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(57) ABSTRACT

The disclosure concerns pyrimidine derivatives represented
by the following general formulas [I] and [I'] and having
antiviral activity, particularly anfiretroviral activity such as
anti-HIV activity:

X

4 1
R
\ J\
N

R ‘ -
Y)\N/ \R2
1,
[I']
NH,
R].
N ‘
Y)\N R?
1,

and pharmaceutical compositions having antiviral activity
and comprising the above-described derivative(s) as an
active mgredient.

15 Claims, No Drawings
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PYRIMIDINE DERIVATIVES AND ANTI-
VIRAL AGENT CONTAINING THE SAME AS
ACTIVE INGREDIENT THEREOF

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This 1s a continuation of application Ser. No. 07/590,475
filed on Sep. 28, 1990, now abandoned.

FIELD OF THE INVENTION

The present invention relates to novel 6-substituted acy-
clopyrimidine derivatives and antiviral agents containing the
derivative as the active ingredients.

BACKGROUND OF THE INVENTION

Infectious diseases caused by human acquired immuno-
deficiency virus (HIV), which is a type of retrovirus, have
recently become a serious social problem. A compound of
3'-deoxy-3'-azidothymidine 1s known as a nucleoside com-
pound used in the clinical treatment for diseases caused by
HIV-infection. However, this compound has side-effects
since 1t also exhibits considerable strong toxicity in the host
cells.

Although some 2',3'-dideoxyribonucleosides are known
as nucleoside compounds exhibiting an anti-viral activity, it
1s still necessary to develop a substance possessing a higher

activity and lower toxicity to the host cell (Hiroaki Mitsuya,
Bodily Defense, Vol. 4, pp.213-223 (1987)).

On the other hand, various acyclonucleoside compounds
have been synthesized since Acyclovir (acycloguanosine)
was developed as an anfiviral substance effective against
herpes virus (C. K. Chu and S. J. Culter, J. Heterocyclic
Chem., 23, p.289 (1986)). However, no acyclonucleoside
compound having a sufficient activity especially against
retroviruses has yet been discovered.

We have focussed our attention on 6-substituted acyclo-
pyrimidine nucleoside compounds and have synthesized
various novel 6-substituted acyclopyrimidine nucleoside
derivatives and screened those compounds to detect effec-
five antiviral agents, especially to the retrovirus, 1n order to
provide antiviral agents exhibiting an effective activity par-
ticularly against retroviruses.

Some 6-substituted acyclopyrimidine nucleoside com-
pounds such as 6-fluoro substituted derivatives,
6-alkylamino substituted derivatives (DD-A-232492) and
6-methyl substituted derivatives (C. A. 107, 129717w
(1987)) are known; however, the antiviral activity of these
compounds has not been described.

As a result of our researches for compounds exhibiting an
cifective antiviral activity, particularly anti-retroviral
activity, we found that specific 6-substituted pyrimidine
nucleoside compounds according to the invention satisfy the
above demand to achieve the present invention.

SUMMARY OF THE INVENTION

The present invention concerns 6-substituted acyclopyri-
midine nucleoside derivatives represented by the following
general formula I;
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X
R* )‘\ R1
\N ‘ e

/
Y N R?
I,

wherein R' represents a hydrogen atom, halogen atom,
alkyl, cycloalkyl, alkenyl, alkynyl, alkylcarbonyl,
arylcarbonyl, arylcarbonylalkyl, arylthio or aralkyl group;

R* represents an arylthio, alkylthio, cycloalkylthio,
arylsulfinyl, alkylsulfinyl, cycloalkylsulfinyl, alkenyl,
alkynyl, aralkyl, arylcarbonyl, arylcarbonylalkyl or aryloxy
group, those groups optionally substituted by one or more of
substituents selected from a halogen atom, alkyl, haloge-
nated alkyl, alkoxy, hydroxyl, nitro, amino, cyano and acyl
oTOUpPS;

R represents a hydrogen atom, methyl, branched alkyl or
—CH,—Z—(CH,), —R> group where R’ represents a
hydrogen atom, halogen atom, hydroxyl, heterocyclic
carbonyloxy, formyloxy, alkylcarbonyloxy,
cycloalkylcarbonyloxy, aralkylcarbonyloxy,
arylcarbonyloxy, azido, alkoxycarbonyloxy,
N-alkylcarbamoyloxy, N-arylcarbamoyloxy, alkoxy,
aralkyloxy, branched alkyl, cycloalkyl or aryl group, the
alkoxycarbonyloxy to aryl groups mentioned above as R’
optionally substituted by one or more substituents selected
from a halogen atom, aryl, alkyl, alkoxy and halogenated
alkyl groups, Z represents an oxygen, sulfur atom or meth-
ylene group, and n represents 0 or an integer of 1 to 5,

R* represents a hydrogen atom, alkyl or aralkyl group,

X and Y represent an oxygen or sulfur atom
independently, provided that when R* and Z represent a
hydrogen atom and oxygen atom respectively R> does not
represent a hydroxyl group, or the following general formula

I';

[[']

wherein R*, R*, R” and Y have the same meanings as defined
for the formula I above, pharmaceutically acceptable salts
thereof and antiviral agents containing the derivative or the

salt thereof as an active mgredient.

DETAILED DESCRIPTION OF THE
INVENTION

The 6-substituted acyclopyrimidine nucleoside deriva-
fives according to the invention are represented by the
ogeneral formula I or T

The group of R' represents a hydrogen atom; halogen
atom such as chlorine, 10odine, bromine and fluorine; alkyl
cgroup such as methyl, ethyl, n-propyl, 1-propyl and n-butyl;
cycloalkyl group such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and cycloheptyl; alkenyl group such
as vinyl, propenyl, butenyl, phenylvinyl, bromovinyl,
cyanovinyl, alkoxycarbonylvinyl and carbamoylvinyl; alky-
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nyl group such as ethynyl, propynyl and phenylethynyl;
alkylcarbonyl group such as acetyl, propionyl, and 1-butyryl;
arylcarbonyl group such as benzoyl and naphthoyl; arylcar-
bonylalkyl group such as phenacyl; arylthio group such as
phenylthio, tolylthio and naphthylthio; or aralkyl group such

as benzyl.

The group of R* represents an arylthio group such as
phenylthio and naphthylthio; alkylthio group such as
methylthio, ethylthio, propylthio, butylthio and pentylthio;
cycloalkylthio group such as cyclopentylthio, cyclohexy-
Ithio and cycloheptylthio; arylsulfinyl group such as phe-
nylsulfinyl; alkylsulfinyl group such as methylsuliinyl, eth-
ylsulfinyl and butylsulfinyl; cycloalkylsulfinyl group such as
cyclopentylsulfinyl and cyclohexylsuliinyl; alkenyl group
such as vinyl, propenyl and phenylvinyl; alkynyl group such
as ethynyl, propynyl and phenylethynyl; aralkyl group such
as benzyl; arylcarbonyl group such as benzoyl; arylcarbo-
nylalkyl group such as phenacyl; or aryloxy group such as
phenoxy, and those groups may be optionally substituted by
one or more of substituents selected from a halogen atom
such as chlorine, bromine, fluorine and 1odine, alkyl group
such as methyl, ethyl, propyl, butyl and pentyl, a haloge-
nated alkyl group such as trifluoromethyl, alkoxy group such
as methoxy, ethoxy, propoxy and butoxy, hydroxyl group,
nitro group, amino group, cyano group and acyl group such
as acetyl.

The group of R represents a hydrogen atom, methyl
ogroup, branched alkyl group such as 1-propyl and t-butyl or
—CH,—Z—(CH,),—R”> group where R’ represents a
hydrogen atom; halogen atom such as fluorine, chlorine,
1odine and bromine; hydroxyl group; heterocyclic carbony-
loxy group such as nicotinoyloxy; formyloxy group; option-
ally branched alkylcarbonyloxy group such as acetoxy,
propyonyloxy, n-butyryloxy, i1-butyryloxy, valeryloxy,
hexanoyloxy, heptanoyloxy and decanoyloxy; cycloalkyl-
carbonyloxy group such as cyclohexylcarbonyloxy; aralky-
Icarbonyloxy group such as benzylcarbonyloxy; arylcarbo-
nyloxy group such as benzoyloxy, toluoylcarbonyloxy and
naphthoylcarbonyloxy group; azido group; alkoxycarbony-
loxy group such as methoxycarbonyloxy,
cthoxycarbonyloxy, n-propoxycarbonyloxy,
1-propoxycarbonyloxy, n-butoxycarbonyloxy and
t-butoxycarbonyloxy group, optionally substituted by one or
more substituents selected from a halogen atom such as
fluorine, chlorine, bromine and 1odine, aryl group such as
phenyl, toluyl and naphthyl, alkyl group such as methyl,
cthyl, n-propyl, 1-propyl, n-butyl and t-butyl, alkoxy group
such as methoxy, ethoxy, n-propoxy, 1-propoxy, n-butoxy
and t-butoxy and halogenated alkyl group such as trifluo-
romethyl; N-alkylcarbamoyloxy group such as
N-methylcarbamoyloxy, N-ethylcarbamoyloxy,
N-propylcarbamoyloxy, N-butylcarbamoyloxy and
N-pentylcarbamoyloxy, optionally substituted by one or
more substituents selected from a halogen atom such as
fluorine, chlorine, bromine and 1odine, aryl group such as
phenyl, toluyl and naphthyl, alkyl group such as methyl,
ethyl, n-propyl, 1-propyl, n-butyl and t-butyl, alkoxy group
such as methoxy, ethoxy, n-propoxy, 1-propoxy, n-butoxy
and t-butoxy and halogenated alkyl group such as trifluo-
romethyl; N-arylcarbamoyloxy group such as
N-phenylcarbamoyloxy and N-tolylcarbamoyloxy, option-
ally substituted by one or more substituents selected from a
halogen atom such as fluorine, chlorine, bromine and 1odine,
aryl group such as phenyl, toluyl and naphthyl, alkyl group
such as methyl, ethyl, n-propyl, 1-propyl, n-butyl and t-butyl,
alkoxy group such as methoxy, ethoxy, n-propoxy,
1-propoxy, n-butoxy and t-butoxy and halogenated alkyl
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group such as trifluoromethyl; N-alkylthiocarbamoyloxy
group such as N-methytiocarbamoyloxy,
N-ethylthiocarbamoyloxy, N-propylthiocarbamoyloxy,
N-butylthiocarbamoyloxy and N-pentylthiocarbamoyloxy,
optionally substituted by one or more substituents selected
from a halogen atom such as fluorine, chlorine, bromine and
10dine, aryl group such as phenyl, toluyl and naphthyl, alkyl
ogroup such as methyl, ethyl, n-propyl, 1-propyl, n-butyl and
t-butyl, alkoxy group such as methoxy, ethoxy, n-propoxy,
1-propoxy, n-butoxy and t-butoxy and halogenated alkyl
oroup such as trifluoromethyl; N-arylthiocarbamoyloxy
ocroup such as N-phenylthiocarbamoyloxy and
N-tolylthiocarbamoyloxy, optionally substituted by one or
more substituents selected from a halogen atom such as
fluorine, chlorine, bromine and 1odine, aryl group such as
phenyl, toluyl and naphthyl, alkyl group such as methyl,
ethyl, n-propyl, 1-propyl, n-butyl and t-butyl, alkoxy group
such as methoxy, ethoxy, n-propoxy, 1-propoxy, n-butoxy
and t-butoxy and halogenated alkyl group such as tritluo-
romethyl; alkoxy group such as methoxy, ethoxy, n-propoxy,
1-propoxy, n-butoxy, t-butoxy, n-pentyloxy and n-hexyloxy
ogroup, optionally substituted by one or more substituents
selected from a halogen atom such as fluorine, chlorine,
bromine and 1odine, aryl group such as phenyl, toluyl and
naphthyl, alkyl group such as methyl, ethyl, n-propyl,
1-propyl, n-butyl and t-butyl, alkoxy group such as methoxy,
ethoxy, n-propoxy, 1-propoxy, n-butoxy and t-butoxy and
halogenated alkyl group such as trifluoromethyl; branched
alkyl group such as i-propyl, i1-butyl, sec-butyl, t-butyl,
1-heptyl and 1-hexyl, optionally substituted by one or more
substituents selected from a halogen atom such as fluorine,
chlorine, bromine and 1odine, aryl group such as phenyl,
toluyl and naphthyl, alkyl group such as methyl, ethyl,
n-propyl, 1-propyl, n-butyl and t-butyl, alkoxy group such as
methoxy, ethoxy, n-propoxy, 1-propoxy, n-butoxy and
t-butoxy and halogenated alkyl group such as trifluorom-
cthyl; cycloalkyl group such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and cycloheptyl, optionally substi-
tuted by one or more substituents selected from a halogen
atom such as fluorine, chlorine, bromine and 1odine, aryl
ogroup such as phenyl, toluyl and naphthyl, alkyl group such
as methyl, ethyl, n-propyl, 1-propyl, n-butyl and t-butyl,
alkoxy group such as methoxy, ethoxy, n-propoxy,
1-propoxy, n-butoxy and t-butoxy and halogenated alkyl
group such as trifluoromethyl; or aryl group such as phenyl,
optionally substituted by one or more substituents selected
from a halogen atom such as fluorine, chlorine, bromine and
10odine, aryl group such as phenyl, toluyl and naphthyl, alkyl
ogroup such as methyl, ethyl, n-propyl, 1-propyl, n-butyl and
t-butyl, an alkoxy group such as methoxy, ethoxy,
n-propoxy, 1-propoxy, n-butoxy and t-butoxy and haloge-
nated alkyl group such as trifluoromethyl, and Z represents
an oxygen, sulfur atom or methylene group, and n represents
O or an 1nteger of 1 to 5,

R represents a hydrogen atom; optionally branched alkyl
ogroup such as methyl, ethyl, n-propyl, 1-propyl, n-butyl
and t-butyl; or aralkyl group such as benzyl.

