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6- 12- ( PHOSPHONOVETHOXY) ALKOXYI PYRI M DI S HAVI NG ANTQVPP§@92YIQ
ACTIVITY 10 *166166* 15 Field of the Pﬁ“@@@“ @“ kground of the Invention
Acyclic nuclrp: nal ogues cont ai ni ng nate groups osed
for exanple Igh%%g@ Pat ents 4, 659, 825, 4, 888196, 4 724, 2§§ﬂ€€ﬁm§§ko5l

5, 302, 585, 5, 208, 221, 5, 352, 786 5, 356, 886 in EP publlcatlon nunber s

269, 947, 481, 214, 630,381, 369,409, 20 454,427, 468,119, 434,450, 618, 214
and 398, 231 and in WD 95/07920, WD 94/03467 and WD 96/33200. The teachings
of these patents include conpounds in which a phosphonate group is |inked
to a defined purine or pyrimdine base, generally at the 1- or 9-position
of thesyrimdine or purine bases, respectively, by way of a

2- (et hoxy) propyl group, a 2- (nethoxy)ethyl group, a '

2- met hoxy- 3- hydr oxypropyl group, or a 2-nethoxy-3-fluoropropyl 25 group,
known r eéspectPHOTRHPNOMETRRFY) ARSAXY | RYRIFIDING DEREFATIVES HAVING RNTIIVERAMN RETIVITY
conpounds. These conpounds exhibit antiviral and cytostatic activity.

Dal uge et al. (34th Interscience Conference on Antim crobi al Agents and
Chenot herapy, Cct. 4-7, 1994) discloses carbovir derivatives in which the 6
positiolP of the purine is substitut EWWHMWW”’ propyl ani no,

N-cycl opr opyl - N- et hyl ami no or N 30 .Cihlar et al.

"Antim crobial Agents and Chenot herapy" 3&(e# : 117- 124 (1995) di scl ose

N6- am nohexyl - PMEDAP. Holy et al., "ACS Synp. Ser." 401:57-71 (1989) and
Holy, "Kern. Ind." 38(10):457- 462 (1989 descrlbe the antiviral activity
of certain N6-substituted nucl cRACKEUBER LHE ti

15 Field of tﬁe Invention

Acyclic nucleotide analogues containing phosphonate groups are disclosed for
example in U.S. Patents 4,659,825, 4,808,716, 4,724,233, 5,142,051, 5,302,585, 5,208,221,
5,352,786, 5,356,886, in EP publication numbers 269,947, 481,214, 630,381, 369,409,

20 454,427, 468,119, 434,450, 618,214 and 398,231 and in WO 95/07920, WO 94/03467 and
WO 96/33200, The teachings of these patents include compounds in which a phosphonate
group is linked to a defined purine or pyrimidine base, generally at the 1- or 9-position of
the pyrimidine or purine bases, respectively, by way of a 2-(methoxy)propyl group, a 2-
(methoxy)ethyl group, a 2-methoxy-3-hydroxypropyl group, or a 2-methoxy-3-fluoropropyl

25  group, known respectively as PMP, PME, HPMP and FPMP purine or pyrimidine
compounds. These compounds exhibit antiviral and cytostatic activity.

Daluge et al. (34th Interscience Conference on Antimicrobial Agents and
Chemotherapy, Oct. 4-7, 1994) discloses carbovir derivatives in which the 6 position of the
purine is substituted with cyclopropylamino, N-cyclopropyl-N-methylamino or N-

30 aziridinyl.

, Cihlar et al., "Antimicrobial Agents and Chemotherapy" 39(1):117-124 (1995)
disclose N6-aminohexyl-PMEDAP.

Holy et al., "ACS Symp. Ser." 401:57-71 (1989) and Holy, "Kem. Ind." 38(10):457-
462 (1989) describe the antiviral activity of certain Nb.substituted nucleotide analogues.

35

Additional phosphonate-substituted pyrimidine analogues are disclosed by Holy et
al., "Collect. Czech. Chem. Commun." 64:242-256 (1999), Eger et al., "J. Med. Chem."
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Addi ti onal phosphonate-substituted pyrim di ne anal ogues are di scl osed by
Holy et al., "Collect. Czech. Chem Conmun." 64:242-256 (1999), Eger et
al., "J. Med. Chem" -1 WO 03/002580 PCT/ Cz02/ 00038 37:3057-3061 (1994),

VWor st adt  efyodbezsse)- Heterocyclic Chem ™ 37:1187-1191 (2QQ9)czodbdss
Franchetti et al., "Nucl eosides & Nucl eotides"” 14(3-5):607-610 ?1995). The

| atter three publications have a phosphonate-containing side-chain |inked
via a 6-N 3013957-8061(1994), Womstadt etidls '], Heteesbypljer Cliendlf 8:1187- 1391 €2000), afd t he

| nvention Ig _j bj 148, 1 Y8 Qb 1 93 QNI avi ng
antiviral &%ﬂ"@?‘ﬁ?‘ ﬁi’ r;ﬁ&%%q%[qcég‘l@?él%égégnslt%%oz#fwaf%@gésmgﬁg as H1V,
HBV or HSV.publicatiensstave a phesphonate-comtaining side-ghainlinked visrfolsubstitisatafi2,4-n t he
prepar at i ongi@bstit@Bd pyrimidiehange resins or chiral nedia. It is a further

object to provide interned ates and net hods for maki ng such conpounds. -
These and ot her objects will be nore fully understood by further reference
to the disclosures herein. 15 SQOhjeetsof the Itventiomventi on I n accordance with

Lhe invention §ayed ofedReAiAvétitn & (R¥vide orfiihddhdy Rigitifrd bdiivitffan 20 X
ORRRAA O)p(aﬁl)cglar %;in%s?RwA or DNA B%'uslcg sul_clh a8 HI{),OHS{' ortT?-ltsh\Xl sulfanyl;

It is an additional object to provide compounds useful in the preparation of ion
10 exchange resins or chiral media.
It is a further object to provide intermediates and methods for making such
compounds.
These and other objects will be more fully understood by further reference to the
disclosures herein.
15

Summary of the Invention

In accordance with the invention, novel compounds are provided having formula (I)
20 _
)\
R N X

25

where
R, is H, amino or methylsulfanyl;
R, is H, methyl, halo, -N(R5s);, hydroxy, protected hydroxy or a group of the
30  formula (fa) I |

*

—X
AN
‘ \/l?q P(0)(2)

35 (Ta)

Rj is independently H, methyl, hydroxymethyl, halomethyl or protected
hydroxymethyl;



R2 is H nethyl, halo, -N(R5)2, hydroxy, protected hydroxy or a group of
the 30 formula (la) \\~~/ \p(O(2z R3 35 (la) R3 is independently H,

met hyl , hydroxynet hyl, hal omethyl or protected hydroxynethyl; -2 WO

03/ 002580 Rxbh/o$76i344000038 R4 is H or halo; X independent!|y pic§/c¥is8ss Sul fur
or a bond; I ndependently is hydroxy, an ester or amde; R5 IS

i ndependently H, C1-C8 alkyl or a protecting group; and 5 * designates a
chiral carbon aRgigH8fkhisal ts and solvates thereof. The objects also are
acconpl i shed by net hod for preparation of conpounds of the forrmula (1)
10 15 X * O/ deppndentiyis ?z%su@rmebw; R3, R4, X, Z, R5 and * are
defined above; Z3ifdependentlysishgdrogyahiester ot afidgpound of fornula (11) RZ 25

where Rl and RSpRi&indipkhdbntly BO8Y s alkyl or a protecting group; and
5 * designates a chiral carbon atom; and
salts and solvates thereof.
The objects also are accomplished by a method for preparation of compounds of the
formula ()

10 Rz

\ro\/P(oxzn
15

R3
)
where
R1,R2, R3, Ry, X, Z, R and * are defined above;
20 comprising reacting a compound of formula (1)
Ry
R4
NZ I
g L
R; N XH
m
where
R and Rg are defined above; -
.30 Rj is H, methyl, halo, -N(Rs)3, hydroxy or protected hydroxy; and
XisOorS;

with a compound of the formula (III)

35
*
Y-CH3CH(R3)-0-CH,P(0)(2);
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30 R is H nethyl, halo, -N(R5)2, hydroxy or protected hydroxy; and
XisOorS;, with a conpound of the fornmula (I11) 35 Y-CH2CH(R3) - O CH2P( O (2) 2
-3 WD 03/002580 PCT/ Cz02/ 00038 where Z is an ester or an am de; *

desi gnat es lral carbon atom 5 R3 is H nethyl, halo r protected
hydr oxynet H@??%ﬁg”." Y is a leaving group in dipolar aprgﬁ:’@%@?@%ﬁt in the
presence of a base to obtain a conmpound of fornmula (I) where Z is ester or
am de; (b) one or both Z groups optionally are c erted to produce the
conmpound of forrmula (I) where at |least one Zis ﬁ{%roky. 10 I n anot her

enbodi ment W8t hi s i nvention, a method is provided for the preparation of
conpounds of f OZ isdnastet or antemiide;Rl is H, am no or nethylsulfanyl; R2is

-N(R5)2 R3 is ip ‘ | , hydroxynethyl, hal onethyl or
protected 15 h g%‘@%ﬁ?h@%‘%ﬂ%@% or halo X i i)xy en or sulfur; Z
i ndepenient | y i B3 #yhimestiyl, halpraathyd pr pyptegtad hdroxyme ;iaﬁgependent ly H Cl-Cg

al kyl or a proteqgsaeavidgetap and 20 * designates a chiral carbon atom
conpri si ng, '

in cﬁ}%igr' arfn%ti% soReRI Hmde p%s}‘,gce gf'a g?se 8‘ ébtmx 9)081%2)3\1[1(1 of formula (I)

where Z is ester or amide; (b) one or both Z groups optionally are converted to produce the
compound of formula (I) where at least one Z is hydroxy.
10 In another embodiment of this invention, a method is provided for the preparation
of compounds of formula (I} where
R} is H, amino or methylsulfanyl;
Ry is -N(Rs)2
Rj is independently H, methyl, hydroxymethyl, halomethyl or protected
15  hydroxymethyl;
: R4 is H or halo
X is oxygen or sulfur;
Z independently is hydroxy, an ester or amide;
Rs is independently H, C;-Cg alkyl or a protecting group; and
20  * designates a chiral carbon atom
comprising reacting a compound (IV)

OH

|
% R1)\N X

30 ' (v)
where
Rj3 is H, methyl, halomethyl or protected hydroxymethy};
XisO or S; and -
Z is amide or ester;
35  with N(R5)2. One or both Z groups optionally are converted to the compound of formula
() where at least one Z is hydroxy.
In another embodiment, a method is provided for preparation of compounds of
formula (V)



R3 30 (IV) where R3 is H nethyl, halomethyl or protected hydroxynethyl;
Xis 0Oor S and Zis amde or ester; 35 with N(R5) 2. One or both Z groups
optionally are converted to the conpound of fornmula (I) where at |east one
Zis hydro ot her enbodi nent, a nethod is provided [ preparation
of corrpounsg"%wz% rmula (V) -4 WD 03/ 002580 PCT/ CZ02/ ooo%‘téggz‘g("gﬁ&)z (V)
where 10 R3 is H, nethyl, hydroxynethyl, hal onethyl or protected

hydr oxynet hyl ; R5 independently is H Cl-Cg al kyl or a protecting group; X
is oxygen or sulfur; Z independently is hydroxy, an ester or amide; and *
designates a chiral carbon EN(RE? 15 conprising reacting conpound (IVa) 20
H2ZN "N P(O (2)z (l1Va) 25 wi t} (2R5)2 i n anhydrous solvent, alkali hydroxide
or alkali carbonate in aq solution and Z is optionally converted to

t he conpound of fornmula ( rein 1 or 2 grou hydroxy. In
?50 ;(M‘dqi'-/ocr;\t\h,e/gﬁgg@ﬁi on of conpounds

anot her” enbodi nent, a ne
Ra

of HzN N

V)
where

10 R3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;
Rs independently is H, C1-Cg alkyl or a protecting group;
X is oxygen or sulfur;
Z independently is hydroxy, an ester or amide; and
* designates a chiral carbon atom;

15  comprising reacting compound (IVa)

Cl

NZ |
(o) P(O)(Z
2 HZN)\N X/\*/ N (OX2),
R3

(va)

25  with N(Rs); in anhydrous solvent, alkali hydroxide or alkali carbonate in aqueous solution
and Z is optionally converted to the compound of formula (V) wherein 1 or 2 Z groups are
hydroxy.

In another embodiment, a method is provided for the preparation of compounds of
formula (VI)



formula (VI) WO 03/002580 PCT/ CzZ02/00038 ~OP(O)(2)2 R3 10 where Rl is H,
am no or nethylsulfanyl; R3 is H nethyl, hydroxynethyl, hal onethyl or
protected hydroxynmethyl; Z independently is hydroxy, an ester or am de;

and 15 * degj a chiral carbon atom conprising rea ound
of formul a?bﬂ?@zg@ R( \N'Cl where RL is H, am no or net h?F?&%@H@?N
with a conpound of the formula (M11) * HOCH2CH( R3) OCH2P(O)(2Z2) 2 30 (VIII)
where Z is amde or ester in the presence of a base. Optionally one or both
Z groups are converted to prodyg ? a hydroxy. 35 In another enbodi nent of

d

this invention, a nethod is pr¢vided for the preparation of conpounds of
fornula (XI11) -6 WD 03/0025§ VO/P(O)(Z)z R3 10 (XM

I\’VO\/ P(O)(Z)z
Rs

10 (VD

where
R is H, amino or methylsulfanyl;
R3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;

5

Z independently is hydroxy, an ester or amide; and
15 * designates a chiral carbon atom;
comprising reacting a compound of formula (VII)

|
» R1)§ Cl

where
R is H, amino or methylsulfanyl

25  with a compound of the formula (VIII)

*

HOCH,CH(R3)OCH;P(0)(Z) 2

30 _ _ _ (VIID)
~ where Z is amide or ester
in the presence of a base. Optlonally one or both Z groups are converted to produce a
hydroxy.

35 In another embodiment of this invention, a method is provided for the preparation
of compounds of formula (XIII)



where Rl is H amno or nethylsulfanyl; * is a chiral carbon atom R2 is
H, chloro, hydroxy or amno; 15 R3 is H, nethyl, hal onethyl or
hydroxynethyl; and Z is am de or ester; conprising (a) reacting a conpound
of the for I 20 d 25 where R is H amno or methylsulfanyl: R2 is
H, chloro g%ma , Wi th a conpound of the fornula (X 303"(«‘%’“"%"‘%3‘

PCT/ CZ02/ 00038 35 where R3 is H nethyl, hydroxynethyl, hal onethyl or
protected hydroxymethyl; * is a chiral carbon atom R6 is hydroxy or
protected hydroxy; -7 WO 03/002580 PCT/ Cz02/ 00038 or R3 and R6 are joined

by a cyclic acetal or ketal prothecting group; in the presence of a base
W t hout solvent or in the presente of an aprotic solvent to produce a

compound of formula (XI') 5 10y kere 15 Rl is H amino or
met hyl sul fanyl ;
5 x
Rj N 0
Qi/ovmoxzn
Rs
10 (X1)

where
R is H, amino or methylsulfanyl;
* ig a chiral carbon atom;
R3 is H, chloro, hydroxy or amino;
15 Rj is H, methyl, halomethyl or hydroxymethyl; and
Z is amide or ester;
comprising (a) reacting a compound of the formula (IX)

Ra2
20
NZ |
)\
R N Cl
(IX)
25  where
R is H, amino or methylsulfanyl;
R;3 is H, chloro or amino;
with a compound of the formula (X)
o R.
30 Ra " _
Rg OH
X)
35 where

R3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;
* is a chiral carbon atom;
Rg is hydroxy or protected hydroxy;,

-7-



* is a chiral carbon atom R2 is H, chloro or amno; and R3 is H, nethyl,
hal omet hyl or protected hydroxynethyl; and (b) reacting conpound (Xl) wth
a conmpound of the formula (XI1) 20 Y-CH2P(O (Q2)2 (XI1) where Y is a

| eavi ng gr . Zis amde or ester in the presence of |
di et hyl fom%/%gégr tetrahydrof cane to produce a corrpourllagTRg@%?dg%rml a
(X111); and (c) optionally hydrolyzing Z group in conpound (XM to produce
a conmpound of f rR,:?Hnﬁ : I [ xy and X is 30
oxygen atom In&a 0 &%m%?kgﬁtcygka?ﬁﬁs&ikg@g P?eéﬁné]égé@t hod is provided
for the prbyhe presespe ofsF basewitheut gelvertt of i theipresqnes ofineaprotiv solvento praditero or
met hyl sul f aBdthpouid of forfula®DNy! , hydroxynet hyl, hal omet hyl or protected
hydroxynethyl; 35 R4 is halo; X is oxygen; Z independently is hydroxy, an
ester or amde; and * designates a clg,ral carbomatonm -8 WO 03/002580
PCT/ CZ02/ 00038 conprising (a) reactind a conpound of the fornmula (V)
where RI is H amno or nethylsulfan R3 is H nethyl, hydroxynethyl,

hal onet hyl or protected hydroxynet ; Z independently is an ester; and

RY” N

10 ¥

(XD)

where
15 R1 is H, amino or methylsulfanyl;
* is a chiral carbon atom;
Rj is H, chloro or amino; and
R3 is H, methyl, halomethyl or protected hydroxymethyl; and
(b) reacting compound (XI) with a compound of the formula (XII)

20
Y-CH,P(O)(0Z);
(X1)
where
Y is a leaving group;

25 Z is amide or ester

in the presence of a base in dimethylformamide or tetrahydrofurane to produce a compound

of formula (XIIT); and

(c) optionally hydrolyzing Z group in compound (XIII)
to produce a compound of formula (VI) where 1 or 2 Z groups are hydroxy and X is
30 oxygen atom. :
In another embodiment of this invention, a method is provided for the preparation
of compounds of formula (I) where
'Ry is H, amino or methylsulfanyl;
R3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethy!;
35 Ry is halo;
X is oxygen;
Z independently is hydroxy, an ester or amide; and
* designates a chiral carbom atom;

-8-



* designates a chiral carbon atom wth el enental halogen in an inert
sol vent to produce a conpound of fornmula (1). Optionally one or both Z
groups are converted to hydroxy. 10 Further objects of this invention are

acconpl i shegolyodesget hod conprising admnistering a theraReyutiGahd:y
eea of such

effective anount of a conpound of formula (I) to a patient inn
treatnent. Detailed Description of the Invention 15 As used herein, and

unl ess nodicbmprisitiy (a)) Feactingechngioand ofthe farmukl (M) neans branched, nornal or
cyclic sat d hydrocarbons and includes nmethyl, ethyl, propyl,

cycl opropyl’, cycl obutyl, isopropyl, n-, sec-, iso- and tert-butyl, pentyl,
i sopentyl, 1- n&lmﬂmvpprmemYEylfmyspy| , neopentyl, and t-pentyl. Halo
typi ca: : y means Rgli Hmcthplk,)mydmymaﬂml ,tht)m&hylﬁhluotclot%cdﬁycllrbmm( thy2:0 th thi o)
typically is Hgr. amn ut_al sg can be net hyl sul fany i.e. methylthio). .
R2 genersal |y is%;;z%ip&’(@chg}”_s-% 5’aﬂgv\,here R5 i ndependently is Hor Cl-Cg

al kyl . R3 typi ¢aesignates achisel sachamatomibut may be hydroxymet hyl (typically
(SéI co?f I 9;&&@ él&ﬂenrt]aﬂllhbﬁﬁg@rm)t 4 | adl ihett ﬁ‘o:clﬂﬂt %rprédaeemntamagg?mnmf(yr halt omet hyl,
and, if nethy .hal one refera i s .in e configuration
substantially f?%’é‘mb”f]g't%go{égf‘ Zg%ﬂ‘msa{ﬁfﬁi{‘?’?ffﬁd t%gycﬁl%?f’érret hyl generally is
fluoronmethyl. R5 generally is H, but also can be I ower (Cl1-C3) al kyl (one

or bothg nStanC?ﬁ}thcr%%jebéoffH{ﬁ REntdR AR de lisﬂédl?a%eﬂlﬁdééihﬁxﬁmgy any ester
or am de heretaqfore known for {%?.Wth nucl eot | e(;)&ots hqn@Ses. a}/\hein Zis
an ester, ATipYeRTEA Berapeticaly effestivegmondt of s eamnoynd of Bfpyla ) to Lpefign

hydr oxy) i nnaesipdymshstrdaanentg antiviral activity per se, although 30 ot her
R7 ester groups described bel ow are suitable for use as protecting groups
or as pro- functionalities fgr prodrug t(?rrbodi nents, X preferably is O Zis

an ester or anmide when it isZ & Ve compounds of this
i nventimpn agai ratusedhseéing @d unkssinbdified by thethemediate cohertct is to provi de an

., B B ey A SBT3t S Rk, o O
thi s i nventprepylvelprropyl-cyokebutyl.tisapsonyhio drqreise- and frst-tutylepantdrsepentgs der or
methylbutyl, 1-ethylpropyl, neopentyl, and t-pentyl.

