl having one, two, or three substituents selected from the group
consisting of alkyl of 1 to 6 carbons, alkogxy of 1 to 6 car 58882 chloro,
brono, iodo, and fl uoro. 4. The process of Claim3 wherein: Prot is
sel ected from t-he group consisting of t- butyldinethylsilyl,

t-butyl di phenylsilyl, (tri- phenyl nethyl)di nethylsilyl,
nethyldllsopropyIS|IyI tr||sopropyIS|&x@mﬂgggzyl p- met hoxybenzyl, acetyl,
and benzoyl; X t 26k yf_H0% WaTole -
trlfluoronethanesul onyl oxy p/nltro-enzene- ' '

f 1 uor osul f onyl oxy; 919%34%%44ﬁ1&%#u#¥¢ﬁ%¥&kaﬁﬁﬁﬁﬁigﬁﬁd Rl, R2, R3 and
R4 are each n-butyl abr 8§ &0~ Sinpuiih-2ramigwechien Byd . rmtzR4 i s benzyl .

5. The process o§ Ch@hgmﬁmﬁﬁghggg;lealiProt is benzoyl Xis

Lo Luoromet hanesul FonyT gy eous o0kehidn b2 {%u M mmonsad? o711 R0 R

hydroxlde (1.53 M, 2.5 ml., 3.83 mmole) was added
dropwise to a slurry of 6-chloro-9H-purin-2-amine
{1.69 g., 10 mmole) in methylene chloride (40 ml.) at
10 ambient temperature. After 10 minutes the biphasic
solution was filtered with suction through a sintered
glass funnel to remove a small amount of undissolved

solid. The filtrate was transferred to a separatory
funnel and the organic layer was separated, dried
15 over magnesium sulfate, and filtered. The filtrate
was evaporated under vacuum and the residue was
triturated with ethyl acetate (20 ml.) and filtered.
The product was dried under vacuum over phosphorus
pentoxide at ambient temperature for 5 hours to give
20 3.41 g. of desired product; m.p. greater than 89° C.
Anal. calc'd. for Ca1H3gNgCl . 0.865 H20:
C, 59.66; H, 9.61, N, 19.88; Cl, 8.39;
HZO' 2.79

Found: C, 5%9.22; H, 9.88, N, 19.86; Cl, 8.74;
25 H,0, 2.77.

b) _ Y B e f e _Qu o
A solution of trifluoromethanesulfonic anhydride

(5.97 ml., 35.5 mmole) in dry methylene chloride (10

30 mnl.) was added dropwise over 5 minutes to a solution
of [1S-(1la,2B,3B)]-3-hydroxy-1,2~-cyclobutane-
dimethanol, dibenzoate ester (10.06 g., 29.6 mmole)
and pyridine (3.7 ml., 44.4 mmole) in methylene
chloride (45 ml.) chilled in an ice bath. After 20
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GY26a

- 45- Prot is benzoyl; Xis
trifluoronet hanesul f onyl oxy; Y[err] is iodo; and Rlerr], R2 and
R3 are each ethyl and R4 is benzyl; or Prot is benzoyl; Xis
trifl uoronet hanesul f onyl oxy; Y[err] iss chloro; and GYRfarr], R2, R3
and R4 are each n-butyl; or Prot is” B&nzoyl ;

10

15

20

25

30

minutes the reaction was quenched with ice, washed
into a separatory funnel with methylene chloride, and
washed with ice cold water (2 x 100 ml.), S% sodium
bisulfate (150 ml.}, and ice cold water (100 ml.).
Each aqueous layer was washed with methylene chloride
(10 ml.) which was added to the previous methylene
chloride layer. The slightly colored and turbid
methylene chloride layer was dried with magnesium
sulfate by stirring for 20 minutes and filtered to
give an almost clear solution. The solvent was
evaporated to 25 ml. and then the sclution was
diluted to 101 ml. with dry methylene chloride to

. give a 0.29 molar solution of trifluoromethane-

sulfonyloxy compound. The solution was stored over
magnesium sulfate under argon at -20° C,
6-Chloro-9H-purin-2-amine, ion {17), tetra-
butylammonium (1:1) salt (2.47 g., 6 mmole) was added
to the above trifluoromethanesulfonyloxy compound
(17.2 ml., 0.29 M in methylene chloride, 5 mmole) and
the suspension was stirred at room temperature. After
6 hours the reaction flask was stored at -20° C.
overnight. After warming to room temperature, the
mixture was filtered. Baker silica gel (60 - 200
mesh, 10 ml.) was added to the filtrate and the
solvent was evaporated under vacuum. The solid was
charged on a silica gel column {25 x 260 mm.,
prepared in 25% ethyl acetate in hexane). The product
was eluted successively with 25%, 50%, and 75% ethyl
acetate in hexane (100 ml. each) and ethyl acetate
(300 ml.) collecting 50 ml. fractions. Fractions
9 - 12 (TLC, silica gel, ethyl acetate, Rg = 0.56)
were combined and evaporated to give 1.54 g. of
desired product.
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X is p-nitrobenzenesul f onyl oxy; Y is iodo; and Rlerr], R, and R3
are each ethyl and R err] is benzyl. 6. A process for preparing the
antiviral agent [1R (Il[err], 2[err], 3[err]) ]-2-am no-9-[2, 3- bls(hydroxy-
met hyl ) cycl obutyl]-1, 9-di hydro 6H puri n- 6-gne whi ch conpri sé'sY 6a

reacting a purine salt of the formula - 31 “[err] W th bls(23protected
hydr oxynmet hyl ) cycl obut ane of the fornul a

c) - =3-(2- == ~9H- - ]

A solution of sodium methoxide (0.39 M in
methanol, 0.081 ml., 0.32 mmole) was added by syringe
5 to a suspension of [1S-(lc,2B,3a)}-3-(2~amino-6-
chloro-9H-purin-9-yl) -1, 2-cyclo-butanedimethanol,
dibenzoate ester (1.54 g., 3.14 mmole) in dry'
methanol (20 ml.). After stirring for 2 hours at
room temperature the mixture was stored for 2 days at
10 -20° ¢. The product crystallized during further
stirring at room temperature for 2 hours. The
mixture was allowed to stand at 0° C., for 3 hours.
The solid was filtered, washed with cold methanol,
and dried under vacuum to give 0.52 g of desired
-15 product; m.p. 198 - 201° €. TLC {(silica gel;
ethanol:ethyl acetate, 1:9, Re = 0.49).
Anal. calc'd. for C11 14clN5 23