X and Y represent oxygen or sulfur atom independently.

In the above formula I, when R* and Z represent a
hydrogen atom and oxygen atom respectively, R> does not
represent a hydroxyl group.

The preferred compounds according to the invention have
R* of a hydrogen atom, halogen atom, C, to C. alkyl group
or C, to C; alkenyl group, particularly C, to C; alkyl group;
R* of C, to C,, arylthio group, C, to C,, cycloalkylthio
oroup or C, to C,, aralkyl group, particularly C, to C,,
arylthio, C; to C,, cycloalkylthio or C, to C,, aralkyl group,




US RE37,979 E

S

optionally substituted by one or more substituents selected
from a halogen atom, C, to C; alkyl, C, to Cs alkoxy and
nitro groups; R> of a hydrogen atom, methyl or —CH,—
7Z—(CH,),—R> group where R’ represents a hydrogen

6

cycloalkyl or C, to C,, aryl group optionally substituted by
one or more substituents selected from a halogen atom, aryl,
alkyl, alkoxy and halogenated alkyl groups, Z represents an
oxygen, sulfur atom or methylene group, and n represents 0

atom, halogen atom, hydroxyl, heterocyclic carbonyloxy, C, 5 or an integer of 1 to 5; R* of a hydrogen atom, C, to C,,
to C,, alkylcarbonyloxy, C, to C,, cycloalkylcarbonyloxy, |
alkyl or C, to C,, aralkyl group; X of an oxygen or sulfur

C, to C,, aralkylcarbonyloxy, C, to C, ; arylcarbonyloxy, C,
‘o C alkoxycarbonyloxy, C (o C atom; and Y of an oxygen or sulfur atom; provided that when

11 ’ 8 10
aralkyloxycarbonyloxy, C, to C, N-alkylcarbamoyloxy, C, R* and_ Z rep;‘esent a hydrogen atom and oxygen atom
to C, 4 arylcarbamoyloxy, C, to C, alkylthiocarbamoyloxy, 10 respectively R” does not represent hydroxyl group,
C, to C,, arylthiocarbamoyloxy, C, to C,, alkoxy, C, to C,, Examples of the preferred compounds according to the
aralkyloxy, azido, C; to C. branched alkyl, C. to C, present 1nvention are listed 1 Table 1 below. 1,120

TABLE 1
X
R‘*\N R!

Y h‘l R
R3
Com- Melting
pound point
1 2 3 4 o
No. R R R R X Y (C)
1 —CH;, O —H O S 112~
S / H 113
CH,CO
o
2 O 112~
113
3 CH; 155.5~
/ 156.6
CH;
4 S 144~
145
5 Cl O 132~
/ 133
Cl
6 100~
_ 2
7 O 120~
S H 121
HCO
o
8 O 107~
108
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The compounds according to the invention of the formula
I wherein R® represents methyl or branched alkyl or
—CH2—Z(CH,),—R”> group where R’ represents a
hydrogen, halogen atom, azido, alkoxy, aralkyloxy, option-
ally substituted aryl group or the like may be prepared 1n
accordance with the following reaction formula (1), (2) or

(3):
(1)

X
R® )-k R
™~
N -~ Organic Alkali Metal
)\ ‘ Compound
e i
Y i1
R3
_ < —
R® )-k R
™~
N -~ RZX! [III]
)\ ‘ Electrophilic Reagent
. -
Y Sy
L
X
R® R
~
N
)\ ‘ .
Y N R?
L
< (2)
4
SN
N Organic Alkali Metal
)\ ‘ [IV] Compound
Fi=-
Y N R>
L
_ 5 —
R* M
~ N RIX2 [V]
)\ ‘ Electrophilic Reagent
-
Y N R?
L
X

4 Rl
‘\N)J\‘/
)\T/\

R3

R

Y
wherein R', R*, R>, R, X and Y have the same meanings
defined hereinbefore, X' and X* represent a halogen atom,
arylthio, alkoxy group or the like, and M represents an
alkaline metal.

Firstly, the compound of the formula II or IV 1s treated
with an organic alkali metal compound 1n an ether solvent
such as diethyl ether and tetrahydrofuran at a temperature of
-80° to —=10° C. for 0.2 to 10 hours.

Examples of the organic alkali metal compound include
potassium bistrimethylsilylamide, sodium bistrimethylsily-

lamide and lithrum alkylamide, and particularly preferred
compounds among those are lithium dusopropylamide

(LDA) and lithium 2,2,6,6-tetramethylpiperidide (LTMP).
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Such lithrum alkylamides are preferably prepared immedi-
ately before the reaction. For example, lithium dialkylamide
may be prepared by reacting a secondary amine such as
dusopropylamine with an alkyl lithum such as n-butyl
lithium 1n a solvent such as diethyl ether, dioxane, tetrahy-
drofuran and dimethoxyethane with stirring under the atmo-

sphere of an inert gas such as argon at —-80° C. to -10° C.
for 0.2 to 5 hours.

The organic alkali metal compound 1s usually used 1n an
amount of 1 to 5 moles per mole of the compound of the
ogeneral formula II or IV.

Then, the electrophilic reagent of the general formula
R*X" or R'X" is added to the reaction mixture in a ratio of
about 1 to 5 moles to the compound of the general formula
IT or IV to allow the reaction under the same condition as in
the reaction with the organic alkali metal compound.

The electrophilic reagent should have a group of R* or R®
defined above, and examples of this reagent includes various
diaryl disulfides, arylsulfenyl chlorides, dialkyl disulfides,
dicycloalkyl disulfides, alkyl halides, aralkyl halides such as
benzyl bromide, acid halides such as benzoyl halide and
1sobutyric halide, acid anhydrides and esters thercof, aryl-
carbonylalkyl halides such as phenacyl chloride and the like.

The compounds of the general formula II can be prepared
by a conventional method.

The compounds of the general formula IV can be prepared
in accordance with the reaction formula (I) above (R'=H).

(3)

X
RY R1
~
N
)\ ‘ [VI] Acid
—_—
Y N R?
CH,
X
4 1
R R
N
‘ R3X2 [VIII)
.
)\ Base
Y N R?
H [VII)
X
R* R}
.
N
)\ ‘ )
Y T R?
R3

wherein R*, R, R”, R*, X and Y have the same meanings
defined hereinbefore and X represents a halogen atom such
as chlorine, bromine and 1odine or sulfonyloxy group such
as toluenesulfonyloxy and mesyloxy groups.

The compounds of the general formula VI are treated with
an acid such as hydrochloric acid and bromic acid 1 a
suitable solvent, for example, an alcohol such as methanol
and ethanol and water at an appropriate temperature of from
room temperature to 100° C. to obtain the compounds of the
ogeneral formula VII.

Then, the compounds of the general formula VII are
reacted with the compounds of the general formula VIII in
a suitable solvent such as dimethylformamide, dimethyl
sulfoxide, acetonitrile and tetrahydrofuran in the presence of
a suitable base such as sodium hydride, sodium alkoxide,
potassium alkoxide, potassium carbonate and sodium car-
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bonate at a temperature of from ambient temperature to the
boiling point of the solvent to obtain the compounds of the
ogeneral formula 1.

The starting compounds represented by the general for-
mula VI can be prepared in accordance with the reaction

formula (1) or (2).

When the objective compound has a hydroxyl group of R>
or when any intermediate compound of the reactions has a
hydroxyl group, the reactions of (1) and (2) should be
carried out using a starting compound or 1ntermediate com-
pound of which hydroxyl group 1s protected by an appro-
priate protective group instead of the unprotected compound
of the formula II or IV or the like, and the protective group
1s then eliminated to obtain the target compound.

Any protective groups conventionally used for the pro-
tection of hydroxyl group may be used for this purpose so
long as it 1s not eliminated under the alkaline condition.

Examples of such protective group are aralkyl groups
such as benzyl, trityl, monomethoxytrityl, dimethoxytrityl
and trimethoxytrityl, silyl groups such as trimethylsilyl,
tricthylsilyl, t-butyldimethylsilyl and t-butyldiphenylsilyl,
tetrahydropyranyl group and substituted alkyl groups such
as methoxymethyl group. Among those protective groups,
silyl groups are particularly preferred.

The imtroduction of the protective group can be carried
out by a conventional method.

For example, the introduction of the protective silyl group
may be carried out by reacting the compound having the
hydroxyl group with 1 to 10 times by mole of silylating
reagent such as trimethylsilyl chloride and
t-butyldimethylsilyl chloride at a temperature of from 0° to
50° C. in the presence of a base such as pyridine, picoline,
diethylaniline, dimethylaniline, triethylamine and 1imidazole
in a solvent such as dimethylformamide, acetonitrile, tet-
rahydrofuran and a mixture of those solvents in any com-
bination.

The elimination of the protective group may be carried
out by a conventional method corresponding to the kind of
the protective group, for example, acid hydrolysis, ammo-
nium fluoride treatment or catalytic reduction.

The compounds obtained by the reactions (1), (2) or (3)
which have a nitro substituted phenylthio group at the
6-position may be converted into the compounds having an
amino group by hydrogenation in accordance with the
reaction formula (4) below. The hydrogenation can be
carried out 1n an organic solvent such as alcohol and acetic
acid 1n the presence of a catalyst such as palladium/carbon

at an appropriate temperature of from room temperature to
80° C.:

(4)

Rl

\ \NO,
-0
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-continued
X

R4
™~
N

| \_NE;
O

wherein the symbols have the same meanings as defined
above.

The compounds having an arylthio, alkylthio or
cycloalkylthio group can be converted to corresponding
compounds having an arylsulfinyl, alkylsulfinyl or
cycloalkylsulfinyl group by using an oxidizing agent such as
hydrogen peroxide and m-chloroperbenzoic acid in accor-
dance with the reaction formula (5) below:

()

X
RY R1
~
N
)\ ‘
Y N S—R®
1,

R3 O

wherein R° represents an aryl, alkyl or cycloalkyl group and
the other symbols have the same meanings as defined above.

The compounds having phenyl sulfoxide group can be
converted 1nto corresponding compounds having a substi-
tuted arylthio or aryloxy group by reacting with sodium
arylthiolate or sodium aryloxide having various substituents
on the benzene ring 1in an organic solvent such as
tetrahydrofuran, alcohol, dimethylformamide and acetoni-
trile at an appropriate temperature of from room temperature
to 100° C. in accordance with the reaction formula (6)
below:

(6)

g0y Sas

Rl
)\ ‘ \ _R’

Y N A—<®
I

wherein A represents a sulfur or oxygen atom, R’ and R®
independently represent a halogen atom such as chlorine,
bromine, fluorine and 1odine, alkyl group such as methyl,
ethyl, propyl and butyl, halogenated alkyl group such as

X
R1
‘*\)J\
)N\
R3
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trichloromethyl, alkoxy group such as methoxy, ethoxy,
propoxy and butoxy, hydroxyl group, nitro group, amino
ogroup, cyano group and acyl group such as acetyl, and the
other symbols have the same meanings as defined above.