Halo typically means chloro, but includes bromo, fluoro, or iodo.

20 R typically is H or amino, but also can be methylsulfanyl (i.e. methylthio). |

Rj generally is hydroxy or -N(Rs) 2 where R5 independently is H or C;-Cg alkyl.

Rj typically is H or methyl, but may be hydroxymethyl (typically (S) configuration
substantially free of the (R) enantiomer) or halomethyl, and, if methyl or halomethyl,
preferably is in the (2R) configuration substantially free of the (2S) configuration.

25  Halomethyl generally is fluoromethyl. :

Rs generally is H, but also can be lower (C1-C3) alkyl (one or both instances).

As is further described infra, Z is suitably any ester or amide heretofore known for
use with nucleotide phosphonates. When Z is an ester, it has the structure OR7. Ry
ordinarily is H (i.e., Z is hydroxy) in compounds having antiviral activity per se, although

30 other R7 ester groups described below are suitable for use as protecting groups or as pro-
functionalities for prodrug embodiments.

X preferably is O.

Z is an ester or amide when it is desired to protect the compounds of this invention
against undesired reactions or when the object is to provide an in vivo prodrug of the

35 compound, Otherwise, Z is OH.
The esters or amides are useful as protected intermediates in the synthesis of
- compounds of this invention where Z = OH. In this embodiment, the selection of ester or
amide may not be important, depending upon the nature of the reaction

9.




am de may not be inportant, depending upon the nature of the reaction -9 WO
03/002580 PCT/ CZ02/00038 involved. Al that is needed is that the Z
substituent not be renpved until the step in synthesis at which this is

desired, a“q'ddcslobghtﬁy' s not apparent on theoretical groundsedézizRbhade

readily determ ne rudi mentary experinents. For exanple, esters In
particular are used to protect the phosphonate hydroxy groups agai nst

al kyl at i on.in’éolWaewzthaemeaieass thatihod subgtituentaibi kerainbted urtihtheaspénr or ani de

is renoved | Nn.Vi mﬁﬁ

am dat es opwglgl IHT’}E SIFg %@@%@ggﬂ@k%n& g @E&g‘g&gﬁgg’?‘ﬁ“ﬁﬁaﬁ%

est erases mwlbdemb@dbpmmﬁdngmﬁegmt@“@B %@ﬁ!ﬂﬁﬁi“\/ﬂaﬂﬁu’f‘l’ aféé‘F?ds V\/ner e
precur sor hmq,mgd(qiesphbmﬂﬁgb hyd}ox)il'goﬁﬁgagﬁxgte latiblgt t he specificity of

t hese enzynes i :
anal ogues of t hls‘gﬂ?'hg ?so%api#'%f“l%&g eﬁﬂyggg s&’errgl- é&@gﬁgrrae égéfg;gté’w?l city is
f ound. Thi sfromlithe phosphopate.cBuitablaprodmg extgrperamidaies optipndllyaze jeiested bavedor or
ﬁ%lr \é: ;;"e daffxE Eﬁds?rélte sﬁzégﬁ %?Eﬁérrg%éls \ﬁ/ngd/&%%oﬁﬁimsexﬁéb@éd t8 b€ fduhnd witin t

| i
and cel | pe?‘tlllé pre pr °{ﬁ¥£§yﬂ?’édﬁ§"@0ﬁ9§5§¥ "H{]‘Phtgﬁ%ﬂfg%w’?g‘t&’%? m ;ngf or
systemi c ci cnzydneetusunkno@ar enawillsictéen a pbirdlily 6fmunieptidetanglogues of thisineentigne used
to idenjqfy et et oS dﬁs Ee eaﬁ&%} S #ind. THs wgeaa;plén@ﬂ&ﬁmappé@mce a

t ar get Vll’a or ectil g ecursor

dr ugs capa?ﬁfé“d*‘ W}‘S’P%? 9%4“’%“’1’?? apmgfn eQP%r““ﬁ‘iYéF“”ﬁﬁF%‘EP?‘Wﬂ%“’a‘eﬁ H’EEM/ or
HI E)/ t op% i orﬁydrqiyzuﬂ@r hydreBtraitompatatiaelp slowlyria dre uppert gut,iihgud and geiqustnmable
substanti a

kot ) Sy RAFo1{ 2l S ALl e SRR 2100 Bhefnib BFECUIAHER, dERERS i 2l !

tissues. AsiR ' the art are sult f these yrposes,

i ncl udi ng i eRlls Stompartiqulgrdissuss ar@iup¢c1t91de§gfy|precz{§0§ébq§§§trplaﬁp 5 ?féﬁmshormgenat e

tSLab|b| i1y af\ﬁcdbh&ﬁﬁ&a%@éﬂv%rhltdt n?&x%&iﬁlimfefﬁ@ﬁe gaintinyasasflives @tecutsor diegser i ne
e bioavaila ar.ac St i T

coter. and afaee eBFRBER G i Shost inb Bl kB Uy ¥BRly G55 vase

and EP 4812trdated withamprecwrsenthasns hydreleedehus or species described in these

publ i cat i ongyysamkhllytnd %eﬁa@faﬁa & uBstaHtidRY the84mé @d’gi'é?: ih @11 Sisewls. PAMShysc at i ons)

ggt g?naﬁg / ginogma@é e q.ry g'e swyag Cfg{ Wueséalﬁ&log%omgl Ehng mt%rtlgalwggﬁj Eiydlh@lrcclﬂm h are
20  permeation, liver homogenate stability and plasma stability assays. These assays are used _
to determine the bioavailability characteristics of the precursors.
Typical examples of ester and amide substituents group Z are found in
W095/07920, WO98/04569 and EP 481214 A1, Any ester or amide genus or species
described in these publications (and in the preference order set forth in such publications)
25  can be used as group Z herein.
Usually, both Z are hydroxyl or both are ester and/or amide, i.e, typically 2 orno Z
groups are hydroxy. In general, when neither Z is OH then one Z is amide and one is ester.
Amides with naturally occurring amino acids and a esters with phenyl are preferred. The
free carboxyl(s) of amino acid Z groups generally are esterified with C,-Cg alkyl.
30 In general, Z is hydroxy in compoimds to be used directly for antiviral purposes, i.e.
such compounds are employed without any requirement for hydrolysis in vivo of the ester

or amide.
Protecting groups for hydroxyl include acetals, kotals or C;-Cg alkyl. A typical
protecting group for amino is trityl. Other conventional protecting groups are known
35  (Greene et al., "Protecting Groups in Organic Synthesis, 2" Ed. 1991, pp. 10-142 and 309-
405).

Utilities
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groups are hydroxy. In general, when neither Zis OHthen one Z is amde
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wi th phenyl are preferred. The free carboxyl(s) of am no acid Z groups
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- Seitillsgier vifts L2 o uginesvitys e 1y qulig Herpefiing vmed. MO8y
Sustept | bi IRepYlomevietsapGIRNiypes 1-6hincluling preinogeria PVl davivirasss loelsding aused by
DNA or RNA yéil6w $8%r SN ARTcal SWide Tavief WiRRSnd SdnesE @ ephaliiSVirds), tbBViruses
varicel | agﬁr%?utdﬁ%%%nﬁ%#&%ﬁ%gg%%' g h)feeg)gggl\#?s uriﬂt{e eﬁéq’s e ugs?éh r pesvirus
t 1, HHWE, a ’ ngft&p “nogeni c
Hée/)e, f | aviretrovimess (HTYdl gg\i’/-ﬁgHTyﬂm Hﬁiﬁ/él; StV ,\EeLNsFI\Aﬂ\d@MS}d),ngirﬁswer_ I
virus amd J@ﬁe@ﬁsg BXVIRR _aéci&awhfsg% teroV RERY (ol fifus thied 113\ Bollorfgnezuel an
| g,l t , | a types A-C), .
Rt R L R o e
adenovi r us danthlinfsey (Hemtahn 8jrus)gwtyontanivess pdpoaadiusésarhinavitages, pandisfluRyzd uses
LT ovi ' - ! . o o : i |
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(Hant aan viE’Gg'ﬂheé’SFyorravi rus, papovaviruses, rhinoviruses, parainfluenza
virus tispes 1- 4 Prefepédapmpotinds.of GRSivEton for tid/fdatrmeit ofhdrpés virasey) hephdiaat i ti s
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invention for the treatnent epadna "viruses and HV are
t hose i n winghylROthexpptivirbactivitiep ofompeunds of this iaventis ate detesminedrby roptine Ot her
antiviral agéay\of kitRSraPictioRyPismEéhzyaé inhibitfon 493694 tisid caltre dSagy, BRIRRAN DY
routine - model assays and the like as will be understood by those skilled in the art.

20 The novel compounds of this invention also are useful per se or as intermediates in
the preparation of polymers having a wide variety of diagnostic, therapeutic and industrial
utilities.

The compounds of this invention are suitable as intermediates to prepare affinity
absorption media bearing substituent groups having properties useful for absorbing

25  compounds from impure mixtures. These are prepared and used in the same fashion as .
other ion exchange media containing the same substituents, e.g. phosphonate or amino.

For example, the phosphonate group of the compounds herein are covalently bound to
insoluble matrix and free Ry amino substituents on the heterocyclic base serve as ion
exchange sites. Alternatively, the heterocyclic base amino group is linked to the matrix

30 and the free phosphonate gfoup is then useful in the chromatographic absorption of
positively charged molecules. Other immobilized embodiments of the compounds herein
are useful in purifying proteins, e.g., enzymes to which the compounds of this invention
may bind, e.g. transport proteins (see Cihlar, supra).

Suitable methods of incorporation of the compounds of this invention into insoluble

35  matrices such as polymeric resins will be readily apparent to the skilled artisan. The
compounds herein can be immobilized by covalently crosslinking the pyrimidine amino or

- hydroxy groups to an insoluble matrix. Similarly, compounds of this invention are
incorporated into insoluble resins by binding the hydroxy of the phosphonate group or a

-11-



assay of antiviral activity using enzyne inhibition assays, tissue culture
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skilled in the art. 20 The novel conpounds of this invention also are
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are desggi bggc‘ftﬁblfﬂ?f’gsrm%gﬁﬁ?%foliﬁee&%%ﬁf)t(‘féﬁ%s%& this invention also are
useful as cross- Methieds for oross|inking usingthe pibstifuent grpuns faupd inthe perBpqyndsef
matrices (ashiPRRERRH atetwdlHBpWnaR tHRGr2 Foréxalipld, the PROHhbIES agillis ed tofotf NOt ed

of uncti ondNet e ALoHiaPT SPidex it ABMES qumapn g s Pydtofd bn ofel . o
subst ances. rdactivessites found on the pyrimidine are suitable, Of course, protection of reactive groups
20  will be used where necessary while assembling the cross-linked reagent.  In general, the
inventive compounds are used by linking them through phosphonic acid to the hydroxy or
amino groups of the linking partner, and covalently bonded to the other binding partner
through another substituent of the compound of this invention. For example a first binding
partner such as a steroid hormone is esterified to the phosphonic acid of this invention and
25 then this conjugate is cross-linked through R3 hydroxymethyl to cyanogen bromide
activated Sepharose, whereby the immobilized steroid is obtained. Other chemistries for
conjugation are well known. See, for example Maggio, "Enzyme-Immunoassay" (CRC,
1988, pp 71-135) and references cited therein.

30 Pharmaceutical Formulations.

The compounds of this invention and their physiologically acceptable salts and
solvates (hereafter collectively referred to as the active ingredients) are formulated for
administration by any route appropriate to the condition to be treated. The compoﬁnds and
formulations preferably will be sterile.

35 The active ingredients are placed into pharmaceutical formulations. The
formulations, both for veterinary and for human use, comprise at least one active
ingredient, as above defined, together with one or more acceptable carriers therefor and
optionally other therapeutic ingredients. The carrier(s) must be "acceptable"” in the sense of

-12-



conventional to link affinity reagents such as hornones, peptides,
anti bodi es, enzynes, drugs, and the like to insoluble substrates. These
i nsol ubilized reagents are enployed in known fashion to absorb substances

f r om manuf a\%b‘bﬁ/ﬁ §y eparations, diagnostic sanples 10 an‘ii’c‘f}(f}ﬁ%m«iofq)ure
m xtures. Simlarly, imobilized enzynes are used to performcatalytic

conversions with facile separation of enzyme from product. In some
ermbodi ment $ging compatibdd witlethe stter ingtedizhtstof thecfommutatiof and hot deiederiony/orthd on be
cross-1li nk@ggiﬁi&éi nsol uble materials. For exanple, they can be used to link

anal ytes to 15 EtfctabLe groups i.n preparing sol uble diagnostic reagents.
Met hods for cr od2¢ farmpiatigns renyrgienty awe persented iswnit dosage Sormanddnaybet he
conpounds @tepatetibg ahywfihé methods welWaidwnkif éherart of phitenagy.t In deféralaenpl €, the

hosphogi ] .cohols or am d th .
ani nes. o5 fe iyl RGeS 7GR Bl RERERR i Spodlelile i ¢ oung
on the pyr ipgregient withdiquid; camisrscor finelydividedesolig eastiess of both,ond thencifi ve gr oups 20
W || be useaecesdney, ehapirpahépiotucehi | € assenbling the cross-linked reagent. In

Shosphoni ¢ aci o BHieR SERERUAKT 03 5ae R ot o st ARy ¥y t ner . and
coval ent | y PrRsPRiedpsidiscrateunitsisuch asicapiules, opehietsre tabletheashgontasiningher  subst i t uent
Of 1t he 100MpRidakrfiihed thdurk BFRE het¥ ingr@ier 8 Wplb@ék drigrablutcdl ol Ubilion G L NET

such as a steroid .hornone |€ esteritied to.t hﬁ ghos hqnl o aci,d '8f this
i nventi on 3Nd-2% &R agifous %‘f?fgaa?"é"qqge"é’rsé‘ggl-i TR @8 Ot HP-Biden e

hydr oxymet legnulsion or pavateydnrold digwid dmulsiont iThe hetive Sagredient sy aldoche plegeritdieas

i nobi | i zed bafugl ddcthahporPabigi ned. Qther chemistries for conjugation are

wel | known. See_ for ‘exanpl e i 0, "Enzynme-I|nmmunoassay” (CRC, . 1988, pp
71-135) and ref gcpreqif&egga)ig@c@an%\@gg%?xq.org@ye g mP’éii’l‘H!ﬂ winL#s. The
conpour@s dérmukdtions are preférably applied hed topishlysntalenireedam/conrairdng b h@gs alt S) and
sol vates (h - cQl i | |,ngredi ents) are
f or mul at ed %@éng@mm%ﬁéb ?g%tio\g’ﬁtﬁg/{ag‘%g ?gﬁ %@'%%‘r"%‘?ﬁ."%ﬁ%‘% gmlvﬁe condition to
be treat ednerediendEhinaunres bieen P4 Vnand20V0Rdngseragmis of ). Lo/ wisugheasdi® i | e. 35
The acti ve w/w0.2%ive, 6tch typidallfoado il S av/waad FRSEhicaR) 0.5 & 10% d1vw.OWhen The

B N T
carri e”8 t |Qes WpisSF-missible ointment base. Alternatively, the active ingredients may be formulated
in a cream with an oil-in-water cream base.
If desired, the aqueous phase of the cream base may include, for example, at least
30% w/w of a polyhydric alcohol, i.e. an alcohol having two or more hydroxy groups such
as propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol

25  (including PEG 400) and mixtures thereof. The topical formulations may desirably include
a compound which enhances absorption or penetration of the active ingredient through the
skin or other affected areas. Examples of such dermal penetration enhancers include
dimethyl sulphoxide and related analogues.

The oily phase of the emulsions of this invention may be constituted from known

30 ingredients in a known manner. This phase may comprise an emulsifier alone, or a mixture
of at least one emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a
hydrophilic emulsifier is included together with a lipophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an oil and a fat. Emulsion stabilizers suitable
for use in the formulation of the present invention include Tween® 60, Span® 80,

35  cetostearyl alcohol, benzyl alcohol, myristyl alcohol, glyceryl mono-stearate and sodium
lauryl sulfate, Suitable oils or fats include straight or branched chain, mono- or dibasic
alkyl esters such as di-isoadipate, isocetyl stearate, propylene glycol diester of coconut fatty
acids, isopropyl myristate, decyl oleate, isopropyl palmitate, butyl stearate or 2-ethythexyl
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20 Formulatlons suitable for parenteral administration include aqueous and non-

aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats
and solutes which render the formulation isotonic with the blood of the intended recipient;
and aqueous and non-aqueous sterile suspensions which may include suspending agents
and thickening agents. The formulations may be presented in unit-dose or multi-dose

25  containers, for example sealed ampoules and vials, and may be stored in a freeze-dried
(lyophilized) condition requiring only the addition of the sterile liquid carrier, for example
water for injections, immediately prior to use. Extemporaneous injection solutions and
suspensions may be prepared from sterile powders, granules and tablets of the kind
previously described. Preferred unit dosage formulations are those containing a daily dose

30 or unit daily sub-dose, as herein above recited, or an appropriate fraction thereof, of an
active ingredient.

The present invention further provides veterinary compositions comprising at least
f one active ingredient as above defined togethef with a veterinary carrier therefor.