C, 46.43; H, 4.99; N, 24.61; Cl, 12.46;
H,0, 0.30

20 Found: C, 46.81; H, 5.01; N, 24.24; Cl, 12.54;
H,O, 0.36.

d) _ 7 A e e _
A mixture of {1S-(1a,2B,3a)]1-3-(2-amino-6-

25 chloro-9H-purin-9-yl})-1,2-cyclobutanedimethanol and
2N HCl was heated under nitrogen at 95° C. After one
hour the mixture was neutralized with 4N sodium
hydroxide (about 0.6 ml.) and a few drops of 1IN
sodium hydroxide to a pH of about 8.0. A thick white

30 precipitate formed. The mixture was stirred in an

- ice bath for about 1.5 hours, filtered, washed with
ice cold water (2 ml.), and dried over phosphorus
pentoxide under vacuum to give the desired product.
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[err‘] to give the cyclobutyl purine of the formula *C
M S

: GY26a
- 32 -

p-Nitrobenzenesulfonylchloride (5.9 g., 24.0
mmole) was added to a solution of [1S-(la,2(,3B)]-3-

hydroxy-l,2-cyclobutanedimethanol{ dibenzoate ester
6.8 g., 20.0 mmole} in pyridine (20 ml.). After
10 stirring overnight at room temperature, water {8 ml.)
was added and the mixture was stirred for one hour.
The pyridine was evaporated off and the residue was
treated with ethyl acetate (150 ml.). The mixture
was washed successively with water, 1% hydrochloric
15 acid, water, 5% sodium bicarbonate, water, and brine.
The solution was dried (MgSO4), stirred for 15
minutes with activated charcoal, and filtered through
Celite. The solvent was evaporated to give 8.7 g. of
crude product. This crude solid was triturated with
20 ether (25 ml.) and then stirred for one hour. The
product was filtered, washed with ether, and dried
under vacuum to give 7.89 g. of [1s-{(lc¢,2B.3B)1-3-
[[(4-nitrophenyl)sulfonyl]loxy}-1,2-cyclobutane-
dimethanol, dibenzoate ester; m.p. 100 - 101°C.°
25 Anal. calc‘'d. for CzgH23NOgS e 0.11 Hy0:
C, 59.19; H, 4.44; N, 2.65; S, 6.08;
H20, 0.39
Found: C, 59.17; R, 4.02; N, 2.61; S8, 6.19;
Hz0, 0.39.
30

6~Iodo-9H-purine-2-amine, ion (1), triethyl-
(phenylmethyl)ammonium (1:1) salt (4.97 g., 11.0
mmole) was added to a solution of the product from
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GY26a . 46 - ferr]

GY26a
- 33 -

part (a) (5.25 g., 10.0 mmole) in acetonitrile (20 .
ml.) and the mixture was refluxed for 8.5 hours. The
solvent was evaporated and the residue was taken up
in ethyl acetate {200 ml.). The solution was washed
5 with water (4 x 200 ml.), dried (MgSO4)}, and the
solvent was évaporated. The crude product was
purified by flash chromatography over silica gel {25
x 200 mm. column). The product was eluted
successively with 500 ml. each of 10%, 30%, 60%, and
10 80% ethyl acetate in hexane followed by ethyl acetate
(500 ml.). Product containing fractions were
combined and evaporated to give 3.73 g. of desired
- product.

15 R-(1c,2 =2-Amino-9-12,3-bi r = .

A mixture of [1S-(lc,2B,3a}]-3-{2-amino-6-iodo-

20 9H-purin-9-yl)-1,2-cyclobutanedimethanol, dibenzoate
ester (1.755 g., 3.0 mmole} and 57% aqueous acetic
acid was heated to 100°C. under a nitrogen
atmosphere. After 4.5 hours, the solution was cooled
and treated with sodium bicarbonate (252 mg., 3.0

25 mmole). The solvent was evaporated on a rotary
evaporator and the residue was dried for one hour
under vacuum, The solid was treated with water (10
ml.), filtered, and washed with water. The product
was dried under vacuum overnight. The solid was )

30 slurried in aqueous sodium bicarbonate (10 ml.).
After stirring for 45 minutes, the solid was
filtered, washed with water, and dried under vacuum
over phosphorus pentoxide to give 1.4 g. of crude
product.
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mheréin:' Prot is a hydroxy protecting group selected fromthe group
consi sting of hindered silyl groups, benzyl, substituted benzyl, and acyl
groups of the formula [err] wherein Rlerr] is straight or branched chain

al kyl of 1 to 6 carbons or phenyl; X i.s a perfluoroal kaf¥2&ul f onyl oxy
group, a nitro-substituted benzene sulfoﬁypéxy group, or fluorosulfonyl oxy;
Y[err] is chloro, brono, or iodo; Rlerr], R, R3 and R4 are

i ndependent|ly selected fromthe group consisting of straight or branched

CP‘E“P a:c kyl of é to 10 cay Remstayidos s EM@@;&&%\@& ghtetg{ylbﬁagﬁé't%d_ cha:E |
at kyl of 1 to 10 carbans; us.ug%s t ran ai n al ky
of 1 to 10 carbons r‘ga'rsgr%ga]f%edsﬁghga%ﬁ%)%f% (%‘u%é kavi(%gé 5“?‘@,’ %/\e&?r%? t hree
substituents sel ect etP feEARthe FROUGPLUBASTAS PRYFaSk SuFResS)vely Witd 6 car bons
and aryl; and ar00 milefef :thpl Huengte andSpheripk hebhangloire, two, or

three substituentss salggt gfeddt@M 44 SGHOHD. of 50% methanol in ethyl
acetate. Fractions were collected (about 35 ml.
each}) as soon as the yvellow band on the column
started to elute. Fractions 3 to 17 gave 1.1 g. of
product as a light yellow solid. An analytical

10 sample was obtained by crystallization from ethyl
acetate followed by recrystalization from
acetone/water to give pure product; m.p. 160 -

. 1e1°c.; [alp = -11.5° (c = 1, dimethylformamide).
TLC (silica gel; methanol: methylene chloride, 1:9,
15 Rf = 0.43).
Anal. calc'd. for CzgHz3Ns05 ® 0.5 Hy0:
C, 62.23; H, 5.01; N, 14.52; H0, 1.87
Found C, 62.00; H, 4.68; N, 14.56; H0, 1.59.
b) - a)]1-2-Amino-9- -big(h -

20 =1.9-4dij ~6H- in-6-

A suspension of the product from part (a) (S5
mg., 0.2 mmole) in aqueous sodium hydroxide (1 ml.,
1N) was heated under argon at 100° C. in an oil bath.
After 3 hours, the mixture was cooled to room

