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i SPECI FI CATf ON *159159* *@00002* PHOSPHONATE NUCLEOTI DE COVPOUND

TECHNI CAL FI'ELD The present invention relates to a novel p)’\m mgmmm
t to a

nucl eoti de conpound. More specifically, the present inven

phosphonat e nucl eoti de conpound, salts thereof, and hydrates and sol vat es
t hereof, which have an anti-viral activity and are useful as a nedi canent.
BACKGROUND ART Infectious viral diseases are recogni zed as a nedi cal

i nportant problem and for the purpose of treating such di sﬂmmﬁﬂ“lmmglmw
devel opment of an agent havi ng aSPROIFICATHDNacti vity and hesi wt h
inhibiting activity against a normal cell system has been st udicehe+ For
exanpl e, phosphonate nucl eotides are being actively studied as selective

anti-viral agents. Specif] ly, ‘2 r ted that

o~ (2- phosphany| met hoB RS RERNAT I N YRS TIDE LOMEOURD

9- (2- phosphonyl net hoxy) et hyl - 2, 6- di am nopurine (PVMDAP), and the |ike are
effective against herpes sinplex virus type 1 and type 2 (HSV-1 and

HSV- 2) , hupyNteAnedef bci ency virus (H V) and human hepatitis B virus
(HBV) (Yokota et al., Antimcrob. Agents Chenother., 35, 394 (1991);

Votruba et al., Whe prddtay inmention, :@htesSda a8 Phpspidnueviaicleotie somisead)
phosphonat e nucl eoti de anal ogues have problens regarding safety, since
there i s Myespedificallyy therpresenhimyentionwelasssi toi a phosphdnatesnisdeagidergompound; el |

rowt h inhibition_an tagenicity in organis (Antivjral Research, 16, 77
01001 | el R AR hEhied anh sedien aEioR high BAUH VeV 4F DRBCBIDAMCy ( Do

Gercq useful as a medicament.

BACKGROUND ART

Infectious viral diseases are recognized as a medically important problem,
and for the purpose of treating such diseases, the development of an agent having an
anti-viral activity and having no growth inhibiting activity against a normal cell system,
has been studied. For example, phosphonate nucleotides are being actively studied as
selective  anti-viral agents. Specifically, it has been reported that
9-(2-phosphonylmethoxy)ethyladenine (PMEA), 9-(2-phosphonylmethoxy)ethyl-2,6-
diaminopurine (PMDAP), and the like are effective against herpes simplex virus type 1
and type 2 (HSV-1 and HSV-2), human immunodeficiency virus (HIV) and human
hepatitis B virus (HBV) (Yokota et al., Antimicrob. Agents Chemother., 35, 394 (1991);
Votruba et al., Mol. Pharmacol.,32, 524 (1987)).

However, these known phosphonate nucleotide analogues have problems
regarding safety, since there is a possibility that they show toxicity such as bone marrow
cell growth inhibition and mutagenicity in organisms (Antiviral Research, 16, 77
(1991)). Furthermore, since these compounds do not have oral absorbency (De Clercq
et al., Antimicrob. Agents Chemother,, 33, 185 (1989)), they have a problem that
methods for administration is limited to parenteral administration sucﬁ as an intravenous

injection and an intramuscular injection, in order to obtain a blood level necessary for



" et al., ‘Antinmicrob. Agents Chenother., 33, 185 (1989)), they have a probl em
that nmethods for admnistration is limted to parenteral adm nistration
such as an intravenous injection and an intranuscular injection, in order
to obtain a blood | evel necessary for 1 exerting an effect. Treatnent by
parenteral admnistration is difficult for patients other than inpatients,
and therefore has not been a preferable treatnment for AIDS patients,
hepatitis B virus patients and the |ike who need a long-termtreatnent. The
present i regefingl dffeve [Mreatinetishy pdrentBdl] hdainifekibaiddiffduly fof patienatdiNgs of
phosphonat e nucl eoti de show hi gh oral absorbency (EP632048), and further
found an than inpatients, angletherdfiereihag noo beex iacpreferahie kreatmeno fier AHDS patians, |
grow h inhibition and nutagenicity by altering a base portion thereof to a
speci fic StePatis B airpepatenisomd the liggurhe peedsylongderm Featment al agent i s not
yet in actual use. DI SCLOSURE OF THE | NVENTI ON An obj ect of the present
invention is to provide an anti-viral agent having no toxicity such as

bone mar ow cel | 186 3édend BRI e Ak LR IS cor B LA AIB Gives 30

obj ect of the prese Invention Is to OW- CO anti-vira

obt ai ned pghpsphonaR! duclstiie sh®f higie o1 absorbenel AEPE32038), pindCRfther fHRAQWAN
i ntensive studies directed towards the above objects, the present

i nvent or s dntiveiral cgemt having oertoyicity Zualnias dbobe amsrirewi aeflugrowdtp indsipition aind ,
which is not speci éi c?l .y disclosed in the aforenentioned EP632048 and
EP785208, R¥gEeniclly, gk alisipg -a,pasg| pogtien \hergof ima spesibict simctuwre dER7&288bunds

have adva t /.can be . synt hesized nore economcally and sinply
and is m?lé&g%%@spgt%#‘{’}ﬁy){”é%?ge%flsgétfyeett?l?%Léaﬁus%revi ously known conpounds,
t hereby conpleting the present invention. Thus, the present invention
provi des a phosphonat e nucl eoti de conpound represented by the follow ng

formul a (IDISOLGSURE OR THEANV,ENTION hydrate or solvate thereof: 2
An object of the present invention is to provide an anti-viral agent having no
toxicity such as bone marrow cell growth inhibition and mutagenicity. Furthermore,
another object of the present invention is to provide a low-cost anti-viral agent obtained

by a small number of steps of manufacturing process.

Through intensive studies directed towards the above objects, the present
inventors have found that certain 2-amino-6-arylthiopurinephosphonate, which is not
specifically disclosed in the aforementioned EP632048 and EP785208, have a high
anti-viral activity, and also that these compounds have advantages that they can be
synthesized more economically and simply and is more excellent in terms of safety than

previously known compounds, thereby completing the present invention.

Thus, the present invention provides a phosphonate nucleotide compound

represented by the following formula (I) or a salt thereof, or a hydrate or solvate thereof:



"RL WP 10t H2 HOCH2I-OR2 R4 OR3 (1) wherein, R is a hydroxyl group;
each of R2 and R3 is independently a hydrogen atom a Cl-C22 al kyl group,
an acyl oxynet hyl group, an acylthioethyl group, or an ethyl group
substituted by one or nore hal ogen atons; R4 is a hydrogen atom a Cl-C4
al kyl group, a Cl1-C4 hydroxyal kyl group, or a Cl1-C4 al kyl group
substituted by one or nore halogen atons; and X is CH or a nitrogen atom
Mor eover, anot her aspect of the present invention provides a pharmaceuti cal
conposi tion, which conprises a substance_selgcted fromthe group consisting
of the above conpound and salt thereof// 3@ hydrate and sol vate thereof,

' eutical additive; and an
BR—active ingredient, a substance
he above conpound and salt thereof,
her aspect of thelpresent invention
provi des a use of a substance Ji&t m the group consisting of the
above conpound and salt thereof hy e and sol vate thereof for
production of the above phar ceutlcmﬂoconp03|t|on and a nethod for

treating virus infection dlse %OE mﬂhod conprising a step of
0

anti-viral agent, which conprises,
selected fromthe group consis

adm nistrating to manmal s such an effective anount of a
substance sel ected fromthe group nS|QR ng of the above conpound and
salt thereof, and hydrate and a sol vate thereof. THE BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON 3

wherein,

R' is a hydroxyl group; each of R*and R® is independently a hydrogen atom, a C,-C;;
alkyl group, an acyloxymethyl group, an acylthioethyl group, or an ethyl group
substituted by one or more halogen atoms; R'isa hydrogen atom, a C;-C, alkyl group,
a C-C4 hydroxyalkyl group, or a C,-C4 alkyl group substituted by one or more halogen

atoms; and X is CH or a nitrogen atom.

Moreover, another aspect of the present invention provides a pharmaceutical
composition, which comprises a substance selected from the group consisting of the
above compound and salt thereof, and hydrate and solvate thereof, and a
pharmacologically acceptable pharmaceutical additive; and an anti-viral agent, which
comprises, as an active ingredient, a substance selected from the group consisting of the
above compound and salt thereof, and hydrate and solvate thereof. A further aspect of
the present invention provides a use of a substance selected from the group consisting of
the above compound and salt thereof, and hydrate and solvate thereof for production of
the above pharmaceutical composition; and a method for treating virus infection
diseases, said method comprising a step of administrating to mammals such as a human,
an effective amount of a substance selected from the group consisting of the above

compound and salt thereof, and hydrate and a solvate thereof.

THE BEST MODE FOR CARRYING OUT THE INVENTION



' The ‘present invention is described in detail below In the phosphonate

nucl eoti de conpound of the above fornula (1), exanples of a C-C22 al kyl
group represented by R2 and R3 include a nethyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, an undecyl
group, a dodecyl group, a tridecyl group, a tetradecyl group, a pentadecyl
group, a hexadecylhepeesent inverhioptisdeetbedinaiemil low.oct adecyl group, a
nonadecyl group, an icosyl group, a henicosyl group, and a docosyl group.
Exanpl es of an acyloxynethyl group represented by R2 and R3 include an
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or nore hal ogen atons represented by R2 R3, the type of the hal ogen
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of an ethyl p substitute one or nore hal ogen atons include a
1- f | uor oet ﬁ‘%{%{ ﬁﬂoﬁ'ﬁupa azp«mtgcg,cglgtgpgnp, dr BefRdesyll STOHPo A oRRtdecy)r atoyp. an

2. 2- i oni ol Bonet s soeJASTEENG, aPLBNH wb seitcoht 8. Al 7,

group, a %@,Z-ti chl oroethyl group, and a 2,2,2-tribronmoethyl group. It is
particularly ™ preferable that 2-position of an ethyl group is substituted,
and the preferred hal ogen 4 .

Examples of an acyloxymethyl group represented by R?and R® include an
acetyloxymethyl group, a propionyloxymethyl group, a butyryloxymethyl group, an
isobutyryloxymethyl group, a valeryloxymethyl group, an isovaleryloxymethyl group,
and a pivaloyloxymethyl group.

Examples of an acylthioethyl group represented by R® and R’ include an
acetylthioethyl group, a propionylthioethyl group, a butyrylthioethyl group, an
isobutyrylthioethyl group, a valerylthioethyl group, an isovalerylthioethyl group, and a
pivaloylthioethyl group.