Veterinary carriers are materials for administering the composition and may be solid, liquid

35 or gaseous materials which are otherwise inert or acceptable in the veterinary art and are
compatible with the active ingredient. These veterinary compositions may be administered
orally, parenterally or by any other desired route.
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methoxyphosphonates (see supra), taking into account differences in potency in in vitro
testing, generally 0.1 to 250 mg per kilogram bodyweight of recipient per dose (including
active ingredient(s) in a range between 0.1 mg and 400 mg/Kg/dose in increments of 0.5
25 mg/Kg/dose such as 2.5 mg/Kg/dose, 3.0 mg/Kg/dose, 3.5 mg/Kg/dose, etc), typically in
the range 0.5 to 50 mg per kilogram body weight per dose and most usually in the range 1
to 300 mg per kilogram body weight per dose.
The desired dose is administered at appropriate intervals in unit dosage forms,
usually with a relatively higher induction dose and lower, less frequent maintenance doses.
30 The compounds also are used prophylactically, for example, by administration on about
from 1 to 7 days before viral infection. HPV tumors or growths and herpes lesions often
are treated topically, either by local injection or by topical gels, ointments or the like,
The compounds of the invention optionally are employed in combination with other
therapeutic agents for the treatment or prophylaxis
35 ofthe infections or conditions indicated above. Examples of such further therapeutic
agents include agents that are effective for the treatment or prophylaxis of viral infections.
These include but are not limited to the NRTIs, 3'-azido-3'-deoxythymidine (zidovudine,
AZT), 2'-deoxy-3'-thiacytidine (3TC), 2',3"-dideoxy-2',3'-didehydrothymidine (D4T),
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t anpons, creans, gels, pastes, foans or spray formulations containing in
addition to the active ingredient such carriers as are known in the art to
be appropriate. 20 Formul ations suitable for parenteral adm nistration
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| east onedagmrivine, dta) Ipmieaeninhﬂstoat(agesaqheﬁamedldhngetﬂtmovm arhpranawe't ad nary
carr| ot NeHedfey, 2‘-no¥e'cg@l§d(f{hﬁa,y6 FREbLFRIALSIRIEHAND, bHBAThHR! =1 ng {he

COITpOSItIOI’l an %Sse tel‘l ICh ar e
ot herwi se AIBInEsige ?Ré’ feig, FYO5ine %‘?'BHQFE’F&*FF f%y‘ﬁ}ct““‘é'ﬁ??‘%?ﬁéuch@érrpat i bl e
w th the aaéyclwir vmogclbem,tpenaiblem Mtlelbvnnegamlawmaeychc aucledtidy afetogues

adm ni ster r - 14 WO
03/ 002580 /W%d@@é ahgm%‘é?el WFI onaf yﬁ?rﬁggrﬁhs ??Agbnt rolled
rel ease phé&Rva@dtltetahydre-§r %h@@ﬁ@th@éﬁt%ﬁlfﬁnﬁlja@@nadﬂ‘v@}h[;}Pté@D'@ﬁt one or
nore agsi ve.- @mpmmdﬁmonyMﬁ&mﬁ]hgmm@bmae@tm‘rals imeluamgln‘&sevmﬂwdeﬂn@ nt is

controlled_a u a S uent Sl ng .0 rove the
phar macoki 1"8“@% g&?g' rb4’ 8“’5‘? 3 %c %°5Xﬁr9p °“ﬂ& Je%angoé’rlu%g the 5
conpounds acﬂilmmﬂnﬂlmwm@ a«iwtxmamdnﬂos@met@m@aw EW’SPWQfO!m@h as the

i npl ant of WO 92/14450 or U.S. Patent 5,098,443, or the matrices of U S.

Pat ent 4, 740,365 or U.S. Patent ‘Tsltﬂﬁli.?%h [g\gany ot hers are known and are
suitable for use herein. Therapeut i ation :

20 Compounds falling within the formula (I) are synthesized by alkylating the
corresponding 6-hydroxypyrimidine base with dialkyl 2-chloroethoxymethylphosphonate
(or its analogues yielding other R3 groups) in the presence of NaH, Cs2CO3 or DBU (1,8-
diazabicyclo[5.4.0Jundec-7-ene) in dipolar aprotic solvent, usually DMF, optionally
followed by deprotection, e.g. with bromotrimethylsilane and subsequent hydrolysis. The
25  product of the formula (I) is accompanied by formation of varying amounts of the
corresponding N1-isomer, i.e. 2,4-disubstituted 1-[2-(phosphonomethoxy)ethyl}pyrimidin-
6-one. It can be removed by chromatography as the neutral diester prior to the
bromotrimethylsilane treatment,
Another method of preparation of compounds of the formula (I) comprises the
30 transformation of 2-substituted 4-chloro-6-[2-(phosphonomethoxy)ethoxy]pyrimidine
derivatives (and its R3 analogues) by reaction with primary or secondary amines in
anhydrous solvents (e.g. ethanol), alkali hydroxide or alkali carbonate in water. This
reaction can be catalyzed e.g. by 1,3,5-triazole, imidazole, or, to an'advantage, with
DABCO (diazabicyclooctane). The protecting groups optionally are then removed, e.g. by
35 bromotrimethylsilane treatment and hydrolysis.
Compounds of formula (T) can be also obtained by the reaction of 2,4-disubstituted
- 6-halogenopyrimidines with sodium alkoxide of dialkyl 2-hydroxyethylphosphonate (or its
analogues yielding other R3 groups) followed by optional deprotection. The advantage of
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10 Suitable routes for adm nistration include oral, rectal, nasal, topical
(i ncluding ocular, buccal and sublingual), vagi naI and parenteral

(i ncludi ng subcutaneous, intranuscular, intravitreous, intravenous,

i ntrader maly, |g}062'F1+J1ecal and epidural). The preferred I Ok, /&{0 000

adm ni stratl on w depend upon the condition of the patient f1 Bxi ci ty
of the conmpound and the site of infection, anmpbng other considerations known

to the 15 chik Eto@bdﬁfb coﬁ@x@ts@@&b f&inatn&ﬁoﬁh@ié@ulrdd@&ﬁbmér driigar Piesalettion of
w11 dependhd EAPE sk PRSFAES achsp bn BRI HE B bERocllf 3R Gné'™’ ' "o

wi || depen
condi tion td@rlwéwt'ﬂwtaed starting maérisbt i ous agent, whether the use is

prgﬁhlyl actic OFﬁ oﬁd&?&‘f&ﬂu&%%@nbéﬁlmﬁﬁwﬂ yiRe fehdtRn@f 2i40diqbktited Or

pat hol ogy ot.her ars..u i.scr

at t endi ?f %&sﬂyﬁ%ﬁalgﬁ PB?‘PW&Y‘E%WR%&BH@PQFMY @yfpﬁgspgmaﬁedgltlée dose
for consi deprrabmcmmf DiaHt e staitinigenaterialsiare prmrqdr’oyttrwenmmhgéthgﬁpmm%@us

met hoxyphowt&9@mﬁwm thfo\ed Jr RlhrBi@eted\diol .aqw,swgenéé éf £8a841Cces in potency

oo pi ent per  déemppindba s (e beSriigialhe By ayos AR AL ot acen 0. 1

ng and 400 pogititey aftiseepyirimidine riageTis, thé 5-hald d2dvatiyésaph deobtained by amctiris
ng/ Kg/ , ypically in the range
0.5 tod@g wit ngﬁltﬁ%é&gé?%%hg{/\gmﬁ%n%é @feﬁét:o Ermst usual ly in the

range 1 to 300 48 0W@P§@§Ftﬁmaﬁd@9" %@@rom desired dose is
adm ni stered at MgnpEsds artteasilytivailabil ffom meudtestrer mgmréofdis and menubtess Wit h a
relatively o diiflent Qﬂ#ﬂﬁl&ﬁ of QfunPBflsd iR WRAE (A 98 f--ggﬂy 19881 fjesmance
doses. re used prop ylac i C or exanpl e, by

adni ni strat(ﬂ?ﬁﬁ)bn about froml to 7 days before viral |nf ection. HPV tunors
or growshs and b’ﬁrd?ﬁﬁoxiﬁééb(biesﬁl&‘irﬁ:ﬁrpoﬁtﬁﬂyrrﬁaieﬁﬁbtopl cally, either by |ocal

| nventi on opt | oLty eaes G gty hdribod Dot e BE AEBORE O cpouti o

agents for dxhmples.eat nent or pr ophyl aX| s 35 of the infections or conditions
i ndi cat ed above. Exanples of such further therapeutic agents include
agents that are effective for the treatnment or prophylaxis of viral
infections. These include but are not |limted to the NRTISs,

3' -azi do- 3' -deoxyt hym di ne (zi dovudi ne, AZT), 2'-deoxy-3'-thiacytidine
(310, 2',3' -dideoxy-2', 3" -didehydrot hym di ne (D4T), -15
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WO 03/ 002580 PCT/ Cz02/ 00038 carbovir (carbocyclic

2',3" -dideoxy-2', 3" -di dehydr oguanosi ne), abacavir (ABC), 2',3'-

di deoxyi nosi ne (ddl), didanosine, 2',3'-dideoxycytidine (ddc zal ci t abi ne),
3' -azido-2' di deoxyuri di ne, (E)-5-(2-bromovinyl)-2'- uridine
(BVDU), 2- &458?’802%80 deoxyadenosi ne, 2-deoxycofornycin, ’%&P%@P?fm I
5-fluorouridine, 5-fluoro-2' 5 deoxyuridine,
5-trifluoromethyl-2'-deoxyuridine, 6-azauridine, 5-fluoroorotic acid,

nmet hotrexate, triacetyluridine, | g% Q 2' -fluoro-

-(3-D arabi nosyl )-5-iodocyti di ne }¥¥§Bltetrahydr0|n1dazo(4 51
jk)-(1,4)-benzodiazepin-2(1FD-thione (TIBO or other non-nucleoside
reverse transcri ftHese i nhibitors (e.g. nevirapi néNHdel aviri dine, efavirens,
dapariv$ etc prot ease |nh|b|toLs_@e . sagui navi r, indinavir, .
ritonov r, and ‘10 the |ike), 2'-no C ICGNP 6- nethoxypurlne
arabin05|de (ar 6 neth yp rablnoigg? 2| -O-val erate, cytosine
ar abi nosi dey feff , 8( EE@&‘SF@QZ S J/O\;/O\/a?@tf/@'ﬂ)@vi r,
penci cl ovi r, fancicIOV|r ganC|cIOV|r acy |c nucleo i de anal ogues such
as HPMPC, PMEA, PMEG PNPA, PMPDAP, FPMPA, HPMPA and HPMPDAP, (2R,

5R) - 9- [t et r ahydr o} 5- ( phosphononet hoxy) - 2- f ur anyl ] adeni ne, (2R,
5R)-1-[tetrahydro} 15 5-(phosphononethoxy)-2-fur§£¥%%%pyn1ne ot her
antivirals includfng ribavirin (adenine arabin 2-t hi o- 6-azauri di ne,
tubercidin, aurintricarboxylic acid, 3-deazaneoplanocin, neoplanocin,

ri mantidi ne, adamantine, and foscarnet (trisodi um phosphonoformate.

Synt hesi s Met hods NH) Conpounds falling within the fornmula (1) are

synt hesi zed by al Kyl ati ng the correspondi ng 6- hydroxypyrim di ne base with
di al kyl 2-chl or ymet hyl phosphonate (or its anal ogues vyiel ding other
R3 groups) in the presence of NaH, Cs2CO3 or DBU (1, 8-

diazabicyclg%ﬁ > @-7-ene) in dipolar aprotic solvent, usually DV,
optionally | owed b eprotection, e.g. with bronotrinmethyl silane and
subsequent hydrolysis. The 25 product of the fornula (1) is acconpani ed by
formation of varyjng anmounts of the corresponding Nl-isoner, i.e.

2, 4-di substituted|1l-[2-(phosphononet hoxy) et hyl ] pyrim din- 6-one. It can be
removed by chromatfography as the neutral diester prior to the
bronotrinethyl sil ane treatnment. Anot her nethod of preparation of conpounds
of the formula (1) conprises the 30 transformation of 2-substituted

4- chl or 0- 6-[ 2- (phosphononet hoxy) et hoxy] pyri m di ne

NH;

)\J)\ — Hzgj\N\

0
K/o P(O)(OIC3Hy)z k/O\/F’@’(O“)2



derivatives (and its R3 anal ogues) by reaction with primary or secondary
am nes in anhydrous solvents (e.g. ethanol), alkali hydroxide or alkali
carbonate in water. This reaction can be catalyzed e.g. by 1,3,5-triazole,

i m dazol e, advant age, wth DABCO (diazabicycl oo
protecting gooﬁé)gz%gtlonal ly are then renoved, e.g. by 35 Fe0E 000

bronmotri nmet hyl sil ane treatnment and hydrol ysis. Conpounds of formula (1) can
be al so obtained by the reaction of 2,4-disubstituted

6- hal ogenopy 2,4isiaméfo-843-thbs ﬁm@tm?«)edﬂ pyAinAdink b d 24-Diamino-1-[2-
2- hydr oxyet hgﬂ:{)hos hongut{e o?ﬂ?ts ana gglfyl el di ngnot R3 grc!u S)

fol 1 owed by(PBptRhgpemethaxy)ethylpyrimiding6(1 aht age of -16 V\D 03/ 002580

PCT/ CZ02/ 00038  tAjnxtire dF ¢ 414ifming S tydtokyhyintiia 2)5 t required
06-1isoner only. The seel ectlén of tyﬁg 5 )?lta: ef t%lg?@g roc ur e depends .

on the avaidagionate(3:2%8s, kOmampl inedimethylfomnamidg «Omgevaslammd/ mineat 86%H ars] a

t t t he
Ceacti on o™ ed&fﬁst?’t"ﬁbﬁé’g%@aﬁﬂw Bhcte (5 31023 3 hidotd Wa bR, e (10 1)
p-tol uenesuhi‘xanymsqmwﬁﬁlhm@ Eand fiteied fiomesaltp r’Bediitate whs Mkeh doMreinst art i ng
Wb o or SR RERARE by b BLBRMed i shidF g ARBLAR (300 Sy Fich MBIMH, 0\ e
of fornul a The)elution gaes }imduchwhlchbzaacryetdlhbgd mest}uyf aebléxm petroldumerteeto . '

it foet the 5-hal o derivatives can be

8&5; Ing y q°é‘£§‘?%%g%gﬁ%4{d#"g?%ﬁ£#t al hgl ogen or byI hal oge?\ ani on
exchange re(dﬁidpfdp?lph?sp@bl@hlﬂetﬂﬁiﬂﬁﬁo@ﬂpﬁlﬁﬁﬁhé? na,pelsmnmf C%@izmd?l’ eyl by

hydr ol t
of di - yZ'nZ A% T oTE s DRPN B AP T oG RGN IVE. (A

Holy, " Syntdiemip, M%@@pecﬁ'&% 34853 (N 9PRD), 26§5(1ﬁh*’ chtnl’rt)€6?“l%9i‘ﬁ® 50f essly

I ncorporated by_ref e[ence The invéntion Wil uhder st ood by

ref erence t@asie)BDH IFHNMR (CR:EQGD!. 24@6@&!@2@!’861 GEi,aKﬁHaCH)—G 2

15  (4xCHs); 3.74 m, 2 H (H-2’); 3.78 d, J(CH;-P)=8.2 (CH,-P); 4.22 m, 2H (H-17); 4.59 dh, 2
H, J(CH,P)=8.2, J(CH,CH;)=6.2 (2xCH); 5.02 s, 1 H (H-6); 5.85 bs, 2 H and 6.00 bs, 2H
(2xNH3,). *C NMR (CD3SOCD:;): 23.85 d, J(CH3,P)=4.6 (2xCHj); 23.99 d, J(CH;,P)=4.1
(2xCH3); 63.65 (C-17); 65.02 d, J(CHz-P)=164.4_ (CH,P); 70.32 d, J(CH,P)=6.0 (2xCH-0),
71.05 4, J(2’,P)=11.9 (C-2"); 76.35 (C-5); 163.01, 166.15 and 169.92 (C-2, C-4 and C-6).

20 This compound (1.0 g, 2.9 mmol) was treated with BrSiMes (4 mL) in acetonitrile
(40 mL) overnight. The solvents were stripped down in vacuo, the residue codistilled with
acetonitrile (2x25 mL) and water (50 mL) was added to the residue. The solution was
alkalized with conc. aqueous ammonia and evaporated in vacuo. The residue was applied
in aqueous solution onto a column (100 mL) Dowex 50 X 8 (H'-form) and the column was

25  eluted with water (3 mL/min); the elution was followed by continuous measurement of
UV-absorption of the eluate at 254 nm. After removal of the neutral UV-absorbing
fraction the column was eluted with 2.5% aqueous ammonia and the UV-absorbing
fraction was collected. It was taken down in vacuo, redissolved in water (20 mL), brought
to pH 9-10 by conc. aqueous ammonia and applied on a column (70 mL) Dowex 1 X 2.

30 (acetate form) thoroughly prewashed with water. Elution with water gave (with retention)
product which was crystallized from water to afford 2,4-diamino-6-[2-
(phosphonomethoxy)ethoxy]pyrimidine (0.60 g, 78.3%), m.p. 279°C (water). Ey, 0.80.

- For C;H13N4OsP (264.2) calculated 31.83%C, 4.96%H, 21.21%N, 11.72%P; found
31.52%C, 5.04%H, 20.96%N, 11.53%P. UV-spectrum [Amax (Emax)] (PH 2): 276 (9100),
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52 H2NN 0-"",--/0 \/P(O) (O C3H7)2 NH NH2 PCT/ CZ02/ 00038 H2NAN O -*~ O/
P(O(OH)2 H 3404 NH2 NH2 H2NN O L, O ,P(O (O C3H7)2 H2N N - O P(0) ( OH) 2
NH2 WO 03/ 002580 PCT/ CZ02/ 00038 (a)

2,4-Di am n?}g@ﬁ% %eosphonorref[ hoxy) et hoxy] pyri m di ne and %gﬁ‘/cj%o%noyo 1-[ 2-

(phosphono thyl] pyrimdine-6(1 H-one A mxture
2, 4-di am no- 6- hydroxypyrimdine (2.52 g, 20 mmol), cesium5 carbonate (3.25

g, 10 nmol XpH 17):A65€1508), FHes@dtréeARitithe UNaspetitd o ubﬁﬁhoa(?fom a-damigde& and
di i sopropyl 2-chl or oet hoxymet hy I hosphonglte (3. 5 was_added.