25 temperature and acidified with 1N hydrochloric acid
to pH 3. Benzoic acid partly crystallized out during
acidification. The mixture was washed with methylene
chloride (3 x 2 ml.) to remove the benzoic acid. The
pH of thée agueous layer was adjusted to 6 with 1IN’

30 sodium hydroxide. The agqueous solution ({total volume
about 7 ml.)} was concentrated to about 4 ml. on a
rotary evaporator. The product was crystallized out
during evaporation. The flask was cooled in an ice
bath. After 3 hours, the product was filtered,
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Gv26a - 47 - consisting of alkyl of 1 to 6
carbons, alkoxy of 1 to 6 carbons, chloro, brono, iodo, and fl uoro;
b) treating the product frompart (a) to renove t he hydroxy protecting
groups and give the cycl obutyl purine of the formula GY26a

- 385 -

washed with ice-cold water and dried over phosphorus .
.pentoxide under vacuum to give 48 mg. of desired
product as white crystals; m.p. greater than 280°
(dec.}.
5 Alternatively, the desired final product was
also prepared as follows{
A suspension of the product from part (a) (95
mg., 0.2 mmole) in methanolic sodium methoxide (2
ml., 0.2 M) was refluxed under argon in an oil bath.
10 »after 2.5 hours, the mixture was cooled to room
temperature and the solvent was evaporated. The
residue was treated with 1.5 ml. of 1IN hydrochloric
" acid. The mixture was washed with methylene chloride
(3 x 2 ml.) to remove methyl-benzoate. The pH of the
15 aqueous layer was adjusted to 6 with 1IN sodium
hydroxide. The product crystallized out in a few
minutes. The flask was cooled in an ice bath. After
3 hours, the product was filtered, washed with ice
cold water, and dried over phosphorous pentoxide
20 under vacuum overnight to give 42 mg. of product as
pale yellow crystals; m.p. 275° (dec.}.

25 gone

A suspension of sodium borohydride (3.14 g..
83.0 mmole} in anhydrous tetrahydrofuran (226 ml.)
30 and 1,2-dimethoxyethane (113 ml.) was refluxed for
. 1.5 hours. After cooling, copper{I}bromide (297 mg.,
2.07 mmole)} was added and the mixture was refluxed
for 2 hours. To this slurry was added tri-0O-acetyl-
D-glucal (11.30 g., 41.53 mmole) and tetrakis-
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[err] c) treating the product of part (b) to convert the Y[err]
substituent to a 6-o0oxo substituent and then separating the desired

antiviral product fromthe reaction m xture. 7. The process of
Cl ai m 6 wherein: Prot is a hindered silyl group, ste@E¥ep ..
conprises treating the product from part'(3a£) "with a fluoride ion, and
step (c) conprises acid hydrol ysis; or Prot is benzyl or

substituted benzyl, step (b) conprises treating the product frompart (a)
with  boron trichl Qtigshend1dpEd<iif6)pa10aPLUHOF &Li39 g., 2.076
‘ mmole) at room temperature. The mixture was stirred

at room temperature overnight, and then heated at 50°

C. for 5 hours. The reaction mixture was then cooled
S to room temperature , treated at 0°C. with saturated
sodium bicarbonate (11 ml.) and 30% hydrogen peroxide
(22 ml.). The reaction mixture was diluted with
ethyl acetate, washed with saturated sodium
bicarbonate, dried and concentrated in vacuo. The
10 residue was purified by column chromatography on
silica gel, eluting with ethyl acetate (5% to 10%)-
hexane with 0.1% triethylamine to give the title
compound as a white solid (2.18 g., 10.18 mmole}.
15 = = =di -
A 1.0 M borane-tetrahydrofuran complex (9.59
ml., 9.59 mmole) was added dropwise at 0°C under
nitrogen to a dry tetrahydrofuran solution (22 ml.)
of the product from part {(a) (2.055 g., 9.59%9 mmole).
20 After 2.5 hours, the mixture was treated with
saturated sodium bicarbonate (9 ml.) and 30% hydrogen
peroxide (4.3 ml.) at 0-5°C. and stirred for 2
hours. The reaction mixture was cooled to 0°C.,
diluted with ethyl acetate, washed with sodium
25 Dbicarbonate, dried and concentrated in vacuo. The
crude product was purified by column chromatography
on silica gel, eluting with ethyl acetate {50%, 75%)
- hexane, to yield the title compound as a colorless
oil (0.654 g., Rf = 0.44) and the epimeric alcohol,
30 [2R-~(2«x,3B,5a)]-2-[{acetyloxy)-methyl]tetrahydro-2H-
pyran-3,5-diol, 3-acetate, as a white crystalline
solid (0.325 g., Rg = 0.34).
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hydr ol ys'is; or Prot is acetyl or benzoyl, step (b) conprises
treating the product frompart (a) with catalytic sodi um net hoxi de in

nmet hanol , and step (c) conprises aci d hydrol ysis. 8. A process for
preparing the antiviral -agent GY26a
[IR(I[err],2[err], 3a)]-2-am no-9-[ 2, 3- birsihydr oxy-
GY26a . - 48 - met hyl ) cycl obutyl ] -1, 9-di hydr o- 6H puri n- 6- one
whi ch conpri ses: a) reacting a purine salt of the fornula
- -3~ =S5-{2-amino-6-1 ~ -
~ -9~ -2H~ —2-m
{ester)

To a mixture of 6-iodo-2-aminopurine (1.21 g.,
S5 4.637 mmole) in methylene chloride (12 ml.) at room
temperature, was added 1.5 M tetra(n-butyl)ammonium
hydroxide (2.7 ml., 4.05 mmole). The reaction
mixture was stirred for 10 minutes, and the volatiles
were removed in vacuo. Methylene chloride (12 ml.)
10 was added to the white residue, and the resulting
solution was dried {magnesium sulfate}, filtered, and
the filtrate was concentrated in vacyo to yield the
tetra (n-butyl)ammonium salt of 6-iodo-2-aminopurine
as a white residue.
15 To a stirred solution of [2R-{2c,3B,5B)1-2-
[ (acetyloxy)methyl]tetrahydro-2H-pyran-3,5-diol, 3-
acetate (0.633 g., 2.72 mmol) -in methylene chloride
{12 ml1.) at -20°C. was added pyridine (0.33 ml., 4.09
mmole) and trifluoromethanesulfonic anhydride (0.504
20 ml., 3.0 mmole). The reaction was warmed to room
temperature. The mixture was diluted with methylene
chloride, washed with 10% sulfuric acid, saturated
sodium bicarbonate, and water. The organic layer was
separated, dried, and concentrated in vacuo to yield
25 crude trifluoromethanesulfonyl product as a dark pink
oil.
A solution of this trifluoromethanesulfonyl
product in methylene chloride (4 ml.) was added to a
mixture of the tetra(n-butyl) ammonium salt of 6-
30 iodo-2-aminopurine in methylene chloride (10 ml.} and
- the reaction was stirred at room temperature for 16
hours. The mixture was concentrated in vacuo. The
residue was dissolved in ethyl acetate (120 ml.) and
water (120 ml.), treated for 2 hours with AG-MP 50
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[err] with the bi s(2, 3-protected hydroxynet hyl)cycl o- butane of the
formul a [err] to give the cyclobutyl purine of the formula

GY26a
- 38 -

cation resin (sodium* form, 30 g.), and filtered

through celite®. The crude product was purified by
column chromatography on silica gel, eluting with

ethyl acetate (50%,75%,100)-hexane, to yield the
5 title compound as a foamy yellow solid (0.587 g.,
1.235 mmole).