In an ethyl group substituted by one or more halogen atoms represented by R?
and R?, the type of the halogen atom may be any of a fluorine, chlorine, bromine or
iodine atom, Examples of an ethyl group substituted by one or more halogen atoms
include a 1-fluoroethyl group, a 2-fluoroethyl group, a 1-chloroethyl group, a
2-chloroethyl group, a 2-bromoethyl group, a 2,2-difluoroethyl group, a
2,2-dichloroethyl group, a 2,2-dibromoethyl group, a 2,2,2-trifluoroethyl group, a
2,2,2-trichloroethyl group, and a 2,2,2-tribromoethyl group. It is particularly

preferable that 2-position of an ethyl group is substituted, and the preferred halogen



*atorhis'a fluorine atom At |least one of R2 and R3 is preferably an ethyl
group substituted by one or nore hal ogen atons, particularly preferably a
2,2,2-trifluoroethyl group. Exanples of a Cl-C4 al kyl group represented by
R4 include a nethyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a sec-butyl group, and a
tert-butyl group. Exanples of a Cl-C4 hydroxyal kyl group represented by R4
i ncl ude a hydroxynet hyl group, a 1-hydroxyethyl group, a 2-hydroxyethyl
group, a latdwdisox Yiuoriny latagnoupt leas? ohy bfoRY pid R | isoprefepablp an3ethyld g@xappr opy|
group, a 1-hydroxybutyl group, a 2-hydroxybutyl group, a 3-hydroxybutyl
group, andubstifutegd dwyeegeamare alogen aEmspamisulefly preferably aRkRy3-trifluongethyl
substituted by one or nore hal ogen atons represented by R4 include a nethyl
group, an &®Hhyl group, an n-propyl group, an isopropyl group, an n-buty
group, an isobutyl group, a sec-butyl group, and a tert-butyl group to
whi ch a hal ogen aton(s) such as a fluorine atomor a chlorine atomis

“bound. Specific @gaﬁpieg%fgfcﬁsggﬁu@r ?fbﬁ%kéﬂé‘d 9¥ Iﬂ‘;gﬁ%&%’?%@fﬁﬂ%&ﬁ; a

di fl uoronet hyl group, a trifluorofmethyl group, a gro

chl or oet hyan ghylugroum ol nprapyl @poulp, g dsiprosy] Growm pNOPPLtyl gesip, an ifdbueyiobut yl
group, and a chlorobutyl group. The first condition for the preferred

conmpound @OUMmhd §$ESNEA oYY @nd2otertitylhgroup.e aBxanaleRof ad-Ehydoxyalkyl
i ndependent |y a hydrogen giom Cl-Cc22 al roup, . or an ethyl group
subst i t ut &R/ BN e%ﬁﬂgié’rg ﬁ%ﬂl‘b%eﬁ%é{&éwm%i gg%‘ﬁbr?dl'glé!mxty?'&?ﬁygl&ul’t Re
preferredzglﬁ):;m&% f pL ese I i oL .S thaf [(19 i's
i ndependent [y a ﬂ‘ﬁr §‘tgd§'§ a% orfﬁ%r}gméﬁ‘%ggf aé}ﬁgf’ gar %g§%§ Bpﬁz g%]fjp k .
2,2, 2-tri flmalreeiphdtyl Olgftp, and-iRdrd:S/batyl h en 2LBlrSybat Emu , gpoup.
Speci fic exanpl es ofy t he p?ef er rleagrc)%’rrpgungfsgd\%ﬁi ch sati sfyy syltijrg cgndi tions
i ncl ude t Rehydodxybniyl graupypodiadshydroxybutyl group. Examples of a C;-C, alkyl group
2-am no- 9- [ 2- (phosphononet hoxy) et hyl ] - 6- (4- hydr oxyphenyl t hi o) puri ne
substituted by one or more halogen atoms represented by R” include a methyl group, an
ethyl group, an n-propyl group, an isopropy! group, an n-butyl group, an isobuty! group,
a sec-butyl group, and a tert-butyl group to which a halogen atom(s) such as a fluorine
atom or a chlorine atom is bound.  Specific examples of such groups include a
fluoromethyl group, a difluoromethyl group, a triflucromethyl group, a fluoroethyl
group, a chloroethyl group, a fluoropropyl group, a chloropropy! group, a fluorobutyl

" group, and a chlorobutyl group.

The first condition for the preferred compound of the present invention is that
each of R*and R’ is independently a hydrogen atom, a C;-Cy; alkyl group, or an ethyl
group substituted by one or more halogen atoms. The second condition for the
preferred compo'und of the present invention is that each of R*and R is independently a
hydrogen atom, a C,-Cp; alkyl group or a 2,2,2-trifluoroethyl group, and R* is a

hydrogen atom or a methyl group.

Specific examples of the preferred compounds which satisfy such conditions
include the following compounds:

2-amino-9-[2-(phosphonomethoxy)ethyl}-6-(4-hydroxyphenylthio)purine



* 5 birs(2,2,2-trifluoroethyl) ester;
2-am no- 9-[ 2- (phosphononet hoxy) et hyl ] - 6- ( 3- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester;
2- am no- 9-[ 2- (phosphononet hoxy) et hyl ] - 6- ( 2- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester; 2-am no-9- [2-(pho sphononet hoxy) propyl ]
- 6- (4- hydroxyphenyl thio)purine bis(2,2,2-trifluoroethyl) ester; 2-am no-9-
[ 2- (pho sphononet hoxy) propyl] -6-(3-hydroxyphenylthio)purine
bi s(2, 2, 2-Hig@ Rl aiftptdutyl) asdrer ;
2- am no- 9-[ 2- (phosphononet hoxy) propyl ] - 6- ( 2- hydr oxyphenyl t hi o) puri ne
bi s( 2, 2, 2-2-aminotd {2 Gihoyphonesethoxy Rthat-6-§3-Aydroxyphenylthio)purine
[ 2- (phosphononet hoxy) et hyl ] - 6- (4- hydr oxyphenyl t hi o) puri ne
net hyl (2, 221%(2{2r2'mihl9fm3ég/wefést er: 2-amno-9- [2-(phosphononet hoxy)ethyl]

oo S SR R s TR SRR o e
rzmyr:nylngzg%[‘gz?L%@gp?ﬁgﬁg{r?g?/%%?i)séregpy| ] - 6- (4- hydr oxyphenyl t hi 0) pur i ne

net hyl (2, 2-2minoid-[24@hoeiteyibme 8ok Ppropdd REY #ay&oxyphenylthio)purine
[ 2- (phosphononet hoxy) propyl ] - 6- ( 3- hydr oxyphenyl t hi o) puri ne
met hyl ( 2, Dig2 212-fiflvoraethyly¢sterest er; 2-am no- [ 2- (phosphonomnet hoxy) propyl ]

- 6- (2- hydroxyphenyl t hi o) purine nethyl (2,2, 2-trifluoroethyl) ester;
2. am no- 9-4 LG RIREHORABR P ST RATNIEE{J hiar e SRIRRF) pur i ne

(2,2, 2- trighd YOI PRIk et &ler;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(2-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(3-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(2-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(4-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(3-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-[2-(phosphonomethoxy)propyl]-6-(2-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-hydroxyphenylthio)purine
(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(3-hydroxyphenylthio)purine
(2,2,2-trifluoroethyl) ester;
2-amjho-9-[2-(phosphonomethoxy)ethyl]-6-(2-hydroxyphenylthio)purine
(2,2,2-trifluoroethyl) ester;



2- ari no-'9- [ 2-(pho sphonomet hoxy) et hyl] -6-(3-hydr oxyphenyl t hi o) puri ne
(2,2,2-trifluoroethyl) ester;

2- am no- 9-[ 2- (phosphononet hoxy) et hyl ] -6-(2- hydroxyphenyl t hi 0) pur| ne
(2,2,2-trifluoroethyl) ester; 6

2-am no- 9-[ 2- (phosphononet hoxy)propyl] 6- (4- hydroxyphenylth| 0) puri ne
(2,2,2-trifluoroetfiyl) ester;

2-ani no- 9- [ 2- (phosphononet hoxy)propyl] 6- ( 3- hydr oxyphenyl t hi o) puri ne

(2, 2, 2- t riZ-dnivooR i Dydhbspsion6nethdx 64 Z-hy@tdR§Phenylthio)purine

honorret hoxy) pr opylt I lE,ﬁ6 (Igﬁ)trr\lydr oxyg)r%?\pﬁ]tgh-l[(o) gurl ?\121 {2 2)p2 trifluoroethyl)
ester; 2- d@idbtriluotoetiipesiirononet hoxy) et hyl I - 6- (4- hydr oxyphenyl t hi o) puri ne;

2-am no-9-] 2- (phos hononet hox et hyl | - % roxyphenylthl 0) puri ne;
2-ami no- 9 éylmnylls6 >hydroxpplips bkiQ)RUENe) pur i ne;

2- am no- 9- hoxy) propyl ] - 6- (4- hydr oxyphenyl t hi o) puri ne;

2-am no- 9- %‘% 4%&@‘8@%@3&#‘?{0xy) propyl ] - 6-(3-hydroxyphenyl t hi o) purine; and
2-am no- 9 ks 0) purine. The
third con |t|on formﬁ rregi)(bp(%ﬁ?’p Sﬁ%gﬁ%?@%?fe&gm I'nvention is that

each of Ri(z,amtrwubﬁoemﬁ)é?sx& trifluoroethyl group and Wis a hydrogen atom
or a methyl group. Exanples of preferred conmpounds which satisfy such

condi t i on-iminbtHE2- mhesplfoobmoﬂm'ong)ethyh]p@(mﬂsdroxyphenylthm)punne

2-am no-9-] 2- ( sphononet hoxy) et h}/ l §4 hydr oxyphenyl t hi o) puri ne

bi s(2, 2,2 qu,mmpt?opgg{hﬁ@g nggxp xy)e hyl]-6~( hydroxyphenylthlo purine;

2-am no- 9+ t hoxy)eth | t.hi 0) puri ne
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2- am no- 99l ZninBRRSPHABYIhERXIL LY BYIpy1196-(Ln i Sk fEHeRPRAYIpuith) puri ne
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(3-hydroxyphenylthio)purine; and

2-amino-9-[2-(phosphonomethoxy)propyl]-6-(2-hydroxyphenylthio)purine.

The third condition for the preferred compound of the present invention is that
each of R*and R% is a 2,2,2-trifluoroethyl group and R* is a hydrogen atom or a methyl
group. Examples of preferred compounds which satisfy such conditions include the
following compounds:
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(3-hydroxyphenylthio)purine
bis(2,2,2-triﬂuoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(2-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(4-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(3-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester; and
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(2-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester.
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' bis(2,2,'2-trifluoroethyl) ester;
2- am no- 9-[ 2- (phosphononet hoxy) propyl ] - 6- (4- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester;
2- am no- 9-[ 2- (phosphononet hoxy) propyl ] - 6- ( 3- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester; and
2- am no- 9-[ 2- (phosphononet hoxy) propyl | - 6- (2- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester. The fourth condition for the preferred

compound of the present inventionis that RL is a hydroxyl group, each of
R2 and R3 is a 2,2,2-trifluoroethyl group, and R4 is a hydrogen atom

Exanpl es of pr ef dihedourtio nprditiols fartthe prefetreds tympowntd ofothdipresens invemidnuide t he
fol |l owi ng conpounds: 2-am no-9- [2-%phosao_honomat hoxy) et hyl ] ‘.
-6- (4- hydrtba@;@némbv@q%ﬂ) graup-rsach pf B g}dzlﬁzwtarz,i,acraﬂs@monwi/ geoypernd R is a

t2)|- 2?12”8' g:t{ﬁh@ﬂg%@g? E jlrtnggeis( g%fe %%ﬁ%‘léd%cgn?iﬁgt}/n 5Ot esra%!srlyhlsuo P onditions
2- am no- 9-f dndLResonnarebigsyat hy! 1 - 6- (2- hydr oxyphenyl t hi o) puri ne
bi s(2, 2, 2-L{@Pfelpﬁor oet hy?;é egt erd.g The phosphonat e nucl eoti de conpound of the

formul a (Iz)mﬁﬁxotglﬁz-giheslﬂmhombm%ﬁ?)‘e&@m-Wh?&b&&pl@ﬁyﬁhi&ﬁiuﬁneand any salt
formed by the above conpound falls within the scope of the present
i nvent i on bigRadptrdkonfethylcdster; salt i ncl ude a_pharmaceutically acceptable

salt. \Were an acjdi roup exists, the acidic group is able to form netal
sal ts sucH-y8ing- _'[Qt'fﬂ%ﬂgﬁ@&P’iﬂFthﬂxx)Gﬂ!_yUn@é?ahY‘?méﬂg'@P& PAPYTIBg | t, a magnesium
salt and " E&Izcgg{n sal,t )d?as% %ﬁmnl um salts such as an anmonium salt, a

met hyl a ﬁl i Sartoe t anmoni um salt, a tinmethyl anmonium salt

and di cyclpoliginslo. pATERBIABhom by NSNS AL RHAMMoSRERL S, he ami no

group is able to neral acid
bis(2,2,2-trifluoroethyl) ester.

The phosphonate nucleotide compound of the formula (I) of the present
invention may exist as a salt, and an'y salt formed by the above compound falls within
the scope of the present invention. Examples of such a salt include a pharmaceutically
acceptable salt. Where an acidic group exists, the acidic group is able to form metal
salts such as a lithium salt, a sodium salt, a potassium salt, a magnesium salt and a
calcium salt, and ammonium salts such as an ammonium salt, a methyl ammonium salt,
a dimethyl ammonium salt, a trimethyl ammonium salt and dicyclohexyl ammonium
salt. Where an amino group exists, the amino group is able to form mineral acid salts
such as hydrochloride, hydrobromide, sulfate, nitrate, phosphate and metaphosphate,
and organic acid salts such as methanesulfonate, benzenesulfonate,
para-toluenesulfonate, acetate, propionate, tartrate, fumarate, maleate, malate, oxalate,
succinate, citrate, benzoate, mandelate, cinnamate, lactate, besylate, valerate, stearate,
oleate, lactobionate, ethylsuccinate, semisuccinate, butyrate, palmitate, carbamate,

gluconate, laurate, salicylate, laokurate, tannate and butylsulfonate.