4 ymol
The mixt urr@%ypmmlﬂmeﬁka.‘e 2ﬁ3a@ 2ABoEseh Nmsomn 408013 5)8'Fh§H‘| ltrate
t ak . ¢ dye B !
corurm- ( 300ty Plne7 (A 278 4 218 ARHLRU (RO R 8 A 208 B O e
crystal | i z87s; bH @-Hys. Sébat’.’dﬂ end 6.pEbs, 3IHe(2m wneﬁﬂtmmze)-ﬂ@cd, 2Hp g

g érl goo/%)r gL%&‘%’o@LgoéyﬁF@t %é {/‘3? 2%-{}{ny 4y3r0|nr1ﬁ2dH|(|% v )m5|5"5 sigbléH ?—)o C(FL%SMOSP
(348.3) cdDs): 69.301(CH4’)SEVAR d, J(A3pP)=1163 (CHYR), B.35A@(2’ PYreiicB (€42 9;97%53
7200 10,05 3. O3 35508 RSS! 64T A8 ZobblD b0 ur BTl 2
signal in the O-isomers (diester and free phosphonate) (8 63.65 and 69.30, respectively)
indicates that the PME-group is linked to the oxygen atom at C-6.
10 Further elution of the silica gel column with chloroform gave 1.8 g (26%) of
amorphous 2,4-diamino-1-[2-(diisopropylphosphonylmethoxy)ethyl]pyrimidine-6(1 H)-one
(Rr 0.35, S1) which was dried in vacuo over P;0s. M.p. 196-197°C. The residue (5.17
mmol) was treated with bromotrimethylsilane (6 mL) in acetonitrile (60 mL) overnight and
worked up as described for the O-isomer. Purification of the desalted mixture on Dowex 1
15  column (elution with water) gave product which was crystallized from water to afford 0.95
g (65%) of 2,4-diamino-1-[2-(phosphonomethoxy)ethyl)pyrimidine-(1H)-one, m.p. 228°C
(water). Eyp 0.90. For C;H3N,OsP.H,0 (282.2) calculated 29.79%C, 5.36%H, 19.85%N,
10.98%P; found 29.76%C, 5.22%H, 20.01%N, 10.92%P. Mass spectrum: 349.2
(MH"(100); 265.1(MH*-2x iPr)(35); 126 (BH") (26). UV-spectrum [Amax (emax)] (PH 2):
20 264 (18000), (pH 7): 267 (12200). The Amax value coincides with the value published for
2,4-diamino-1-methylpyrimidine-6(1H)-one (268 nm). 'H NMR (CD;SOCD:s): 3.59 d, 2
H, J(CH;,P)=8.4 (CH;P); 3.60t, 2 H, J(2’,1’)=6.1 (H-2"); 3.96 t, 2 H, J(1°,2")=6.1 (H-1");
4.61 s, 1 H (H-5); 5.88 bs, 2 H and 6.61 bs, 2 H (2 x NH;).'"H NMR (D,0): 3.48 d, 2 H,
J(CH,,P)=8.4 (CH,P); 3.76 t, 2 H, J(1°,2")=5.2 (H-1"); 4.09 t, 2H, J(2’,1°)=5.2 (H-2’); 5.06
25 s, 1H(H-5). “CNMR (D;0): 45.15 (C-1'); 70.41 d, J(CH,-P)=154.7 (CH,P); 74.09 d,
J(2',P)=11.8 (C-2"); 81.05 (C-5); 159.73, 166.79 and 168.04 (C-2, C-4 and C-6). The
| upfield position of C-1° (5 45.15) indicates N-substitution. Two signals of NH, groups (5
6.61 and 5.88) which are observed in 'H NMR spectrum in DMSO exclude the substitution
at the exo-positions 2-NH; and/or 4-NH; and are consistent with the expected substitution
30 atN(1).
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(BaseH+) (37). 1H NMR (CD3SOCD3): 1.24 d, 6 Hand 1.24 d, 6 H, J(CH3i CH =6. 2
15 (4xCH3); 3.74 m 2 H(H2'); 3.78 d, J(CH2-P)=8.2 (CH2-P); 422m 2H
(H1'); 459dh 2 H, J(CHP)82 J(CH, CH3) =6. 2 (2xCH): 5.02 s,

(H6); and 6.00 bs, 2H (2xNH2). 13C NWR ( 3. 85 d,
J(CH3, P) 45%8?5"‘%?@) 23.99 d, J(CH3,P)=4.1 (2xCHS) CD%?% ""’5’?8 65. 02
d, J(CH2-P)=164.4 (CH2P); 70.32 d, J(CH, P)=6.0 (2xCH O; 71.05 d,

J(2',P) =11.9 (C2'); 76.35 (C5); 16Geadrple 166. 15 and 169.:92 (G2, G4 and
C-6). 20 This conpound (1.0 g, 2.9 mol ) was treated with BrSiMe3 (4 nlL) in
acetonitrile (40 mL) overnight. The solvents were stripped down in vacuo,
the residue codistilled with acetonitrile (2x250h.) and water (50 nlL) was
added to the r i due. The solution was alkalized wi th conc. aqueous

anmoni a and rat ed in vacuo. The—r+esi due S pI i ed i n agueous
sol ution ont &e 50 X 8 PONOIEHR, YA S
25 el ut edHull't h ﬂ%/nﬂh(w)(t me & uti orHas NGl | @\I\B O%/Ontl nuoUS

measur enent of UV-absorptlon of the eluate at 254 nm After renoval of the
neutral UV-absorbing fraction the colum was el yted with 2.5% aqueous
ammoni a and the| UV-absorbing fraction was coll eat ed. It was taken down in
vacuo, redissolived in water (20 nL), brought to §H 9-10 by conc. aqueous
anmoni a and applied on a colum (70 nL) Dowex 1 X 2. 30 (acetate form
thoroughly prewashed with water. Elution with wa gave (with retention)
product which s crystallized fromwater to affqgrd 2, 4-di am no-6-[ 2-
(phosphononet et hoxy] pyrimdine (0.60 g, 7 , mp. 279C (water). Epp
0.80. For C7HL3N40O5P (264.2) calcul ated 31.83 969, 21.21%\, 11.729%;
found 31y , , 20.96%N, 11.53%. Rt BIR §9"])z(pH
2): 276 (9100), 19 WD 03/ 002580 PCT/ CZ02/ 00038 pH % 265 (7500). These
data agree with the UV-spectra published for 2,4-di am no- 6-

met hoxypyrimdime ((X ,, 263 and 275, resp.). 'H NVR (CO3¥@43, 400): 3.58
d 2 H J(CH2,P)=8.7 (CHZP); 3.74t, 2 H J(2',1')=4.9 (H2'); 4.23t, 2

H J(1',2')=4.9Y(H1'); 507 s, 1 H(H5); 586 bs, 2 Hand 6.01 bs, 2 H
(2 x NH2). "H MR (D20): 3.69 d, 2H 5 J(CH2, P)=g7 (CH2P); 3.91 m 2H
(H2'); 4.30 m 2H(H—1) 5.45 s, 1 H (H5). 13C NVR (D20): 69. 30
(G-1'): 70. 280N} CH2- P) =151. 3 (CH2P); 73.35 dn  P)=10.3 (C-2'); 79.63
(C-5); 165. 4 16 35 and 171.08 ('C'Z"’C—4 aN)\ 6)]. Lowfleld position of
C 1'-carbey
- P(O)(OIC3H7)2 K/ 0. P(O)OQiC3Hy)2
OH
N7 =
|
HzN_/l\N 0
O._-P(O)OH),

(a) 2-Amino-4-chloro-6-[2-(diisopropylphosphonylﬁwthoxy)ethoxy]pyrimidine and 2-
5 amino-4-chloro-1-{2-(diisopropylphosphonylmethoxy)ethyl]pyrimidin-6(1H)-one.
2-Amino-4-chloro-6-hydroxypyrimidine monohydrate (25 mmol) was codistilled
with toluene (3 x 50 mL) in vacuo, and the residue was treated with DMF (50 mL), DBU
(3.8 mL) and diisopropyl 2-chloroethoxymethylphosphonate (7 mL). The mixture was
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signal in the O-isoners (diester and free phosphonate) (8 63.65 and 69. 30,
respectively) indicates that the PME-group is linked to the oxygen atom at
C-6. 10 Further elution of the silica gel colum with chloroformgave 1.8 g
(2699 of r 2, 4- di am no-

“[2-(dii sopﬁg’p‘%gﬁg"sphonw met hoxy) et hyl ] pyri ni di ne-6(1 H) TGAEZPE%”) 35,

S1) which was dried in vacuo over P205. Mp. 196-197C. The residue (5.17

mol ) was tgigad e6lh W 100°@ bt VblaBleS yenfovk@BEevaforiiion dt 50RTE kP Theirksidue60 )
overni ght and worked up as _described for the O-isoner. Purification of the
desal t ed mwaﬂ@n@hclwﬂ@xmﬁ%nbblfwdew washsd, with sprusgied d¥aCl GLO0&dr oduct

whi ch was ' ; . ined
2. 4-di am no L PRt ARt S&"ﬁ’&?‘iﬁ?%ﬁ?’a’gfh% i L exrats VIS 6

(wat e(r)). Euqmedwm:mmﬁsimm&mgﬂmmatg@ g)ati@r?msjli@ts@h?émﬁrﬁ@, plé.i%w, .
355°5 U FAOREL OGS S ot W ip ity it et
[Ai A f, 5#ﬁsoglov(mhb®honylmﬁth?64etbwwm1d1(11abne’rc) 27.26:mE18P60 For The X, ,

\2/?4- di am no¢€ﬁﬁg¥iﬂlﬁ3’5ﬁ§ﬁfﬁ%@&%?§ﬁ§- @Q‘g’ e Ea\ &W%&Bﬁs‘%@) : 3.59
d, 2 H J(fhid 4238 ¢, 684, 9. B0, 11.30%HN, 8113% P.Mpss@pdctfunt: 2683 3. 96 t, 2
(2 x iy . 10ADP e ovs (GBisdendi {2 g adlisney 28,50 fighh E-Gy bl 2

L S e iy o cmas s | (49
(2, P)=11. €CHE 606, 1&:’_1(11_35};{7@5%;2 H@?&%Mﬁé&%&é%ﬁ% Qé@ G4 and
C-6)..The upHi pi<h PaRikigy, oF, f(P,tf)%.@édﬁﬂ@Odd]d(P?@Pel$4N'(Pl¢)§65.U‘(‘d-0”- Two
si gnal s of ‘NF2 gf ol 61 and 5.88) wh ar e observed jn

s (8 6. i ch 1H NVR
spect rum i nI’BIV8 5@8@1}&&@?@7 6): 1042 %RC, ¥P.QRH Bllo2 P49 Gy BN
W6 03/ 002580 Pl STORS RS o' "o oot 0 1 g D 36?( a c|3\l|(4% 2
HA-" NJ150,, ., Fegtdnehutiontany erystallisatioy from ethyl acetate-ether gave 2-amino-4-chloro-

1-[2-(diisopropylphosphonylmethoxy)ethylJpyrimidin-6(1H)-one, yield 52.4%, m.p.95°C.
For C,3H,3CINOsP (367.77) calculated 42.46% C, 6.30% H, 9.64% Cl, 11.43% N, 8.42%
P; found 42.28% C, 6.22% H, 9.65% Cl, 11.50% N, 8.27% P. Mass-spectrum: 368.4
(MH"Y(100). 'HNMR (CD;SOCD3): 1.20d, 6 H and 1.22 d, 6 H, J(CH3,CH)=6.1 (CH3);

20  3.69t,2H, J(2’,1)=5.5 (H-2"); 3.76 d, J(CH,-P)=8.1 (CH;-P); 4.06 t, 2H, J(1°,2") =5.5 (H-
1°); 4.55 m, 2 H (P-OCH); 5.67 s, 1 H (H-5); 7.60 bs, 2 H (NH;). °C NMR (CD;SOCD3):
23.84 d, 2C, J(CH3,P)=3.9 and 23.97 d, 2C, J(P,C)=3.9 (CH3); 40.29 (C-1"); 65.03 d,
J(P,C)=164.1 (P-C); 69.01 d, 2C, J(P,C)=11.7 (C-2"); 70.41 d, 2C, J(P,C)=5.9 (P-OC);
98.28 (C-5); 155.73 (C-2); 157.87 (C-4); 161.48 (C-6).

25
(b) 2-Amino-4-hydroxy-6-[2 (phosphonomethoxy)ethoxy]pyrimidine

A mixture of 2-amino-4-chloro-6—[2-(diisopropylphosphonylmethoky)
ethoxy]pyrimidine (5.7 g), DABCO (3.6 g) and K,COs (9.0 g) in water (100 mL) was
' refluxed 150 min under stirring, cooledvand acidified by addition of Dowex 50 X 8 (H'~

30 form). The suspension was alkalified with conc. aqueous ammonia and, after 5 min
stirring, filtered and the resin washed with 50% aqueous methanol (200 mL). The filtrate
was evaporated to dryness, ethanol (50 mL) was added and the mixture evaporated to

dryness. The residue gave on chromatography on silica gel column (150 mL) with

chloroform-ethanol gradient crystalline 2-amino-6-[2-
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I NOH2ZNNOH1 1 OHIlI OH NH3574 1 30 H NOH2N N O 0*11-11

P(0) (OLC3H7)2 0"-~ P(O(Q C3H7)2 | OHH2N N O L"." 0~P(0)(OH) 2 (a)

2- Am no- 4-chl oro- 6-[ 2- (di i sopropyl phosphonyl net hoxy) et hoxyl pyri m di ne and

2- 5

am no- 4- chI¥¥P8¥FH. (di | sopr opyl phosphony! met hoxy) et hyl | pFFTEERNOB( 1H) - one
2- Am no- 4- chl or o- 6- hydr oxypyri m di ne nonohydrate (25 mmol) was

SMO?LSH\/L I(e diisth wébyl%)néd UHﬁ‘J(}glrﬁé’tha&yﬂgl}]déwa I-Ihgarmﬁmlmdmtmﬁw@% L yiRE treated

2 chl or oet FexG bbb Ophe¥AR Aaleait H096C, AREYH AL BUNSS TR, oo N |, N
the vol at | [ECoPErVaRth 8 A, S aphe, S NS EBSOLDS A E SR B 00 an'
i n chl or of &, {GEICH)HE)2 (4kCHt)eB§dl my 2 (R Dicll76d, ACEaP)F8 3t (EH M@ 191000 nl) .
The aqugous iy, §X5 EARLGEHYATS s TR0 83 6524, 38 (¥hly 10148 CAFDI ned
(OH). '*C NMR (CD;SOCD3): 23.87 d, 2C, J(CH3,P)=4.9 and 24.01 d, 2C, J(P,C)=3.9
(CHsy); 65.03 d, J(P,C)=164.6 (P-C); 65.04 (C-1"); 70.37 d, 2C, J(P,C)=6.3) (P-OC); 70.87
d, JP,C)=11.7 (C-2’); 79.95 (C-5); 155.68 (C-4); 164.25 (C-2); 171.01 (C-6).
This product was treated with bromotrimethylsilane (10 mL) in acetonitrile (80 mL)
10  overnight, evaporated in vacuo and the residue treated with water (50 mL). After 10 min,
conc. aqueous ammonia was added to alkaline reaction and the mixture evaporated. The
residue was deionized on a column (100 mL) of Dowex 50 X 8 and the UV-absorbing
ammonia eluate was evaporated to dryness. It was dissolved in minimum hot water by
addition of conc. aqueous ammonia and acidified by conc. HCl to pH 3-3.5. The
15  precipitate was collected, washed with water, ethanol and dried in vacuo. Yield, 0.7 g,
m.p. 227°C. For C7H;2N304P (265.16) calculated 31.71%C, 4.56%H, 15.85%N, 11.68%P;

found 31.55%C, 4.62%H, 16.15%N, 11.51%P.
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dried with magnesi um sul fate and evaporated. Separation on silica gel
colum (150 nmL) in 5 chloroform by chl orof ormethanol gradient gave

2-am no-4-chl oro-6-[2- (diisopropyl phosphonyl met hoxy) et hoxy] pyri m di ne,
yield 27. 2% 9C. For C13H23CLN305P (367.77) cal cul 46% C
6.30%H, 9. %255’@?25”%11 43% N, 8.42%P; found 42.34%C 6. §54’§/%|Z|02@ 038906 O |
11.30% N, 8.23% P. Mass-spectrum 368.3 (M) (100)."'H NWR (CD3800D3) 1.22
d, 6 Hand 1.23 d, 6 H J(CH3,CH=6.1 (CH3); 10 3.78 d, J(CH2-P)=8.

(CHZ P); 3.80 m 2H(H—2); 4.37 m 2H ( H—1) 4.58 m 2 H (P- OCH); 6. 06
s, | H(H5); 7.05 bs, 2 H (NH). 13zammpte3cD3SOCD3): 23.83 d, 2C,
J(CH3,P)=4.9 and 23.97 d, 2C, J(P,0=3.9 (CH3) 65.00 d, J(P,C= 164.1
(P-C; 65.15 (G 1'); 70.35d, 2C, J(P,O=6.7 (P-0OC); 70.52 d, 2C,

J(P, C) =11. Ia)(n-mamin%-@-[2-@15)5phoh6ﬁmm3xy)@€o;ﬁ>)xy1pysmnaﬁ:e((ﬁ-%m) 170.56 (C-6) ..
15 Furtgeréﬁl ution &99 S staII m et hﬁ/ lf;lcet at e-et her gave
2_am nos Isgpropy! -(4-t luenesu ony oxy prop oxymet ylphosphonate

1-[2-(dii smwgydsnhms?hﬂnmom % ¥a€ hdel O90°C o dbﬁh&l(dawuresfez 4-Miadligb-52. 4%
m p. 95C. For CL3H23CIN305P (367.77) calculated 42.46% C 6.30% H, 9.64%
a, 11.43% N‘yd@xmmmlﬁmei(@ﬁmawli@ %Q}n%mzizﬁﬁn(lweﬂw@mm% 1319% N, 8.27%
P Neos- SDagkiinirtd vhe bl 90V 241 DY GTRESGE o, Tacihe et 1. 22
d, 6 H J(CH3, CH = t, ? .76 d,
J( CHe- P) =8 lqcl(lmﬁomxmmm@/}s ftlteres_ilalnd wesiled mt)x sagrasd(NaCI {10p0; mIA) Eme nquezueH

. o, 19 crhfastuyiel vy cprdtintio ALk MEbpo it Me SRR ) %557,

d, J( P, O mmnesimvo pulfae and®vapbrated. @@arat(da a)silica g7l qolvn®i (150 Ad) 4l d, 2c

3675 Astls Ty Moot 4l b honhip PRohsidhe) 49010 (5.0

of 2-am no-rdsiduelwhich Was[ dtied dh vazapovep phasploapspenidxidetdvernjpght. Aedmwm]qa&m m di ne

130 mi'n’ unchi 2 sprmeReiiag AHoLLErdpeded abe o aolien wie b (E5md. 50X g

(H+- 3Qsf orommlgihﬁa assme@a ifagk. Vi valakiRs WhieRaptirdtétl H0R6uo A URASidRWRNI a
and, after 5 mn ing, filtered and the resin washed wth 50% aqueous

met hanol (zvetcwthwrm(m k- Aefter ) ity Gansy paitepys aymeny was added ioplkpline (50 ni)

was added Q%tl&:h&dﬁhéh@it&c%la%p@h?e‘a tIﬁe re‘é‘fd\ié‘%ﬁ%el&h&dr&ﬁd QHenr@ge on
chromat ography on silica gel colum g m.) w
mL) of Dowex 50 X 8 and the UV-absorbing ammonia eluate was evaporated to dryness.