10 Sodium methoxide solution (0.43 M, 4.22 ml.)
was added to a solution of the product from part (c)
{0.58 g., 1.2 mmole) in methanol (5 ml.). The

- mixture was stirred at room temperature for 45
minutes and then refluxed for 5 hours. After cooling

15 to room temperature, the pH of the mixture was
adjusted to 7.0 by the addition of 1IN hydrochloric
acid (1.4 ml.), and concentrated in wvacuo.

Additional 1IN hydrochloric acid (2.5 ml.) was added
to the residue and this mixture was heated at 50°C

20 for 18 hours and then at 85°C for 3 hours. The
reaction mixture was cooled to room temperature,
diluted with water, and the pH adjusted to 7.0 by the
addition of 3N sodium hydroxide (0.8 ml.). The
mixture was Concentrated in vacuo and the residue was

25 subjected to a CHP-20 column, eluting with a
continuous gradient {water to 25% acetonitrile in
water), to afford a yellow residue. This crude
product was triturated in methylene chloride,
recrystallized from hot water, and treated with

30 activated charcoal to yield 48 mg. of the title
compound as white crystals; [alp = -3.46° (c =
0.0866, dimethylsulfoxide}.
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Prot‘-OH[err]C [err] wher ei n:

GY26a
-39 -

1y NMR (270 MHz, DMSO-dg): 8 10.57 (s, 1H,-NH); .
(s,1H,C8H); 6.47 (s,2H,-NHz); 4.92 (d, J=5.28Hz, 1H);
4.67-4.62 (t,J=5.86Hz, 1H); 4,52(s,1H);
4.06(d,J=2.34Hz,1H); 3.83-3.78 (dd,J=2.34Hz,12.3Hz,

5 1H); 3.66(m,1H); 3.5 (m,1E); 3.16 (m,1H); 2.51
{m,1H); 2.20 (m,1H); 1.85-1.79 (m,1H).
1.R. (KBr pellet): 3435, 3194,2648,2903,1697,1639,

1606,1398,1180,1066 cm™1.
Anal. calc'd. for Cj;i;Hi1sNsO4 ¢ 0.36 H30:

10 C, 45.90; H, 5.51; N, 24.33
Found: C, 46.07; H, 5.06; N, 24.1s.
Example 8
i a) - -6- =9- = =
t methyl]-3-furanvll-SH-purin-2-
amine

A mixture of [3R-{3q,4¢,58)])-tetrahydro-4,5-
bis{ (phenylmethoxy)methyl]-3-furanol, 4-methyl-

20 Dbenzenesulfonate ester (54.24 g., 112.5 mmole,
prepared as described in Example 1 of U.S. Patent
5,059,690} and 6-iodo-9H-purin-2-amine, ion (1),
tetrabutylammonium (1:1} salt {89.1 g., 177.5 mmole}
in anhydrous dimethylformamide (600 ml.) was heated

25 under nitrogen at 85 - 90° C. for 12 hours. The
vellow solution was partitioned between water (1.5
1.) and ethyl acetate (1.5 1.}. The organic layer
was dried (sodium sulfate} and evaporated to give.66
g. of an o0il. Chromatography on 5 1. of silica gel

30 {K-60) in ethyl acetate/hexane (2/1) afforded 31.2 g.

- of the product (Rf = 0.42, ethyl acetate/hexane,
2/1), which gave a crystalline product on standing:;
m.p. 84 - 86° C.
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GYZéa ! -49 - Prot is a hydroxy protecting
group selected fromthe group consisting of benzyl, substituted benzyl,
and acyl groups of the forrmula [err] wherein R err] is straight or branched

chain alkyl of 1 to 6 carbons or phenyl; X is a perflusreed kane
sul fonyl oxy group, a nitro-substituted bedfene sul fonyl oxy group, or
fl uor osul f onyl oxy; Y1 is chloro, brono, or iodo; Rerr], Rerr],

R3 and R4 are independently selected fromthe group consisting of straight

or branched chain a#yyl of é t@ %Olﬁgégogs aqg_fugstitatqglggraight or
branched chai n al ky ‘0 . )
amipne .
A solution of the product from part (a) (31.2
5 g., 54.64 mmole) in warm methanol (500 ml.} was
treated all at once with 10% sodium hydroxide (50
ml.), and then was heated for one hour on a steam
cone. The pH was adjusted to 7 with 10% hydrochloric
acid (45 ml.) and the mixture was evaporated to a
10 gum. This was partitioned between ethyl acetate and
water, the organic layer was dried (sodium sulfate),
and evaporated to give 24.9 g. of product as a foam.
" TLC (silica gel; ethyl acetate) Rf = 0.57.
c) = ~6= =9- =4.5-
15  bis(hvdroxymethyl)-3-furanyl]-9H-purin-2-amine
All of the product from part (b} was covered
with 95% ethanol (800 ml.), 20 g. of 20% palladium
hydroxide on carbon catalyst was added, followed by
cyclohexene (400 ml.). The mixture was refluxed at
20 B85 - 90° C. for 2 hours. The catalyst was filtered
on celite® and the filter cake was washed with
methanol (300 ml.). The filtrate was evaporated to
‘give 17.8 g. of the product as an oil. TLC (silica
gel; chloroform:methanol:ammonium hydroxide, 6:3:1)
25 Rf = 0.75.
4) = —2-Amino=-1,9-di =9-
purin-6-one .
All of the crude product from part {c) was
30 dissolved in 1N hydrochloric acid (200 ml.) and
. heated at 70 - 75° C. for 10 hours under nitrogen.
The resulting solution was coocled to room temperature
and filtered through a Celite® pad. The filtrate was
basified to pH of about 8 by the addition of 2{ ml.
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substituted straight or branched chain alkyl of 1 to 10 carbons refers to
such al kyl groups having one, two, or three substituents selected fromthe
group consisting of al koxy of 1 to 6 carbons and aryl; and aryl refers
to phenyl and phenyl having one, two, or three substituents &@6acted from