The phosphonate nucleotide compound of the formula (I) of the present

invention and salt thereof may exist in the form of a hydrate or solvate. Any hydrate



' such as ‘hydrochl oride, hydrobromide, sulfate, nitrate, phosphate and

nmet aphosphate, and organic acid salts such as nethanesul fonate,
benzenesul fonate, para-tol uenesul fonate, acetate, propionate, tartrate,
fumarate, nal eate, mal ate, oxalate, succinate, citrate, benzoate,

mandel ate, cinnamate, |actate, besylate, valerate, stearate, oleate,

| act obi onate, ethyl succinate, sem succinate, butyrate, palmtate,
carbamate, gluconate, laurate, salicylate, |aokurate, tannate and

but yl sul f arabbate] Mbighhie $emidatyethe Eﬁb@iﬁbhﬁce nGE1ePEAE sdneouhd Of tHRr fakthala (1)) of
the present invention and salt thereof may exist in'the formof a hydrate
or sol vat eof thaypresedt an\@nﬁomrorsealtv@empf vintlutingsprefarred dedmpauings shesfidatiat e
nucl eot i de onpound of the formula of the present invention or salt
t hereof , iTRErGH tRgRhoves Eﬁntse\‘,lltb’én%mBe Hhethe fH%‘&m ynvepdons rBumplesapbae,

falls W|th| of .th nvent of a, sol vent
capabl e of VSPE?%%&F H)g fgmg?lée[)?oﬁ%fﬁ% Lfﬂftrﬁ 1 @ﬁ%ﬁo@ol’r?%@ﬁ}’@ﬁgﬁ%‘?
acet one, e%ﬁMEeté‘t@%@ﬁmﬁlen@%ﬁl%ﬁh&&xﬁd‘&?k@(f{bﬁl%’etl?e'?d dii sopropyl et her.
Speci fic exanpl es of e conpounds of the present invention are shown in
Table 1 (wherein Me- represents a nethyl group, Et- represents an ethyl
group, i-Pr- represents an isopropyl group, and t-Bu- represents a
tert-butyl groupppecifiblesamplebof RhaReRBRIN0AE Hf CHICHERGSER:- BFaEidd- #i€hown in
23- O—ICFngZ- CFgg{g HCH 34- OHCF3CH2_ CF3CH2 HCH 42- OHCF3CH2_CF3CH2_HN

53- OHCF3CHEPIeFh Eberely Mle- cppepssrisoa Tethyl grplap, £t- cegressaispanygthylcgroup, i-Pr-

represents an isopropyl group, and t-Bu- represents a tert-butyl group).

Table 1.

No. R' R? R® R X
1 2-OH CF,CH,- CF;CH,- H CH
2 3-0H CF,CH,- CF;CH,- H CH
3 4-OH CF,CH,. CF;CH,_ H CH
4 2-OH CF,CH,. CF,;CH,_ H N
5 3-OH CF,CH,. CF,;CH,. H N
6 4-OH CF,CH,. CF,;CH,. H N
7 2-OH CF,CH,- Me- H CH
8 3-OH CF;CH,. ' Me- H CH
9 4-OH CF,CH, Me- H CH
10 2-OH CF;CH,. Me- H N
11 3-OH CF,CH,. Me- H N
12 4-OH CF,CH,. Me- H N
13 2-OH CF,;CH,. Et- H CH
14 3-OH CF,CH,. Et- H CH
15 4-OH CF;CH,. Et- H CH
16 2-OH CF;CH,. H H CH
17 3—-OH CF,CH,. H H CH
18 4-OH CF,CH,. H H CH
19 2-OH CF,CH,. H H N
20 3-OH CF,CH,. H H N
21 4-OH CF,CH,. H H N
22 2-OH H H H CH
23 3-OH H H H CH
24 4-OH H H H CH
25 2-OH H H H N
26 3-OH H H H N



+ 83- OHCF3CH2_Me- HCH 94- OHCF3CH2_Me- HCH 102- OHCF3CH2- Me- HN 113- OHCF3CH2- Me- KN
124- OHCF3CH2_Me- HN 132- OHCF3CH2_Et - HCH 143- OHCF3CH2_Et - HCH

154- OHCF3CH2_Et - HCH 162- OHCF3CH2_HHCH 17.3- OHCF3CH2_HHCH 184- OHCF3CH2_ HHCH
192- OHCF3CH2_HHN 203- OHCF3CH2_HHN 214- OHCF3CH2_HHN 222- 01- 1HHHCH

233- OHHHHCH 244- OHHHHCH 252- OHHHHN 263- OHHHHN 9 274- OHHHHN

282- OHCF3CH2_CF3CH2_Me- CH 293- OHCF3CH2_CF3CH2_Me- CH

304- OHCF3CH2_CF3CH2_Me- CH 312- OHCF3CH2_CF3CH2_Me- N 323- OHCF3CH2_CF3CH2_Me- N

27 4-OH H H H N
28 2-OH CF,CH,. CF,CH,. Me—- CH
29 3-OH CF,CH,. CF,CH,. Me- CH
30 4-OH CF,CH,. CF,CH,- Me- CH
31 2-OH CF,CH,. CF,CH,. Me- N
32 3-OH CF,CH,. CF,CH,. Me~ N
33 4-OH CF,CH,. CF,CH,- Me~ N
34 2-OH CF,CH, - Me— Me- CH
35 3-OH CF,CH,. Me- Me—~ CH
36 4-OH CF,CH,. Me- Me- CH
37 2-OH CF,CH,. Me- Me- N
38 3-OH CF,CH,. Me- Me- N
39 4-OH CF,CH,. Me~- Me- N
40 2-OH CF,CH,. Et- Me- CH
41 3-OH CF,CH,. Et- Me- CH
42 4-OH CF,CH,. Et- Me- CH
43 2-OH CF,CH,. Et- Me- N
44 3-OH CF,CH,. Et- Me- N
45 4-OH CF,CH,. Et- Me- N
46 2-OH CF,CH,. H Me—~ CH
47 3-OH CF,CH,. H Me- CH
48 4-OH CF,CH,. H Me- CH
49 2-OH CF,CH,. H Me- N
50 3-OH CF,CH,. H Me- N
51 4-OH CF,CH,. H Me- N
52 2-OH H H Me- CH
53 3-OH H H Me—- CH
54 4-OH H H Me- CH
55 2-OH H H Me- N
56 3-OH H H Me- N
57 4-OH H H Me- N
58 2-OH -CH,0-CO-t-Bu -CH,0-CO-t-Bu H CH
59 3-OH -CH,0-CO-t-Bu -CH,0-CO-t-Bu H CH
60 4-OH -CH,0-CO-t-Bu -CH,0-CO-t-Bu H CH
61 2-OH -CH,0-CO-t-Bu  -CH,0-CO-t-Bu  Me—~ CH
62 3-OH -CH,0-CO-t-Bu  -CH,0-CO-t-Bu  Me- CH
63 4-OH -CH,0-CO-t-Bu  -CH,0-CO-t-Bu  Me- CH
64 2-OH -CH,CH,S-CO-i-Pr -CH,CH,S-CO-i-Pr H  CH
65 3-OH -CH,CH,S-CO-i-Pr -CH,CH,S-CO-I-Pr H  CH
66 4-OH -CH,CH,S-CO-i-Pr -CH,CH,S-CO-I-Pr H  CH
67 2-OH -CH,CH,S-CO-i-Pr -CH,CH,S-CO-I-Pr Me~ CH
68 3-OH -CH,CH,S-CO-i-Pr -CH,CH,S-CO-1-Pr Me~ CH
69 4-OH -CH,CH,S-CO-i-Pr -CH,CH,S-CO-1-Pr Me- CH

10



© 334 OHCF3CH2 CF3CH2_Me- N 342- OHCF3CH2_ Me- Me- CH 353- OHCF3CH2_ Me- - Me- CH
364- OHCF3CH2_ Me- Me- CH 372- OHCF3CH2_ Me- Me- N 383- OHCF3CH2_ Me- Me- N

394- OHCF3CH2_ Me- Me- N 402- OHCF3CH2_Et - Me- CH 413- OHCF3CHZ_ Et - Me- CH

424- OHCF3CH2_Et - Me- CH 432- OHCF3CH2_Et - Me- N 443- OHCF3CH2_Et - Me- N

454- OHCF3CH2_Et - Me- N 462- OHCF3CH2_HMVe- CH 473- OHCF3CH2_ HVe- CH

484- OHCF3CH2_HVe- CH 492- OHCF3CH2_ FVe- N 503- OHCF3CH2_ Hve- N

514- OHCF3CH2_ HMe- N 522- OHHHMe- CH 533- OHHHMe- CH 544- OHHHMe- CH 552- OHHHMe- N
563- OHHHVE- N 574- OHHHMVE- N 582- OH CH2O- CO- t - Bu- CH2O- CO- t - BUHCH

As a production method of the compound of the present invention in the case
where in the formula (I), each of R? and R? is a C;-Cy, alkyl group, or an ethyl group
substituted by one or more halogen atoms, the compdund can be synthesized, for
example, according to the following reaction route (1) or (2). In the following scheme,
R!, R* and X are the same as defined above, R’ represents a C;-Cy, alkyl group, or an
ethyl group substituted by one or more halogen atoms, and W represents a leaving group
such as a halogen atom, a para-toluenesulfonyloxy group, a ﬁlethanesulfonyloxy group

or a trifluoromethanesulfonyloxy group.

11



' 593 OH CH20 CO-t - Bu- CH20O- CO- t - BUHCH 604- OH CH20- CO-t - Bu- CH20O- CO- t - BUHCH
612- OH CH2O CO-t - Bu- CH2O- CO- t - BuMe- CH 623- OH CH2O- CO-t - Bu- CH20O- CO-t - BuMe- CH
634- OH CH2O- CO-t - Bu- CH2O- 00t - BuMe- CH

642- OH CH2CH2S- CO-i - Pr - CH2CH2S- CO- i - Pr HCH

653- OH CH2CH2S- CO-i - Pr - CH2CH2S- CO- | - Pr HCH

664- OH CH2CH2S- CO-i - Pr- CH2CH2S- CO- | - Pr HCH

672- OH CH2CH2S- CO-i - Pr- CH2CH2S- CO- 1- Pr Me- CH

683- OH CHAR$A& S RbutE(1)SH2CH2S- CO- | - Pr Me- CH

694- OH CH2CH2S- CO-i - Pr- CH2CH2S-CO- I -Pr Me-CH 10 As a production net hod of

t he conmpound of the present invention in the case where in the formula
(1), each of Wand Wis a Cl1-C22 al Bﬁ@_ L‘?ﬁ’ or an ethyl group

substituted by one or nore hal ogen , e conpound can be synt hesi zed,
for exanple, according to the follow ngﬁﬁeaction route (1) or (2). In the
follow ng schene, Rl, Wand X are the sane as defined above, Wrepresents
a Cl-C22 al kyl group, or an ethyl grofdllubstituted byQone or nore hal ogen
atons, and Wrepresents a | eaving group such as a hal ollen atom a

par a- t ol uenesul f onyl oxy ﬂ;rGHg;CHQC?’I[E‘[\ha‘rresqu'm kolipOR3r a
trifluoronethanesul fonyl oxy gkpup. 11 <Reaction Iﬁut e (&(9 R50-P-OR5 | OR
W CH2CHOCH2- W o W CH2CHOCH2- PP OR

() (V)
R'l
)
4 R
H NH, S
(V) . xf::@\ |
NH,
|0
CHyCHOCH,P - OR®
| ]
R ORS
(1

First, the compound of the above formula (II) is reacted with the compbund of
the above formula (III) at a temperature of 10°C to 250°C, preferably 130°C to 200°C,
for 0.1 to 100 hours, preferably for 3 to 24 hours. The compound of the above formula
(IV) obtained by the above reaction can be separated and purified by ordinary
separation and purification means such as distillation-, adsorption- or
partition-chromatographies, as necessary. The compound of the above formula (IV)
may be separated and purified as stated above, or it may directly be used for the

following reaction without purification. That is, the compound of the above formula