The present compounds may be also prepared 1n accor-
dance with, for example, the reaction formula (7) or (8)
below:

(7)
X

4 )l\ Rl
\N P

R
‘ HC=Cc—R®
.
)\ P Palladium Catalyst
Y h‘l |
R3
X
R* R1I
~
|
Y)\N c=(C—R’
I,
(8)
X
4
R\ |
N ‘ HC=C—R’ _
)\ Palladium Catalyst
Y N R?
1,
X
4 —_— 7Y
R\ C=C R
|
Y)\N R2
I,

wherein R” represents an alkyl group such as methyl and
ethyl, aryl group such as phenyl and toluyl, a protective
ogroup such as silyl group or the like, and the other symbols
have the same meanings as defined above.

The reactions of the formulae (7) and (8) can be carried
out 1n an amine solvent such as diethylamine and triethy-
lamine 1n the presence of a palladium catalyst at an appro-
priate temperature of from room temperature to 70° C. The
reactions may be carried but more homogeneously by add-
ing another solvent such as acetonitrile. As the catalyst, a
palladium catalyst of bis(triphenylphosphine)palladium
dichloride, tetrakis(triphenylphosphine)palladium(O) and
bis(diphenylphosphino)ethanepalladium dichloride can be
used 1n combination with cuprous 1odide.

The present compounds can be prepared also 1n accor-
dance with the reaction formula (9) or (10) below, and the
reactions may be carried out 1n the same manner as the
reactions of the formulae (7) and (8) except that an olefin
derivative of H,C=CH—R,, wherein R,, represents an
alkoxycarbonyl, nitrile, carbamoyl group and the like 1s used
instead of the acetylene derivative in the reactions of the

formulae (7) and (8):
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)

X
R R1
N ‘ H,C=—CH—R"
o
)\ Palladium Catalyst
Y h‘I I
R3
X
RY )k R!
\N ‘ e
)
Y N NCH=CH—R
b
< (10)
R I
N ‘ H,C=—CH—R"
ol
)\ Palladium Catalyst
Y N R?
18
X
4 S —plo
R CH=—CH—R
||
Y)\N R?
"

wherein the symbols have the same meanings as defined
above.

The palladium catalyst may be the same as 1n the reaction
of the formulae (7) and (8).

The compounds according to the invention can be pre-
pared also in accordance with the reaction formula (11)
below:

(11)
X

4\/“\
N

R
)\ ‘ X4/\/
-
Palladium Catalyst
Y N/\R2
L
X
R4
N~ ‘ F
Y)\ N R
18

wherein X* represents a halogen atom such as chlorine,
bromine and 1odine, and the other symbols have the same
meaning as defined above.

The compounds according to the invention can be pre-

pared also in accordance with the reaction formula (12) or
(13) below:
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(12)
X
R R!
N Organic Alkali Metal
)\ ‘ Compound
o
o
R3
_ < —
R R O Rl
N [
)\ ‘ HC—CH\
12
Y N M R
L
X
R R
\N |
‘ Rl Dehydratmn*
/
Y N CH—CH\
I‘{S C‘)H R
X
R R
™~
N
‘ R1l
/
Y N CH=—=C
| \
R3 R12
(13)
X
4
AN )l\ . .
N Organic Alkali Metal
‘ Compound
-
Y SN
18
— < —
R* )-I\ M O R
™~
N d [
)\ ‘ HC—CH\
e 12
Y ST R,
18
X OH Rl
R )-k (‘SH CH/
~ —_
N -~ \ |
‘ R1? Dehydration
-
P
Y S
18
X Rl

4 )-k CH=CH/
SN ‘/ \
)\T/ ~

R3

R
Y
wherein the symbols have the same meanings as defined

hereimnbefore.

In the reactions of the formulae (12) and (13), interme-
diate compounds are prepared 1n accordance with the reac-
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tion formulae (1) and (2) as described hereinbefore except
that a compound of OCH-CH(R™)(R**) wherein R™ and

R** independently represent a hydrogen atom, alkyl group
such as methyl, ethyl and propyl or aryl group such as
phenyl is used instead of the compounds R*X* and R*X",
and then the intermediate compounds are dehydrated by a
dehydrating agent such as mesyl chloride, tosyl chloride and
thionyl chloride to produce the compounds according to the

invention having an alkenyl group.

By hydrogenation, the alkynyl group of the compounds
produced in the reactions of the formula (7) or (8) can be
converted 1nto the corresponding alkenyl or alkyl group and
the alkenyl group of the compound produced 1n any one of
the reactions formulae (9) to (13) can be converted into the
corresponding alkyl group. For the reduction of alkynyl
ogroup 1nto alkenyl group, the hydrogenation may be carried
out at an appropriate temperature of from room temperature
to 80° C. under hydrogen atmosphere in the presence of a

catalyst such as palladium/barium sulfate, palladium/
calcium carbonate, palladium/calcium carbonate/lead
acetate and palladium/barum sulfate/quinoline in a solvent
such as alcohol and acetic acid. For the reduction of alkenyl
or alkynyl group into alkyl group, the hydrogenation may be
carried out by using a catalyst such as palladium/carbon and
palladium hydroxide under the same conditions as used for
producing the alkenyl group.

The 6-benzyl substituted derivatives of the invention may
be prepared in accordance with the reaction formula (14)
below:

(14)
X

4 )J\ R
\N ‘/
/I\T/

R3

Organic Alkali Metal
Compound

o

R
Y

|
‘ HC—R?®"
-

)\ ‘ Reduction
-

CH,—R"

wherein the symbols have the same meanings as defined
hereinbefore

In the reactions of the formula (14), intermediate com-
pounds are prepared 1n the same way as the reactions of the
formula (1) using OHC-R'> where R* represents an option-
ally substituted aryl group such as phenyl instead of R*X"
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and the mtermediate compounds are reduced by a suitable
reducing agent to convert the hydroxyl group into a hydro-
ogen atom. The reduction can be carried out by using hydro-
gen gas 1n the presence of palladium/carbon or palladium
hydroxide.

The 6-substituted acyclouridine or acyclothymidine
derivatives obtained 1n the above-described reactions can be
converted mto 4-thio derivatives by heating them with
2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,
4-disulfide 1n a solvent such as toluene and xylene in
accordance with the reaction formula (15) below:

(15)

CH;0 \\ / \ OCH
3 \\ 3

wherein the symbols have the same meanings as defined
hereinbefore.

The 4-thio derivatives can be also prepared by preparing
corresponding 4-chloro derivatives by chlormation of cor-
responding uridine or thymidine derivatives by a chlorinat-
ing agent such as phosphorous pentachloride or phosphorous
oxychloride and reacting the 4-chloro derivatives with
sodium bisulfide.

Further, 4-amino derivatives can be prepared by reacting
the acyclouridine or thymidine derivatives with 1-(2-
mesitylenesulfonyl)-3-nitro-1,2,4-triazole in the presence of
diphenylphosphoric acid 1in a solvent such as pyridine to
produce corresponding 4-(3-vitro-1,2,4-triazole) derivatives
which are converted to the corresponding 4-amino deriva-
fives by aqueous ammonia at an appropriate temperature of
from room temperature to 100° C. in accordance with the
reaction formula (16) below:

(16)

NO;
SOZ—N
N
-
Dlphenylphosphc:rlc acid
)
™~
N
Rl A :
. Y ‘ cueous ammonia
O)\N R>
L
S
Rl
HN ‘
O)\N R
8
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-continued
NH,
Rl
N = ‘
0)\1\1 R2
1,

wherein the symbols have the same meanings as define
hereinbefore.

Thus, the compounds of the invention represented by the
formula I' are prepared as described above.

The above-obtained compounds where R* is a hydrogen
atom may be converted into corresponding compounds
having R* other than the hydrogen atom in accordance with
the reaction formula (17) below:

(17)
X X
1 4 1
R R R
HN R4S N
| - |
Base
Y N R>2 Y N R>2
R’ I‘{3

wherein X5 represents a halogen atom such as chlorine,
bromine and 1odine or sulfonyloxy group such as toluene-
sulfonyloxy and mesyloxy, and the other symbols have the
same meanings as defined hereinbefore.

The reaction of the formula (17) may be carried out in a
suitable solvent such as tetrahydrofuran, acetonitrile,
dimethylformamide, pyridine and alcohol 1n the presence of
a base 1n an amount of 1 to 2 times of the starting compound
at a suitable temperature from room temperature to the
boiling point of the solvent. Examples of the base include
sodium alkoxide, potassium alkoxide, potassium carbonate,
sodium carbonate, sodium hydride and the like.

The compounds of the invention where R’ is a hydroxy
ogroup, which are obtained in any of the reactions of formula
(1) to (17), may be converted into corresponding compounds
having a substituted hydroxyl group 1n accordance with any
of the reaction formulae (18) to (21) below:

(18)

)\ ‘ RMl‘:Xﬁ
N Base

11

H Z
R*CO—(CH») -~ \I

wherein R14 represents an optionally branched alkyl group,
optionally substituted aryl grow or heterocyclic group, X°
represents a halogen atom such as chlorine, bromine and
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iodine or —OCOR™", and the other symbols have the same
meanings as defined hereinbefore.

The reaction of the formula (18) may be carried out in a
suitable solvent such as tetrahydrofuran, acetonitrile,
dimethylformamide, pyridine, dichloromethane and chloro-
form 1n the presence of a base 1n an amount of 1 to 2 times
of the starting compound at a suitable temperature from
room temperature to the boiling point of the solvent.
Examples of the base include triethylamine, pyridine,

imidazole, sodium carbonate, potassium carbonate, sodium
hydroxide and the like.

(19)

O Y N
PN
R1°0CO—(CH,)

11

wherein R'> represents an optionally branched alkyl group
or aralkyl group, X’ represents a halogen atom such as
chlorine, bromine and iodine or —OCOOR?>, and the other
symbols have the same meanings as defined hereinbefore.

The reaction of the formula (19) may be carried out in a
suitable solvent such as tetrahydrofuran, acetonitrile,
dimethylformamide, pyridine, dichloromethane and chloro-
form 1n the presence of a base 1n as amount of 1 to 2 times
of the starting compound at a suitable temperature from
room temperature to the boiling paint of the solvent.
Examples of the base include triethylamine, pyridine,
imidazole, sodium carbonate, potassium carbonate, sodium
hydroxide and the

< (20)
4 1
R ~ R
N R16%8
\ .
Base
Y N RZ

z
HO— (CH,),” N

11

Z
RI60— (CHy)”” \I

11

wherein R'° represents an optionally branched alkyl group
or aralkyl group, X® represents a halogen atom such as
chlorine, bromine and 1odine or sulfonyloxy group such as
toluenesulfonyloxy and mesyloxy, and the other symbols
have the same meanings as defined hereinbefore.

The reaction of the formula (20) may be carried out in a
suitable solvent such as tetrahydrofuran, acetonitrile,
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dimethylformamide, pyridine, dichloromethane and chloro-
form 1n the presence of a base 1n an amount of 1 to 2 times
of the starting compound at a suitable temperature from
room temperature to the boiling point of the solvent.
Examples of the base include triethylamine, pyridine,
imidazole, sodium carbonate, potassium carbonate, sodium

hydroxide and the like.

(21)
X
4 1
R,\N R
‘ RI'—N—=C=—=¥"
o
)\ Base
Y N R?
Z\I
HO— (CHy)”
X
R4 )J\ R!
~
N ‘/
)\ -
X Y N R?
17 H e Z\I
R g CO—(CHy),

wherein R'’ represents an optionally branched alkyl group
or aryl group, X  represents an oxygen or sulfur atom, and
the other symbols have the same meanings as defined
hereinbefore.

The reaction of formula (21) may be carried out in an
appropriate solvent such as tetrahydrofuran, acetonitrile,
dimethylformamide, pyridine, dichloromethane and chloro-
form at an appropriate temperature of from room tempera-
ture to the boiling point of the solvent.

The compounds of the present invention obtained as
described hereinbefore and represented by the formula I or
I' may be separated and purified by any of the conventional
methods for the separation and purification of nucleosides,
for example, recrystallization, adsorption chromatography,
1on exchange chromatography and the like.