t he group consisting of alkyl of 1 to 6 cathaons, al koxy of 1 to 6 carbons,
chl oro, brono, 1iodo, and fl uoro; b) treating the product frompart (a)
to convert the Y[err] substituent to a 6-o0xo substituent; and c)

treati ng the produchefésinenasitdd aminoniimhyerddigey dmexyepiatiagt i ng groups

and then separati ngwwt_ee Eﬁagqﬂag]hleﬂ%fmﬁpé%Lﬁcbliéeo%wf reaction

m xt ure. 9. The I s benzoyl;
Y[err] is iodo; 1§§qlgze§, nFi§b B Ao $01 FIIYy FB TPy tenperature

trifluoromet hanesul beayl2hpurs. The mass of solid was filtered and
5 washed with water (75 ml.), dried as much as
possible, and the filter cake was washed with 200 ml.
of acetonitrile and finally with 200 ml. of ether.
Drying in vacuo gave 11.6 g. of solid, m.p. 240 -
245° C., which was 99% pure by electrochromatography.
10 This material was combined with 1.1 g. of product
from a smaller run and recrystallized by dissolving
in hot water (200 ml.), filtering hot (rapidly), and
- cooling to room temperature in an ice-bath. The
solid was filtered and washed with 100 ml. of cold
15 water. Drying in wvacuo over phosphorus pentoxide for
18 hours gave 10.96 g. of product as a white solid;
m.p. 270 - 275°°C. [alp = -46.8° {c = 0.22,
dimethylsulfoxide}.
Anal. calc'd. for C11HI5N504 ® 0.23H20 e 0.088NH4Cl:
20 C, 45.54; H, 5.49; N, 24.57; c1, 1.08
Found: C, 45.54; H, 5.40; N, 24.23; c1, 1.08.
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Gr26a Rlerr],
are ethyl and R4 is benzyl;

R2, R3 and R4 are each n-butyl or Rerr], R2 and R3
treating in step (b) conprises reacting

the product frompart (a) with hot aqueous acetic acid; and treating

in step (c) conprises reacting the product frompart (b) w t9288ueous- -

sodi um hydr oxi de or sodi um net hoxi de in ret?hanol ; or Prot is benzyl or

substituted benzyl;

p- ni trobenzenesul fonyl oxy or trifl uoronethanesul f onyl oxy;
anbutd cosinigrr], R2, and R3 are ethyl and R4 is

R3 and R4 are each
benzyl ; treati

Y[err] is chloro, brono, or iodo; Xis

Rerr],

ng i nl.St %pch%ou%%n’ggiél%sfgﬁﬁﬁg ng the
Yy - Tz +
N N Ri——N—Ry
a0 B
N N NH; - R
wherein:

¥1 is chloro, bromo, or iodo;

Rl’ Rz, R,, and R4 are independently selected
from the group consisting of straight or branched
chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;

substituted straight or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the
group consisting of alkoxy of 1 to 6 carbons and
aryl;

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the group
consisting of alkyl of 1 to 6 carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and fluoro.

2. The compound of Claim 1 wherein:

Y1 is iodo; and

Ri, R2, R3 and R4 are each n-butyl; or

Yy is iodo; and

Ri, Rz, and R3 are each ethyl and R4 is benzyl;
or

Y1 is chloro; and

Ri. Rz, R3, and Rgq are n-butyl.

3. A process for preparing the cyclobutyl
purine of the formula

e

R2,
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product frompart (a) with hot aqueous hydrochloric acid; and treating

In step (c) conprises hydrogenolysis of the product frompart (b). 10.
A process for preparing the antiviral agent

[IR-(I[err],2[err],3a)]-2-am no-9-[2, 3-bi s(hydroxy- GY26a
met hyl ) cycl obutyl ) -1, 9-di hydr o- 6H puri n- 6= ddde -whi ch . conpri ses: a)
reacting a purine salt of the fornula [err] with bis(2,3-protected

hydr oxynet hyl ) cycl obut ane of the formul a
¥y .
N
<’ﬁ
z
N N NH,

H,-0-Prot

Prot-0-H;C

&

which comprises reacting a purine salt of the formula

Yy - R, 4
N
/ I N Ry—™ N—Ry

-\ |
N N NH, R3

with the bis (2,3-protected hydroxymethyl)cyclo-
butane of the formula

- Prot ;O -H,C nany

Quin

2-0~Prot

wherein:
Prot is a hydroxy protecting group selected from
the group consisting of hindered silyl groups,
benzyl, subsgituted benzyl, and acyl groups of the
]
formula ——C—Rs wherein Rs is straight or branched
chain alkyl of 1 to 6 carbons or phenyl;

S This is the replacement shest
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GY2 6a -51- [err] to give the cycl obutyl
purine of the formul a

~

GY26a
- 44 -
X is a perfluoroalkane sulfonyloxy group. a .
nitro-substituted benzene sulfonyloxy group, or

fluorosulfonyloxy;
Y1 is chloro, bromo, or iodo;

Rl’ Rz, Ry and R4 are independently selected

from the group_consisting of straight or branched
chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;

substituted straight or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the
group consisting of alkoxy of 1 to 6 carbons and

- aryl; and

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the group
consisting of alkyl of 1 to 6°'carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and fluoro.

4. The process of Claim 3 wherein:
Prot is selected from the group consisting of t-~
butyldimethylsilyl, t-butyldiphenylsilyl, {tri-
phenylmethyl)dimethylsilyl, methyldiisopropylsiliyl,
triisopropylsilyl, benzyl, p-methoxybenzyl, acetyl,
and benzoyl;

X is selected from the group consisting
of trifluoromethanesulfonyloxy., p-nitrobenzene~
sulfonyloxy, and fluorosulfonyloxy:

Y1 is chloro or iodo; and

Ri, R2, Rz and Rg are each n-butyl or Rj, R3,
and R3 are each ethyl and Rg¢ is benzyl. '

5. The process of Claim 4 wherein:

Prot is benzoyl;

X is trifluoromethanesulfonyloxy:

Y1 is iodo:; and

Ri. Rz, R3 and Rg are each n-butyl; or

— e This is the replacement sheel
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[err] wher ei n: Prot is an acyl group of the formula [err] wherein
Rlerr] is straight or branched chain alkyl of 1 to 6 carbons or phenyl;

X is a perfluoroal kane sul fonyl oxy group, a nitro-substituted benzene

sul fonyl oxy group, or fluorosulfonyl oxy; Y[err] is chloregyzpgfono, or

I odo; Rlerr], R2, R3 and R4 are independently selected fromthe group
consi sting of straight or branched chain alkyl of 1 to 10 carbons and
substituted straight or branched chain alkyl of 1 to 10 carbons;

Prot is benzoyl; _ -

X is trifluoromethanesulfonyloxy;

Y1 is iodo; and

Ri1, R2 and R3 are each ethyl and Rg is benzyl;
or

Prot is bénioyl;

X is trifluoromethanesulfonyloxy;

Y1 is chloro; and

Ri, R2, R3 and R4 are each n-butyl; or

Prot is benzoyl;

X is p-nitrobenzenesulfonyloxy;

Y is iodo; and

Ri, Rz, and R3 are each ethyl and Ry is benzyl.