12



+14'14'1RROR (11) (I1V) 10 W-%rK --%NH2 1 0 CH CHW20-OR5 1 4 1 R
OR5 First, the conmpound of the above fornula (11[]) is reacted with the
conmpound of the above forrmula (M at a tenperature of 10'C to 250'C,
preferably 1300C to 2000C, for 0.1 to 100 hours, preferably for 3 to 24
hours. The conpound of the above fornmula (1V) obtained by the abové
reacti on can be separated and purified by ordinary separation and
purification means such as distillation-, adsorption- or

partiti on-@Vy aneheed apthi @8 co@@oﬁlﬂ?@ﬁ&ﬁrdbova_ BSRRPPH Rothef ré@ﬁc@@tozy BadeOr Mul @
(I'V) may be separated and purified as stated above, or | may directly be

used for tdueh asojodiowm regrboeates potassmmhmnbomw i desinat icamondibiasodigm Hyldeate,
conpound of the above fornula 12 (1V) is reacted with the conpound of -the

above f or rRfAEssp Yd{afph@eﬂwé@@ng@néﬂwéabss@ouw@? tsa stutabterﬁ%\embstuﬁltag t
t banat r bonat rate, t assi um hydrat e,
'P(I’)I Ztsf];/rgnrﬁ%ﬁén%% di a?ﬁﬂ#@%ﬁ%g%decgwq I ]g% o%bl edg’Eﬂt@ rmaige 55 or
t t I.
et hy Impy: iy ShE A il B 1 ?3@258@3’8‘2?’9"8% IR EF Y s0c
for 0.1 two IDO(hobﬁupx%feribl?ff &' 1l 10 Rdirs, ko bBtaierh@QHfr@ouﬁcPoPﬂBE %b&etﬂﬂ?mﬁl‘a”pound

of the above formul a The source of the conpounds of the above
formulas (D), (111) and (V) which

The source of the compounds of the above formulas (II), (III) and (V) which
are raw materials for reaction route (1) is not particularly limited. For example, a
compound commercially available as a reagent may be used, or a compound may be
synthesized by a known method, as appropriate. By way of example, the compound of
the above formula (V) can be synthesized by heating the compound of the formula (VI)
and the compound of the formula (VIII) which are described later, in a suitable solvent

such as acetonitrile or dimethylsulfoxide at a range of 50°C to 100°C.

The compound of the above formula (I') can also be produced by the
following method. In the following scheme, R!, R*, R®, X and W are the same as

defined above.

13



“are‘raw materials for reaction route (1) is .not particularly limted. For
exanple, a conpound commercially avail able as a reagent may be used, or a
conpound may be synthesized by a known nmethod, as appropriate. By way of
exanpl e, the conpound of the above formula (V) can be synthesized by
heating the conpound of the fornmula (VI) and the conmpound of the formula
(VMI'1l) which are described later, in a suitable solvent such as
acetonitrile or dinethylsul foxide at a range of 50C to 100C. The conpound
of the abotReattisriRowe(2)> can al so be produced by the follow ng nmethod. In
the follow ng scheme, R, R4, R5, X and Ware the sane as defined above.
13 <Reaction Route (2)> 0 WCHZCHOCHZQCRS RORS (I1V) &2 d

CH2CHOCH29- 0135 R4 OR5 (VI -NH2 O The conmpound of the above fornula

(1'V) obtained by reaction rou%)woé %d with the compound of the
i Hzn

above formula (VI) in the pre uch as sodi um carbonat e,

pot assi um car bonate, cesium car bonég , ﬁ gm hydrate, potassium hydrate,
triethylam ne and di azabi cycl oundefen in uitabl e sol vent such as
acetonitrile, (V)

Ce C2

4 >
HI %M'lz \\l NHz
(VD) CHgCHOCHgl"-OR5
RéOR
R! (VI
: R1 S
4
SH | Rk
(vin)
> Gi‘lzCHOCHzi"-OR5
Ré O
(1

The compound of the above formula (IV) obtained by reaction route (1) is
reacted with the compound of the above formula (VI) in the presence of a base such as
sodium carbonate, potassium carbonate, cesium carbonate, sodium hydrate, potassium
hydrate, triethylamine and diazabicycloundecen in a suitable solvent such as acetonitrile,

tetrahydrofuran, dimethylsulfoxide, dimethylformamide or methylpyrrolidone at a

14



‘ tet rahydrofuran, dimethylsul foxide, dinethylformanide or methyl pyrrolidone
at a 14 tenperature of 10C to 200C, preferably 50C to 150C for 0.1 to 100
hours, preferably for 0.5 to 10 hours, to obtain the conpound of the above
formula (VWUJ). Thereafter, the conpound of the above formula (V1) is
reacted with a nmercaptan represented by the above formula (VII1) or a salt
thereof such as a sodiumsalt, a potassiumsalt, alithiumsalt or a
triethylamne salt, in a suitable solvent such as acetonitrile,

tetrahydr Qéﬁba*aturéild’fel(bpﬂ 38/ J00tC dprefeiiaBRt Byt abMBsUde f& 0.1M3 hoPysdre! | done
optionally in the presence of a sui tabl é tertiary amne at a tenperature
of 10C t o péfefablypfaf @6abl 10 HOEs) © dRAM fhercodnpbuhd ofGfle hbuve formule{(CIRbI y
for 0.5 to 12 hours, to obtain the conpound of the above formula (1'). The
conpound ofhergséter, gthendosmpopng of othe eabowe dermula f Vdbnisoreacted f withh e fmrmtaa (1)

wh i h of d i 1 - | kyl
SEGC! §ut Sy by the abave Tormwli VDo 5 SaHOMEHRE SBoly A8 ot o of
the above CJ s quhﬁféﬁfl% hgmh@gsalts of ol il ynaﬁﬁa' s%hhga rﬁﬁfﬁbieoﬁblf/%qts%cﬁza? ol S

not parti r exarrp a conpou conmmercial Ty ‘avai

as a reag%émﬁmmbe ugeshydesfubdne com&eﬁmsml&e SY HinieRyIfRfamite @ kjpown
nmet hod as appropriate. By further altering a phosphate ester portion of the
conpound afethylpyablidome bDptionallx (ri t)le prbmnee cefn abeuitdhiai taridry hﬂninamound of
the formula (1) wherein R5 of th ound of the formula (1) i

s
convert ed P ABEDHel0 §ul§%tZOPL@nPref 8blyeXQifplte, 17é)°ccfm‘p6{lnﬂ> dP0t aairs,or nul a

byt ol 'y : SSPAPNCtE G Bl mah S REOETE G COMNG Of fheyabofp  SHhs W Tnpound
of the formp3ukd b Hefcinlid (Fﬁﬁyﬁ% %Bﬁ%%%”co%;g&ﬁhgacg%é ot tﬂ{}@xﬁogen

acyl t hi oet hyl" group, or an substit y one or

atons, angafiRof R3amd R1is@e, -@ﬂ(adkﬁlgér@h'[p ,or@h eyl gkdip smmu&d%ybﬁeldruﬁ&@ by

one or nore hal ogen atons, can e obtained by reaction of the corrpound of
t he above.hafogematoms( | "The wpuree pfithecompoundiof the above formula (VI) which is a raw

material of reaction route (2), is not particularly limited. For example, a compound
commercially available as a reagent may be used, or the compound may be synthesized

by a known method as appropriate.

By further altering a phosphate ester portion of the compound of the above
formula (I’), there can be obtained the compound of the formula (I) wherein R’ of the
compound of the formula (I') is converted into another substituent. For example, a
compound of the formula (I) wherein both R? and R® are hydrogeh atoms can be
obtained by hydrolysis of the compound of the above formula (I'’). Moreover, a
compound of the formula (I) wherein Rlisa hydrogen atom, a C,-Cy; alkyl group, an
acylthioethyl group, or an ethyl group substituted by one or more halogen atoms, and R
is a C;-Cy; alkyl group, or an ethyl group substituted by one or more halogen atoms, can
be obtained by reaction of the compound of the above formula (I') with the compound
of the formula (IX): R6_OH wherein R® is a hydrogen atom, a C;-C;, alkyl group, an
acylthioethyl group, or an ethyl group substituted by one or more halogen atoms, in no
solvent or in a suitable solvent including a chloric solvent such as dichloromethane;

pyridine; acetonitrile; tetrahydrofuran; dimethylsulfoxide; dimethylformamide and

15



« of the formula (1X): R6OH wherein R6 is a hydrogen atom a Cl-C22 al kyl
group, an acylthioethyl group, or an ethyl group substituted by one or
nore hal ogen atonms, in no solvent or in a suitable solvent including a
chloric solvent such as dichl oronethane; pyridine; acetonitrile;

t et rahydrof uran; di nethyl sul foxi de; di nmethylformam de and 15

nmet hyl pyrrol i done, optionally in the presence of acid or alkali, at a
tenperature of 10C to 100C, preferably 20C to 30C, for 0.1 to 100 hours,

pr ef er abl ymé&hilp é’hcﬂﬁh’ér tloﬁﬁl thé pré¥ence dfhcRli ér dikal R SRRy °
CHZCHOCHZP-Cﬁ% E% ﬁ%ﬁ') In the above scheme, R I?QE§O(%6 and
X are thets aﬁﬁ°Ca$)refe|fably920°€h0\39‘.’c,%for:€hlmouﬂ{dho:irst;hefefahlyrﬁl Itcalz hc)ummer ein each
of R2 and R3 is independently a hydrogen atom a Cl-C22 al kyl group, an
acyl thi oethyl group, or an ethyl group substituted by one or nore hal ogen
atons, can al so be obtained by the followng nethod. In the follow ng
scheme, R, R4 and X are saie as defi ned above, Rhch of R7 and R8
is independently a hy@.o om a Cl-C22 al kyl n acylthioethyl
group, or an ethyl grdup ituted by one or

t he exception thajy bo R/and %ﬁy1 not r ydrogen atons at the
sane tinme. 16 Et 0000C2
2 ;
CHZCHOCHzP -0R® CHztltHOCHzl?-Oﬂs
RY RS R¢ ORS
1

In the above scheme, RI, R4, R’ , R® and X are the same as defined above.

A compound of the formula (I) wherein each of R? and R’ is independently a
hydrogen atom, a C;-Cy; alkyl group, an acylthioethyl group, or an ethyl group
substituted by one or more halogen atoms, can also be obtained by the following
method. In the following scheme, R, R*and X are the same as defined above, and
each of R’ and R® is independently a hydrogen atom, a C;-Cp, alkyl group, an
acylthioethyl group, or an ethyl group substituted by one or more halogen atoms, with

the exception that both R’ and R® can not represent hydrogen atoms at the same time,
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+ CH2CHOCH2P(OH)2 R4 (I1") (XI) RTOH 10 (XI1) R8OH NH2 0 CH2cHOCH29( OR7) ORS
R4 (XI) First, the conpound of the above formula (1") is reacted with
trinethylsilyldiethylamine in a suitable solvent such as dichl oronet hane,

di chl oroet hane and chl orof orm around room tenperature for about 1 hour.
More than two noles of trinethylsilyldiethylam ne are used per nole of the
conpound of the above fornmula (1"). After the reaction solution is
concentrated to dryness, the residue is dissolved into a suitable solvent,
for exanple, a chloric solvent such as dichloronethane, and then oxalyl
chloride is added in an anount of 2 or nore noles per nole of tRe conpound
of 17 the above formula (1"), followed by reaction on ice in aEEut 1 hour,

and then around roomtenpgrature for about 1 hout in resenice of a
catal yti c anmount of di nethyl formam de. The conpownd o] abovle formul a
(X) obtained by renoval gt he solvent, usually Wtho ing purified, is
reacted with the corg the formula (XI) andfor thg conpound of the
formula (XIl) in a spit e/ sol vent, for exanple, |a chl o™i c sol vent
X . X
\ Vk Et,NSiMe; C2COCOCE |
NH, - > NH,
; .
i
CHoCHOCH,P (OH) 2 CHz?HOCHzPCEg
R R
(rm L (X) )