The compound of the invention represented by the for-
mula I or I' may be converted into a pharmaceutically
acceptable salt thereof by a conventional method. Such salt
may be, for example, an alkali metal salt such as sodium or
potassium salt, alkaline earth salt such as magnesium sallt,
ammonium salt or alkylammonium salt such as
methylammonium, dimethylammonium,
trimethylammonium, tetramethylammonium salt or the like.

The compounds according to invention can be adminis-
tered to human beings via any route, oral, rectal, parenteral
or local for the prevention or treatment of the infection of
viruses such as retrovirus. The administration dose of the
compounds according to the invention may be determined
according to age, physical condition, body weight and the
like of a patient to be treated; however, a suitable daily does
of the compounds is 1 to 100 mg/(body weight)kg, prefer-
ably 5 to 50 mg/(body weight)kg and it 1s administered in
one to several times.

The compound of the 1nvents i1s generally prepared 1n a
pharmaceutical composition with a suitable carrier, excipi-
ent and other additives. Either a liquid carrier or solid carrier
may be suitably used for the present antiviral agent.

Examples of the solid carrier are lactose, kaolin, sucrose,
crystalline cellulose, corn starch, talc, agar, pectin, stearic
acid, magnesium stearate, lecithin, sodium chloride and the
like.

Examples of the liquid are glycerin, peanut oil, polyvinyl
pyrrolidone, olive oil, ethanol, benzyl alcohol, propylene
olycol, water and the like.
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The present anfiviral agent may be made 1n various forms.
For example, 1t may be 1n the form of a tablet, powder,
cgranule, capsule; suppository, troche or the like when a solid
carrier 1s used, and it may be also in the form of syrup,
emulsion, soft gelatin capsule, cream, gel, paste, spray,
injection solution, or the like when a liquid carrier 1s used.

The novel 6-substituted ayclopyrimidine nucleoside
derivatives according to the sent invention have an effective
antiviral activity against viruses such as retrovirus and have
a relatively low toxicity against the host cell, hence the
derivatives of the invention are extremely useful as an active
ingredient of antiviral agent.

EXAMPLE

The present invention will be further 1llustrated hereinat-
ter by way of examples, but these examples do not limit the
invention and many variations and modifications can be
made without departing from the scope of the present
invention.

The numbers of the compounds used 1n the description of
the examples correspond to those used 1n Table 1.

The starting compounds used 1n the examples such as

1-[(2-hydroxyethoxy)methyl]-6-phenylthio-2-
thiothymine,

1-] (2-hydroxyethoxy)methyl |-6-phenylthiothymine,

1-[(2-hydroxyethoxy)methyl]-6-(m,m’-
dimethylphenylthio)-2-thymine,

1-[(2-hydroxyethoxy)methyl]-6-(m,m’-
dimethylphenylthio)-2-thiothymine,

1-[(2-hydroxyethoxy)methyl]-6-(m,m’-
dichlorophenylthio)-thymine,

1-[(2-hydroxyethoxy)methyl |-6-benzylthymine,

1-[ (2-hydroxyethoxy)methyl J-6-cyclohexylthiothymine,

1-| (2-hydroxyethoxy)methyl]-6-m-tolylthiothymine and
the like were produced according to the methods described

in the examples of PCT International Application WO89/
09213.

EXAMPLE 1

Preparation of 1-[(2-acetoxyethoxy)methyl]-6-
phenylthio-2-thiothymine (compound No. 1)

To 2 ml of pyridine, 0.31 g (1.0 mmole) of 1-(2-
hydroxyethoxy)methyl]-6-phenylthio-2-thiothymine and
0.10 ml (1.1 mmol of acetic anhydride were added under a
flow of nitrogen, allowed to react for 2 hours at room
temperature, concentrated to dryness under reduced pressure

and crystallized from ethanol/water to obtain 0.62 g of the
target compound (Yield: 88%).

EXAMPLES 2-6

Using the following compounds in place of 1-[(2-
hydroxyethoxy)methyl|-6-phenylthio-2-thiothymine in
Example 1, Compounds Nos.2 to 6 in Table 1 were obtained
in the same manner as Example 1:

1-[ (2-hydroxyethoxy)methyl |-6-phenylthiothymine,
1-[(2-hydroxyethoxy)methyl]-6-(m,m’-
dimethylphenylthio)thymine,
1-[(2-hydroxyethoxy)methyl]-6-(m,m’-
dimethylphenylthio)-2-thiothymine,
1-[(2-hydroxyethoxy)methyl]-6-(m,m’-
dichlorophenylthio)thymine, and
1-[(2-hydroxyethoxy)methyl [-6-benzylthymine.

EXAMPLES 7-13

Compounds Nos.7 to 13 1n Table 1 were prepared in the
same manner as Example 2 by using ethyl formats, 1-butyryl
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chloride, pivaloyl chloride, decanoyl chloride, cyclohexan-
ecarbonyl chloride, benzoyl chloride or nicotinyl chloride
respectively 1n place of acetic anhydride in Example 2.

EXAMPLE 14

Compound No. 14 was prepared 1n the same manner as
Example 2 by using t-butoxycarbonyl chloride in place of
acetic anhydride in Example 2.

EXAMPLE 15

Compound No. 15 was obtained in the same manner as
Example 2 by using 1-[(2-hydroxyethoxy) methyl]-6-
cyclohexylthiothymine and benzyloxycarbonyl chloride in
place of 1-{(2-hydroxyethoxy)methyl]-6-phenylthiothymine
and acetic anhydride in Example 2 respectively.

EXAMPLE 16

Preparation of 1-[(2-phenylcarbamoyloxyethoxy)
methyl ]-6-m-tolylthiothymine (Compound No. 16)

To 2 ml of pyridine, 0.32 g (1.0 mmole) of 1-{(2-
hydroxyethoxy)methyl]-6-m-tolylthiothymine and 0.12 ml
(1.1 mmole) of phenyl isocyanate were added under a flow
of nitrogen allowed to react for 18 hours at room tempera-
ture. The reaction mixture was concentrated to dryness

under reduced pressure and crystallized from acetone/water
to obtain 0.24 g of the target compound (Yield: 54%).

EXAMPLE 17 and 18

Compounds Nos.17 and 18 were prepared in the same
manner as Example 16 by using ethyl isocyanate or phenyl
thioisocyanate respectively in place of phenyl 1socyanate.

EXAMPLE 19

Preparation of 1-[(2-benzyloxyethoxy)methyl]-6-
phenylthiothymine (Compound No. 19)

To 4 ml of tetrahydrofuran, 0.17 g (4.2 mmol) of sodium
hydride was added under a nitrogen flow, and stirred to form
a suspension. To this suspension, a solution of 0.62 g (2.0
mmole) of 1-[(2-hydroxyethoxy)methyl]-6-
phenylthiothymine in 2 ml of tetrahydrofuran was added
slowly to react for 45 minutes at room temperature. The
resultant was added with 0.24 ml (2.0 mmol) of benzyl
bromide and 7.4 g (20 umol) of tetrabutylammonium iodide
and allowed to react for 15 hours. The reaction mixture was
neutralized with acetic acid and distributed between chlo-
roform and saturated aqueous solution of sodium by
hydrogencarbonate, and the chloroform layer was concen-
trated to dryness under reduced pressure. The residue was
dissolved m a small amount of chloroform, adsorbed on a
silica gel column and eluted with 1% methanol/chloroform.
The eluate was concentrated and crystallized from diethyl

ether/hexane to obtain 0.64 g of the target compound (Yield:
80%).

EXAMPLES 20-21

Compounds Nos.20 and 21 were prepared 1in the same
manner as Example 19 by using methyl bromide or bro-
mopentane respectively i place of benzyl bromide.

EXAMPLE 22

Preparation of 1-(methoxymethyl)-6-phenylthiothymine
(Compound No. 22)

To 250 ml of methylene chloride, 25 g (0.20 mol) of
thymine and 109 ml (0.44 mol) of bistrimethylsilylaceta-
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mide were added under a nitrogen flow, and stirred for 2.5
hours at room temperature. To this mixture, 24 g (0.30 mole)
of chloromethyl methyl ether and 0.59 g (1.6 mmol) of
tetrabutylammonium 1odide were added and heated under
reflux for 1.5 hours. Then, the reaction mixture was added
with 400 ml of methanol and 100 ml of water slowly and
concentrated under reduced pressure. The residue was crys-
tallized from ethyl acetate to obtain 1-(methoxymethyl)-
thymine. Then, 119 ml of lithium diisopropylamide (0.25
mol) solution in tetrahydrofuran (2.1M) was added to 335 ml
of tetrahydrofuran under a nitrogen flow at —70° C., to which
a suspension of 17.0 g (0.10 mol) 1-(methoxymethyl)
thymine 1n 107 ml of tetrahydrofuran added dropwise over
30 minutes. After stirring for 2.5 hours at =70° C., the
reaction mixture was with a solution of 43.6 g of diphenyl
disulfide 1n 49 ml of tetrahydrofuran dropwise over 20
minutes and allowed to react for 20 minutes. The reaction
mixture was added with 35 ml of acetic acid, brought to
room temperature and then added with 1 1 of ethyl acetate.
The mixture was washed with water (100 mlx5) and satu-
rated solution of sodium hydrogencarbonate (twice), dried
on magnesium sulfate and concentrated under reduced pres-
sure. The residue was crystallized from ethanol to obtain 20
g of the target compound (Yield: 73%).

EXAMPLES 23-26

Compounds Nos.23 to 26 were prepared 1 the same
manner as Example 22 by using 1-(ethoxymethyl)thymine,
1-[(2-azidoethoxy) methyl|thymine, 1-[(2-fluoroethoxy)
methyl Jthymine or 1-[(2-chloroethoxy)methyl]|thymine
respectively in place of 1-(methoxymethyl)thymine.

EXAMPLE 27

Preparation of 6-phenylthiothymine (Compound No. 27)

To 100 ml of concentrated hydrochloric acid, 17.2 g (62

mmole) of 1-(methoxymethyl)-6-phenylthiothymine was
added and allowed to react for 2 hours at 80° C. The reaction

mixture was concentrated under reduced pressure and crys-

tallized from ethanol to obtain 3.8 g of the target compound
(Yield: 26%).

EXAMPLE 28

Preparation of 1-methyl-6-phenylthiothymine
(Compound No. 28)

To 1 ml of dimethyl sulfoxide, 20 mg (85 wmol) of
6-phenylthiothymine, 2.5 ul (40 gmol) of methyl iodide and
12 mg (85 umol) of potassium carbonate were added and
allowed to react for 6 hours at 80° C. The reaction mixture
was concentrated under reduced pressure and adsorbed on a
silica gel column and eluted with 1% methanol/chloroform.
The eluate was concentrated and crystallized from diisopro-
pyl ether to obtain 5.0 mg of the target compound (Yield:

51%).

EXAMPLES 29-30

Compounds Nos.29 and 30 were prepared in the same
manner as Example 28 by using ethyl tosylate or n-butyl
1odide respectively 1n place of methyl 1odide.

EXAMPLE 31

Preparation of 1-(4-hydroxybutyl) -6-phenylthiothymine
(Compound No. 31)

To 2 ml of dimethyl sulfoxide, 468 mg (2.0 mmol) of
6-phenythiothymine, 358 mg (1.0 mmol) of 4-(t-
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butyldimethylsiloxy)-butyl-p-toluenesulphonate and 276
mg (2.0 mmol) of potassium carbonate were added and
heated to react for 4 hours at 80° C. The reaction mixture
was concentrated under reduced pressure, added with
methanol and filtered. The filtrate was concentrated under
reduced pressure, added with 20 ml of tetrahydrofuran and
1 ml of 1N hydrochloric acid and stirred for 90 minutes. The
reaction mixture was concentrated under reduced pressure
and adsorbed on a silica gel column and eluted with 2%
methanol/chloroform The eluate was concentrated and crys-

tallized from acetone/hexane to obtain 12.0 mg of the target
compound (Yield: 4%).

EXAMPLE 32

Preparation of 1-(methylthiomethyl)-6-
phenylthiothymine (Compound No. 32)

To 4 ml of dimethylformamide, 0.17 ml (2.0 mmol) of
chloromethylmethylsulfide, 0.47 ¢ (2.0 mmol) of
6-phenylthiothymine, 0.56 ml (2.0 mmol) of triethylamine
were added and allowed to react for 22 hours at room
temperature. The reaction mixture was concentrated under
reduced pressure and the residue was adsorbed on a silica gel
column and eluted with chloroform. The eluate was con-

centrated and crystallized from ethyl acetate to obtain 45 mg
of the target compound (Yield: 8%).