6. A process for preparing the antiviral agent
[1R-(1c,2B,3)]1-2-amino-9-[2,3-bis (hydroxy-
methyl)cyclobutyl]-1,9-dihydro-6H-purin-6-one which
comprises

a) reacting a purine salt of the formula

b4 '-' R +
<§ I \ N Rl— N '_R4
| 2N l
N N NH, 3

with bis(2,3-protected hydroxymethyl)cyclobutane of
the formula

Prot-0-H,C iy

C

H,-~O-Prot

to give the cyclobutyl purine of the formula

. This is the replacement sheet
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substituted straight or branched chain alkyl of 1 to 10 carbons refers to
such al kyl groups having one, two, or three substituents selected fromthe
GY26a -52- . group consisting of alkoxy of 1 to 6
carbons and aryl; and aryl refers to phenyl and phenylcy#ai ng one,
two, or three substituents selected fromtége -group consisting of alkyl of 1
to 6 carbons, alkoxy of 1 to 6 carbons, chloro, brono, iodo, and fluoro;

b) treating the product frompart (a) to renove the hydroxy protecting

groups and convert Y[err] to a 6-
Yy
N
N
A
NI
N It NH,

H,-0O-Prot

Prot-0-H,C

C

wherein:

Prot is a hydroxy protecting group selected from
the group consisting of hindered silyl groups,
benzyl, subsgituted benzyl, and acyl groups of the

]
formula —C—Rs wherein Rs is straight or branched
chain alkyl of 1 to 6 carbons or phenyl;

X is a perfluoroalkane sulfonyloxy group, a
nitro-substituted benzene sulfonyloxy group, or
fiuvorosulfonyloxy;

Y1 is chloro, bromo, or iodo:

R1, R2, R3 and Rg4 are independently selected
from the group comnsisting of straight or branched
chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;

substituted straight or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the
group consisting of alkoxy of 1 to 6 carbons and
aryl; and

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the group

v
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met hoxy substituent; and Cc) treating the product frompart (b) to
convert the 6-nethoxy substituent to a 6-oxo and then separating the
desired antiviral product fromthe reaction m xture. 11. The process

of Claim 10 wherein: Prot is benzoyl; Xis ..

p- ni trobenzenesul fonyl oxy or trifl uoronethanesul fonyl oxy; " R, R2,Gyl§§a
and R4 are each-n-butyl or Rlerr], R2, and R3 are etfayl and Rlerr] is

benzyl ; Y[err] is iodo; treating in step (b) conprises reacting
the product frompart (a) with excess sodi um net hoxi de in nethanol; and
treating in step (c) conprises acid hydrolysis of the product frompart (b)
wi th hot aqueous hydrochl ori ccag$ikting of adkyla ofr dcex$ rarbnsepatkony phel to
antiviral agent [1R- (I[err], 2[edsdond| estibord, -broasi Nibdd, [ 2ad-fustdydr oxy-
met hyl ) cycl obutyl) - 1, - di hydr o- 6H B .0 0e e HOIGRGGEERRCSare (a) &) remove

reacting a purine salt of the fornu ) )
the hydroxy protecting groups and give the cyclobutyl

p4
N
<Iﬂ
N N -

H,O0H

" purine of the formula

HOH,C

Qmu

c) treating the product of part (b} to convert
the Y; substituent to a 6-oxo substituent and then
separating the desired antiviral product from the
reaction mixture.

7. The process of Claim 6 wherein:

Prot is a hindered silyl group, step (b)
comprises treating the product from part (a) with a
fluoride ion, and step (c) comprises acid hydrolysis;
or

Prot is benzyl or substituted benzyl, step (b}
comprises treating the product from part {(a) with
boron trichloride, and step (c¢) comprises acid
hydrolysis; or

Prot is acetyl or benzoyl, step (b) comprises
treating the product from part (a) with catalytic
sodium methoxide in methanol, and step {(c) comprises

: acid hydrolysis.
‘ 8. A process for preparing the antiviral agent
[1R-(1c, 2B, 30)] -2-amino-9- (2, 3-bis (hydroxy-
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GY26a [err] W th bis(2,3-protected hydroxynet hyl)cycl obut ane of the
formul a

GY26a
- 48 -

methyl)cyclobutyl]-1, 9-dihydro-6H-purin-6-one which
comprises:

a) reacting a purine salt of the formula

Y, - Rj +

N
'/ l NN Ry—— N—"R4
<L L

NH,

with the bis(2,3-protected hydroxymethyl)cyclo-
butane of the formula

Prot-O-H,C uany

¢

H,-O-Prot

to give the cyclobutyl purine of the formula
p41
N.
) N
< I(i
P
N N NE,

H,-0O-Prot

Prot-0-H,C

Quim

wherein:
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[err] to give the cyclobutyl purine of the formula

GY26a
- 49 -

Prot is a hydroxy protecting group selected from -

the group consisting of benzyl, suﬁgtituted benzyl,

i
and acyl groups of the formula —C—Rs wherein Rs
is straight or branched chain alkyl of 1 to 6 carbons
or phenyl;

X is a perfluoroalkane sulfonyloxy group, a
nitro-substituted benzene sulfonyloxy group, or
fluorosulfonyloxy:

Y1 is chloro, bromo, or iodo;

Ri1. Rz, R3 and R4 are independently selected
from the group consisting of straight or branched
chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;

substituted straight or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the
group consisting of alkoxy of 1 to 6 carbons and
aryl; and

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the group
consisting of alkyl of 1 to 6 carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and fluoro;

b) treating the product from part (a) to
convert the Y1 substituent to a 6-0xo substituent;
and .

c) treating the product from part (b) to remove
the hydroxy protecting groups and then separating the
desired antiviral product from the reaction mixture.