(XI) om X Il j]
R7OH R3OH | NH,

—_— —

First, the compound of the above formula (I) is reacted with
trimethylsilyldiethylamine in a suitable solvent such as dichloromethane, dichloroethane
and chloroform around room temperature for about 1 hour. More than two moles of
trimethylsilyldiethylamine are used per mole of the compound of the above formula (I'*).
After the reaction solution is concentrated to dryness, the residue is dissolved into a
suitable solvent, for example, a chloric solvent such as dichloromethane, and then

oxalyl chloride is added in an amount of 2 or more moles per mole of the compound of
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* such as 'di chf oronet hane, pyridine, acetonitrile, tetrahydrofuran,

di met hyl sul f oxi de, di nmet hyl f ormam de or net hyl pyrrolidone, at a
tenperature of 10C to 100C, preferably 20C to 30C for 0.1 to 100 hours,
preferably 5 to 12 hours. The obtained conpound of the formula (Xi1I1)
corresponds to a conpound of the fornula (1) wherein each of RZ and R3 is
I ndependently a hydrogen atom a Cl1-C22 al kyl group, an acylthi oet hyl
group, or an ethyl group substituted by one or nore hal ogen atons with the

exception thbabowofdimBh @ny (R3owa by &acti6w b S€N for MBEEIOD BHurd b theilard i Same
time. As stated above, the conmpound of the above formula (I") which is a

raw mat er i mbmoftemperatugh foe abeactli dwur cian thee pedserdened Hycdmlghio| ansdumt off t he
conpound of, the formula (1'), or it can be nore efficiently obtained by
reaction ofimethylfepsamidieof the fornmula (1') wherein R5 is a Cl-C22 al kyl
group with triethyliodosilane, trinethylbronosilane and the Iike. A
conpound of the formula (1) wherein each of R2 and R3 is an acyl oxynet hyl

group, or wherei [ ' . nd

The bt her 15 hydrasssniouBe e evERiniih %) Mlafey by BN o SR
above forusmhidy ¢ithdutieldp mirifRadylsQuaci®t With taddnkifound R BREREREINXTY ffior
followng formula (XIV): ROY wherein RO is an ‘acyl oxynethyl group and Y is
a chl ori nethe spwpounsl off the detinnaa &XB)nin a switabiesqlvers.cioc exaxfipla, balsleris salvems

sodi um car bonat e, iCBOt assi um carbonate, cesium carbonate, sodi um hydride,

pot assi um W§Rrasqdichioreraethgnes pyrdinesacetoniale, tawrahydmive) cimedylsniforide.
N, N - di chl | - 4- hol i b 1 di ' | tahl e, sol o h
Dot oni ¢ r 1B Pan R BERR B ERRERIOI, LA i bttt i 103 o ARGy

t hyl ' { | ooC
for 1 [y TRHEBIP20°C B LR 81100 ndlfs. erifly s 16 2 688,/ ThO Gobieh 00

conpound vdogipdutid efdie fofmulk? XamdcdreeshSnda o aConpeuid bhte BFALIA. (D Wigersiampound
of the fornula (X&V) may be reacted with the conpound of the fornula (1")

i n an anowach off R® randeR” derindegendanitlyt hchydrogepoatath, of GG, f akyilulgeoup) "ah,

while in the c,ast?l of a conpound wherein either one is an _
acylthioethyl group, or an ethyl group substituted by one or more halogen atoms with
the exception that both R* and R® can not represent hydrogen atoms at the same time.
As stated above, the compound of the above formula (I'’) which is a raw material of the
above reaction, can be obtained by hydrolysis of the compound of the formula (I'), or it
can be more efficiently obtained by reaction of a compound of the formula (I') wherein

R’ isaC,-Cy alkyl group with triethyliodosilane, trimethylbromosilane and the like.

A compound of the formula (I) wherein each of R® and R® is an
acyloxymethyl group, or wherein either one of R? and R? is an acyloxymethyl group and
the other is hydrogen, can be obtained by reaction of the compound of the above
formula (I"’) with an acyloxymethyl halide represented by the following formula (XIV):
R’Y wherein R’is an acyloxymethyl group and Y is a chlorine, bromine or iodine atom,
in the presence of a base such as sodium carbonate, potassium carbonate, cesium
carbonate, sodium hydride, potassium hydride, triethylamine, pyridine,
diazabicycloundecen and N,N’-dichlorohexyl-4-morpholinecarboxamidine in a suitable
solvent such as acetonitrile, tetrahydrofuran, dimethylsulfoxide, dimethylformamide or

methylpyrrolidone at a temperature of 0°C to 200°C, preferably 10°C to 100°C for 1 to
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'acyroxydethyf group, an equivalent nole reaction may be applied. A conmpound
wherein either one of R2 and R3 is an acyl oxynethyl group, and the other
is a Cl-C22 al kyl group, an acylthioethyl group, or an ethyl group
substituted by one or nore hal ogen atonms, can be produced by preparing a
conmpound wherein either one of R2 and R3 is a Cl1-C22 al kyl group, an
acyl thi oethyl, group or an ethyl group substituted by one or nore hal ogen
atons, and the other is a hydrogen atom and then reacting the conmpound of
t he above F00rhouksy pteférablytfor t M 200hmasindinbiie che FhsnpoiRE RareiResd ¢t NY

t hi ophenol derivatives (the conpound of the fornula (\ﬂll)) which are used
in the prdiuend & iprenrsgloxymethyd gadupy dhe abinpeynds obdie formath (XIVpiendes
exenplified in EP632048 is synthesized through several processes (3

pr ocesses)reqierhivitR dheeqmpound of fheformpladl'h)igas,amasmb ef 2 medescper madphtthel , so
t hat the 8 2y Of  manuf act uri.n rocess,is.ingreased,

t her eby gp:ga. ()l’)}m?ég {hgg%‘z‘?‘ﬁg%’t I)feW}&lg%PL{g? Casg of ﬁgg ound whersin cithes g 1§iapn
this, whergyloReme®yPRrenp, £ equialdit Bof eabt h B8 appiieRr 0duced, a

comer ci al | 3); a%i I ggg:g ﬁydre(glxy-substi tu?e?ﬁfﬂ%%gﬁgéé)ﬂeei s directly used in
the follow ng manufacturing process steps. Thus, to obtain the conpound
descri bed in EP632048, additional 3 steps of nmanufacturing process are

necessary, as codypeomnpund wheeein gither anhef R’tand Ridspoacdoxyméthd grows ent

invention js obtained. . The jncrease of the steps of manufacturing process
exerts a dbf‘ea&q ik gé‘%éggﬁtﬁoﬂﬁeaf’c%@th&ed%ﬁ%%.an?ﬂ’é’} Efpesubstifeedr di ng

t th ] i t di t i ided b ducti

of ' the codrots bUURRS hldger aleRiY, 2R ool RENGITN pickalie 4 OB can

be synt hesitk@dond 6f ROWMATRE}s 4 €, 1%, Lh&1 Terdd 2 Wh N Hﬁifobtg?l,_%}r SP'EIH.%H{}@ of
5 aci d”wi stirrin

the formula (I'") is reacted with a correspondin at a
t enper at urgeoup subtfirietdbyldie@r morehalogbh wtohBCaihd theTdiRerliOh hdrbgb® aiden, RQAr S,
preferably for 0,3 to 1 hour in a suitable solvent such as ethyl

then reacting the compound of the above formula (XIV) to this compound by the above

method.

[

Regarding thiophenol derivatives (the compound of the formula (VIII)) which
are used .in the production methods stated above, alkoxy-substituted thiophenols
exemplified in EP632048 is synthesized through several processes (3 processes) from
commercially available hydroxy-substituted thiophenol, so that the number of the steps
of manufacturing process is increased, thereby greatly influencing the cost of synthesis.
In comparison with this, where the compound of the present invention is produced, a
commercially available hydroxy-substituted thiophenol is directly used in the following
manufacturing process steps. Thus, to obtain the compound described in EP632048,
additional 3 steps of manufacturing process are necessary, as compared to the case
where the compound of the present invention is obtained. The increase of the steps of
manufacturing process exerts a great influence upon the cost of synthesis. Therefore,
according to the present invention, a low-cost medicament is provided by a reduction of

the cost of synthesis.

The salt of the compound of the formula (I) can be synthesized, for example,

19



' acetate, isopropanol, acetonitrile, tetrahydrofuran, dinethylsulfoxide,
di met hyl f or mam de or net hyl pyrroli done. The above stated production nethod
is provided as an exanple of a nethod for producing the conpound of the
formula (1) of the present invention, and the nmethod for producing the
conpound of the present invention is not limted thereto. Since a nethod
for producing the conpound of the present invention is described nore
specifically in the exanples of the present specification, a person skilled

in the artpgahe HNOWMECMEMEBOUTHE Mhsdundl 6f HRC lididada | ()t Rereabioy Sy fipraul a
(1) according to the above stated general descriptions and the specific
descri pt i omsresportdireg sidmithessirring atha tadghetanon of ef0°QpriopPC airefeedbl e 1 @td ns and
nodi fications thereto as required. The conpound of the above forrmula (I)

produced b30°Chier QHoe0hhours @referablysfar 0.3t tadr kst ir arsuiseble splaenttsuch anethyl
rified by ordinary nucl eotide separation an urificatign neans, e.g., by

ggl lac!ti ng %i:l‘mte’appl1 Pﬁ%paﬂﬁgns %Etﬂglé%l%r ecr%’[ag}"ﬁpgﬁﬁ’on- ,dq%g’dfsﬁffi’@ﬂ@’, i on

exchange- apfl; o%ﬁﬁnﬂﬂ'or%t@@r?&{d% pies, as appropriate. The conpound of

the present 1 nvention I's uset'ul"as an active ingredient for a nedicanent,
and specifically it is useful as an active ingredient of an anti-viral
agent as shown in test exanples described hereinafter. Mreover, the
conpound of the piheszbave siatedeoduntion snethpd ¢t povided havie examiple o hethod

activity as shown by other iaqnic phosphonate nucleotide anal ogues. A
target vi rigsPragugiRgdhe ¢amapapadiof shastormpha (nef the peasent inyspdar, and the method

| i cabl e i t. ticularl i,mt ed d I fic.examl es of .t he virus
POl e arfor BrgRlsiBb <itRBlnd ol WE Aréfins ANGaRBE i A PRI SRe | SHE 2 VI 1 v

and hepatihi@of oni;{rH&tic' Ghé BhPottid WE gll\%ggregéxt &L BftfonS |

H%L%b)é& r:ﬂéret ype
1, herpes sinplex virus type 2, “cytoneg irus, varicella-zoster virus

and hepat i dpesifiCally inthe enbrhplel 0P el presenBsydcifitatioRed perseEIa1Ied 8f @bl @&n 20
Where the conpound of the present invention is used as a nedi canent, it nmay
produce compounds which are included in the above formula (I) according to the above
stated general descriptions and the specific descriptions in the examples, with addition
of appropriate alterations and modifications thereto as required. The compound of the
above formula (I) produced by the above method or a salt thereof can be separated and
purified by ordinary nucleotide separation and purification means, e.g., by selecting and

applying means such as recrystallization-, adsorption-, ion exchange- and partition-

chromatographies, as appropriate.