EXAMPLE 33

Preparation of 1-[(2-hydroxyethoxy)methyl]-3-benzyl-6-
phenylthiothymine (Compound No. 33)

To 2 ml of dimethylformamide 0.62 g (2.0 mmol) of
1 (2-hydroxyethoxy)methyl]-6-penylthiothymine, 0.26 ml
(2.2 mmol) of benzyl bromide and 0.38 ml (2.2 mmol) of
ethyldiisopropylamine were added and allowed to react for
5 days at room temperature under nitrogen atmosphere. The
reaction mixture was concentrated under reduced pressure
and the residue was adsorbed on a silica gel column and
cluted with 1% methano/chloroform to obtain 0.24 g of the
target compound (Yield: 30%).

EXAMPLE 34

Compounds No. 34 was prepared 1n the same manner as
Example 33 by using methyl 1odide in place of benzyl
bromide.

EXAMPLE 35

Preparation of 1l-ethoxymethyl-5-ethyl-6-
phenylthiouracil (Compound No. 247)

To 100 ml of methylene chloride 5.1 g (40 mmol) of
5-ethyluracil and 22 ml (0.88 mmol) of bistrimethylsilylac-
ctamide were added under a nitrogen atmosphere and stirred
for 40 minutes at room temperature. To this mixture, 4.1 ml
(88 mmole) of chloromethyl yl ether and 0.15 g (0.4 mmol)
of tetrabutylammonium 1odide were added and heated under
reflux for 15 hours. Then, the reaction mixture was poured
carefully into 50 ml of saturated aqueous solution of sodium
hydrogencarbonate and filtered through Celite. The organic
layer was washed with water, dried on magnesium sulfate
and concentrated under reduced pressure. The residue was
crystallized from ethyl acetate to obtain 6.4 g of
(ethoxymethyl) 5-ethyluracil (Yield: 81%).

Then, 2.2 ml of lithium diisopropylamide (4.4 mmol)
solution in tetrahydrofuran (2.1M) was added to 6 ml of
tetrahydrofuran under a nitrogen atmosphere at =70° C., to
which a solution of 0.40 g (2.0 mmol) of 1-ethoxymethyl-
5-ethyluracil in 3 ml of tetrahydrofuran was added dropwise
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over 15 minute. After stirring for 1 hour at =70° C., the
reaction mixture was added with a solution of 0.57 g of
diphenyl disulfide 1in 2 ml of tetrahydrofuran dropwise over
10 minutes and allowed to react for 30 minutes. The reaction
mixture was added with 1 ml of acetic acid, brought to room
temperature and then added with 30 ml of ethyl acetate. The
mixture was washed with water (3 mix 5) and saturated
aqueous solution of sodium hydrogencarbonate (twice),
dried on magnesium sulfate and' concentrated under reduced
pressure. The residue was purified by silica gel chromatog-
raphy (ethyl acetate/hexane=3:17) and crystallized from
cthyl acetate to obtain 0.61 ¢ of 1-ethoxymethyl-5-¢thyl-6-
phenylthiouracil (Yield: 32%).

EXAMPLE 36

Compound No. 357 was obtained 1n the same way as
Example 35 by using 3,3',5,5'-tetramethylphenyl disulfide in
place of diphenyl disulfide.

EXAMPLE 37

Preparation of 1-ethoxymethyl-5-ethyl-6-phenylthio-2-
thiouracil (Compound No. 358)

To 100 ml of methylene chloride, 5.1 g (40 mmol) of
2-thiouracil and 22 ml (88 mmol) of bistrimethylsilylaceta-
mide were added under a nitrogen atmosphere, and stirred
for 40 minutes at room temperature. To this mixture, 8.2 ml

(88 mmole) of chloromethyl ethyl ether and 0.15 g (0.4
mmol) of tetrabutylammonium iodide were added and
heated under reflux for 15 hours. Then, the reaction mixture
was poured carefully into 50 ml of saturated aqueous
solution of sodium hydrogencarbonate and filtered through
Celite. The organic layer was washed with water, dried on
magnesium sulfate and concentrated under reduced pres-

sure. The residue was crystallized from ethyl acetate to
obtain 1.1 g of 1-ethoxymethyl-2-thiouracil (Yield: 15%).

Then, 3.3 ml lithium dusopropylamide solution in tet-
rahydrofuran (2.1M) was added to 9 ml of tetrahydrofuran
under a nitrogen atmosphere at =70° C., to which a solution
of 0.56 g (3.0 mmol) of 1-ethoxymethyl-2-thiouracil in 3 ml
of tetrahydrofuran was added dropwise over 15 minutes.
After stirring for 1 hour at =70° C., the reaction mixture was
added with a solution of 0.85 g (3.9 mmol) of diphenyl
disulfide 1n 1 ml of tetrahydrofuran dropwise over 10
minutes and allowed to react for 20 minutes. The reaction
mixture was added with 1 ml of acetic acid, brought to room
temperature and then added with 30 ml of ethyl acetate. The
mixture was washed with water (3 mlx5) and saturated
aqueous solution of sodium hydrogencarbonate (twice),
dried on magnesium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel chromatog-
raphy (ethyl acetate/hexane=3:17), crystallized from ethyl
acetate to obtain 0.64 g of 1-ethoxymethyl-6-phenylthio-2-
thiouracil (Yield: 73%).

Then, 2.1 ml of 1.6M butyl lithtum (3.4 mmol) solution in
hexane was added to a solution of 0.57 ml (3.4 mmol)
2,2,6,6-tetramethylpyperidine 1n 8 ml of tetrahydrofuran
under a nitrogen atmosphere at =70° C., warmed to -50° C.,
and stirred for 20 minutes. After cooling to =70° C. again,
the mixture was added with a solution of 0.44 g (1.5 mmol)
of 1-ethoxymethy-6-phenylthio-2-thiouracil 1n 4 ml tetrahy-
drofuran dropwise over 15 minutes, stirred for an hour,
added with 1.2 ml (15 mmol) ethyl iodide and stirred for 19
hours. Then, the mixture was added with 1 ml acetic acid,
brought to room temperature, added with 30 ml ethyl
acetate, washed with water and saturated aqueous solution
of sodium chloride, dried on magnesium sulfate and con-
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centrated under reused pressure. The residue was purified by
silica gel chromatography (ethyl acetate/hexane=3:17) and
crystallized from ethyl acetate to obtain 96 mg of the fitle

compound (Yield: 20%).
EXAMPLE 38

Compound No. 359 was prepared 1in the same way as
Example 37 by using 3,3',5,5'-tetramethyldiphenyl disulfide
in place of diphenyl disulfide.

EXAMPLE 39

Compound No. 360 was prepared in the same way as
Example 35 by using benzyl chloromethyl ether in place of
chloromethyl ethyl ether.

EXAMPLE 40

Compound No. 361 was prepared 1n the same way as
Example 35 by using benzyl chloromethyl ether and 3,3',5,
5'-tetramethyldiphenyl disulfide respectively i place of
chloromethyl ethyl ether and diphenyl disulfide.

EXAMPLE 41

Compound No 362 was prepared in the same way as
Example 35 by using thymine and benzyl chloromethyl
ether 1n place of 5-ethyluracil and chloromethyl ethyl ether.

EXAMPLE 42

Compound No. 41 was prepared in the same way as
Example 22 by using chloromethyl propyl ether 1n place of
chloromethyl methyl ether.

EXAMPLE 43

Compound No. 485 was prepared in the same way as
Example 22 by using butyl chloromethyl ether 1n place of
chloromethyl methyl ether.

EXAMPLE 44

Compound No. 365 was prepared 1n the same way as
Example 35 by using 3,3',5,5'-tetrachlorodiphenyl disulfide
in place of diphenyl disulfide.

EXAMPLE 45

Compound No. 366 was prepared in the same way as
Example 35 by using 5-ethyl-2-thiouracil and 3,3',5,5'-
tetrachlorodiphenyl disulfide respectively in place of
5-ethyluracil and diphenyl disulfide.

EXAMPLE 46

Compound No. 496 was prepared in the same way as
Example 35 by using 5-isopropyluracil in place of
5-ethyluracil.

EXAMPLE 47

Compound No. 497 was prepared 1n the same way as
Example 35 by using 5-1sopropyl-2-thiouracil in place of
5-ethyluracil.

EXAMPLE 4%

Compound No. 574 was prepared in the same way as
Example 35 by using 5-cyclopropyluracil in place of
5-ethyluracil.

EXAMPLE 49

Compound No. 575 was prepared in the same way as
Example 35 by using 5-cyclopropyl-2-thiouracil in place of
5-ethyluracil.
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EXAMPLE 50

Compound No. 675 was prepared in the same way as
Example 35 by using chloromethyl 1sopropyl other 1n place
of chloromethyl ethyl ether.

EXAMPLE 51

Compound No. 675 was prepared in the same way as
Example 35 by using 5-ethyl-2-thiouracil and chloromethyl
1sopropyl ether respectively in place of 5-ethyluracil and
chloromethyl ethyl ether.

EXAMPLE 52

Compound No. 685 was prepared in the same way as
Example 35 by using chloromethyl cyclohexyl ether 1n place
of chloromethyl ethyl ether.

EXAMPLE 53

Compound No. 686 was prepared in the same way as
Example 35 by using 5-ethyl-2-thiouracil and chloromethyl
cyclohexyl ether respectively 1n place of 5-ethyluracil and
chloromethyl ethyl ether.

EXAMPLE 54

Compound No. 689 was prepared in the same way as
Example 35 by using chloromethyl cyclohexylmethyl ether
in place of chloromethyl ethyl ether.

EXAMPLE 55

Compound No. 690 was prepared in the same way as
Example 35 by using 5-ethyl-2-thiouracil and chloromethyl
cyclohexylmethyl ether respectively i1n place of
5-cthyluracil and chloromethyl ethyl ether.

EXAMPLE 56

Compound No. 512 was prepared in the same way as
Example 35 by using 5-1sopropyluracil and benzyl chlorom-
cthyl ether respectively 1n place of 5-ethyluracil and chlo-
romethyl ethyl ether.

EXAMPLE 57

Compound No. 513 was prepared in the same way as
Example 35 by using 5-1sopropyl-2-thiouracil and benzyl
chloromethyl ether respectively in place of 5-ethyluracil and
chloromethyl ethyl ether.

EXAMPLE 58

Compound No. 748 was prepared in the same way as
Example 35 by using chloromethyl phenetyl ether 1 place
of chloromethyl ethyl ether.

EXAMPLE 59

Compound No. 749 was prepared in the same way as
Example 35 by using 5-ethyl-2-thioracil and chloromethyl
phenetyl ether respectively in place of 5-ethyluracil and
chloromethyl ethyl ether.

EXAMPLE 60

Compound No. 372 was prepared in the same way as
Example 35 by using 5-ethyl-2-thiouracil and chloromethyl

4-methylbenzyl ether respectively 1n place of 5-ethyluracil
and chloromethyl ethyl ether.

EXAMPLE 61

Compound No. 704 was prepared in the same way as
Example 35 by using 5-ethyl-2-thiouracil and
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4-chlorobenzyl chloromethyl ether respectively in place of
5-ethyluracil and chloromethyl ethyl ether.

EXAMPLE 62

Preparation of 6-benzyl-1-ethoxymethyl-5-ethyluracil
(Compound No. 472)

To 100 ml of methylene chloride, 5.1 g (40 mmol) of
5-ethyluracil and 22 ml (88 mmol) of bistrimethylsilylac-
ctamide were added under a nitrogen atmosphere and stirred
for 40 minutes at room temperature. To this mixture, 4.1 ml
(88 mmole) of chloromethyl ethyl ether and 0.15 g (0.4
mmol) of tetrabutylammonium iodide were added and
heated under reflux for 15 hours. Then, the reaction mixture
was poured mto 50 ml of saturated sodium bicarbonate
solution carefully and filtered through Celite. The organic
layer was washed with water, dried on magnesium sulfate
and concentrated under reduced pressure. The residue was
crystallized from ethyl acetate to obtain 6.4 g of
1-ethoxymethyl-5-ethyluracil (Yield: 81%).