This product in water (20 mL) was made alkaline by conc. aqueous ammonia and applied
20 onacolumn (200 mL) Dowex 1 X 2 (acetate form) prewashed with water. Elution with
water followed by linear gradient of acetic acid (0-0,5 M, 1.5 L each) gave the main UV-
absorbing fraction which was evaporated, the residue codistilled with water (3 x 50 mL)
and crystallized from water. Yield, 3.5 g (19.7%), m.p. 281°C. For monohydrate
CsH,sN4OsP.H,0 (296.22) calculated 32.44%C, 5.78%H, 18.91%N, 10.46%P; found
25  32.67%C, 5.86%H, 19.40%N, 10.60%P. 'H NMR (D;0 + NaOD): 1.26 d, 3H, J(3',2")=6.4
(H-3'); 3.51 dd, 1H, J(CHy,P)=9.4, J(gem)=12.2 (CHyP); 3.60 dd, 1H, J(CH,,P)=9.4,
J(gem)=12.2 (CH,P); 3.92 m, 2H (H-2"); 4.06 dd, 1H, J(1'b,2’)=5.5, J(gem)= =10.5 (H-
1’b); 4.14 dd, 1H, J(1’a,2°)=3.7, J(gem)=10.5 (H-1"a); 5.41 s, 1 H (H-5). 3C NMR (D,0):
15.84 (C-3"); 66.99 d, J(CH,-P)=149.9 (P-C); 69.68 (C-1°); 75.14 d, J(2°,P)=11.2 (C-2°);
30 76.84 (C-5); 166.74 (C-2); 162.83 (C-4); 171.05 (C-6).
(b) 2,4-Diamino-6-(R)-[2-(phosphonomethoxy)propoxy]pyrimidine (H-3567)

- The (R) enantiomer was prepared analogously to Example 3(a) from isopropyl (R)-2-(4-
toluenesulfonyloxy)propyloxymethylphosphonate (50 mmol), 2,4-diamino-6-
hydroxypyrimidine (60 mmol) and DBU (60 mmol). in DMF (70 mL). The reaction
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chl orof or m et hanol gradient crystalline 2-amno-6-[2 -22 W 03/002580
PCT/ CZ02/ 00038 (dii sopropyl phosphonyl nmet hoxy) et hoxy] - 4- hydr oxypyri m di ne,
mp. 154C in 78% vyield. For C13H24N306P (349.3) calculated 44. 70%C, 6.92%,

12. 03%\, 8. nd 44.58%C, 7.02%d, 11.95%\, 8.53%.
( CD3SOCD3) %{‘{g’i""%’%a Hand 1.23 d, 6 H, J(CH3, CH) =6.2 (412&’4?%3’“3‘.’3?4 m 2
H(H2): 3.76 d, J(CH2-P)=8.3 (CH2-P); 4.19 m 5 2H (H1'); 4.59 m 2 H

(P-CCH); 4. ﬁﬁ_actﬁre “Jas Hﬁd&d@)oo% 2@51 tﬁmh& %rk&bifdlwvd%h mog]&o&‘aufe,deadﬂbeé @) . 13C
NVR ( CD3SOCD3 9and 24.01

J(P, C
(5% o5 oljxanplsepve;d:ze% aoteteling urider 198°C oy mycnoyirase CaH BEOBHIO 0 =6. 3)
(P-00O); 171 gz'és 2%) ca}%ﬁte@)ﬁm% (s@s’%ﬁ 186?%94516 %%i’%foﬁlﬁﬁfﬁ%@ ﬂbo%ﬁﬁél 25

(G 2); é ) product treated bromot ri net hyl si | ane (10
nm) in acet bhi€%N| Q%’QP nﬂM@név&W@ﬁPw@\%@Fﬁt%bwﬂhthﬂ&%%ﬂ'tfr(a) t he
residue §regf ﬁ et h water (50 ni). After 10 min, conc. agueous anmoni a
was added to a allne reaction and the m xture evaporated The residue was
dei oni zed on a colum (100 nL) of Dowex 50 X 8 and the UV-absorbing

ammoni a el uate was evaporated to dryness. It was dissolved in mninmm hot
water by addition of conc. aqueous ammonia and acidified by conc. HO to
pH 3-3.5. The 15 precipitate was collected, washed with water, ethanol and
dried in vacuo. Yield, 0.7 g, mp. 227C. For C7HL12N306P (265. 16)
cal cul ated 31. 719%C, 4.56%, 15.85%N, 11.68%°; found 31.55%C, 4.62%,

16. 15%\, 11.519%°. WO 03/ 002580 PCT/ CzZ02/ 00038 Exanple 3 (a)

2,4-Di am no-6-(S)-[2-(phosphononet hoxy) propoxy] pyri mdi ne (H 3560) 5

Di i sopropyl (S)-2-(4-toluenesul fonyl oxy) propyl oxynmet hyl phosphonate (25.7 g,
63 mmol) in DMF (40 nL) was added at 90C to a stirred m xture of

2, 4-di am no- 6-hydroxypyrimdine (60 nmmol), DVF (40 niL) and DBU (10.6 ni,
60 mmol ). The reaction mxture was stirred at 100C 24 h and evaporated in
vacuo. The residue was taken in chloroform (200 nL), filtered and washed
with saturated NaCl (100 nL). The aqueous 10 wash was extracted with
chloroform (5 x 50 nlL), the conbined extracts were dried with nagnesium
sul fate and evaporated. Separation on silica gel colum (150 nL) in
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chl orof orm by chl or of orm et hanol gradi ent gave the main product (06-isoner)
as an oily residue which was dried in vacuo over phosphorus pentoxide
overnight. Acetonitrile (80 nlL) and bronotrinethylsilane (20 nL) were
added and t jon was left to stand 15 overnight in fl ask.
The vol at i Iggmaglrdggdevapor ated in vacuo and the residue wazm'sl{/?@g@é@gwith
water (100 nmL)..After 10 mn, conc. aqueous anmonia was added to al kal i ne
reaction and the m xture, was evaporated. The residue was deionized on a
colum (100 ni) of Dowex 50 X 8 andg{lpidvg absor bi ng ammoni a el uate was
evaporated to dryness. This product 1n R/at er (20 m) was nade al kal i ne by
conc. aqueous ammoni a and applied 20 on a colum (200 nm.) Dowex | X 2
(acetate form) prewashed with water. Elution with water followed by |inear
gradi ents of acetic acid (0-0,5 M 1.5 L each) gave the nmain UV- absorbing
fraction which was evaporated, the residue codistilled with water (3 x 50
nm.) and crystal Yfzed ffomwater. Yield, 3.5W2(19.7%, mp. 281C. For
nonohydrate CsH Chﬂﬂ'\(@&(ﬁ)@caam cul at 32.449%C, 5.78%d, 18. 91%\,

05P.
10. 46%; found25 32. 679EC; —2P9NNT0. BP%. ' H NVR (D20 + NaQD):
1.26 d, 3H Ik 2l=6.4 (H3); 351 dgj,/lljl\;/ (W | ArIeXOIcED, 2
(CHoP); 3. ®ENTdd;N1H,“s#i( CH3, P)=9. 4, J(geny= ,P);3.92”m 2H (H2');
4.06 dd, 1H, J(I'b,2')=5.5, J(gem= =10.5 (H I'b); 4.14 dd, 1H, '
J(1'a,210=3.7, J(gem=10.5 (HIl'a); 5.41 s, 1 H (H5). 13C NVR (D20):

15.84 (C-3'); 66.99 d, J(CH2-P)=149.9 (P-O; 69.68 (C-1'); 75.14 d,
J(2',P=l 1.2 (C2"); 30 76.84 (C5); 166.74 (C 2%-;Bl' 2383 (C-4); 171.05
(C6). (b) 2,4-Di am no-6-(R)-[2-(phosphononet hoxy *d'r’ oxy] pyri m di ne
(H3567) The (R) enantiomer was prepared anal ggously to Exanple 3(a) from

i sopropyl (R)-2-(4- toluenesul fonyl oxy) propyl dxynet hyl phosphonate (50

nmmol ), 2, 4-di am no-6- hydroxypyrimdine (60 mmol) and DBU (60 mmol ). in DWF
(70 nL). The reaction -24 WO 03/002580 PCT/ C4Q2/ 00038 mi xture was stirred
at 100024 h. Further work-up followed the pr &edure described in Exanpl e
4. Yield, 24% not nelting under 290C. For hydr at e C8BHLSNAO5P. H20
(296.22) cal cul ated 32.44%C, 5.78%, 18. 91%y, 10. #69%°; found 32. 54%, 5. 90%H,
19. 109, 10.65%. 1H NMR and 13C NMR spect gefni caP~y POt for
the (S)- 5 enantioner. HN

[
N S

H-3408
20
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WD 03/ 002580 PCT/ CZ02/ 00038 Example 4 5 )L. O -P(O(OC3H/h HZN N).. S
10 1. BrSIMe3 2. HRO 15 20 NH2 I~ \ P(O(OH 2 H2N N S/ H 3408 -26 WO
03/ 002580 PCT/ Cz02/ 00038 2, 4- Di am no- 6-[ 2- (phosphononet hoxy) et hyl sul f anyl ]

pyri m di ne nsi on of 2, 4-di am no-6-sul fanyl pyri m di ] fate
(2.616 g, i@j‘}ﬁ&b?r%gl) in DMF (40 nL) was treated with sodi%ﬁ%%g}r’@%ge

(1.0855 g, 27 mml, 60% dispersion in paraffin oil) 1 h under stirring,

fol | oned b1,4ibihﬁwawtph%sﬁ.dﬁbhﬁﬂmwwmtah¥nf&mfamat e (9 nm, 17.2
mmol ). The m xture was, stirred 8 h at 80C,  filt t h It d d
evaporated i n vAtiispenyion °f%»r§TddHB‘nPT§'Sé‘HP~‘E§§:W h\“ﬁ;é"‘elglémt?&l{gg gﬁﬁgé i Iei gg g{;ln

col um (15 n{Ehyin DME (HoIhDY Wishedted 3 solihfh Hgaa:ia@fmgs@_rggi_zinﬁndﬂ,i@% no-
6-[ 2- (di i sopropyl phosphonyl met hoxy) et hy| sul'fanyl ] pyrinm dine (4.0 g, 809,
m p. 109C. dlsm&wrozm%ﬁm%ﬂsh pn styng.dallewgdhydiisopromd & C, 6. 91% H, 15. 38%.

S U NR (RR e ilad p B8R piydlf Hemikhncii Pndl ST o)

3.17 t, 2Hfiltered through celite pad-ant! evapagatedin vacgad, Thegesiduetin chlpraformwas ). 3. 77 d,
J(CH2- P) =8, 3. £ atda sffica gét BRinked Y1 56 miTl) iferthbborm2etRshoP (49%) tb bffbrd 2,4-diamino-
6-[2-(diisopropylphosphonylmethoxy)ethylsulfanyl]pyrimidine (4.0 g, 80%), m.p. 109°C.
For Cy3H;sN4O4PS (364.40) calculated 42.85% C, 6.91% H, 15.38% N, 8.50% P, 8.80% S;
10 found 42.48% C, 6.94% H, 15.50% N, 8.63% P, 9.01% S. 'H NMR (CD;SOCD;): 1.24 d,
6 H and 1.25 d, 6 H, J(CH,,CH)=6.1 (CH3); 3.17 t, 2H, J(1*,2")=6.6 (H-1"); 3.68 t, 2H,
J(2°,1")=6.6 (H-2"); 3.77 d, J(CH;-P)=8.3 (CH2-P); 4.60 m, 2 H (P-OCH); 5.60 s, 1 H (H-
5); 5.95 brs, 2 H and 6.17 brs, 2H (NH3).
This compound in acetonitrile (50 mL) was treated with bromotrimethylsilane (5
15 mL) overnight and the volatiles were evaporated in vacuo. The residue was treated with
water (100 mL). After 10 min, conc. aqueous ammonia was added to alkaline reaction and
the mixture was evaporated. The residue was deionized on a column (100 mL) of Dowex
50 X 8 and the UV-absorbing ammonia eluate was evaporated to dryness. This product in
water (20 mL) was made alkaline by conc. aqueous ammonia and applied on a column (100
20 mL) Dowex 1 X 2 (acetate form) prewashed with water. Elution with water followed by
linear gradient of acetic acid (0-0,5 M, 1.5 L each) gave the main UV-absorbing fraction
which was evaporated, the residue codistilled with water (3 x 50 mL) and the residue was
crystallized from water. Yield, 2.8 g (91%) 2,4-diamino-6-[2-
(phosphonomethoxy)ethylsulfanyl]pyrimidine, m.p. 246°C. For C7H;3N,OPS (280.24)
25  calculated 30.00%C, 4.68%H, 19.99%N, 11.05%P, 11.44%S; found 30.27%C, 4.80%H,
19.74%N, 10.98%P, 11.60%S. 'H NMR (D;0 + NaOD): 3.18t, 2H, J(1°,2")=6.8 (H-1");
3.56 d, 2H, J(CH,,P)=8.7; (CH,P); 3.68 t, 2H, }(2°,1")=6.8 (H-2"); 5.70 5, 1 H (H-5); 6.32
brs, 2H (2-NH,); 6.48 brs, 2H (4-NH,).
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5); 5.95 brs, 2 Hand 6.17 brs, 2H (NH2). This conpound in acetonitrile (50
m.) was treated with bronotrinethylsilane (5 15 nlL) overnight and the

vol atil es were evaporated in vacuo. The residue was treated with water
(100 m). R{d6inedse™ N, conc. aqueous ammoni a was added tg ; %
reaction and %e m xture was evaporated. The residue was gelonlze on a
colum (100 nL) of Dowex 50 X 8 and the UV-absorbing anmoni a el uate was
evaporated to dryness. This product Exampletser (20 nL) was made al kaline by
conc. aqueous amoni a and applied on a colum (100 20 nL) Dowex 1 X 2
(acetate form prewashed with water. Elution with water foll owed by |inear
gradi ent of acetic acid (0-0,5 M 1.5 L each) gave the main UV-absorbing
fraction which was evaporated, the residue codistilled with water (3 x 50
m.) and the reg,due was crystallized fromwater. Yield, 2.8 g (91%

2, 4-di am no- 6- [5 (phosphononet hoxy) et hyl sul f anyNfHpyri m d| ne, mp. 246C. For
C7HL3N404PS (280.24) 25 cal cul ated 30.00%C, 4.58%, 19.99%N\, 11.05%,

11. 44%85; foN L2796, 4. 809%H, 19_7_4_&[, 10. 11. 60%5. 1H NMR (D20 +

NaOD) : 3. 18{| J(l' '968(H-1) 56[&_& , J(CH2, P)=8.7; (CH2P);
3.68 t, 2H, 2. POYRITHM%, | H ONGHRH2) ;
6.48 brs, 2H (4- NI—E D 03702580 Exz; le 5 Q" A"|/<b|/3%)£D b (@5 C3H7)2

O--~ Ol~ P (C]—I)2 H 3418 1 NH2 - P(O)(C] C3H7) 2 PCT/CZOZ/00038 NH2 N

LN~-LQ OP(O ( 2 H-3418

NH2

N7 X

L
N OH
NH, NH.

NT X N7 Y

—

N 0 N o}
I\/o\/ P(O)OIC3H7 )2 K/o\/ P(O)OH),
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WO 03/ 002580 PCT/ Cz02/ 00038

4- Am no- 6- [ 2- (phosphononet hoxy) et hoxy] pyri m di ne and

4- am no- 1- [2 (phosphono- met hoxy) et hyl ] pyri mi di n- 6(1H) - one

4- Am no- 6- hydr ox -sul fanyl pyrimdine (20 g) in boiling ethanol (300 niL
was 5 trea‘¥ [’f% & stirring with Raney-N until the stgar"tcﬂﬂﬁﬁé@rlal :
di sappear ed. The supension was filtered while hot, the precipitate washed
wi th hot ethanol (300 nL) and the filtrate evaporat ed to dryness. The

d ff - d .
L b Ly) ot SRR o S MmO AR Phoner oy

For mrBNsmetbgmetM)lpbramiﬂh-é(léB op8. 24%C, 4.54%, 37.82%\; found 43.40%C,
4.65%4, 38.01%\4 7Y 97
(o) 6 0 by o BB ARGE- by bhimiaMe1d0 o) HoQlfRg B o S+ 1
conpound ( 3redted; undg. sammnvxyh Raneﬂvrmqtvlohmartmamatcndach@tx:pwqdhThdeaﬂp(rmos6 g,
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][ r20§n di It sopr(cuwl?)fb;a&nh&ambmfowﬂ%mexﬂ%w; foiing 45.80%0, 455%@53&%'/51{1?2!2!0 zeg
e acetate - raol.eym er or
15+ andbs e speeymn: 1EEEDG EaE aOChiloadis, €D v BB cune
46. 69%C, 7. ﬁW@ﬁlH@C%mlﬁg ﬁ{C@w "H NVR (CD3SOCD3): 1.22 d, 6 H and
1.23 d, 6 H J( =6 78 brt, 2 H J(2

3.78 d, J(CH2- PyEhs wrr(pemicﬂ)G £33 er;rmlb in DMF (30 mL) way iraatsd W(&LMH)(I @3,59 m 2
H (P- OCH) H %}n H 2).13C NWR
(c(Dssocos) el 6?(9‘ ﬁ")gmﬁri)i“ gﬁaﬁi% °“Z°3:“m‘za"? bring; st difsoproby 16t 2).

br onot r i netddredthexymethyiphodphonate (@denbm(l-‘r mel) Wa addel. iTthy mixtene wagstirredt r oom
t enper L0 ¢ e5]

e e AR ARG B I NER IS S
reacti on aneastpueified mh sitiea M$lmioamma:hbdofofﬂ1}ethlamﬂ (982 i sffotdedhramind-6on a

v apor at e 2siepReyBRO iR in il oIS HR GRS P B R WS SRR AR ooy
conc. aquewstaamm&umdaeambmeﬁo ngm%‘;; ngp) m?c (R @ SHANDPEIGIB2X 2
(acetate forM Raadd ssz‘-vfcd Wbl 155 han, 528bepY Pounh 46 69%C, 7.38%H, 12.45%N,
20 9.40%P. 'H NMR (CD;SOCD;): 1.22 d, 6 H and 1.23 d, 6 H, JJICH;,CH)=6.1 (4xCH;);
3.78 brt, 2 H, J(2°,1")=4.5 (H-2’); 3.78 d, J(CH,-P)=8.4 (CH,-P); 4.31 brt, 2H, J(1’,2")=4.5
(H-1'); 4.59 m, 2 H (P-OCH); 5.67 s, 1H (H-5); 6.62 bs, 2H (NH,); 8.07 s, 1H (H-2). °C
NMR (CD;SOCD;): 64.42 (C-1°).

This compound was treated with bromotrimethylsilane (10 mL) in acetonitrile (70

25 mL)overnight at room temperature. After evaporation in vacuo, the residue was treated
_ with water (100 mL). After 10 min, conc. aqueous ammonia was added to alkaline
reaction and the mixture was evaporated. The residue was deionized on a column (100
mL) of Dowex 50 X 8 and the UV-absorbing ammonia eluate was evaporated to dryness.
This product in water (20 mL) was made alkaline by conc. aquegus ammonia and applied
30 onacolumn (150 mL) Dowex 1 X 2 (acetate form) prewashed with water. Elution with
water followed by linear gradient of acetic acid (0-1 M, 1L each) gave the main UV-
absorbing fraction which was evaporated, the residue codistilled with water (3 x 50 mL)

and the residue was crystallized from water. Yield, 1.8 g (80%) 4-amino-6-[2-
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water followed by linear gradient of acetic acid (0-1 M 1L each) gave the
mai n UV- absorbing fraction which was evaporated, the residue codistilled
with water (3 x 50 nL) and the residue was crystallized fromwater. Yield,
1.8 g (80%,,4-anm.no-6-[2 -29 WO 03/ 002580 PCT/ Cz02/ 00038
(phosphono%éﬁ@%?@t hoxy] pyri m di ne, mp. 254C. For C7H12Kl§'5’§|-7’92(’(§’ﬂ§. 16)

cal cul ated 33.74%C, 4.85%1, 16.86%N\, 12.43%°; found 34.029%C, 4. 80%,

16. 889N, 1ZpH omnbthbliethetyIpyridfiding, ri.p 2537 ORor GGHEN,OP (P48.116Y Qlcalated | i ca
gel colum _w m n 5:

t hi f th | (95:5 th I
35 no- 1 - BATHACE 8881y 6 RN, ROAHORLORELI TEBA A APPAEDI S8V, 12 8% - one
whi ch was dri edpjthef@fitiBn of'th8 biide foaltictl ridthrelon’éilica B8l Soluri WA UREroféH- L T eat ed
with bronotrinmethylsilane (10 nL) in acetonitrile (70 nL) overnight at

r oom t enpercthrueld95: ¥ gave theoily Graminerd-[2(diisarrapylphosghonglmethipxylvas treated with -
wat er 00 / ] a i £ 0 al kal i ne
reacti (()% aﬁ@h%@‘%ﬁﬁ?@@%ﬁ?@@%ﬁ‘?zg.%?‘ﬁ'e%‘ﬁ;’iﬂsum‘g%gggf‘% ed on a
col urm ( 10@ompYundfweSdneated Bdth boorotamathilsiddne (umiy) infacetanitrile (70mLlhai n
UV- absor bi i or, ‘ i . i zed from
70% aqueou Gk 60 o RiRRC AR BT yad EINE HEIaE Saf ostealul
4- am no- | - e gHofsph)d nofertl B min,) cend yahjgoys ammohimwes ddded tmalkaline peac®@G®d For
C7H14N305P (249, 16) cal cul at.ed, 33. .74%. 4. 8504 . 869 . 430¢; und
34. 029C, A‘ges’ﬁ%t-\}’e as %‘@5}&{3%?2&‘3% Hpidie Wmaﬁ?dd%é@&? (P i) °§,%°§’i9?,‘ 56
ﬂ g ZCL:HZ A ng)z?l -)28 WH I Elg:d w%tﬁ ggstfﬁ.‘l The nHﬁi(riiE\é-(aQéogbiﬁQ frabtion Wabz ﬁ\"a))braged%ﬂ the(2) H, o
',2')=4.9, DE ( . ;6. rs, <. rs,