The compound of the present invention is useful as an active ingredient for a
medicament, and specifically it is useful as an active ingredient of an anti-viral agent as
shown in test examples described hereinafter. Moreover, the compound of the present
invention is expected to have anti-tumoral activity as shown by other ionic phosphonate
nucleotide analogues. A target virus to which the medicament of the present invention
is applicable is not particularly limited, and specific examples of the virus include an
RNA virus such as human immunodeficiency virus, influenza virus and hepatitis C
virus; and a DNA virus such as herpes simplex virus type 1, herpes simplex virus type 2,
cytomegalovirus, varicella-zoster virus and hepatitis B virus, with hepatitis B virus

being more preferable.
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' be used 'singly, but it is preferred that, using a pharmacol ogically
acceptabl e pharnmaceutical additive, a pharmaceutical conposition
conprising the above conpound as an active ingredient is produced and
adm ni stered. The conposition of the pharmaceutical conposition is
determ ned by the solubility of the conpound, chemi cal properties,
adm ni stration route, dosage reginen and the |like. For exanple, the

conpound of the present invention can be orally adm nistered in an dosage

formof a granule, a parvule, a powder, a tablet, a hard syrup, a soft

capsule, a troche, a syrup, an emulsion, a soft gelatine capsule, a gel, a
paste, a suspensiWiiere thel dopgufie ofithé présent inkeéntiodris ubdteasGORPEbA e 3 nlAg
adm ni stered intravenously, intramuscularly or subcutaneously in the form

of an inj &stjussd singladbit iibris pieéerredmthatndisingg ah ghaneselogically eadceptableny be

formul ated into BO%S&(E dfor injectign, and a solution may be prepared

bef ore usdhargacg

-

B&?’&g?héﬁp‘i‘%?uﬁ??ééB%‘BB?iBOIbﬁ%HI%%%#F@QPVQaE}WRiWé, anl
ontoral , *ar ShAEHA Berelf, s Yroddeld Ind Ay biencl”, P, Borbbosin e B °5°

sol id car rghgfmateaical %mﬁbﬁti&{ Udrhfiiedy the sSRbilsty o rtﬁe—'+<if'fﬁnﬁedhﬂd{: gfekdfelﬁ

| act ose, sucrose, starc talc, cellulose, dextrih, kao

car bonat e pragpaties, pRladinistraticii eaute,C dodigel, regingsne andinhs tldR! atRr dx@gipld)i he and
sodium chloride. Exanples of a liquid carrier used for the production of
li qui d forcempaundal theqpresang invegromran baorally administezedyinyaedosage formmnfin oi |,
ropyl ene

olive, oil benz al cohol ,

pol yvi nyl p

clum

lid , et hanol ,
glycol, p rrugq’ éd%%rﬁl‘gﬂle’saaﬁ"?‘ﬁ@f’ %??Hle\'iveﬁhl%qrg SYTe: 48 éapsﬂlr?aﬁﬁ%?&g%tai $HIP, an

comoei 1950350358 SRS i) Lo UL Bl RS G R R o

adj uvant suc pensi o ) we

a col ori nghe ésRFSundin deHdaERIsHAld M&avéﬁ@ﬁﬁ?,ﬁihtraﬁukdu%i}ﬂo@&%@ﬁtaﬁ%ﬁsl?"m
C

contained in a capsule of a substance whi can be absor bed,

such”as

gel atin. Hxefgrinest af injecsiohy eht adiitien, theisgapolimigofathe iresenhinvbntioh magdef or

the production of a fornulation for parenteral admnistration such as an

i nj ect i on foimdatad intoaewders fergipjecten agd yselutiop maycerpyepaned baforsaise.  benzyl

al cohol ,

et hyl oleate, and | ecithin.

As a pharmacologically aéceptable pharmaceutical additive, an organic or
inorganic, solid or liquid carrier, which is suitable for oral, enteral, parenteral or local
administration, can be used. Examples of a solid carrier used for the production of a
solid formulation include lactose, sucrose, starch, talc, cellulose, dextrin, kaoline,
calcium carbonate, agar, pectin, stearic acid, magnesium stearate, lecithin, and sodium
chloride. Examples of a liquid carrier used for the production of a liquid formulation
for oral administration include glycerine, peanut oil, polyvinylpyrrolidone, olive oil,
ethanol, benzyl alcohol, propylene glycol, physiological saline, and water. The above
pharmaceutical composition can also comprise, in addition to the above carriers, an

adjuvant such as a wetting agent, a suspension aid, a sweetener, a flavor, a coloring

agent and a preservative. Further, a liquid agent may be contained in a capsule of a

substance which can be absorbed, such as gelatin. Examples of a solvent or a
suspending agent, which is used for the production of a formulation for parenteral
administration such as an injection, include water, propylene glycol, polyethylene glycol,

benzyl alcohol, ethyl oleate, and lecithin.
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+ 21 Consi'derihg the properties of known conpounds, it can easily be assuned
that the conpound of the present invention, especially the ester derivative
of the above formula (I') has a high oral absorbency, and therefore oral
adm nistration is a preferred admnistration route for the nmedi canent of
the present invention. The preparation of each of the above fornulation
can be carried out according to standard techniques. Were the nedi canent
of the present invention is used for oral administration, the clinical
dose is generally 0.1 to 500ng of the conpound per kg adult per day, and
preferably 1 to 50ng of the conpound per kg adult per day. The dose may be

changed as appr ajvnisideing de progenies f kmoon EHBRAREs,CioReh teadily; bé MERn t he
presence or absence of concurrent administration and the |ike. The above
dose may bibatapicomgountef he gagsentonvefitiphdespecialy thenstar dlesivatireadf the above
adm ni strations per day. at reqular intervals, or may al so, be applied

i nt ermtt dRFPY aéggms §§w§r9ﬂﬂl %&9@@%@% thereforerab iration 155 pregssred
invention s . . S ENj.ecti t he lied dose is 0,01 to 50 t he
conpound pded?mﬂ’_l%ggté_ ufot{iyaap{g)rl;I ‘ aﬁeﬁ{&?_@f:%tr%tgﬁg PEEsEng E’VE‘HQO%eF?‘Eé’FeI@%{‘%Lgs The
present i nugRtdrofe iabobd! FdrRfNlatdRS & BEdalrRat IR dceblaiy ﬂgstﬁff@ﬁﬁ’lt@%ni e
present invention is not limted to the Exanples sosong as It oe% not go

beyond t heWhgtestheoheditwmém wefnthe qrreseih ventipn i dsel fdredral admini@rabisaHees
correspond to those in Table 1. Exanple 1: Production of

el el o T e o e o

is(2,2 2-tr or oe st er oun . of . 2-

_(I:_ hl oE (2)mzet I"Ryf%eéactﬂlfpéi Q %&%ﬁﬂﬁf © ?’P’égg?fgﬁ Q)dhlﬁﬁ’e?é% glfhefd":e may:erchangdebt i
ris(2, 2,2 0 ) phasphi i

2-[bis(2, ,Sﬁpﬁ"!p?iﬁﬁebrg%hé’%bgh%phgﬁés? #gﬁig% %m%&&qeg)ﬁ%%& o dbsbite

quant i t at i ofedoreurddd® dd@inigratiBh AHE HKEEET MReYabBYE WbseChhPbe dBplied once a day
bis(2,2,2-trifluoroethyl) ester

or divided over two to several administrations per day at regular intervals, or may also
be applied intermittently every several days. Where the compound of the present
invention is used as an injection, the applied dose is 0.01 to 50mg of the compound per

kg adult per day, preferably 0.1 to Smg per kg.

EXAMPLES
The present invention is further described in the following examples. The
present invention is not limited to the Eiamples so song as it does not go beyond the

gist of the invention. The compound numbers in the Examples correspond to those in

Table 1.

Example 1: Production of 2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-
hydroxyphenylthio)purine bis(2,2,2-trifluoroethyl) ester (Compound No. 3)

87g of 2-chloroethyl chloromethyl ether (670mmol) was reacted with 200g of
Tris(2,2,2-trifluoroethyl)phosphite (610mmol) at 160°C for 7 hours to obtain
2-[bis(2,2,2-trifluoroethyl)phosphonylmethoxylethy! chloride quantitatively.

206g of 2-(phosphonomethoxy)ethyl chloride bis(2,2,2-trifluoroethyl) ester
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+ 22 was dissolved in 2,000n of nethyl ethyl ketone, 270g of sodium i odide
was added thereto, and the m xture was refluxed for 8 hours. After
reaction, the mxture was cooled to roomtenperature followed by
concentration to dryness. The residue was dissolved in chlorofornf hexane
and then was adsorbed to a silica gel colum, followed by elution with
chl or of orm hexane to obtain 2-(phosphononet hoxy) et hyl i odide bis
(2,2,2-trifluoroethyl) ester quantitatively . 15.0g (88nmol) of

2-am no- 6-Gh @M RHE20B6mB ggetﬂgq @Oyl [ and
t he suspenvgelﬁogs\/\/as dr gla%:t ed V\anPh %rtrl?ﬁ(%Smlz?é% o5t lolite W Hited

1, 8- di azahhergwl, ahd.the Glikmge oras -refiexedt foBBChbwis. 1Alfet FeacBon, g ikture was

2- (phosphononethoxy)ethyl i odi de bis(2,2,2- trlfluoroethyl) ester was added
to the atmopkdrieaepmoiempstaure dallowed by renaénttatior toakyresnct Bt wsidi@G@St or 5
hours. Aft

Fol | owed BElREGRE laqusﬁn@sx%%&@%%‘? PESI0E i 2 E@lﬁfn?aés‘iﬁﬁwed
hi f
cluti on' with CRoRaFi MR AREASER. 8 fodls 2 EhoRRbpsiiiiilyRus B, B

2- am no- 9-p 2-% RITRDRAMNA me&gméﬂif chl oropuri ne

bis(2, 2, 2- trlfluoroethy m of dinethylformam de sol ution
containing 2g of 2-am no-9-[2-(phosphononet hoxy) et hyl ]-6-chl oropuri ne
bis(2,2,2-trifluorcethyl) ester, 0.8n of pyridine and 0.64g of

4- hydr oxyt hi opheﬁélOg\A/eég@fﬂQléile 2amine{fechioreputine weas suspénded dinaB6A0D®Ff or 2

h Th xtur s cooled to roomt era |l owed b

cgﬁLZnt rat(:adl ‘%‘E%V&B%{‘]ng’s angp, e, SUSPERLIoR ¥ aYyj FEaed, it n{}:éfpbr(gg@mﬂl)arﬂf yvvas

th d f | ut t % to0 20%
en_adson e dialfhidycldlh 4 uifc- ageumlat Okgﬂt\gg%;&y ql utilgh W th3R 0 o

met hanol or o ormto
2- am no- 94 (%rh()ﬁﬁlﬁﬁ@ﬂﬂ@m@ Teh@l()ribdld@tlﬂ){@]z fxnﬁﬂud}mh%yém nwhi mdaécp%l {he
bis(2,2,2-trifluoroethyl) ester. 'H NWR (DVSO d 6 ): 8 (m 2H),

4.14 (d, X=b8véd kcti@t)splutiondand B mixture was reacted at 100°C for 5 hours After
reaction, the mixture was cooled to room temperature, followed by concentration to
dryness. The residue was dissolved in chloroform, and was then adsorbed to a silica
gel column followed by elution with 5%-methanol-chloroform to obtain 23.3g (yield
56%) of 2-amino-9-[2-(phosphonomethoxy)ethyl]-6-chloropurine
bis(2,2,2-trifluoroethyl) ester.

To 10ml of dimethylformamide solution containing 2g of
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-chloropurine bis(2,2,2-trifluoroethyl) ester,
0.8ml of pyridine and 0.64g of 4-hyd1.'oxythiophenol were added, and the mixture was
stirred at 100°C for 2 hours. The reaction mixture was cooled to room temperature
followed by concentration to dryness. The residue was dissolved in chloroform and
was then adsorbed to a silica gel column followed by elution with 5% to 20%
methanol-chloroform th obtain 1.3g (yield 55%) of 2-amino-9-[2-(phosphonomethoxy)
ethyl]-6-(4-hydroxyphenylthio)purine bis(2,2,2-trifluoroethyl) ester.