Then, 2.2 ml (4.4 mmol) of lithtum diisopropylamide
solution in tetrahydrofuran (2.1M) was added to 6 ml of
tetrahydrofuran under a nitrogen atmosphere at =70° C., to
which a solution of 0.40 g (2.0 mmol) of 1-ethoxymethyl-
5-ethyluracil in 3 ml of tetrahydrofuran was added dropwise
over 15 minutes. After stirring for 1 hour at =70° C., the
reaction mixture was added with a solution of 0.27 g (2.6
mmol) of benzaldehyde in 2 ml of tetrahydrofuran dropwise
over 10 minutes and allowed to react for 30 minutes. The
reaction mixture was added with 1 ml of acetic acid, brought
to room temperature and then added with 30 ml of ethyl
acetate. The mixture was washed with water (3 ml x5) and
saturated aqueous solution of sodium hydrogencarbonate
(twice), dried on magnesium sulfate and concentrated under
reduced pressure.

The residue was dissolved 1in 10 ml of ethanol, added with
20 mg of 20% palladium hydroxide/carbon and stirred under
a hydrogen atmosphere for a day at 55° C. Then, after
removing the catalyst by filtration, the reaction mixture was
concentrated. The residue was crystallized from hexane to

obtain 0.28 g of 6 -benzyl-1-ethoxymethyl-5-ethyluracil
(Yield: 85%).

EXAMPLE 63

Compound No. 474 was prepared in the same way as
Example 62 by using 3,5-dimethylbenzaldehyde 1n place of
benzaldehyde.

EXAMPLE 64

Preparation of 1-butyl-5-ethyl-6-phenylthiouracil
(compound No. 252)

To a solution of 5.6 g (40 mmol) of 5-ethyluracil in 60 ml
of dimethylformamide, 5.5 g (40 mmol) of potassium car-
bonate and 2.3 ml (20 mmol) of n-iodobutane were added
and stirred for 2 hours at 120° C. The reaction mixture was
concentrated under reduced pressure and distributed
between dichloromethane and aqueous solution of ammo-
nium chloride, and the organic layer was concentrated under
reduced pressure. The residue was adsorbed on a silica gel
column and eluted with 30% ethyl acetate/hexane to obtain
2.7 g of 1-butyl-5-ethyluracil (Yield: 69%).

Then, a solution of 4.4 mmol of lithium dusopropylamide
in 2.8 ml of tetrahydrofuran was added dropwise to a
solution of 392 mg (2.0 mmol) 1-butyl-5-ethyluracil in 9 ml
of tetrahydrofuran under a nitrogen atmosphere at —-70° C.
and stirred for 70 minutes at —=70° C. and further 5 minutes
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at =25° C. The mixture was cooled to =70° C. again, added
with a solution of 567 mg (2.6 mmol) diphenyl disulfide in
3 ml of tetrahydrofuran, stirred for 20 minutes, added with
1 ml of acetic acid, brought to room temperature, washed
with saturated aqueous solution of sodium chloride and
concentrated under reduced pressure. The residue was
adsorbed on a silica gel, eluted with 10% ethyl acetate/

hexane and crystallized from hexane to obtain 40 mg of
1-butyl-5-ethyl-6-phenylthiouracil (Yield: 7%).

EXAMPLE 65

Compound No. 363 was prepared in the same way as
Example 35 by using 5-e¢thyl-2-thiouracil and benzyl chlo-
romethyl ether respectively in place of 5-ethyluracil and
chloromethyl ethyl ether.

EXAMPLE 66

Compound No. 364 was prepared in the same way as
Example 35 by using 5-ethyl-2-thiouracil, benzyl chlorom-
cthyl ether and 3,3',5,5'-tetramethyldiphenyl disulfide
respectively 1n place of 5-ethyluracil, chloromethyl ethyl
cther and diphenyl disulfide.

EXAMPLE 67

Preparation of 5-(2-(E)-bromovinyl)-1-(ethoxymethyl)-6-
(phenylthio) uracil (Compound No. 270)

In 50 ml of dichloromethane, 4.76 g (20 mmol) of
5-iodouracil was suspended and added with 11 ml (45
mmol) of bistrimethylsilylacetamide and stirred for 15 min-
utes at room temperature to form a homogeneous solution.
This solution was added with 2.04 ml (22 mmol) of chlo-
romethyl ethyl ether and 60 mg of tetra-n-butylammonium
10odide and heated under reflux for 3 hours. After the solvent
was evaporated under reduced pressure, the residue was
added with water to produce crystals, which were taken by
filtration. The crystals were washed by suspending them 1n
hot methanol and recovering them by cooling and filtration
to obtain 5.43 g of 1-(ethoxy-methyl)-5-1odouracil.

Then, 1.184 ¢ (4 mmol) of 1-(ethoxymethyl)-5-
iodouracil, 870 ug (8 mmol) of ethyl acrylate, 45 mg of
palladium acetate and 0.6 ml of triecthylamine were dis-
solved 1n 40 ml of dimethylformamide, heated and stirred
for 5 hours at 70° C. After the solvent was evaporated under
reduced pressure, the residue was adsorbed on a silica gel
column, eluted with a solution of dichloromethan/ethyl
acetate (1:1 v/v) to recover the desired fraction, from which
the solvent was evaporated under reduced pressure to obtain
798 mg of 5-(2-(E)-carboethoxyvinyl)-1-(ethoxymethyl)
uracil as crystals.

Then, 0.16 g (4.0 mmol) of sodium hydroxide and 0.54 g
(2.0 mmol) of 5-(2- (E) -carboethoxyvinyl) -1-
(ethoxymethyl) -uracil were added to 8 ml of water, stirred
for 4.5 hours, neutralized with 1N hydrochloric acid and
added with 10 ml of dimethylformamide to obtain a homo-
geneous solution.

This solution was then added with 0.62 g (4.5 mmol) of
potassium carbonate, stirred for 5 minutes at room tempera-
ture to make 1t a homogeneous solution, then added with
0.36 g (2.0 mmol) of N-bromosuccinimide and stirred for 30
minutes. The reaction mixture was concentrated under
reduced pressure and distributed between chloroform and
aqueous solution of ammonium chloride, and the organic
layer was concentrated under reduced pressure. The residue
was adsorbed on a silica gel column and eluted with 20%
ethyl acetate/hexane to collect the desired fraction, from
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which the solvent was evaporated under reduced pressure to
obtain 0.15 g of 5-(2-(E)-bromovinyl)-1-(ethoxymethyl)
uracil (Yield: 28%).

Then, a solution of 0.15 g (0.56 mmol) 5-(2-(E)-
bromovinyl) -1-ethoxymethyl)uracil in 1.7 ml of tetrahydro-
furan was added dropwise to a solution of 1.22 mmol of
lithium duisopropylamide 1n 2.3 ml of tetrahydrofuran under
a nitrogen atmosphere at =70° C. over 7 minutes and stirred
for 40 minutes, added with a solution of 0.16 g (0.73 mmol)
diphenyl disulfide 1n 1 ml of tetrahydrofuran and stirred for
1 hour. The reaction mixture was washed with saturated
aqueous solution of sodium chloride and concentrated under
reduced pressure. The residue was absorbed on a silica gel
column, eluted with 15% ethyl acetate/hexane to collect the
desired faction, from which the solvent was evaporated

under reduced pressure to obtain 11 mg of the target com-
pound (Yield: 5%. m.p.: 143°-148° C.).

Compounds No. 35 to 40, 42 to 246, 248 to 251, 253 to
269,271 to 356,367 to 371,373 to 471, 473, 475 to 484, 486
to 495, 498 to 511, 514 to 573, 576 to 674, 677 to 684, 687,
688, 691 to 703, 705 to 747 and 750 to 803 1n Table 1 may
be prepared similarly according to the methods described 1n
the working examples above.

EXAMPLE 68
Production of tablet

1-] (2-acetoxyethoxy)methyl |-6-phenylthiothymine 10 g
Corn starch 65 g
Carboxycellulose 20 g
Polyvinyl pyrrolidone 3g
Calcium stearate 2g
Total weight 100 g

The above-mentioned components were well mixed and
tablets were produced by a direct tableting method. Each
tablet had a weight of 100 mg and contained 10 mg of
[1-](2-acetoxyethoxy)methyl]-6-phenylthiothymine] 7-[(2-
acetoxyethoxy)methyl|-6-phenylthiothymine.

EXAMPLE 69
Production of powder and encapsulated medicine

1-] 2-acetoxyethoxy)methyl |-6-phenylthiothymine 20 ¢
Crystalline cellulose 80 g
Total weight 100 g

Both powder components were well mixed to obtain a
powder formulation. 100 mg of the thus-obtained powder
was charged into a hard capsule of No. 5 to obtain an
encapsulated medicine.

EXAMPLE 70

Inhibitory activity for HIV infection

In RPMI 1640 DM culture medium containing 20 mM of
Hepes buifer solution, 10% fetal bovine serum and 20 ug/ml
of gentamyecin, 3x10* MT-4 cells (human T cell clone which
is destroyed by the infection of HIV) were infected with HIV
in an amount of 100 times as large as expected to cause 50%
infection of the cells. Immediately thereafter, a predeter-
mined amount of sample was added to the culture medium
using 50 mg/ml sample solutions in dimethyl sulfoxide and
the cells were cultured at 37° C.
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After 5 days of incubation, the number of existing cells

was counted to determine the concentration of the com-
pound for preventing the death of 50% of the MT-4 cells.
Separately, MT-4 cells were cultured 1n the same way as

What 1s claimed 1s:
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1. A pyrimidine derivative represented by the following

formula (I):

R
Y

wherein

X

4\ )‘I\
N

A
|

R3

R* represents C, to C. alkyl; C, to C,, cycloalkyl; C, to

above except that they were not infected with HIV to .
determine the concentration of the compound at which 50%
of the MT-4 cells were destroyed.
Both results are shown 1n Table 2. 10
TABLE 2
50% inhibitory 50% cytotoxic
Compound concentration of concentration to 15
No. HIV infection (uM) MT-4 cells (uM)
1 2.8 196
2 6.7 314
3 <0.8 236
4 <0.8 240 20
5 1.8 218
7 7.1 292
8 9.9 218
10 11 162
11 7.5 78
12 7.6 53 25
13 11 170
14 12 66
16 21 420
17 0.96 171
20 3.6 292
22 2.1 244 30
23 <0.8 215
24 5.7 169
25 1.1 191
26 1.7 193
29 4.3 06
30 1.2 89 35
31 13 249
32 1.2 154
41 5.6 147
2477 0.016 123
252 0.016 45
357 0.005 >100 40
358 0.026 81
359 0.004 >100
360 0.0025 30
361 0.005 >20)
362 0.076 133 45
363 0.0078 >10
364 0.0069 =20
365 0.0074 45
366 0.013 45
372 0.012 >20)
472 0.041 245 50
474 0.0064 =500
485 4.7 83
496 0.012 106
497 0.014 >100
512 0.0027 =20
513 0.0068 >20 5c
574 0.10 223
575 0.095 46
675 0.34 143
676 0.22 >100
685 3.8 >100
636 1.6 223 60
639 0.45 17
690 0.35 >100
704 0.012 20
748 0.096 38
749 0.091 >2()
65

C; alkenyl optionally substituted by one or more sub-
stituents selected from the group consisting of a halo-
gen atom, phenyl, cyano, C,to C, alkoxycarbonyl and
carbamoyl groups; C, to C; alkynyl optionally substi-
tuted by one or more substituents selected from the
group consisting of a halogen atom, phenyl, cyano, C,
to C, alkoxycarbonyl and carbamoyl groups; C, to C;
alkylcarbonyl optionally substituted by one or more
substituents selected from the group consisting of a
halogen atom, phenyl, cyano, C, to C, alkoxycarbonyl
and carbamoyl groups; C, to C,; arylcarbonyl option-
ally substituted by one or more substituents selected
from the group consisting of a halogen atom, phenyl,
cyano, C, to C, alkoxycarbonyl and carbamoyl groups;
Cq to C,, arylcarbonylalkyl optionally substituted by
one or more substituents selected from the group con-
sisting of a halogen atom, phenyl, cyano, C, to C,
alkoxycarbonyl and carbamoyl groups; C. to C,,
arylthio optionally substituted by one or more substitu-
ents selected from the group consisting of a halogen
atom, phenyl, cyano, C, to C, alkoxycarbonyl and
carbamoyl groups; C, to C,; arylcarbonyl optionally
substituted by one or more substituents selected from
the group consisting of a halogen atom, phenyl, cyano,
C, to C, alkoxycarbonyl and carbamoyl groups; C, to
C,, arylcarbonylalkyl optionally substituted by one or
more substituents selected from the group consisting of
a halogen atom, phenyl, cyano, C, to C, alkoxycarbo-
nyl and carbamoyl groups; C, to C,, arylthio optionally
substituted by one or more substituents selected from
the group consisting of a halogen atom, phenyl, cyano,
C, to C, alkoxycarbonyl and carbamoyl groups; or C,
to C,, aralkyl group optionally substituted by one or
more substituents selected from the group consisting of
a halogen atom, phenyl, cyano, C, to C, alkoxycarbo-
nyl and carbamoyl groups,