9. The process of Claim 8 wherein:

Prot is benzoyl:;

Y1 is iodo;

X is p-nitrobenzenesulfonyloxy or
trifluoromethanesul fonyloxy:

L This is the replacement sheeot
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[err] wher ei n: 0 Prot is an acyl group of
the formula [err] wherein R err] is straight or branched chain al kyl of 1

to 6 carbons or phenyl;

GY26a - 54- | GY26a
- SO -

Ri, R2, R3 and R4 are each n-butyl or R, Rz and
R3 are ethyl and R4 is benzvil;

treating in step (b) comprises reacting the
product from part (a} with hot aqueous acetic acid;
and

treating in step (c) comprises reacting the
product from part (b) with agqueous sodium hydroxide
or sodium methoxide in methanol; or

Prot is benzyl or substituted benzyl;

Y1 is chloro, bromo, or iodo;

X is p-nitrobenzenesulfonyloxy or
trifluoromethanesulfonyloxy;

Ri, Rz, R3 and R4 are each n-butyl or Ri, Rz,
and R3 are ethyl and R4 is benzyl;

treating in step (b) comprises reacting the
product from part (a) with hot aqueous hydrochloric
acid; and

treating in step (c) comprises hydrogenolysis of
the product from part (b).

10. A process for preparing the antiviral agent
[1R-(1lax,2B,30)] -2-amino-9-[2, 3-bis (hydroxy-
methyl)cyclobutyl] -1, 9-dihydro-6H-purin-6-one which
.comprises:

a) reacting a purine salt of the formula

Y1 - TZ +
New
/ \ N Ry N——R;
I |
N N NH, 3

with bis(2,3-protected hydroxymethyl)cyclobutane of
the formula
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x 1s a perfluoroal kane sul fonyl oxy group, a nitro-substituted benzene
sul fonyl oxy group, or fluorosulfonyl oxy; Y1l is chloro, brono, or iodo;
Rlerr], Rerr], R3 and R4 are independently selected .fromthe group
consi sting of straight or branched chainglkyl of 1 to 10 c&%¥%hs and . .
substituted straight or branched chain al'kKyl of 1 to 10 carbons;
substituted straight or branched chain alkyl of 1 to 10 carbons refers to
such al kyl groups having one, two, or three substituents selected fromthe
group consisting of alkoxy of 1 to 6 carbongqnd aryl; and aryl
refers to phenyl and phenyl having one, N three substituents sé€l ected
fromthe group consisting of EFR§{tOdhC A s, al koxy of 1 to 6
carbons, chloro, brono, iodo, and fl uoro; b) treating the product
frompart (a) with hot aqueous sodi um or potgssium hydroxide or treating
the product of part (a) with an acid such asg %Qﬁgggkoric acid foll owed by
sodi um or potassi um hydroxi de and heat to renoVve the protecting groups and
convert the Y[err] substituent to a 6-oxo; and

to give the cyclobutyl purine of the formula

Prot-0-H,C

c

HZ-O-Prot

wherein:
0
Il

Prot is an acyl group of the formula ——C=Rsg
wherein Rs is straight or branched chain alkyl of 1
to 6 carbons or phenyl:;

X is a perfluorocalkane sulfonyloxy group, a
nitro-substituted benzene sulfonyloxy group, or
fluorosulfonyloxy;

Y1 is chloro, bromo, or iodo;

Ri, Rz, R3 and R4 are independently selected
from the group consisting of straight or branched

~ chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;
substituted straight or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the

This is the replacemernt skheet
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c) separating the desired antiviral product fromthe reaction m xture.

55 13. A process for preparing the conpound of the fornula
GY26a
- 52 -
group consisting of alkoxy of 1 to 6 carbons and -
aryl; and

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the group
consisting of alkyl of 1 to 6 carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and fluoro;

b) treating the product from part (a) to remove
the hydroxy protecting groups and convert Y; to a 6-
methoxy substituent; and

- €} treating the product from part (b) to

convert the 6-methoxy substituent to a 6-oxoc and then
separating the desired antiviral product from the
reaction mixture.

11. The process of Claim 10 wherein:

Prot is benzoyl;

X is p-nitrobenzenesulfonyloxy or
trifluoromethanesulfonyloxy;

Ri, R2, R3 and Rq are each n-butyl or Rj, Rz,
and R3 are ethyl and Rg4 is benzyl;

Y1 is iodo;

treating in step (b) comprises reacting the
product from part (a) with excess sodium methoxide in
methanol; and

treating in step {(c) comprises acid hydrolysis
of the product from part (b) with hot aqueous
hydrochloric acid.

12. A process for preparing the antiviral agent
[IR- (1, 2B,30)] -2-amino-9-[2, 3-bis (hydroxy- .
methyl)cyclobutyl] -1, 9-dihydro-6H-purin-6-one which
comprises: _

a) reacting a purine salt of the formula

This is the replacement sheet
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GY26a

- 53 -
Y1 - RZ + *
<} | N Rl_T_R:l
N N//LNHZ | Rs

with bis(2,3-protected hydroxymethyl)cyclobutane of
the formula

Prot-0-H,C (01115 4

C

Hy-O-Prot

to give the cyclobutyl purine of the formula
Y
N.
N
¢ ﬁk
s
N N NH,

Hy-0O-Prot

Prot-0-HyC

€

wherein:
0]
i
Prot is an acyl group of the formula —C—Rs
wherein Rs is straight or branched chain alkyl of 1

to 6 carbons or phenyl;

”!ll"cl l"IIJ I"Jl HILI " l!ll ' This Is the repiacement shest
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[err] 56
eet Has Been Reiaced

B

X is a perfluoroalkane sulfonyloxy group, a -

nitro-substituted benzene sulfonyloxy group, or °
fluorosulfonyloxy:

Y1 is chloro, bromo, or iodo{

Ri, R2, Rz and Ry are independently selected
.from the group consisting of straight or branched
chain alkyl of 1 to 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons;

substituted straight or branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the
group consisting of alkoxy of 1 to 6 carbons and

. aryl; and
" aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the group
consisting of alkyl of 1 to 6 carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and £luoro; .

b} treating the product from part {a) with
hot aqueous sodium or potassium hydroxide or.treating
the product of part (a}) with an acid such as
hydrochloric acid followed by sodium or potassium
hydroxide and heat to remove the protecting groups
and convert the Y3 sqbstituent to a 6-oxo; and

. ¢) separating the desired antiviral product
from the reaction mixture.