(P-OH); 7. Sesidue wasicpysfalijzed %9@]71%@00162% s@@ﬁ?e.tgwdw tp érgﬁj&)- 382 885580
PCT/ CZ02/ 0Q63%) &xaiel B[ X(phospHodomdiioxy @it hinttinl6(HHRbre m.p. 233°C. For

C7H2N;05P (249.16) calculated 33.74%C, 4.85%H, 16.86%N, 12.43%P; found 34.02%C,

4.80%H, 16.88%N, 12.58%P. 'H NMR (CD;SOCD;): 3.56 d, 2H, J(CH,,P)=8.8 (CH;P);

15  3.64t,2H,J(2°,1")=4.9 (H-2’); 3.90t, 2H, J(1°,2")=4.9 (H-1"); 5.06 5, 1 H (H-5); 6.45 brs,
2H (NH,); 6.90 brs, 2H (P-OH); 7.98 s, 1H (H-2). '*C NMR (CD;SOCDs): 44.44 (C-17).
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N(CH3)2 NO\/O/P(O(GC3H/)2 HZNNOHH2 1 H2N N O ~QuP(O (0OH) 2 |
~N(CH3)2 N ~1 20 25 30 -~ H2NLN-k-O _ ~,0,,P(O (OLC3H7)2 ~, O, P(O (OH 2
2- Am no- 4- di met hyl am no- 6- [ 2- (phosphononet hoxy) et hoxy] pyri m di ne and

2- Ami no- am no-| - [ 2- (phosphononet hoxy) et hyl ] pyri 1H) - one
-31 WD 03/ o%g’g}(‘lp / CZ02/ 00038 2- Ami no- 4- chl or o- 6- hydr oxf@?dzﬁ?’
nonohydrate (5.0 g) was stirred wth 30% dinethylam ne in ethanol (180 m)
at 100C in an autoclave for 16 h. T'%«gﬁ t@l | ine product was filtered,
washed with water, acetone, ether an ed in vacuo to afford 2-

am no- 4- di et hyl am no- 6- hydr oxypyri m di ne, not nelting under 300C. Yield,
4.3 g 5 (81% . For C6HLONAO (154.17) calculated 46.34% C, 6.54%H, 36.34%
N, found 46.38% C, 6.65%H, 36.68% N 'H NVR (CD3SOCD3): 2.89 s, 6H
(NCHB); 4.51 s, 1MRI(H-5): 6.18 brs, 2H (NN®Ha)P. 75 brs, 1 H (OH). This
conmpound (4.0 g, 26lmmol) and cesium carbongte (4.22 g, 13 muol) in DV
(60 nmL) were stir (Tt 100Cfor 1 h and mr'i9propyl

2- chl or 6et hoxynet honate (8 10 ni)l vva added. he m e was
24 Q filtered whiy, d:ave'g(loﬁ@#{)ﬁcuo. The

stirred at 108
resi due was extracted wth hot chl oroform(lOO m_) filtered and

| |

10 N(CHs)2 N(CHs)2
N)\ N)L o/\/OVP(O)(O|C;;H7)2

15 l

N(CH3)2 N(CHs)2
20 HzN)N\)\V\/\L Hsz

0\/ P(O)(OIC3Hy), 0\/ P(O)(OH),

25
30

2-Amino-4-dimethylamino-6-[2-(phosphonomethoxy)ethoxy]pyrimidine and 2-Amino-
4-dimethylamino-1-[2-(phosphonomethoxy)ethyl] pyrimidin-6(1H)-one
31-



purified by chromatography on silica gel colum (200 nmL). Elution with

chl or of orm gave

2- am no- 4-di net hyl am no- 6-[ 2- (di i sopropyl phosphonyl net hoxy) et hoxy] pyri m di n
e as a th| 4.6 g). It was treated with bronmotrinet (5 nb)
and acetonlt{sl?ezf 0 nmL) 15 overnight at roomtenperature. EX@J/@O@&
evaporation in vacuo, the residue was treated with water (100 niL). After

10 mn, conc. ammau@mmmsmm?@dﬂ@dnd Roxdhydiate(8.0rg) aask istiriedwith 30%e

m xt ure was, evapor.ated. The resi \ﬁﬁ dei onlégd on ?‘eim um gloo m.) of
Dowex 50 $imgthylamipgin Wab@mmal& 28 agjoglav e fofd § hedBe,gsitliee t o
dryness. TBfoauar»@Qm&rea rwasmamﬁh water a&&oﬂea&h&&d@dﬁéd%lua% foMffoR™-. agueous
ammoni a and appl on a colum 15(5 (acetate form

prewashed #ming- Wﬁhylmlm ﬁzbbfdwmnml% nP%)‘FF‘B%H“Q&f/ 30Q pné%l?ldg‘f 38ient of .
acetic gci gst @ ﬁor‘bef’ﬂlo}ﬁalf)lé g'{)))calgﬁ‘dﬁd h@mm B wgb'ﬁ@w,@gféwna%lse% whi ch

was evapor res distil wat er and t he

r2 esi due was, 666%H,I6168%N. HUMRI\&’J-&SOO%BI2§9 s16H (- éHs), 4.51s,1 l'2(1'I 5);
Toac. For RIS TS LR e bo & Booad 1. 17984 -
10. 60%; found THis OxeiRuns (8016 mBODBAGKesim Exrhenate (412180 mbilion DMF 69 bs
o, o { oxeERI et Bl a3 pn By b?n%m% oo @lbypéih sty ptdppipe ) 5
égcsgnvgxo( D )was a%édgmﬁé &ﬁnﬂctm%élva_as%i'éeﬁ;aél O(fer 24 h,Giltéredirehile 1o) and?; 79 4(():- 0)
(CG1, overe?(" mvaqyuo- 3 é fﬁ@@g} Wa%?%“@%”f Nﬂt&ggf‘éﬂmoéﬁ?t(h@&g 8}‘1 %ﬂ 8¢t he

silica gel Gﬁﬁwﬂ}' dmdnliat@g?aphwh@nm géllkanain (QUERLY NElutibd withehloroform gave
2- am no- 4- gl net hyl am no-

-[2- (di i Soprasye- ﬂﬁagﬁhﬁﬁrymécMyao@fqmp}wh?wmﬁmow&th%ylpmd% 833+t hi ck
oil (2.0 g)thl)é!?blgtw\@s IM%&P&Qd%Mﬂﬁ&H%&ﬂyﬁﬂWb %&L)&ﬂ@a&&r{ﬂn)e @GOGhL)

acetonitrile overnight and worked Up simlarly. After Dowex 1
chr omati§gr aperpight atxqom\@mmz s&flerrEapacztivn/in prye, the eesidue #igs treajed, withn

crystallizgf Iu.]qg 1dorrt. ")?ﬁeg Hﬁﬁ"‘?%ﬁp a@e@h%@ﬁ@a@&’d&aE@alfcﬁﬂﬁ%@i&ﬂ&? d

nmet hoxy) et Mk yrim-din- H " NACbP 3292 23
cal cul at ed thﬂﬁlxaﬁév@as &/ap6%ad. The rksidoe wa@dmﬁ,@d oh@wahin8(19Gmt) oEDowes,

m 28 (2x oD% 8 g thg UNGo il monts hack s Apiriieihoy s T bRERY, o 20
2.93 s, 6H vanNr QBmR) waslisdeNilkaliaEbEdne. aqueous ammonia and applied on a column (150
20 mL)Dowex 1 X 2 (acetate form) prewashed with water. Elution with water followed by
linear gradient of acetic acid (0-0.4 M, 1L each) gave the main UV-absorbing fraction
which was evaporated, the residue codistilled with water (3 x 50 mL) and the residue was
crystallized from water. Yield, 1.1 g 2-amino-4-dimethylamino-6-[2-
(phosphonomethoxy)ethoxylpyrimidine, m.p. 168°C. For CgH,7N4OsP (292.23) calculated
25  36.99%C, 5.86%H, 19.17%N, 10.60%P; found 37.05%C, 5.80%H, 18.98%N, 10.51%P.
'H NMR (DMSO): 6.69 bs, 2H (NH); 4.69 s, 1H (H-5); 3.98 t, J=6.0 Hz, 2H (2xH-1");
3.61t, J=6.0 Hz, 2H (2xH-2"); 3.59 d, 2H, J(H,P)=8.3 Hz (P-CHy); 2.89 s, 6H (N(CH,)2).
3C NMR (DMSO): 162.37, 161.94 and 154.67 (C-2, C-4 and C-6); 75.79 (C-5); 69.82 d,
J(C,P)=10.3 Hz (C-2); 66.76 d, J(C;P)=158.7 Hz (P-CH,); ~40.0 (C-1’, overlapped with
30 DMSO0); 36.93 (N(CHa)p).
Further elution of the silica gel column with chloroform-ethanol gradient afforded
2-amino-4-dimethylamino-1-[2-(diisopropylphosphonylmethoxy)ethyl]pyrimidin-6(1H)-
one as a thick oil (2.0 g) which was treated with bromotrimethylsilane (5 mL) and

acetonitrile (50 mL) overnight and worked up similarly. After Dowex 1 chromatography,
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169. 93, 164.91 and 161.92 (C-2, C-4 and C-6); 75.02 (C-5); 70.89 d,
J(C,P)=11.4 Hz (C 2'): 66.96 d, J(C P)=160.7 Hz (P-CH2): 64.28 (C-1'):
36.95 (N(CH3)2). -33 WD 03/002580 Exanple 7 5 10 15 1 1 20 25 30 >

~, O, P(Q PCT/ CZ02/ 00038 HNIL H2N)i ~O ~P(O > N-\ 0
o/p(é(é(%@{%“ "IL1 H O OP(O)(QIEP)IZ (O (O 2clfcifzimosd

2- Am no- 4- cycl opr opyl am no- 6-[ 2- (phosphononet hoxy) et hoxyl pyri m di ne and 2-
Ani no- 4- cy eheqpedupygaveon orydtallizationfecp vateo2remiroxd-limt dyyldming+ 1i- 21 (@hesphdnbH) - one

HN -34 methoxy)ethyl]pyrimidin-6(1H)-one, m.p. 235°C. For CsH;7N,4OsP (292.23) calculated
36.99%C, 5.86%H, 19.17%N, 10.60%P; found 37.15%C, 5.92%H, 19.28%N, 10.66%P.
'H NMR (DMSO): 6.03 bs, 2H (NH,); 5.20 s, 1H (H-5); 4.26 m, 2H (2xH-1'); 3.74 m, 2H
5 (2xH-2’); 3.58 d, 2H, J(H,P)=8.8 Hz (P-CH,); 2.93 s, 6H (N(CH,),). *C NMR (DMSO):
169.93, 164.91 and 161.92 (C-2, C-4 and C-6); 75.02 (C-5); 70.89 d, J(C,P)=11.4 Hz (C-
2); 66.96 d, J(C,P)=160.7 Hz (P-CHy); 64.28 (C-1"); 36.95 (N(CHa),).
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WO 03/ 002580 PCT/ CZ02/ 00038 2- Am no- 4-chl or o- 6- hydr oxypyri m di ne
nonohydrate (5.0 g) was refluxed in ethanol (150 nL) with cycl opropyl am ne
for 12 h. The m xture was evaporated in vacuo, codistilled with ethanol (3
x 50 nm), %8{@9 from net hanol on silica gel and applieg, c} urm of
silica gel in chloroform Elution with chl oroformet ano gradl ent
5 afforded crystalline product which was filtered fromether and dried in
vacuo to afford 2- am no-4-cycl opropyl am no- 6- hydr oxypyri m di ne; m p. 229C.
Yield, 3.0 g. For C7/HLON4AO (166.18 Cfﬂlﬁlﬁ:\ﬁt ed 50.59% C, 6.07%H, 33.71%
N, found 50.49% C, 6.25%H, 33.61% N (DVBO): 9.73 brs, 1H (OH);
6.55 bs, 2H (NH); 6.08 brs, 2H (NH2); 4.66 s, 1H (H5); 2.30 m 1H and 0.62
m 2H and 0.40, m 2H (CCH2, N-CH). 10 The m xture of this conmpound (3.0
g, 18 mml) and cesium carbonate (2.92 g, ) in DMF (50 nL) was
stirred®at 100C fd¥ 1 h and dii sopropyl 2- qu or oet hoxymnet hyl phosphonat e (6
m.) was added. Thefreaction m xture was stifred at 100C for 24 h, filtered
whil e hot and ewdp ted in vacuo. The reg was extracted with hot

),

chl orof orm (100 filtered, concentrat E vacuo and pgrl fied by
chl or of orm gave 2-am no- 4-

chr omat ogr apR bH ca gel col unp, ONPk)

cycl opropyl am no- 6-[ 2- (di i sopr opyl phosphonyl ret hox &gt hoxy] pyri m dine as a
t hi ck qb (1.8 g)| It was treated with bro Hrr%z | silane (5 nmL) and
ril

acet oni e (50 ) overnight at roomtenperature. After evaporation in
vacuo, the residu&fwas treated wwth water (100 nmL). After 10 mn, conc,
aqueous ammoni a was added to al kaline reaction d 20 the m xture was
evaporated. The resi was dei oni zed on a col (100 nL) of Dowex 50 X 8
and the UV-absor bHNG amoni a el uate was evaflfrated to dryness. This product
in water (20 nm) s made al kal i ne by conc. laqueous ammoni a and applied on
a colum (150 wex | X 2(agetate f | rewashed with water. Elution
with er follo | i near gradi ent of iC id ,each)
gave \tAﬁrg mai M, g fraction 25 sﬁ%ﬂ’rgt\eﬁp@&gcﬁg due
codistilled with water (3 x 50 nL) and the residue was crystallized from
water. Yield, 1.0 2- am no- 4- cycl opr opyl am no- 6-[ 2- ( phosphono-

met hoxy) et hoxy] pyrifm di ne, mp. 244C. For C H, 7NAO5P (304.24) cal cul ated
39.48%, 5.63%d, 18.429%\, 10.18%°; found 39.65%C, 5.70%, 18.59%\,
10.119%°. '"H NMR (B20 + NaOD): 0.54 m 2H and 0.80 in, 2H (CGCCH); 2.53 m
1H (N-CH); 3.57 d, 2H,

20 f
HN

woke T Mﬂ

0o
25 k/o\/ P(O)(OiCaH7)2

ac

- P(O)(OH)2

30

2-Amino-4-cyclopropylamino-6-[2-(phosphonomethoxy)ethoxy}pyrimidine and 2-
Aniino-4-cyclopropylamino-1-[2-(phosphonomethoxy)ethyl] pyrimidin-6(1H)-one
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30 J(CH2,P)=8.4 (CH2P); 3.91 m 2H (H2'); 4.32 m 2H (H1"); 5.61 s, 1 H
(H5). Further elution of the silica gel colum wth chloroform ethanol
gradient afforded (after crystallization from ethanol-ether) yellow

2-am no- 4- Iamnol-[2-

(dii soprop;cl?(lphoospzﬁonyl met hoxy) et hyl | pyri m di n- 6(1H) -one (1. ?’%302/0 Peh was
treated with bronotrinethylsilane (5 nL) and acetonitrile (50 nl)

over ni ght and warAmfthoupclbie-6- ﬁydrdxypyﬁﬁldﬁﬁrﬁa{oﬂﬁﬂﬁ@@s Py whs/iRi¥aGB8 On Dowex

50 chrommat ogr aph rod s el h wat er and evapor at ed
vacuo.  Thetheae @ﬁ%mgivgth&bi clepropy B¥iainine %rtﬂah 1%“:56‘?1‘?‘%5&%45 vaporsied n vacuo,

2- am no- 4- QbaisHINAPH @AY (I x B@m&r&aaﬁsmmmﬁwoﬁtsmh%%wp jeBogaone,
not nelting under 290C. Yield For ClOH17N4O5P (304.24) cal cul ated

39. 48%C, 5.cebumn OfEEllcaS?NNQWLiBD/WOTP trn d Eintign withggloraforngethano] gradizniy

0. 329 !
1o 5ete gg@fog&gﬁg ﬁmsl%%ct Hilidh ¥l ﬁﬁ&gd gt ?meéma@é;% frfa d C 6)

(P-CH2) : 6Gmino- 6@yqlogropﬂange G-hydsgypyrimidtine( @m ©f Y@yi: ﬂ&;ﬁ EM?)HmN’@

03 0250, SIS B TS S A TR SRR Y
'"H NMR (DMSO): 9.73 brs, 1H (OH); 6.55 bs, 2H (NH); 6.08 brs, 2H (NHy); 4.66 s, 1H
(H-5); 2.30 m, 1H and 0.62 m, 2H and 0.40, m, 2H (C-CH,, N-CH).

10 The mixture of this compound (3.0 g, 18 mmol) and cesium carbonate (2.92 g, 9
mmol) in DMF (50 mL) was stirred at 100°C for 1 h and diisopropy! 2-
chloroethoxymethylphosphonate (6 mL) was added. The reaction mixture was stirred at
100°C for 24 h, filtered while hot and evaporated in vacuo. The residue was extracted with
hot chloroform (100 mL), filtered, concentrated ir vacuo and purified by chromatography

15 onsilica gel column (2 x 200 mL). Elution with chloroform gave 2-amino-4-
cyclopropylamino-6-[2-(diisopropylphosphonylmethoxy)ethoxy]pyrimidine as a thick oil
(1.8 g). It was treated with bromotrimethylsilane (5 mL) and acetonitrile (50 mL)
overnight at room temperature. After evaporation in vacuo, the residue was treated with-
water (100 mL). After 10 min, conc, aqueous ammonia was added to alkaline reaction and

20  the mixture was evaporated. The residue was deionized on a column (100 mL) of Dowex
50 X 8 and the UV-absorbing ammonia eluate was evaporated to dryness. This product in
water (20 mL) was made alkaline by conc. aqueous ammonia and applied on a column (150
mL) Dowex 1 X 2 (acetate form) prewashed with water. Elution with water followed by
linear gradient of acetic acid (0-0.4 M, 1L each) gave the main UV-absorbing fraction

25  which was evaporated, the residue codistilled with water (3 x 50 mL) and the residue was

- crystallized from water. Yield, 1.0 g 2-amino-4-cyclopropylamino-6-{2-(phosphono-
methoxy)ethoxy]pyrimidine, m.p. 244°C, For C1oH,7N4OsP (304.24) calculated 39.48%C,
5.63%H, 18.42%N, 10.18%P; found 39.65%C, 5.70%H, 18.59%N, 10.11%P. 'H NMR
(D;0 + NaOD): 0.54 m, 2H and 0.80 m, 2H (C-CHy); 2.53 m, 1H (N-CH); 3.57 d, 2H,

30 J(CH,P)=8.4 (CH;P); 3.91 m, 2H (H-2"); 4.32 m, 2H (H-1"); 5.61 s, 1 H (H-5).

Further elution of the silica gel column with chloroform-ethanol gradient afforded
(after crystallization from ethanol-ether) yellow 2-amino-4-cyclopropylamino-1-[2-
(diisopropylphosphonylmethoxy)ethyl]pyrimidin-6(1H)-one (1.6 g) which was treated with
bromotrimethylsilane (5 mL) and acetonitrile (50 mL) overnight and worked up similarly.
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HZN N O 2N N O L, QUP(O) (O C3H7)2 LG, , PO (OH) 2 25 30