R* represents C, to C,, arylthio optionally substituted by

one or more substituents selected from the group con-
sisting of a halogen atom, C, to C. alkyl, C,; to C.
halogenated alkyl, C, to C. alkoxy, phenyl, hydroxyl,
nitro, amino, cyano, and C, to C, acyl groups; C, to C.
alkylthio optionally substituted by one or more sub-
stituents selected from the group consisting of a halo-
gen atom, C, to C; alkyl, C, to C; halogenated alkyl,
C, to C; alkoxy, phenyl, hydroxyl, nitro, amino, cyano
and C, to C, acyl groups; C; to C,, cycloalkylthio
optionally substituted by one or more substituents
selected from the group consisting of a halogen atom,
C, to Cs alkyl, C,; to C; halogenated alkyl, C, to C;
alkoxy, phenyl, hydroxyl, nitro, amino, cyano and C, to
C, acyl groups; C, to C,, arylsulfinyl optionally sub-
stituted by one or more substituents selected from the
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group consisting of a halogen atom, C, to C; alkyl, C,
to C. halogenated alkyl, C, to C. alkoxy, phenyl,
hydroxyl, nitro, amino, cyano and C, to C, acyl groups;
C, to C; alkylsulfinyl optionally substituted by one or
more substituents selected from the group consisting of
a halogen atom, C, to C. alkyl, C, to C; halogenated
alkyl, C, to C; alkoxy, phenyl, hydroxyl, nitro, amino,
cyano and C, to C, acyl groups; C; to C,, cycloalkyl-
sulfinyl optionally substituted by one or more substitu-
ents selected from the group consisting of a halogen
atom, C, to C; alkyl, C, to C; halogenated alkyl, C, to
C; alkoxy, phenyl, hydroxyl, nitro, amino, cyano and
C, to C, acyl groups; C, to C. alkenyl optionally
substituted by one or more substituents selected from
the group consisting of a halogen atom, C, to C; alkyl,
C, to C; halogenated alkyl, C, to C. alkoxy, phenyl,
hydroxyl, nitro, amino, cyano and C, to C, acyl groups;
C, to C, alkynyl optionally substituted by one or more
substituents selected from the group consisting of a
halogen atom, C, to C; alkyl, C,; to C; halogenated
alkyl, C, to C; alkoxy, phenyl, hydroxyl, nitro, amino,
cyano and C, to C, acyl groups; C, to C,, aralkyl
optionally substituted by one or more substituents
selected from the group consisting of a halogen atom,
C, to C; alkyl, C, to C; halogenated alkyl, C, to C,
alkoxy, phenyl, hydroxyl, nitro, amino, cyano and C, to
C, acyl groups; C, to C,; arylcarbonyl optionally
substituted by one or more substituents selected from
the group consisting of a halogen atom, C, to C; alkyl,
C, to C; halogenated alkyl, C, to C. alkoxy, phenyl,
hydroxyl, nitro, amino, cyano and C, to C, acyl groups;
C, to C,, arylcarbonylalkyl optionally substituted by
one or more substituents selected from the group con-
sisting of a halogen atom, C, to C: alkyl, C, to C.
halogenated alkyl, C, to C. alkoxy, phenyl, hydroxyl,
nitro, amino, cyano and C, to C, acyl groups; or C, to
C,, aryloxy group optionally substituted by one or
more substituents selected from the group consisting of
a halogen atom, C, to C; alkyl, C, to C; halogenated
alkyl, C, to C; alkoxy, phenyl, hydroxyl, nitro, amino,
cyano and C, and C, acyl groups;

R® represents ethyl; C, to C,, branched alkyl; or
—CH,—Z(CH.,),—R” group where R’ represents a
hydrogen atom; halogen atom; hydroxyl; nicotinoy-
loxy; formyloxy; C, to C,, alkylcarbonyloxy; C, to C,,
cycloalkylcarbonyloxy; Cq to C,, aralkylcarbonyloxy;
C, to C,; arylcarbonyloxy; azido; C, to C,, alkoxy-
carbonyloxy optionally substituted by one or more
substituents selected from the group consisting of a
halogen atom, C, to C,, aryl, C, to C; alkoxy and C,
to C; halogenated alkyl groups; C, to C,,
N-alkylcarbamoyloxy optionally substituted by one or
more substituents selected from the group consisting of
a halogen atom, C, to C,, aryl, C, to C; alkyl, C, to C,
alkoxy and C, to C; halogenated alkyl groups; C- to
C,; N-arylcarbamoyloxy optionally substituted by one
or more substituents selected from the group consisting
of a halogen atom, C, to C,, aryl, C, to C; alkyl, C, to
C. alkoxy and C, to C; halogenated alkyl groups; C, to
C,, N-alkylthiocarbamoyloxy optionally substituted by
one or more substituents selected from the group con-
sisting of a halogen atom, C, to C,, aryl, C, to C; alkyl,
C, to C; alkoxy and C, to C; halogenated alkyl groups;
C, to C,; N-arylthiocarbamoyloxy optionally substi-
tuted by one or more substituents selected from the
group consisting of a halogen atom, C, to C,, aryl, C,
to C; alkyl, C, to C; alkoxy and C, to C; halogenated
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alkyl groups; C, to C,, alkoxy optionally substituted by
one or more substituents selected from the group con-
sisting of a halogen atom, C, to C,, aryl, C, to C; alkyl,
C, to C; alkoxy and C, to C; halogenated alkyl groups;
C, to C,; aralkyloxy optionally substituted by one or
more substituents selected from the group consisting of
a halogen atom, C, to C,, aryl, C, to C; alkyl, C, to C;
alkoxy and C, to C, halogenated alkyl groups; C, to
C,o branched alkyl optionally substituted by one or
more substituents selected from the group consisting of
a halogen atom, C to C,, aryl, C, to C; alkyl, C, to C;
alkoxy and C, to C, halogenated alkyl groups; C, to
C,, cycloalkyl optionally substituted by one or more
substituents selected from the group consisting of a
halogen atom, C, to C,, aryl, C, to Cs alkyl, C, to C.
alkoxy and C, to C; halogenated alkyl groups; or C, to
C,, aryl group optionally substituted by one or more
substituents selected from the group consisting of a
halogen atom, C, to C,, aryl, C, to Cs alkyl, C, to Cs
alkoxy and C, to C; halogenated alkyl groups, Z
represents an oxygen atom, sulfur atom or methylene
oroup, and n represents 0 or an 1nteger of 1 to 5,

R* represents a hydrogen atom;
X and Y independently represent an oxygen or sulfur

atom; provided that when R” represents a hydrogen
atom and Z represents an oxygen atom or methylene
aroup, R> does not represent hydroxyl group, or a

pharmaceutically acceptable salt thereof.

2. A pyrimidine derivative represented by the following
formula (I'):

]

wherein:
R* represents C, to C. alkyl; C, to C, cycloalkyl; C, to

C; alkenyl optionally substituted by one or more sub-
stituents selected from the group consisting of a halo-
gen atom, phenyl, cyano, C, to C, alkoxycarbonyl and
carbamoyl groups; C, to C. alkynyl optionally substi-
tuted by one or more substituents selected from the
group consisting of a halogen atom, phenyl, cyano, C,
to C, alkoxycarbonyl and carbamoyl groups; C, to Cs
alkylcarbonyl optionally substituted by one or more
substituents selected from the group consisting of a
halogen atom, phenyl, cyano, C, to C, alkoxycarbonyl
and carbamoyl groups; C, to C,; arylcarbonyl option-
ally substituted by one or more substituents selected
from the group consisting of a halogen atom, phenyl,
cyano, C, to C, alkoxycarbonyl and carbamoyl groups;
Cq to C,, arylcarbonylalkyl optionally substituted by
one or more substituents selected from the group con-
sisting of a halogen atom, phenyl, cyano, C, to C
alkoxycarbonyl and carbamoyl groups; C. to C,,
arylthio optionally substituted by one or more substitu-
ents selected from the group consisting of a halogen
atom, phenyl, cyano, C, to C. alkoxycarbonyl and
carbamoyl groups; or C, to C,, aralkyl group option-
ally substituted by one or more substituents selected
from the group consisting of a halogen atom, phenyl,
cyano, C, to C, alkoxycarbonyl and carbamoyl groups,
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R” represents C, to C,, arylthio optionally substituted by
one or more substituents selected from the group con-
sisting of a halogen atom, C, to C, alkyl, C,; to C;
halogenated alkyl, C, to C. alkoxy, phenyl, hydroxyl,

halogen atom, C, to C,, aryl, C, to C; alkyl, C, to C;
alkoxy and C, to C; halogenated alkyl groups; C, to

140

C,; N-alkylcarbamoyloxy optionally substituted by
one or more substituents selected from the group con-
sisting of a halogen atom, C, to C,, aryl, C, to C; alkyl,
C, to C; alkoxy and C, to C; halogenated alkyl groups;