'"H-NMR (DMSO0-d6, § ):3.85-3.88 (m, 2H), 4.14 (d, J=8.1Hz, 2H), 4.19-4.22
(m, 2H), 4.62-4.71 (m, 4H), 6.27 (s, 2H), 6.84 (d, J=8.7Hz, 2H) 7.7 (d, J=8.7Hz, 2H),
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‘(m '2H)," 4.62-4.71 (m 4H), 6.27 (s, 2H), 6.84 (d, J=8.7Hz, 2H) 7.7 (d,

J=8.7Hz, 2H), 23 7.89 (s, 1H), 9.85 (s, 1H Exanple 2: Production of

2- am no- 9-[ 2- (phosphononet hoxy) et hyl ] - 6- (4- hydr oxyphenyl t hi o) puri ne

met hyl (2,2, 2-trifluoroethyl) ester (Conmpound No. 9) 100ngy of _

2- am no- 9- [ 2- (phosphononet hoxy) et hyl ] - 6- (4- hydr oxyphenyl t hi o) purine

bis(2,2,2-trifluoroethyl) ester (Conmpound No. 3) was dissolved in a 0.35N

anmoni a net hanol solution, and the mxture was left at roomtenperature for

40 m nut e589 {LI1HYVES5 ky 1AEnoval of the solvent by distillation to obtain

t he conpound of interest. 1HNWR (DMSO-d6, 6 ):3.66 (d, J=4.5Hz, 3H),

3 83 3.87 (m 2H), 4.00 (d, J=8.1Hz, 2H), 4.18-4.22 (m 2H), 4.52-4.60 (m
6. 23 2 6.83 (d, J=8.4Hz 2H), 7.37 (d, J=8.4Hz, 2H), 7.89 (s,

1H) 9.81 '(g-’sam 2%2 EREdyrEomof Paminec94 Sfphssphonomethoxy)ethyl]-6-(4-

o e R R RROP R gl - R e SRompound Ko, & "

i n
b (2.2, 2011 §PE??Q@?%WS%%9%ﬁt-@h%&h@n%éﬁ%@@%%@F%?‘iér%*ﬁ%%ﬁﬁhl 9 1n
anmoni a s Obutinie Obis(260)2- trihGorBeth Iy I tede@ dnficund@t N6 09 vk RNWSoAM A" &1 720D 33N

hours, followed by renpval of the solvent by distillation to obtain the
corrpound cfmmpmin emethanol' HJINMR (ADNBDe dfixtEre) w& 5t At 5dox(1nuem3bi)atur8 féd-48. 77

m 2 4.03-4. 4.14-4.16 (m 6. 20 6.82 (d,
S =8. 4?2 Jpjputes, é)il"(”l?d b?H)emO‘YMS‘Bf ‘PI SOIVSH%b)ﬂﬁléHIl%FPP t08>(t@@n (the Cqmpoun@ &1 (s,
1H) Exarrpl ?1 Production of 2-am no-9-[2-(phosphononet hoxy) et hyl]-6-(4-
hydroxypheny t”‘n o) purine (Conpound No. 24) 24

'H-NMR (DMSO-d6, & ):3.66 (d, J=4.5Hz, 3H), 3.83-3.87 (m, 2H), 4.00 (d,
J=8.1Hz, 2H), 4.18-4.22 (m, 2H), 4.52-4.60 (m, 2H), 6.23 (s, 2H), 6.83 (d, J=8.4Hz,
2H), 7.37 (d, J=8.4Hz, 2H), 7.89 (s, 1H), 9.81 (s, 1H)

Example 3: Production of 2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-
hydroxyphenylthio)purine 2,2,2-trifluoroethyl ester (Compound No. 18)

60mg of 2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-
hydroxyphenylthio)purine bis(2,2,2-trifluoroethyl) ester (Compound No. 3) was
dissolved in a IN ammonia solution, and the mixture was left at room temperature for 3

hours, followed by removal of the solvent by distillation to obtain the compound of

interest,.
'"H-NMR (DMSO-d6, 6 ):3.51-3.54 (m, 2H), 3.74-3.77 (m, 2H), 4.03-4.12 (m,

2H), 4.14-4.16 (m, 2H), 6.20 (s, 2H), 6.82 (d, J=8.4Hz, 2H), 7.12 (b, 3H), 7.36 (d,
J=8.4Hz, 2H), 8.00 (s, 1H), 9.81 (s, 1H)

Example 4: Production of 2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-
hydroxyphenylthio)purine (Compound No. 24)
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* 2-aMi no-'9- [ 2-'( phosphonomnet hoxy) et hyl ] - 6- chl or opuri ne bi si sopropyl ester
was obtained by the sane process as in Exanple 1, with the exception that
triisopropyl phosphite was used instead of
tris(2,2,2-trifluoroethyl)phosphite. 4.1m of bronotrinethylsilane was
added to 37nl of acetonitrile solution containing 3.7g of

2- am no- 9-[ 2- (phosphononet hoxy) et hyl ] - 6- chl oropuri ne bi si sopropyl ester,
and the m xture was stirred at 25C for 16 hours. Thereafter, the solvent
was renoved under vacuum and the residue was crystallized from45m of
acetone/ 15nmlL of water to obtain 2.4g of

2- am no- 9- [ 2- ( phdk-pmoeePrE2-(phogplembpietho&y) et h6-chloropueine 3 Misigppedpyl  ester

4- hydr oxyt hi ophenol ‘and 0.32nl of pyridine were added to 5nil of DVF

sol uti on cWAt Abtaiped Justke samenaroghsy as ot Hxample dapwithdtheantiception thakt ur e

was heated_at 100C .for..4 hours..After .re | af th ol vent by

distillati EH§°P‘?H¥SP@8?&]E?U‘K%P spd f”r‘?ieéﬁ@gF‘%éi‘%@l“&f@g’yi@hﬂw&ﬁe'per f or mance

| i quid chronmat ography. 'H-NWVR (DMSO-d6, b ):3.57-3.60 (m 2H), 3.81-3.84
(m 2H), 6.83 (d, J=8.7Hz, 2H), 7.38 (d, J=8.7Hz, 2H), 7.96 (s, 1H) Test
Exanpl e 1: | nhi bi4 omy offrebtrthylsilaner 93¢ Bd@d teBAhl lof SacBoMitFiSsdiiiRY) The
inhibitory effect of the conmpound of the present invention against the
growt h of ecomtaBugwas 3gasuoéd bI-amikor8+A-(pldsphohoniethdigdethy@t6-allorpopifineo! ogy,
169, 213-216 (1989)). 2 X 104 of HB611 cells Braecorrbi nant human hepat oma
cel I's proRiSiePpIgPHRssfernaiidethe mixgpre gvas: stisred at 25041 ok d 6 dones. nddeisaiterotheai ni ng

10% f I i i 00 u.g/nm i.cilli U/ m
and Gonot 1 STHEH (fargEmOTh ThOER) RN fd B0 ritidde ek, sREBLESS rom gy &
the second;ddasheARehiopGaler td &tgﬁﬁ.4£iﬁ%%9-@%ﬂo§ﬁhﬁ%eﬁmé‘g@&hgﬂgﬂ aced by

a fresh nedium and then at the el'g even t he

four t eent hetlorppadine ul304tmigngf, 4-hidroRPdliophenslSandeRBAGEEf Pytidling wdr® dHaA to
containing 0.005 to 100 u M (final concentration) of the test conpound, and
at  the sev¥mhobdVl shdytianf conthiningi 3PmPNA thé abhee-ckthined vemponnd,| ant k.

HBV- DNA anount 25
myxture was heated at 100°C for 4 hours. After removal of the solvent by distillation,

the compound of interest was isolated by high performance liquid chromatography.

'H-NMR (DMSO-d6, 6 ):3.57-3.60 (m, 2H), 3.81-3.84 (m, 2H), 6.83 (d,
J=8.7Hz, 2H), 7.38 (d, J=8.7Hz, 2H), 7.96 (s, 1H)

Test Example 1: Inhibitory effect against growth of Hepatitis B virus (HBV)

The inhibitory effect of the compound of the present invention against the
growth of an HBV was measured by a known method (K. Ueda, et al., Virology, 169,
213-216 (1989)). 2 X 10* of HB611 cells (recombinant human hepatoma cells
producing HBV) were cultured at 37°C in Dulbecco ME medium containing 10% fetal
bovine serum, streptomycin (100 x g/ml), penicillin (100IU/ml) and Genetisin (trade
name, antibiotic by LifeTechnologies) (0.2mg/ml). At the second day and the fifth day
of culturing, the medium was replaced by a fresh medium, and then at the eighth day,
the eleventh day and the fourteenth day of culturing, the medium was replaced with a
medium containing 0.005 to 100 z M (final concentration) of the test compound, and at

the seventeenth day of culturing, DNA of the cells were collected. HBV-DNA amount
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* contained in“the cells was deternmined by Southern blotting, and 50%

I nhibition concentration against HBV-DNA synthesis in the cells was
determ ned. Moreover, a concentration of the conpounds required to kill
50% of HB611 cells was determ ned. The results are shown in Table 2. Each
conpound nunber in the table corresponds to the conpound nunber in Table
1. For reference, the results of the evaluation of the conpounds descri bed
in EP785208 are al so shown. As shown in Table 2, Conmpound No. 3 of the
present aphtg@dd an B Qels afas ableitinkd BHGouHeAN blbt@ng,NenE FDOPURKBIRN t he
Ref erence Exanples that have a simlar ‘structure

(bi s(2, 2, Zoncérttation againyt HBY¥SDNA) sytdmsisi ihabe icellsEWZ8 d@@fininddbl Moreove) %

i nhibition concentration Cytotoxic concentration Test conpoundagai nst

HBV- DNA s\qonfRIsTagion of the exmpayngs requigdste kilHS8%10f HBK) t skllswas detmiGedpound
No. 30. 05> ~J|2121!?000l ef erence. E[xglm;kle 1 0.08>1 1000 (R, =2-Owve-in A) 0.04> 1
Ref er ence EACAAPHES a5 Higpyn in Table™2.

Each compound number in the table corresponds to the compound number in
Table 1. For reference, the results of the evaluation of the compounds described in

EP785208 are also shown.

As shown in Table 2, Compound No. 3 of the present application shows an
activity equivalent to the compounds of the Reference Examples that have a similar

structure (bis(2,2,2-trifluoroethyl) ester) described in EP785208.

Table 2.
Test compound 50% inhibition concentration Cytotoxic concentration
against HBV-DNA synthesis required to kill 50% of HB611
(M) cells (u M)
Compound No.3 0.05 >1,000
Reference Example 1 '
(R'=2-OMe in A) 0.08 >1,000
Reference Example 2
(R'=3-OMe in A) 0.04 >1,000
Reference Example 3
(R'=4-OMe in A) 0.05 >1,000
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*1'(R, =3-Ov& in A 0.05> 1 Reference Exanple 3 000 1 (R, =4-OVe in A) 26
Compound of Reference Exanple RL N NH2 0 H2CH2OCH2a- (OCH2CF3) 2 A

I ndustrial Applicability The phosphonate nucl eoti de conpound of the present
invention has an excellent anti-viral activity, as well as a high oral
absor bency and high safety for organisns. Furthernore, the conpound of the
present invention has an advantage that the steps of manufacturing process
are short, and the conpound can be produced at a |ower cost than

conventional simlar conpoundsmpbasd®siiReétetetice Ekahgleconsi dered that the
present invention can provide a |ow cost anti-viral agent which has no _
toxicity such as bone marrow cell growth inhibition or nutagenicity and is

produced in a small nunber
R‘
5<\—{)
NN

¢ i
N N‘LNHZ

| 0
HoCHoOCH2P- (OCH2CF 3 )9

A

Industrial Applicability

The phosphonate nucleotide compound of the present invention has an
excellent anti-viral activity, as well as a high oral absorbency and high safety for
organisms. Furthermore, the compound of the present invention has an advantage that
the steps of manufacturing process are short, and the compound can be produced at a
lower cost than conventional similar compounds. Accordingly, it is considered that the
present invention can provide a low-cost anti-viral agent which has no toxicity such as
bone marrow cell growth inhibition or mutagenicity and is produced in a small number

of the steps of manufacturing process.

The present application claims priority from Japanese Patent Application No.
2000-54675.
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- of the steps of manufacturing process. The present application clains
priority from Japanese Patent Application No. 2000-54675. 27 CLAIMS 1. A
phosphonat e nucl eoti de conpound represented by the following fornmula (1) or
a salt thereof, or a hydrate or solvate thereof: RL (1) -%NH2 0 CH2
HOCH22-OR2 R4 OR3 wherein, Rl is a hydroxyl group; each of R2 and R3 is

i ndependently a hydrogen atom a Cl-C22 al kyl group, an acyl oxynet hyl
group, an acylthioethyl group, or an ethyl group substituted by one or
nore hal ogen atons; R4 is a hydrogencajggmsa Cl-C4 al kyl group, a Cl-C4
hydr oxyal kyl group, or a Cl-C4 al kyl group substituted by one or nore

hal ogen atons; and X is CH or a nitrogen atom 2. The phosphonate

nucl eoti de corrpound or salt thereof, or hydrate or solvate thereof

accor di ng ko %Ph‘i’ﬁwq_nat‘?\/ﬁlé‘ﬁléﬁ’tiﬂeé&mpo@ﬂd maramters@x the ifellsyin g demuly (B onpdr ogen
atom a Cl;: p group substituted by one or nore
hal ogen atsgﬁgger%g qry%h%ﬁatgﬁﬁaﬂg?tg eotl de conpound or salt thereof, or
hydrate or sol vate thereof accordi ng tqoqclaim1, wherein each of R2 and R3
i s independently a hydrogen atom 2 al kyl group, or a
2,2,2-trifluoroethyl group; and§ » hydrogen atom or a nethyl group.