2- Am no- 4- net hyl - 6- ( 2- (phosphononet hoxy) et hoxy] pyri m di ne and 2- Am no- 4-
met hyl - 1- ( 2- (phosphononet hoxy) et hyl ] pyrim din-6(1 H)-one -37 WO 03/ 002580
PCT/ Cz02/ 00038 D |sopropyl 2- chloroethoxynethylphosphonat c& 62.5
mol ) was APYNB8Y i xture of 2-ani no-6- hydr oxy- 4- met h§1 ﬁ@%@f’%e (6.25
g, 50 mmol) and cesium carbonate (11.3 g, 25 mmol) in DVF (70 nmL) which
has been proPpowex ﬂﬂd‘lréth&ﬂgﬁfsﬂf’ Elﬁqu@duct \J‘Q%téd)\htﬁ wbter dt¥revhfcatkd AvaBiost Ur e
was then stirred at 100C for. I4 h |tered while hot 5 and evaporated in
vacuo. The Thegesidne ggygen Qiyﬁt%!kﬂ*’aeﬁoﬁhWW&%m@ﬁPﬂrWFbmeHml%b%quent

purificati Afire t
(dii sopropq‘P ﬁgh&ﬁon&@nggﬁgg et ox r| m di e E)I:zbop@\;vagl/é(I:CIr 6-39'5)% IFlorzed from
et hyl acet(éb‘énN-t% B4 24)realsn 39%%%#65%%1@42%%10 P&%B:f@)md:or

48, 700 7. S0 SyaB e 30 10 g RGP AL R 20TE

(H-5): 4. 906553262 SHand G-6xF8d5 (CA% 73.3(GH@BE B). Hiz462") (2] H)wc,r) Hz

(2xOCH (i Pr H; d,

J(H P)=8. 2 3449(@'*&@’;?5“%%%325‘@%5 JEGLHH. ‘E%Zé‘&f(ff 5’%“’3&’@3@{ 126 5 e

and 1.33 d, 6H, J=6.2 Hz (4xCH3 (iPr)). 13C NWR (CDC13): 170.36, 168.27 and
162. 48 (C—2, C4 and G6); 97.03 (C5); 71.17 d, J(C, P)=10.8 Hz (C2");
71.06 d, J(C, P)=6.8 Hz 15 (COCH (iPr)); 65.99 d, J(C P)=167.6 Hz (P-CH2);
64.60 (C1"); 24.04 d, J(C, P)=3.9 Hz and 23.90 d, J(C, P)= 4.9 Hz (4xCH3
(iPr)); 23.61 (CH3). This conpound was treated with bronotrinethylsilane (5
m.) in acetonitrile (50 nL) at roomtenperature overnight and the

vol atil es were evaporated in vacuo. The residue was dissolved in water
(100 m.), conc. aqueous anmoni a was added to al kaline 20 reaction and the
m xture was evaporated. The residue was deionized on a colum (100 nL) of
Dowex 50 X 8 and the UV-absorbi ng anmoni a el uate was evaporated to dryness.
This product in water (20 nL) was nade al kaline by conc. aqueous amoni a
and applied

=
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on a colum (150 nm.) Dowex 1 X 2 (acetate forn) prewashed with water.
Elution wwth water followed by linear gradient of acetic acid (0-0.4 M IL
each) gave the main UV 25 absorbing fraction which was evaporat ed, the
residue codistilled with water (3 x 50 nL) and the residue

crystal | i zeO¥P8at er. Yield, 3.67 g 2-am no-4-net hyl - PFE/CZOZ/OOO”
(phosphononet hoxy) et hoxy] pyri n1 dine, mp. 245C For CsH14N305P (263.19)

cal culated 36.51%C, 5.36%, 15.97%\, 11.77%°; found 36. 65%C, 5.60%H,

15. 69/ %N, 11.92%. 1H NVR (D20+Na0D): 6.13 s; 1 H (H5); 4.39 m 2H
(2xH1'); 3.92 in, 2H (2xH2'); 3.5Ex@mple ®H, J(H P)=8.5 Hz (P-CH2); 2.26
s, 3H (CH3). 13C NWR (D20+NaQOD): 173.63,172.80 and 165.50 (G2, C4 and
C-6); 98.75 (CG5); 73.09d, J(CP)=10.2 Hz (C2"); 72.06 d, J(C P)=149.4
Hz (P-CH2); 68. {C-1'); 25.42 (CH3). Further tion of the silica gel
columm fol |l oned py cr ystal lizati on-f£rom et hyl cetate - petrol eum et her
gave 2-am no- ATe -1-12 -38 WO 03/002580 02/ 00038

(di i sopropyl phpsphonyl math Xy |md|n -one (4.2 m p.. 88C.
For cmm.agxlm %@Hi‘ﬂé%mg : , .éQ%ﬁ?%gQ&gw
found 48.49%C, 7. 62%H 12. 309\, 9. 08%D N 13): 5.79 q, 1H J=0.8
Hz (H5); 5.62 b, 2H (NH2); 4.72 dh, 2H, J(H, P)E7.6 Hz and J(H H) =6.2 Hz
(2x0OCH (iPr)); 420 m 2H (2xH 5 1'); 3.90 m 2H (2xH2'); 3.74 d, 2H,
J(H, P)=8.6 Hz (P{CH2); 2.12 d, 3H, J=0.8 Hz (CH3); 1.32 d, 6H, J=6.2 Hz
and 1. d, 6H, J=6.2 Hz (4xCH3 (iPr)). 13C NVRYCDC13): 164.33, 162.93
and 156737 (G2, G4 and C6); 102.22 (C5); 72.88 d, J(C, P)=11.7 Hz
(G2); 71.27 d, |:](C, P)=6.8 Hz (OCH (iPr)); 66,17 d, J(C P)=168.1 Hz
(P-CH2); 43.06 (G¥T3); 23.97 d, J(C, P)=3.9 Hz ¥n®¥ 23.91 d, J(C,P)= 4.9 Hz
(2xCH3 (i Pr)); 23384 (CH3). 10 This product N eated anal ogously with
brom)trirrethyl lang (5 nmL) in acetonitrile 50 ) to afford, after
chromat ogr a dei oni zed reaction m x ,DQ\\/@ 1 OOl
crystal Iizaﬁz"bn fNom @bt er, 2- ani no- 4- net Hgh- | -N2- O %%
(phosphgnonet hoxy) et hyI]pyr| m din-6(1H)-one. Yield, 2.3 g, mp. 283C. For
C3H14N305P (263. 19) cal cul ated 36.51 %, 5.36%d, 15.97%\, 11.77%°; found
36.40%C, 15 5.23%H, 15.77%\, 12. 00%°. 'H NWR (Dgp3453CD) 5.77 s, 1H (H5);
4.18 t, 2H, J=5.3 Hz (2xH1'); 3.82 t, 2H, J= Fe (2xH-2'): 3.50 d, 2H,
J(H P)=8.7 Hz (P-{CH2); 2.12 s,

)\& o HZNJLN\

O
k/o P(O)(OiC3Hr)2 K/O\/P@)‘O“)z

25

30

2-Amino-4-methyl-6-[2-(phosphonomethoxy)ethoxy]pyrimidine and 2-Amino-4-
methyl-1-[2-(phosphonomethoxy)ethyl]pyrimidin-6(1H)-one
-37-



3H (CH3).

13C NWVR (D20+NaCD): 169.48, 168.32 and 160.25 (G2, C4 and CG6);

102. 40 (C-5); 73.17 (C-2'); 72.55 d, J(C P)=142.0 Hz (P-CO2); 45.60 (C1');

25. 43 (CH3).

V\D 03/ 002580 PCT/ Cz02/ 00038 Exanple. 9 5 CH3S Ni O0,1--,,Z

\/P(O)(Q C3H7)2 CH3S N OFf/ O/ P(O(OH)2 10 15 NH2 CH3S N OH NH2 N
CH3Si N O 20W @ONS‘DUP(O)(Olcsm)z O,,,~P(O (OH) 2 H 3415 PSF/GHI3/080%¢p 40
WO 03/ 002580 PCT/ CZ02/ 00038

4- Ani no- 2- et hyIsitbapy Iz.&ﬂraetﬁmeﬁm}meﬁsw%w%?Qsms]mramW«% dadae e et hy

2- hydr oxyet hyl phosphonat e

was treated at

0C wi t h NaHmixfureofZ-amimsaih mthwlpmmuganer(ﬁﬂm SQmMandch%uml h stirring

at 0C, 4 5 am

added i n one o@%??gﬁ@ q“‘%°m mmgtl %@ﬂ%ﬂ%ﬁof 1538% evap or!a% e\(ljvatso

dryness in
was evagor
bronotri'me
over ni ght .

fordrid Ehetreagtionohixpire lwvas thvn stcm¢dmt 30 Crfor Boly fﬂt:;cd Wlfhb hekt r act

ﬁ%@ %§+ éa#g&‘?%ﬁgfqr’g ’Ithg?es{dglgl om 1 %&%ggjﬁ%lo%ﬁ%g%l ?ub?rﬂe? ature

pufifieatidndnisiliza welscobunap@6 A irdd) 2tammb-9rm1-6¥{2-vacuo and the residue

o o) S inbp s TRE B0 nE ey i ae Bhish b Pl L RS nA L)l

di ssol ved hyerdi petrolunietlen  ieldasinegua.p. 72973701 ForOdHaN,OsF (34d.35y HCL to pH

3-3.5. The
i n vacuo.

10

15

20

25

Rl s G ot 13 h‘gﬁ\;@%@fg}w b 7o%R! T60% 1, 1309h " A1 €

9.14%P. 'H NMR (CDCly): 5.95 q, 1H, J=0.6 Hz (H-5); 4.90 b, 2H (NH,); 4.76 dh, 2H,
J(H,P)=7.6 Hz and J(H,H)=6.2 Hz (2xOCH (iPr)); 4.42 m, 2H (2xH-1"); 3.90 m, 2H (2xH-
2%); 3.82 d, 2H, J(H,P)=8.2 Hz (P-CH,); 2.26 d, 3H, J=0.6 Hz (CH3); 1.34 d, 6H, J=6.2 Hz
and 1.33 d, 6H, J=6.2 Hz (4xCH; (iPr)). *C NMR (CDCls): 170.36, 168.27 and 162.48
(C-2, C-4 and C-6); 97.03 (C-5); 71.17 d, J(C,P)=10.8 Hz (C-2’); 71.06 d, J(C,P)=6.8 Hz
(OCH (iPr)); 65.99 d, J(C,P)=167.6 Hz (P-CH,); 64.60 (C-1°); 24.04 d, J(C,P)=3.9 Hz and
23.90 d, J(C,P)= 4.9 Hz (4xCHj; (iPr)); 23.61 (CH3).

This compound was treated with bromotrimethylsilane (5 mL) in acetonitrile (50
mL) at room temperature overnight and the volatiles were evaporated in vacuo. The
residue was dissolved in water (100 mL), conc. aqueous ammonia was added to alkaline
reaction and the mixture was evaporated. The residue was deionized on a column (100
mL) of Dowex 50 X 8 and the UV-absorbing ammonia eluate was evaporated to dryness.
This product in water (20 mL) was made alkaline by conc. aqueous ammonia and applied
on a column (150 mL) Dowex 1 X 2 (acetate form) prewashed with water. Elution with
water followed by linear gradient of acetic acid (0-0.4 M, 1L each) gave the main UV-

absorbing fraction which was evaporated, the residue codistilled with water (3 x 50 mL)

- and the residue was crystallized from water. Yield, 3.67 g 2-amino-4-methyl-6-[2-

30

(phosphbnomethoxy)ethoxy]pyrimidine, m.p. 245°C. For CgH,4N;0sP (263.19) calculated
36.51%C, 5.36%H, 15.97%N, 11.77%P; found 36.65%C, 5.60%H, 15.69%N, 11.92%P.
'H NMR (D;0+NaOD): 6.13 s 1H (H-5); 4.39 m, 2H (2xH-1); 3.92 m, 2H (2xH-2"); 3.57
d, 2H, J(H,P)=8.5 Hz (P-CH,); 2.26 s, 3H (CH3). >’C NMR (D,0+NaOD): 173.63, 172.80
and 165.50 (C-2, C-4 and C-6); 98.75 (C-5); 73.09 d, J(C,P)=10.2 Hz (C-2"); 72.06 d,
J(C,P)=149.4 Hz (P-CHy,); 68.85 (C-1'); 25.42 (CH;).

Further elution of the silica gel column followed by crystallization from ethyl

acetate — petroleum ether gave 2-amino-4-methyl-1-[2-

-38-



(phosphononet hoxy) et hoxy] pyri m dine, mp. 210-211C. For CsH14N305P (263.19)
15 cal cul ated 32.54%C, 4.78%1, 14.23%\, 10.49%°, 10.86%5; found 32.42%C,
4.93%H, 14.079%N, 10.62%°, 11.04%5. 1H NWR (D20): 5.68 s, 1H (H5); 4.36 m
2H (2xH1"); §94m 2H (2xH2'); 3.72 d, 2H, J(H P) =8.5 Hz P-CH2); 2.48
s, 3H (ScHIYO B8R (D20): 173,70, 172.13 and 167.93 (EEHCZEWMg C 6)
84.82 (C5); 73.53 d, J(C,P)=10.7 Hz (CG2'"); 70.01 d, J(C, P)=156. 3 Hz

il R R o,
H 3444 Q NGt I{iszj’ 7@@1? pulpted ASAUALODETEHOI 2 JOOHN; 8.97%R) fownd) 49% ,
0,10 P(O g@;}@ogi,@opgg@&%.oa N BB SS9, Ros G 4 445 5 0
2- Ami no- 4, GNBi) p22 dpRE, JBYet Hoayd KHIHxG R iz @eOGH(@Prnd. 20 mp AH@xH- [ 2-
5 1%);3.90m, 2H (2xH-2'); 3.74 d, 2H, J(H,P)=8.6 Hz (P-CH,); 2.12 d, 3H, J=0.8 Hz (CH;);
1.32 d, 6H, J=6.2 Hz and 1.29 d, 6H, J=6.2 Hz (4xCH3 (iPr)). *C NMR (CDCl3): 164.33,
162.93 and 156.37 (C-2, C-4 and C-6); 102.22 (C-S); 72.88 d, J(C,P)=11.7 Hz (C-2*);
71.27 d, J(C,P)=6.8 Hz (OCH (iPr)); 66.17 d, J(C,P)=168.1 Hz (P-CH,); 43.06 (C-1*);
23.97 d, J(C,P)=3.9 Hz and 23.91 d, J(C,P)=4.9 Hz (2xCHj (iPr)); 23.64 (CH,).
10 This product was treated analogously with bromotrimethylsilane (5 mL) in
acetonitrile (50 mL) to afford, after chromatography of the deionized reaction mixture on
Dowex 1 X 2 and crystallization from water, 2-amino-4-methyl-1-[2-
(phosphonomethoxy)ethyl]pyrimidin-6(1H)-one. Yield, 2.3 g, m.p. 283°C. For
CsH\4N30sP (263.19) calculated 36.51%C, 5.36%H, 15.97%N, 11.77%P; found 36.40%C,
15 5.23%H, 15.77%N, 12.00%P. 'H NMR (D,0+ NaOD): 5.77 s, 1H (H-5); 4.18 t, 2H, J=5.3
Hz (2xH-1"); 3.82 t, 2H, J=5.3 Hz (2xH-2"); 3.50 d, 2H, J(H,P)=8.7 Hz (P-CH,); 2.12 5,
3H (CH3). *C NMR (D,0+NaOD): 169.48, 168.32 and 160.25 (C-2, C-4 and C-6);
102.40 (C-5); 73.17 (C-2"); 72.55 d, J(C,P)=142.0 Hz (P-CHy); 45.60 (C-17); 25.43 (CH3).
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* (phosphononet hoxy) et hoxy] - 1- [ 2- (phosphononet hoxy) et hyl ] pyrinidin-6(1

H) - one 2- Am no- 4, 6-di hydroxypyrimdine (12.7 g, 0.1 nol) and cesium
carbonate (27.8 g (85 nmol) in DMF (200 nmL.) were stirred I h at 100C and
di i sopropy or oet hoxynet hyl phosphonate (30 nlL) wasp@@esad e

m xture wagv(??sl%ro?ggla 16 h at 100C, filtered while hot anzp evapo/rogaéggd in
vacuo. The residue was purified by silica gel chromatography (200 nL
colum) to afford 2.8 g of the oil yExgsiple!® which was then treated with
bronotrinethylsilane (7 nmL) in acetonitrile (50 nL) overnight. The residue
was di ssolved in water (100 nlL), conc. aqueous anmonia was added to

al kal i ne reaction éo and the m xture was evaporated. The residue was

dei oni zed on a collt!An (100 nL) of Dowex 50 X 8 Bhd the UV-absorbing

ammoni a el uate evaporated to drymess. This oduct was codistilled
with ethanol any filltered fromethanol. Yield,N1.4)g 2-am no-4, 6-

bi s[ 2- (phospho XY, RO O MHpe, m pll27 F C Hl g},(a:’
(403. 22 &&la8ul alNed @g%?/&: 4. 759, 10. I8 36, Zg@ OO&.Z,

4.87%, 10.24%\, 15 15.64%°. 'H NWVR (DVBO): 6. 55 b, 2H (NH2) 5.36 s, 1 H
(H5); 4.29 m 2Hy(2xH1"); 3.76 in, 2H (2xH2"'); 3.58 d, 2H, J(H, P):8.6
Hz (P-CH2). 13C NNR (DMSO): 171.30 (C 4, C6), 162.76 (C-2); 78.60 (C5);
70.70 d, J(C,P)=11.7 Hz (C-2"); 66.86 d, J(C, P)=160.2 Hz (P-CH2); 64.81
(CG1). Further eljution of the silica gel colum gave thick oil (4.8 g)
which was treated 20 with bronotrinethylsilane (10 nL) in acetonitrile (70
m.) overni ght and gygporated in vacuo. The residue was passed through
Dowex X 8 colu H-form (150 nL) and the colum was eluted with

wat er. After wasgt out the inorganic acids, the product eluted wth
retention. Its fjl\ctlon was evaporated and the residue stirred with

et hanol -acetd?_{g 1:1, 100 nmL). The yell ow sh product was filtered,
washed vvitheﬁer and ed. 25 Yield, 1.8 g

2- am no- 4- [ 2- (phosphononet hoxy) et hoxy] -1-[ 2-

(phosphononet hoxy) et hyl ] pyri m di n-6(1H) -one, m p. 108C. For C10H, 9N30, OP2
(403.22) calculated 29. 79%C, 4.75%d, 10.42%\, 15.36%; found 29. 90%C,
4.87%, 10. 249\, 5.64%°. 30 WD 03/002580 PCT/ Cz02/ 00038

15
NHZ NH2
x rT N
CH3SJ\ CHas)\N o)
% ‘\/O P(O)OIC3H7)2 k/o\/ P(O)(OH),
H-3415

25
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"Exanple 11 5 10 NH2 HOCH2CH20H N~ CI NaH or tBuOK H2N' Chi OH |
TsOCH2P(O) (G Pr)2 NaH 1. BrSIMe3 2. HO 15 ONI'~ P(O (OH) 2 (a)
2, 4- Di am no- 6-[ 2- (phosphononet hoxy) et hoxy] pyri m di ne Sodi um hydri de (60%

suspensi on ARbREfin oil) (2.4 g, 60 nmmol) was cauti ousl ycpesRfooss
portionwi sewtbo @ %Igstl |l ed ethyl ene glycol (50 nmL) under exclusion of

noi sture till 20 dissolution. 2,4-D am no-6-chloropyrimdine (2.89 g, 20
mmol ) was then added in one portj on and the m xture was stirred 6 h at
80C. The reﬁMlmZnﬁethylmﬂfml;quqblﬁdphdﬁohtdtlmiy)el\lidydy]pﬁlmidn(é00 m.) and

passed t hrough 200 The, col umm
was washed wth%‘ﬁgﬂyf Q%?‘?ﬁl?hmgg%@ﬁ QNgg i)‘é’r@gh%%nmf"@?t "éﬁ’o m) .
TEI S 2; uspe nalo&r,ﬁwﬁmuamﬁ(dﬁ g%lbﬁWdldp&sWntlﬂﬂpﬂ'@ﬁ% Olli%ﬁltﬁﬁﬂﬁn'g&ﬂﬂﬁ'ﬁ?@flt 0°c) 4-ered and

t he resin was Wlt e conbi iltrates were
evapor ated Bnep %uﬂfénﬁwna ’Q°&\%§ gc%%{“& I‘Yaféggq%rlaﬁf‘%‘irg?nto
afford 2, 4- ﬂh@xﬁhﬂ@eﬁas(&maxdh%ywc %&W’eﬂfﬂd}yﬁb@s inWaluo df0&racte®ivith 2.3 ¢
(79.4% . For CoH ON402 (170. cal cul ated 42, 34%C, 5.92%d, 30.37%\; found

42. 099C, 5 g ehlorofmg3 )@\ranaEBc exdrigetonas eaporated ig vagugyand the nepiue wesdsersds) -
3. 67 br be%&gg@@ﬁﬁrm}é él@ﬁ)%ce?&ntﬂf' O_go@ﬁ)%om t%m]a@raﬁuzre g\!‘&m%lﬁt

J(CH2, CHZ) TH J (H5);
5.89 br s, Th¢ mixtirgwaslevisporgted KHirynase in vagun an n@lwemdez@nged o3 mol ) and

9L 50P" 89 ORHFATAY R AR RETH E0SBRISRS el uufe Ro Ml 1 1 OOF
stirred at dnyhdsenThis propet it water 20mL) was dissolved by addition of conc. aqueous
ammonia and acidified by HCI to pH 3-3.5. The precipitate was collected, washed with
water, ethanol and dried in vacuo. Yield, 0.8 g 4-amino-2-methylsulfanyl-6-[2-
(phosphonomethoxy)ethoxy]pyrimidine, m.p. 210-21 1°C. For CgH,4N305P (263.19)
15 calculated 32.54%C, 4.78%H, 14.23%N, 10.49%P, 10.86%S; found 32.42%C, 4.93%H,
14.07%N, 10.62%P, 11.04%S. 'H NMR (D;0): 5.68 s, 1H (H-5); 4.36 m, 2H (2xH-1");
3.94 m, 2H (2xH-2"); 3.72 d, 2H, J(H,P)=8.5 Hz (P-CH,); 2.48 s, 3H (SCH). 13C NMR
(D,0): 173.70, 172.13 and 167.93 (C-2, C-4 and C-6); 84.82 (C-5); 73.53 d, J(C,P)=10.7
Hz (C-2); 70.01 d, J(C,P)=156.3 Hz (P-CH,); 69.20 (C-1’); 16.02 (SCH3).
20
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'35 3 days and acetic acid (4 nL) was added dropw se. The sol vent was
stripped off in vacuo -44 WO 03/002580 PCT/ CzZ02/ 00038 and the residue
extracted with chloroform The reaction product was purified by silica gel
col um chr hy to afford, after crystallization frqmp&t etate -
petrol eum %hg‘%ﬁ% 2lo0o

2, 4-di am no-6-[2-(diisopropyl phosphonyl net hoxy) et hoxy] pyri m di ne, m p.