nitro, amino, ¢yano, and C, to C, acyl groups; C, to C5 5 C, to C,; N-arylcarbamoyloxy optionally substituted
alkylthio optionally substituted by one or more sub- by one or more substituents selected from the group
stituents selected from the group consisting of a halo- consisting of a halogen atom, Cg to C,,, aryl, C, to Cs
gen atom, C, to Cs alkyl, C, to Cs halogenated alkyl, alkyl, C, to C; alkoxy and C, to C; halogenated alkyl
C, to C. alkoxy, phenyl, hydroxyl, nitro, amino, cyano ogroups; C, to C,,; N-alkylthiocarbamoyloxy optionally
and C, to C, acyl groups; C; to C,, cycloalkylthio 10 substituted by one or more substituents selected from
optionally substituted by one or more substituents the group consisting of a halogen atom, C to C,, aryl,
selected from the group consisting of a halogen atom, C, to Cs alkyl, C; to Cs alkoxy and C; to Cs haloge-
C, to Cs alkyl, C, to Cs halogenated alkyl, C, to Cs nated alkyl groups; C, to C,; N-arylthiocarbamoyloxy
alkoxy, phenyl, hydroxyl, nitro, amino, cyano and C, to optionally substituted by one or more substituents
C, acyl groups; C, to C,, arylsulfinyl optionally sub- 15 selected from the group consisting of a halogen atom,
stituted by one or more substituents selected from the Cs to €y, aryl, C; to Cy alkyl, C, to Cs alkoxy and C;
group consisting of a halogen atom, C, to Cs alkyl, C, to Cs halogenated alkyl groups; C; to C,, alkoxy
to C. halogenated alkyl, C, to C. alkoxy, phenyl, optionally substituted by one or more substituents
hydroxyl, nitro, amino, cyano and C, to C, acyl groups; selected from the group consisting of a halogen atom,
C, to Cs alkylsulfinyl optionally substituted by one or 20 Cq to Cy, aryl, C; to Cy alkyl, C, to Cj alkoxy and C,
more substituents selected from the group consisting of to Cs halogenated alkyl groups; C, to C,5 aralkyloxy
a halogen atom, C, to Cs alkyl, C, to Cs halogenated optionally substituted by one or more substituents
alkyl, C, to C. alkoxy, phenyl, hydroxyl, nitro, amino, selected from the group consisting of a halogen atom,
cyano and C, to C, acyl groups; C; to C,, cycloalkyl- Cs to Cy, aryl, C; to Cy alkyl, C, to C4 alkoxy and C;
sulfinyl optionally substituted by one or more substitu- 75 to C5 halogenated alkyl groups; C; to C,, branched
ents selected from the group consisting of a halogen alkyl optionally substituted by one or more substituents
atom, C, to C. alkyl, C, to C. halogenated alkyl, C, to selected from the group consisting of a halogen atom,
C, alkoxy, phenyl, hydroxyl, nitro, amino, ¢cyano and Ce to C4, aryl, C; to Cs alkyl, C; to Cs alkoxy and C;
C, to C, acyl groups; C, to Cs alkenyl optionally to C halogenated alkyl groups; C; to C,, cycloalkyl
substituted by one or more substituents selected from 3g optionally substituted by one or more substituents
the group consisting of a halogen atom, C, to C; alkyl, selected from the group consisting ot a halogen atom,
C, to C; halogenated alkyl, C, to C. alkoxy, phenyl, C, to C,, aryl, C, to Cy alkyl, C, to C; alkoxy and C,
hydroxyl, nitro, amino, cyano and C, to C, acyl groups; to Cs halogenated alkyl groups; or C, to C,, aryl group
C, to Cs alkynyl optionally substituted by one or more optionally substituted by one or more substituents
substituents selected from the group consisting of a 3s selected from the group consisting of a halogen atom,
halogen atom, C, to Cs alkyl, C, to Cs halogenated Ce to C,, aryl, C; to Cs alkyl, C; to Cs alkoxy and C,
alkyl, C, to C. alkoxy, phenyl, hydroxyl, nitro, amino, to C; halogenated alkyl groups, Z represents an oxygen
cyano and C, to C, acyl groups; C, to C,, aralkyl atom, sulfur atom or methylene group, and n represents
optionally substituted by one or more substituents 0 or an mteger of 1 to 5, and Y represents an oxygen or
selected from the group consisting of a halogen atom, 40 sulfur atom, or a pharmaceutically acceptable salt
C, to Cy alkyl, C, to Cs halogenated alkyl, C, to C; thereof.
alkoxy, phenyl, hydroxyl, nitro, amino, cyano and C, to 3. A [compounds] pyrimidine derivative according to
C, acyl groups; C, to C,; arylcarbonyl optionally  c¢laim 1 or 2, wherein:
substituted by one or more substituents selected from R* represents C, to C. alkyl; C, to C,, cycloalkyl; C, to
the group consisting of a halogen atom, C, to C; alkyl, 45 C. alkenyl optionally substituted by one or more sub-
C, to C. halogenated alkyl, C, to C. alkoxy, phenyl, stituents selected from the group consisting of a halo-
hydroxyl, nitro, amino, cyano and C, to C, acyl groups; gen atom, phenyl, cyano, C, to C, alkoxycarbonyl and
Cq to C,, arylcarbonylalkyl optionally substituted by carbamoyl groups; C, to C< alkynyl optionally substi-
one or more substituents selected from the group con- tuted by one or more substituents selected from the
sisting of a halogen atom, C, to C. alkyl, C; to Cs sg group consisting of a halogen atom, phenyl, cyano, C,
halogenated alkyl, C, to C. alkoxy, phenyl, hydroxyl, to C, alkoxycarbonyl and carbamoyl groups; C, to C;
nitro, amino, cyano and C, to C, acyl groups; or C, to alkylcarbonyl; C, to C,; arylcarbonyl; C, to C,, aryl-
C,, aryloxy group optionally substituted by one or carbonylalkyl; C, to C,, arylthio; or C, to C, aralkyl
more substituents selected from the group consisting of group,
a halogen atom, C, to Cs alkyl, C, to Cs halogenated s5  R” represents C, to C,, arylthio optionally substituted by
alkyl, C, to C; alkoxy, phenyl, hydroxyl, nitro, amino, one or more substituents selected from the group con-
cyano and C, to C; acyl groups; sisting of a halogen atom, C, to C; alkyl, C, to C.
R® represents ethyl; C, to C,, branched alkyl; or halogenated alkyl, C, to C; alkoxy, phenyl, hydroxyl,
—CH,—Z(CH,),—R> group where R’ represents a nitro, amino, cyano and C, to C, acyl groups; C, to Cs
hydrogen atom; halogen atom; hydroxyl; nicotinoy- 60 alkylthio; C; to C,, cycloalkylthio optionally substi-
loxy; formyloxy; C, to C,, alkylcarbonyloxy; C, to C,, tuted by one or more substituents selected from the
cycloalkylcarbonyloxy; Cq to C,, aralkylcarbonyloxy; ogroup consisting of a halogen atom, C, to C; alkyl, C,
C, to C,; arylcarbonyloxy; azido; C, to C,, alkoxy- to C; halogenated alkyl, C, to C. alkoxy, phenyl,
carbonyloxy optionally substituted by one or more hydroxyl, nitro, amino, cyano and C, to C, acyl groups;
substituents selected from the group consisting of a 65 C, to C,, arylsulfinyl; C, to C; arylsulfinyl; C; to C,,

cycloalkylsulfinyl; C, to Cs alkenyl; C, to Cs alkynyl;
C, to C,, aralkyl optionally substituted by one or more
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substituents selected from the group consisting of a
halogen atom, C, to C; alkyl, C, to C. halogenated
alkyl, C, to C. alkoxy, phenyl, hydroxyl, nitro, amino,
cyano and C, to C, acyl groups; C, to C, ; arylcarbonyl,
Cq to C,, arylcarbonylalkyl; or C, to C,, aryloxy,

R> represents ethyl; or —CH,—Z—(CH,), —R> group
where R represents a hydrogen atom; halogen atom;
hydroxyl; nicotinoyloxy; formyloxy; C, to C,, alkyl-
carbonyloxy; C, to C,, cycloalkylcarbonyloxy; C, to
C,, aralkylcarbonyloxy; C, to C,, arylcarbonyloxy;
azido; C, to C,, alkoxycarbonyloxy; C, to (g
N-alkylcarbamoyloxy; C, to C,; N-arylcarbamoyloxy
optionally substituted by one or more substituents
selected from the group consisting of a halogen atom,
C, to C,, aryl, C, to C; alkyl, C, to C; alkoxy and C,

to C; halogenated alkyl groups; C, to Cg

N-alkylthiocarbamoyloxy; C, to C,;,

N-arylthiocarbamoyloxy optionally substituted by one

or more substituents selected from the group consisting

of a halogen atom, C, to C,, aryl, C, to C; alkyl, C, to

C. alkoxy and C; to C; halogenated alkyl groups; C, to

C,, alkoxy; C, to C, ; aralkyloxy optionally substituted

by one or more substituents selected by the group

consisting of a halogen atom, C, to C,, aryl, C, to C;

alkyl, C, to C; alkoxy and C, to C; halogenated alkyl

groups; C, to C; branched alkyl; C; to C, cycloalkyl;
or C. to C,, aryl group optionally substituted by one or
more substituents selected from the group consisting of

a halogen atom, C, to C,, aryl, C, to C; alkyl, C, to C,

alkoxy and C,; to C. halogenated alkyl groups, Z

represents an oxygen atom, sulfur atom or methylene

group, and n represents 0 or an 1nteger of 1 to 5;

or a pharmaceutically acceptable salt thereof.
4. A [compound] pyrimidine derivative according to claim

3, wherein:

R' represents C, to Cs alkyl; C, to C, cycloalkyl; or C,
to C; alkenyl optionally substituted by one or more
substituents selected from the group consisting of a
halogen atom, phenyl, cyano, C, to C, alkoxycarbonyl
and carbamoyl groups,

R* represents C, to C,,, arylthio optionally substituted by
one or more substituents selected from the group con-
sisting of a halogen atom, C, to C; alkyl, C, to C;
halogenated alkyl, C, to C; alkoxy, phenyl, hydroxyl,
nitro, amino, cyano and C, to C, acyl groups; C, to C,
cycloalkylthio optionally substituted by one or more
substituents selected from the group consisting of a
halogen atom, C, to C; alkyl, C,; to C. halogenated
alkyl, C, to C; alkoxy, phenyl, hydroxyl, nitro, amino,
cyano and C, to C, acyl groups; or C, to C,, aralkyl
optionally substituted by one or more substituents
selected from the group consisting of a halogen atom,
C, to C; alkyl, C, to C; halogenated alkyl, C, to C.
alkoxy, phenyl, hydroxyl, nitro, amino, cyano and C, to
C, acyl groups,

R> represents ethyl; or —CH,—Z—(CH,),—R” group
where R represents a hydrogen atom; halogen atom;
hydroxyl; nicotinoyloxy; formyloxy; C, to C,; alkyl-
carbonyloxy; C, to C,, cycloalkylcarbonyloxy; C, to
C,, aralkylcarbonyloxy; C, to C,, arylcarbonyloxy;
azido; C, to C,, alkoxycarbonyloxy; C, to (g
N-alkylcarbamoyloxy; C, to C,; N-arylcarbamoyloxy;
C, to Cg N-alkylthiocarbamoyloxy; C, to C,,
N-arylthiocarbamoyloxy; C, to C,, alkoxy; C, to C,;
aralkyloxy; C; to C; branched alkyl;, C; to C,
cycloalkyl; or C, to C,, aryl group optionally substi-
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tuted by one or more substituents selected from the
group consisting of a halogen atom, C, to C,, aryl, C,
to C; alkyl, C; to Cs alkoxy and C, to C; halogenated
alkyl groups, Z represents an oxygen, sulfur or meth-
ylene group, and n represents O or an integer of 1 to 5;

or a pharmaceutically acceptable salt thereof.
5. A [compound] pyrimidine derivative according to claim
4, wherein:

R* represents C, to C. alkyl,

R* represents a phenylthio group optionally substituted by
a C, to C; alkyl or halogen atom; or a benzyl group
optionally substituted by a C, to C; alkyl or halogen
atom,

R° represents a —CH,—Z—(CH,,), —R” group where R’
represents a hydrogen atom; or a phenyl group option-
ally substituted by a , to 5 alkyl or a halogen atom, Z

represents an oxygen atom, and n represents an integer
of 1 to 3,

R* represents a hydrogen atom,

X represents an oxygen atom, and
Y represents an oxygen atom or sulfur atom;

or a pharmaceutically acceptable salt thereof.
6. A [compound] pyrimidine derivative according to claim
S, wherein:

R' represents an ethyl or isopropyl group,

R~ represents a phenylthio group optionally substituted by
a C, to C; alkyl or halogen atom;

R represents a —CH,—Z—(CH,) —R” group where R’
represents a hydrogen atom; Z represents an oxygen
atom, and n represents an integer of 1 to 3,

R* represents a hydrogen atom,
X represents an oxygen atom, and
Y represents an oxygen or sulfur atom;

or a pharmaceutically acceptable salt thereof.

7. A [compound] pyrimidine derivative according to claim
[6] 5, wherein:

R' represents an ethyl or isopropyl group,

R~ represents a benzyl group optionally substituted by a
a C, to C; alkyl or halogen atom,

R represents a —CH,—Z—(CH,) —R” group where R’
represents a hydrogen atom; Z represents an oxygen
atom, and n represents an integer of 1 to 3,

R* represents a hydrogen atom,
X represents an oxygen atom, and
Y represents an oxygen atom or sulfur atom;

or a pharmaceutically acceptable salt thereof.

8. A pharmaceutical composition containing a
[6-substituted acyclopyrimidine nucleoside] pyrimidine
derivative or a pharmaceutically acceptable salt thereof
according to [any one of claims 1-7] claim 1, in admixture
with a pharmaceutical vehicle.

9. A pharmaceutical composition according to claim 8,
which has effective antiviral activity.

10. A pharmaceutical composition according to claim 8§,
which has effective antiretroviral activity.

11. The pharmaceutical composition of claim 8, which 1s
used to treat a [vital] viral infection which is susceptible to
treatment.

12. A pyrimidine derivative having the following struc-
fure:




US RE37,979 E
143 144

13. A pharmaceutical composition containing the pyrimi-

O CH; dine derivative of claim 12 in combination with a pharma-

| ceutically acceptable carrier
CH—CH; 14. A method of treating an HIV infection in a host,
HIY ‘ s comprising administering to the host an effective treatment

)\ amount of the pyrimidine derivative of claim 12.

O N CH, 15. A pharmaceutical composition containing a pyrimi-
| dine derivative or a pharmaceutically acceptable salt
CH,OCH,CH3 thereof according to claim 2, in admixture with a pharma-

ceutical vehicle.

or a pharmaceutically acceptable salt thereof. %k %k ko



	Front Page
	Specification
	Claims