X | (1)
NH;
0
uhgiocnzlg'—oaz
RV (RS

wherein,

R!isa hydroxyl group; each of R>and R is independently a hydrogen atom, a C;-Cy,
alkyl group, an acyloxymethyl group, an acylthioethyl group, or an ethyl group
substituted by one or more halogen atoms; R* is a hydrogen atom, a C;-C, alkyl group,
a C;-C, hydroxyalkyl group, or a C;-C, alkyl group substituted by one or more halogen

atoms; and X is CH or a nitrogen atom.

2. The phosphonate nucleotide compound or salt thereof, or hydrate or solvate thereof
according to claim 1, wherein each of R?and R® is independently a hydrogen atom, a

C:-Cy; alkyl group, or an ethyl group substituted by one or more halogen atoms.

3. The phosphonate nucleotide compound or salt thereof, or hydrate or solvate thereof
according to claim 1, wherein each of R?and R® is independently a hydrogen atom, a
C,-Cy; alkyl group, or a 2,2,2-trifluoroethyl group; and R* is a hydrogen atom or a

methyl group.

4. The phosphonate nucleotide compound or salt thereof, or hydrate or solvate thereof
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- 4." The phosphonat e nucl eoti de conmpound or salt thereof, or hydrate or

sol vate thereof 28 according to claim 3, which is selected fromthe group
consisting of the follow ng conpounds:

2- am no- 9-[ 2- (phosphononet hoxy) et hyl ] - 6- (4- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester; 2-am no-9-

[ 2- (phosphononethoxy)ethyl] 6- (3 hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester;

2- ani no- 9- io%oﬁdﬁhp&pbfaﬂﬁn?t\bméu)@tsébébﬂed@r&ﬁ thY Proup BOEIink NbOMRUWo1BG ing

bis(2,2,2-trifluoroethyl) ester; 2-am no-9-

[ 2- (phosphumqnmmdmxy)propyl] 6- (4 hydr oxyphenyl t hi o) puri ne
bis(2,2,2- trlfluoroethyl ester;

2- am no- 9-3-2mineh SdBHphes n@maﬂ)qug@lyyl] 6-€4-hydtoxyphenypthismyiriniei o) pur i ne

Elzsg Ehéséh@ﬁ@%ﬁ%ﬁ%ﬁﬁsérgr (2- h?(r:lnr ggyg;}enyl t hi o) puri ne
[ IZS E phosp h% %%ﬁr#et %62&% hﬂqn?ﬁ%ﬁ{oj{yie ‘@155‘3%%3 ml?e&)y H‘B’IQ?IH’EM

net hyl (2, 2821, 2-trifireshil ?'bgcexester 2- am no- 9-
[ 2- (phosphononet hoxy) et hyl ] - 6- ( 3- hydr oxyphenyl t hi o) puri ne

net hyl (2, 2Z-2mino-9-{2«phosplionojnedrixg)eth2]-64(2-hgddxyphenylthio)purine
[2-(p hosphononethoxy)ethyl] 6- (2- hydr oxyphenyl t hi o) puri ne
et hyI (2, Dis(2t%3- Fflfﬂ&f‘é?é‘?m@sfefester 2 am no- 9-

R i st m ko i vl

[ 2- (phosphg ?ﬁﬁ*} % eo- (3- hydroxyphenylthlo)purlne
met hyl (2, 2, 2 irl uor oet Tester

2 -amino-9-[2- (phosphonomethoxy)propyl]-6-(3-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(2-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(3-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(2-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(4-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(3-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-[2-(phosphonomethoxy)propyl]-6-(2-hydroxyphenylthio)purine
methyl(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-hydroxyphenylthio)purine
(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(3-hydroxyphenylthio)purine
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* 2-'ami no-T 2- (phosphononethoxy)propyl] 6- (2- hydr oxyphenyl t hi o) puri ne
met hyl (2,2, 2-trifluoroethyl) ester; 2-am no-9-
(phosphononethoxy)ethyl] 6- (4- hydroxyphenylthio)purine

,2,2-trifluoroethyl) ester; 2-am no-9-

(phosphononet hoxy) et hyl | - 6 ( 3- hydr oxyphenyl t hi o) puri ne 29

2-trifluoroethyl) ester;

no- 9-[ 2- (phosphononethoxy)ethylI-6 (2- hydr oxyphenyl t hi o) pur hi e
t ri @2 uihionydthylpediar ;

0- 9-[ 2- (phosphononet hoxy) propyl | - 6- (4- hydr oxyphenyl t hi o) puri ne
t r i Z-amimoee{r(phpspiwmnemethoxy)ethyl]-6- (2 -hydroxyphenylthio)purine

[
2-

n

o hyd h | t hi 0) [
no-9-[ 2- hosphononethoxy)propyl] 6- ( 3- hydr oxyphenyl t hi o) puri ne
2- i%%@ﬁm |

n

2-

tril
| fﬁ??ﬂ% {ngﬁl’éﬁ?o%)%?é'ﬂ}h:gi(ﬁ.ﬁﬁ‘}’ E\{IE/)tho I;utnflllleo) purine

0- 9

tr
ani i no- Qs %&Hﬁ\%@ﬁ% Jae=y hoxy) et hyl | - 6- (4- hydr oxyphenyl t hi o) puri ne;

2- am no- QQ[IZ2 (phosphonojr)ret hoxy) et hyl ] - 6- ( 3- hydr oxyphenyl t hi 0) purine;

2- ani no- 9-Z-@ninp B P (phiospidhbexthb &Y IpYdpy1106-( Z-hhadk PaheR YRR Juting) PUr i ne;

2-am no- 9- [ 2- (phosphonomnet hoxy) propyl'| - 6- (4- hydroxyphenyl t hi o) puri ne;

2-ami no-9 (%Z;Zpﬁb@mndhﬂtdmxy) propyl | - 6- (3 hydr oxyphenyl t hi o) puri ne; and

2- am no- 9- nomet hoxy) pr.opyl 2- hydr oxyphenyl t hi o) puri ne. 5.
The phosp fﬁﬁé‘g E&F@BEQW@O@S%&DE@RA] @-éé%lthﬁén@wnylﬂmymc ate or solvate
t her eof ? &452“?5%%@%% m 1, wherein each of R2 and Wis a

2,2,2-trif and is a hydrogen atom or a nethyl group. 6.

The phosprzoaaaﬁls LBl RoHRRBRYR, Al6 P2 hLarbRANERLINBIpuliKAr at e OF sol vat e

t hereof according l'arm 5 IS se e group consi sting
of the fol2-aminog-[2-(phosphonomethoxy)ethyl]-6-(3-hydroxyphenylthio)purine;

h
2
2,
anI
2,
am
2,
am
2

am

2-
2
2-
2,
2,
2,
2,
2,2,
n

[
(
[
(
2
(
2
(
2
(
2
(
2-

2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(2-hydroxyphenylthio)purine;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(4-hydroxyphenylthio)purine;
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(3-hydroxyphenylthio)purine; and
2-amino-9-[2-(phosphonomethoxy)propyl]-6-(2-hydroxyphenylthio)purine.

5. The phosphonate nucleotide compound or salt thereof, or hydrate or solvate thereof
according to claim 1, wherein each of R*and R® is a 2,2,2-triﬂu6roethyl group; and R*

is a hydrogen atom or a methyl group.

6. The phosphonate nucleotide compound or salt thereof, or hydrate or solvate thereof
according to claim 5, which is selected from the group consisting of the following
compounds:

2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(3-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester;
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(2-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester; '
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* dompounds: _
2-am no- 9-[ 2- (phosphononet hoxy) et hyl ] - 6- (4- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester; _

2- am no- 9-[ 2- (phosphononet hoxy) et hyl | - 6- ( 3- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester;

2- aiti no- 9- [ 2- (phosphononet hoxy) et hyl | - 6- ( 2- hydr oxyphenyl t hi 0) puri ne
bis(2,2,2-trifluoroethyl) ester; 30 A 2-am no-9-

[ 2- ( phos phbaniEes-BABXBIRssBROH dmetionlyfprbi i S RYARA D RER Y bilhe
bis(2,2,2-trifluoroethyl) ester;

2- am no- 9- hig2( A Presforoethgl) kst ) pr opyl | - 6- ( 3- hydr oxyphenyl t hi o) puri ne

bis(2,2,2-trifluoroethyl) ester; and . _ _

2- ani no- 9-$-204NgH Y nese ¥y PYL-6-(3shydyakyphgmfithioypuritieo) pur i ne
ester. 7. The phosphonate nucl eoti de conpound or

4
bi s(2, 2, 2-t.rj.f roeth s (
sal 'E there%?@’%#’%@ﬂ%%@%ﬁt%la{}%t e thereof according to claim1, wherein

eachofRZ_QIQ]g.l__'_ =l 2t hyl . and. R4 . is a hydrogen
atom 8. T%e p d(;gé%g%@tséh%ﬁé%@t{yﬁgﬁﬁ%%nggl(t)o(r?&g%?ntyﬂﬂ’r?i?w, or hydrate or
sol vat e t 5@ 2-teupdethylYedter. Cl aim 7, which is _ B

2-am no- 9- [ 2- (phosphononet hoxy) et hyl ] - 6- ( 2- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester. 9. The phosphonate nucl eotide conmpound or
sal t there7of, or hydrate or_ solvate thereof according to claim7, which is

2- ani no- 9-7-[ ZXhesRNeBABRitcle%dy eempeyndar (salt Wheteal giphysingtt oh saly ata therent
bis(2,2, 2-a:[c{:&rfdinugo{oOc(fz;[.ixt}ly 1,)w§esrgigréach of R*and R% is a 2,2,2-trifluoroethyl group; and R

is a hydrogen atom.

8. The phosphonate nucleotide compound or salt thereof, or hydrate or solvate thereof
according to claim 7, which is _
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(2-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester.

9. The phosphonate nucleotide compound or salt thereof, or hydrate or solvate thereof
according to claim 7, which is
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(3-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester.

10. The phosphonate nucleotide compound or salt thereof, or hydrate or solvate
thereof according to claim 7, which is
2-amino-9-[2-(phosphonomethoxy)ethyl]-6-(4-hydroxyphenylthio)purine
bis(2,2,2-trifluoroethyl) ester.

11. A pharmaceutical composition, which comprises a substance selected from the

group consisting of the compound and salt thereof, and hydrate and a solvate thereof

according to any one of claims 1 to 10, and a pharmacologically acceptable
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10 ‘The bhosphonate nucl eoti de conpound or salt thereof, or hydrate or

sol vate thereof according to claim?7, which is

2- am no- 9-[ 2- (phosphononet hoxy) et hyl ] - 6- (4- hydr oxyphenyl t hi o) puri ne
bis(2,2,2-trifluoroethyl) ester. 11. A pharmaceutical conposition, which
conprises a substance selected fromthe group consisting of the conpound
and salt thereof, and hydrate and a sol vate thereof according to any one
of clainms 1 to 10, and a pharmnacol ogi cal ly acceptabl e 31 pharnmaceuti cal

addi tive. phirmé¥eudibiliadditivel agent, which conprises, as an active

i ngredi ent, a substance selected fromthe group consisting of the conpound
and salt thereof, and hydrate and solvate thereof according to any one of
clainms 1 to 10. 13, The anti-viral agent according to claim 12, wherein the
virus is alzﬁepfm anti-¥irg agept, whichcomprises, as an active ingredient, a substance selected

from the group consisting of the compound and salt thereof, and hydrate and solvate

thereof according to any one of claims 1 to 10. .

13.  The anti-viral agent according to claim 12, wherein the virus is a hepatitis B virus.
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