13. A process for preparing the comnound of
the formula

Yy

N N
¢
N N

Z

This is the replacement sheet
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' BORS-4 1803

[err] Pf‘ot I's a hydroxy protecting group selected fromthe group
cohnsi sting of hindered silyl groups, benzyl, substituted benzyl,
1t acyl groups of the formula [err] trityl, and substituted trityl;
and Rlerr] is straight or branched chaih alkyl of 1 to 6 carbons or
phenyl ; whi ch conprises reacting a purine salt of the fegpya
[err] : . -4 -
(v1)
¥y
N N
¢
A
N NH,
Prot-O-H,C
CH,-0-Prot

5 which is then converted to the antiviral agent {1R-
(e, 2B,3a} 1 -2~amino~9-(2,3-bis (hydroxymethyl)~ = -
cyclobutyl] -1,9-dihydro-6H-~purin-6-one.

The bis(2,3-protected hydroxymethyl)-
cyclobutane of formula V is optically active, the
10 relative sterochemistry of the substituent X is drawn
to indicate that the leaving group X is cis to the
vicinal -CH2-0O-Prot substituent and that the two
~-CH2~0-Prot substituents are trans to each other.
This invention is also directed to the novel
15 purine salts of formula II.

REPLACEMENT SHEETS  SG
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wi th the conpound of the formul a

wherein Y[err] ir]]é‘his(‘snéepﬁg,gem edOr | 0do; - Rerr],
i ndependent |y se group consi sting of straight ©F

chain al kyl of 1 [‘!ﬂﬁﬁl@ﬂ“%ﬁna

-al kyl of 1 to 10 X Xis Leﬂytng gr oup sel ect®4%%rom t he

nd substituted straight or branched chain
group consisting of chloro, brono, iodo, @n aryl sulfonyloxy group, an
al kyl sul fonyl oxy group, a substituted al kyl sulfonyloxy group, a
nitro-substituted benzene sul fonyl oxy group and fl uorosul f onyl oxy.
The compounds of formula III

Prot-0-H,C UL 4

guii

rot-0

5 are taught by Hanna et af., J. Heterocyclic Chem.,
vol. 25, p. 1899 -~ 1903 (1988).
Similarly. the acyclic compounds of formula
III are taught in the literature as note Martin et
al., Nucleosides & Nucleotides, Vol. 8, p. 923-926
10 (1989); Bronson et al., J. Med. Chem., Vol. 32.,_' B
" p. 1457-1463 (1989); Harden et al., J. Med. Chen.,
Vol. 30, p 1636-1642 (1987) and J. Med. Chem., Vol.
32, p. 1738-1743 (1989); and Xim et al., J. Med.
Chem., Vol. 33, p. 1207-1213 (1990) and J. Med.
15 Chem., Vol. 33, p. 1797-1800 (159Q).
The purine salts of formula II are prepared by
reaction of a purine compound of the formula

(XII)
h41
N
e
? NH;
H

20

with a cempound of the formula

This is the replacement sheet ~
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. GY262a
- 54 -

X is a perfluorcalkane sulfonyloxy group., a
nitro-substituted benzene sulfonyloxy group, or
fluorosulfonyloxy:

¥; is chloro, bromo, or iodo;

Ri, Rz, R3 and R4 are independently selected
.from the group consisting of straight or branched
chain alkyl of 1 tg 10 carbons and substituted
straight or branched chain alkyl of 1 to 10 carbons:

substituted straight or, branched chain alkyl of
1 to 10 carbons refers to such alkyl groups having
one, two, or three substituents selected from the
group consisting of alkoxy of 1 to & carbons and
aryl; and

aryl refers to phenyl and phenyl having one,
two, or three substituents selected from the group
consisting of alkyl of 1 to 6§ carbons, alkoxy of 1 to
6 carbons, chloro, bromo, iodo, and fluoro: ‘

b} ctreating the product from part (a) with
hot aqueous sodium or potassium hydroxide or.treating
the product of part {a) with an acid such as
hydrochloric acid followed by sodium or potassium
hydroxide and heat to remove the protecting groups
and convert the Yi substituent to a 6-oxo; and

¢) separating the desired antiviral product
from the reaction mixture.

i
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13. A process for preparing the compound of the
formula )
Y1
N -
<1
™ N ym,
Z;

wherein Z7 is

Prot-OH,C p
Prot-OH,C

O-Prot

Prot-OH,C P
. Prot-0OH,C
O-Prot éHzo—Prot
O
Prot~OH,C F Prot~-OH,C
O-Prot
O
Prot-OH,C Prot-OH,C
Prot-0 ’ F - '
O-Prot
Prot- Q
N . “///\\\ ,//‘\\\///’
Prot-0-pP O + OF
Prot- ! !
O-Prot

MR o s —
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56

20-Prot
0

f -
Prot-O-El’/\ o) ;
O~-Prot

Prot is a hydroxy protecting group selected from the group
consisting of hindered silyl ggoups, benzyl, substituted benzyl,
I
acyl groups of the formula —C—Rs
trityl; and
Rs is straight or branched chain alkyl of 1 to 6 carbons or
phenyl;

¢+ trityl, and substituted

which comprises reacting a purine salt of the formula

b4 — Ta + ,
</N l N Ri—N—R4
N2 }

N NH; 3

with the compound of the formula
Z1—X

wherein Y3 is chloro, bromo, oxr iodo;
R1, R2, R3 and R4 are independently selected from the group

consisting of straight or branched chain alkyl of 1 to 10 carbons

and substituted straight or branched chain alkyl of 1 to 10 carbons;
and

X is leaving group seleéted from the group consisting of
chloro, bromo, iodo, an aryl sulfonyloxy group, an alkyl sulfonyloxy

group, a substituted alkyl sulfonyloxy group, a nitro-substituted
benzene sulfonvlioxy group and fluorosulfonyloxy.

LT IR e —
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TolFso-1 xpes

GY26a
-]_3_

The compounds of formula III

Prot-0~H,C munin X

gl

are taught by Hanna et al., J. Heterocyclic Chem.,
Vol. 25, p. 1899 - 1943 (1988).
Similarly, the acyclic compounds of formula
III are taught in the literature as note Martin et
al., Nucleosides & Nucleotides, Vol. 8, p. 923-926
(1989); Bronson et al., J. Med. Chem., Vol. 32.,
. 1457-1463 (1989); Harden et al., J. Med. Chem.,

" Vol. 30, p 1636-1642 (1387) and J. Med. Chem., Vol.
32, p. 1738-1743 (1989); and Kim et al., J. Med.

Chem., Vol. 33, p. 1207-1213 (1990) and J. Med.
Chem., Vol. 33, p. 1797-1800 (1990}.

The purine salts of formula II are prepared by
reaction of a purine compound of the formula

{XI1)
b41
N
¢ ﬂfi
P
N
| N NH,
74

with a compound of the formula
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