- 1590C. Yield, 5 6.45 g (749 . For EiamphMQSP (348.3) calcul ated 44. 83%,
7.23%4, 16.08%N, 8.89%°; found 44.86%C, 7.15%d, 16.21%\, 9. 05%°. Mass
spectrum 349.3 (M+). 1H NMR spectrum (CD3SOCD3) is identical with that

described in Exanple 1. Co rsion of this conpound to_2, 4-di.am,no-6-[ 2-
( phosphononet hox r(ﬁﬁ&ﬁﬁbﬁv\as perfor ﬂl\i,ar&?)@gdescri bed
with this authentic :

in Exanple 10 1[and afforded conpound identi cal
mat eri al accor gy to NVR and nass-spectra.
2, 4- Di am no- 6- [|2- (ghosphonanet hoxy) et hoxy] pyr i'm

per f or med ' cLPIRXOGaldez ( a) C tbe.t\/b%ﬂ(@)(orﬁg
repl aced bs'fzﬁlhe |l ar anount of potasdaNim thrt-But oXi de” Yiel d of
2, 4-di am no- 6- (2- hydroxyet hoxy) pyri m di ne was 81% Further procedure
remai ned unchangetl. -45 WD 03/ 002580 Exanple 12 H§§4¢4Tr HN OH H2N 1.
TsOCH2P(O) (G Pr) 2 NaH 2. H30 + NH2

e The reacti on was

H
p1 X
P
HaN~ N "OH
/\/O\/P(O)(OiC3H7)2 0/\/0\/P(0)(0H)2
o) s
HzNJ\N 0] HoN N @]
k/o\/P(O)(OiC3H7)2 K/O\/P(O)(OH)Z
H-3445
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"HoN 'PCT/ Cz02/ 00038 OH OH 0,,.-P(O (G Pr)2 0,, _,,,P(O(OH2 Tr ... (C6H5)3C
ol uenesul fonyl Pr ... isopropyl 5 TrCl pyridine 2 1. M3Si Br

Ts ... p-t
Il 2. H20
2,4-Diamn
4- Hydr oxymne

H2N N O NH -46 WD 03/002580 PCT/ CZ02/ 00038 (a)

ORI Y15 G oxol ane (192 4. 01 reby B

N

redistilled tetrahydrofuran (100 nm.) was added dropwi se into a supension of

NaH (0.2 mx)unbm,d-msuammpﬁdnbmatl(oﬁs?ﬁtlfdx}/]pﬁmdmeﬁlw Qﬂuﬁﬁs-ﬁgi rrlegi till
no was

di ssolutio
added. The
at nosphere

filtered, washed V\nthtetrah rofuran and 1t

dryness i

chi or of §7 MuBiBnoRth ARy PRIHIRALI(E AL YA LIRR, Phivbaesladbfine R0 Kl cum

hoxy] pyri m di ne,
Toewrgigiue vas purifjeddalsidioh geled

ether, 2,4

m p. 128C100/Cefiliered w! @e@ot(a%ewratqdom VEUoH

49.99%C, 6
241.3 (|vH)
1H, J(3'b
J(gen) =8. 3
10
15
20
25
30

d 2,4 5 - 6- d 14. 46
?R@gﬂqwmemwfﬁrtn@rﬁbé lz-r(elmsaﬁ%@mrgﬁbé?ﬁﬁ ylﬂpxrﬁgl%mrﬁaﬁlmngon

for 1 Aminga®-dRyréabidating @b 7%03t1 'n‘iblfé‘fldq:emuﬁrb‘ﬁrb‘éhéié

ate evaporate

B mmal) in BYH 200 mL quﬁmzfdéuh 4tc180 éfeﬂnddé}FQRWPYé 200 m) | n

di am no- 6- 3710 di oxo any

o felogare G ity 6 s s Bl sefidieWhhon MR " "o 55 a0,

, Prejtedswith bebfropdnichetByl8ilanel(Binh) in abeditald (SA ML) d¢Bhigh2 ' The Gestilue
was dissolved in water (100 mL), conc. aqueous ammonia was added to alkaline reaction
and the mixture was evaporated. The residue was deionized on a column (100 mL) of
Dowex 50 X 8 and the UV-absorbing ammonia eluate was evaporated to dryness. This
product was codistilled with ethanol and filtered from ethanol. Yield, 1.4 g 2-amino-4,6-
bis[2-(phosphonomethoxy)ethoxy]pyrimidine, m.p.127°C. For CioH19N30y0P; (403.22)
calculated 29.79%C, 4.75%H, 10.42%N, 15.36%P; found 29.90%C, 4.87%H, 10.24%N,
15.64%P. '"H NMR (DMSO): 6.55 b, 2H (NH,); 5.36 s, 1H (H-5); 4.29 m, 2H (2xH-1’);
3.76 m, 2H (2xH-2"); 3.58 d, 2H, J(H,P)=8.6 Hz (P-CH,). '*C NMR (DMSO): 171.30 (C-
4, C-6), 162.76 (C-2); 78.60 (C-5); 70.70 d, J(C,P)=11.7 Hz (C-2"); 66.86 d, J(C,P)=160.2
Hz (P-CH,); 64.81 (C-1°).

Further elution of the silica gel column gave thick oil (4.8 g ) which was treated
with bromotrimethylsilane (10 mL) in acetonitrile (70 mL) overnight and evaporated in
vacuo. The residue was passed through Dowex 50 X 8 column (H'-form)(150 mL) and the
column was eluted with water. After washing out the inorganic acids, the product eluted
with retention, Its fraction was evaporated and the residue stirred with ethanol-aceton
mixture (1:1, 100 mL). The yellowish product was filtered, washed with ether and dried.
Yield, 1.8 g 2-amino-4-[2-(phosphonomethoxy)ethoxy]-1-[2-
(phosphonomethoxy)ethyl]pyrimidin-6(1H)-one, m.p.108°C. For C1gH9N;0,0P; (403.22)
calculated 29.79%C, 4.75%H, 10.42%N, 15.36%P; found 29.90%C, 4.87%H, 10.24%N,
15.64%P.
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(H3a); 4.19in, 2H (HI1'a); 4.10 dd, 1H, J(1'b,2')=6.0, J(gem=11.0 (H
1'b); 4.13 dd, 15 IH, J(l'a,2")=5.0, J(gem=11.0 (H Pa); 4.30 m 1H
(H2"); 5.06 s, 1H(H5); 5.94 br s, 2H and 6.06 br s, 2H (NH2). 13C NWR
( CD3SOCD3) : nd 26.94 (CH3); 65.72 (C 3'); 66.22 ( 1O 0
(C-2'): 76.%%555("@%3%; 109.06 (C, p'); 163.23 and 166. 38 andcirlcérﬁ‘?z’i’zl’m?{c):-es,
C2, G4). This conmpound (14.4 g, 60 nmol) in 0.25 M H2SO4 (250 nlL) was
left to stand 20 overnight at roomBxampsedtlure. The m xture was
“neutralized by saturated barium hydroxide solution, filtered, and the
filtrate evaporated to dryness. The residue gave on recrystalization from
90% et hanol (ether added to turbidity) 2,4-diam no-6-(2, 3-

di hydr oxypropoxy) pyri mighi ne, mp. 160C. Yield, 105Q,9 (83.3%. For
C7H12N4g3 (200.2) calkulated 42.00%C, 6.04%, 27)99%\; found 41.84%C, :
6. 249, “28. 06%N. Mash® 2% spect HAGHGHOH2 (VHH+) . MR (CD3SOCD3) : 3.40 d,
2H, J(3',2')=5.4 (H&). 3.72T‘|W’2'); ’?Ql d, AH _o#(1l' b, 2")=6. 2, .
J(gem) =10.9 (H1I' v;’i.locad, 11aH §7189QK 5y ZhaN J(g‘éﬁ);l\:fo.g (H1'a); 4.73
br s, IHand 5.02 br s, 1H (OH); 5.09 s, 1H (H5) ; 5.99 br s, 2H and
6.07 br s, 2H (NH2). 13C NWR (CD3SOCD3): 63.14 (CJ3: %@]( g@ §C— 1'); 70.28
(G2"); 76.64 (C5); 16119 and 166.27 (C 2, C4); 11 P JBY2 " 30 The

m xt urggof this conpound (8.0 g, 40 mmol), trityl Ychloride (36.4 g, 131
mol ) and 4-di met hyl ani nopyridine (2 g) in pyridigg (160 nL) was stirred
15 h at 50C and pourdtzsi owly under stirring to ter (2 L). The slurry

was stirred for | h, canted, and, 1d§§|h§r stirriy ith fresh portion of
water (2L) it was fiNt efled and washed W th water,

e « precipitate was
taken up in chl OB‘@'}' @0 m), dr:jfglqvith My , Nevapor ated and -47 WO
03/ 002580 PCT/ CZ027 00038 godistilled wfth toluene (3 x\100 nL portions) in
vacuo. The resulting gum \?hz dissolved in mninmmvolu of ether and
dropped,5 under vigorous stigli ngyioR),Ppetrol eumether (1 OQ/PQEH@'%eCi pitate
was filtered, washed with pet¥6l eumether and dried. Yield, 33.4 g (91.5%
of 6-[2-hydroxy-3-(trityloxy)propoxy]-2,4-bis(tritylam no)pyrimdine, mp.
138C. 5 For(affi4Hismii026-(B(phoiphonemettoxy)Rthofy]pyPibkidineund 5. 96%N. This trityl

FRR N C AN TN RN R T S —————

t et r ahydr ofgertfawiss Q0 redistille@sthyleRad196b] (oML G HeNXElubion £ BoisBurdtilequi val ent s) .

The m X2'[0ur edissolution. 2,4-Diamino-6-chloropyrimidine (2.89 g, 20 mmol) was then added in one
portion and the mixture was stirred 6 h at 80°C. The reaction mixture was cooled, diluted
with water (200 mL) and passed through a column (200 mL) of Dowex 50 X 8 in acid
cycle. The column was washed with water (1 L) and the resin was suspended in water (300
mL). This suspension was made alkaline with conc. aqueous ammonia, filtered and the

25  resin washed with boiling water (1 L). The combined filtrates were evaporated to dryness
and the residue was crystallized from water to afford 2,4-diamino-6-(2-
hydroxyethoxy)pyrimidine, m.p. 190°C. Yield, 2.3 g (79.4%). For Cs¢H,0N4O; (170.18)
calculated 42.34%C, 5.92%H, 30.37%N; found 42.09%C, 5.89%H, 30.63%N. Mass
spectrum: 171.3 (MH"). 'H NMR (CD;SOCD:): 3.67 br q, 2H, J(CH,,CH;)~ J(CH,,0H)

30 =4.8(0-CH,); 4.10t, 2H, J(CH,,CH,)=5.0 (O-CH,); 4.79 t, 1H, J(OH,CH;)=4.5 (OH);
5.05 s, 1H (H-5); 5.89 brs, 2H and 6.01 br s, 2H (NH)).

This compound (4.25 g, 25 mmol) and diisopropy! p-

toluenesulfonyloxymethylphosphonate (8.75 g, 25 mmol) in DMF (50 mL) was treated
with 60% NaH (3.5 g, 3.5 equivalents). The mixture was stirred at ambient temperature for

35 3 days and acetic acid (4 mL) was added dropwise. The solvent was stripped off in vacuo
-44.



‘was stirred at anbient tenperature for 3 days and neutralized with acetic
acid. The solvent was stripped off in vacuo, the residue dissolved in

et hyl acetate (800 m.) and extracted 10 with water (3 x 200 nL). The
organic phaﬁ, ﬁ)vapor ated to dryness and the residue rPPCtrI 90 k) 80%
aqueous acetic acid (300 nL) for 30 mn, cooled and evaporate |n vacuo.
Water (300 nL) was added and the m xture extracted with ether (4 x 100 nli).
The aqueousd theaesduwaxztrictabaity Ehlvoforni [The rdactiongroducewsas puyrified &gl sitica gel Dowex

50 X 8 col uny n .acidi.c form . CQl um washed wi t h wat er
ST ¢ ho Bty chtpmilyarpty 18 abtpeastel peizion Ko | BRenlf gt n o 506
aqueous amggigr,a. The UV-absorbing ammonia eluate was collected, evaporated
to dryness in vacuo, the residue codistilled with ethanol (3 ,x 100 niL) and

dried over 2Pbdmmine-&-i(shiserrapyiphpsphonyimettoy)ethpxdpyringiding m.pa bt C. Yield,
bronot r o Xt : tand
romot r ismetef ngg':;exC S0 HEN O 348 %%u%?%&%@/w HMb, %%f\)ﬁﬁ% sopstan

over ni ght ter evaporatidn o e Vo étl | es
in vacuo, \ﬁam@r44(m M.D)5 %X, l\ﬁalal"/d*ﬁ(%H%PoMah@pp@Bnmdé? 3f(MH'D conc.
aqueous a [ n was evaporated to
dryness aggB%Hn gog‘Jd(ﬁsé%%tzlEe %thﬂ%?ggzme%%%%ﬂhgglum (200 niL) under
essentially the Cbamsnomnﬂﬂlismmouﬁﬂ“te214\,dlabmo+6b[|2ng anmoni a el uate was taken

down in vaguo he residu S sol ved i kal i, zed to
o1 10 by SHRhaEme RSBt P gl e WaS Bl RN B fése 308 R ER By 1 x
2 (acetidt e 12mdfafforded porapamidadenticdl vithahie butheitie neatdriahiccoingte NMR| awd t h wat er
till the déﬁp of UV- absorbance of the eluate and then with |inear gradient
of acetic SrSP¥Yd 3 M 1.5 1 each). The mamin UV-absorbing fraction was
col l ected, evaporated in vacuo and the residue codistilled with water (2 x
100 n). (E;stal |ization of the residue fromwater gave 2, 4-

di ani no- 6. [(PRE#-Damine-6:12- (nhosphrnepeBroaniethosyipy HPUEBR y ] pyri ni di ne as
monohydr at e. 'l?b%agsloﬁgw%curat h C?Ges@cntl | ds@eRFBEd ﬁﬁer@) Exce R4 NaHOW

C8H15N406P. H20 30. /8%, 5. 499%, 5. 950 found
30. 98%15 5.replaged by Thegenie majargmegant oflvawugp&egttbumm@yseld)otmd)ammwm (D20

3( ga%) sl‘éﬁmg %@é‘ﬁﬁ‘ﬁﬁ%&?—éﬁ" ‘irg%?%é@ﬁl“‘(“g‘(’wc}"?g@ gsde(égm =12. 9

(H3b); 3.70m IH(H2) ) 3.71 dd, 1H, J(3'a, 2')=3.6, -48 WD 03/ 002580
PCT/ CZ02/ 00038 J(gem) =12.9 (H3'a);4.11 dd, 1H, J(I'b,2')=5.0, J(gem =10:7
(H1 1b): 4.14 dd, 1H,
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"J(1'a,2')=4.6, J(gem=10.7 (H1 a); 5.36 s, IH(H5); 13C NVR (D20 + NaOD):
60.62 (C 3'); 65.58 (CG1'); 68.03 d, J(P,C)=149.4 (P-O; 76.63 (CD5);
79.89 d, J(P,O=10.7 (CG2'); 162.63 and 166.54 (C-2, C4); 170.78 (C6). 5
(b) 2,4-D agigRnfiskd S) - 3- hydr oxy- 2- (pbosphonomnet hoxy) pr op héth&li Ne.
(S)-2. 2-Di net hylloiﬁzlf%wdroxyrret hyl - 1, 3- di oxol ane (40 g, 0.3@%1(@?’?@2 ly
prepared from 1,2:5,6-diisopropylidene-D-mannitol and distilled in vacuo
and was added dropwi se into a suspdangled2 NaH (0.3 nmol) in
tetrahydrofuran (600 nL). The nixture was stirred 30 nin 10 and

2, 4-di am no-6-chloropyrimdine (36.2 g, 0.25 nol) was added. The reaction
mxture was refluxedypggder stirring in an argon at here for 12 h and

neutralized with acetic™ acid. The rry was filterjed, washed with
t et r ahydr of ur an angf filtratﬂ!—eél%ldted to d in vacuo.
Purification on a licyf ger cOW (600 NBH in chl orofjorm gave, after
crystallization fr/olget | acet - pet mdgeum e ,

2, 4- di ani no- 6- HN- (2, B~ di G 1CH3; 15 di oxbdpNn- 4-NI nethoxy) pyri mi di ne.
Yield, 46.0 g (76.6 % . This conpound (43.3 g, 0.18 nol){ in Q.25 M H2SO4
(800 nL) was left to stand overnight at room tenperature. e @l xture was
neutral i zed by saturated barium hydroxi de sol ution, f%b@re , gnd the
filtrate evaporated to dryness. The residue gave on ryleII‘ivI\;' e;li on from
90% et hanol (ether added to turbidity) ¢ 3

2, 4-di am no-6-(S)- (2, 3-di hydroxypropoxy) pyri m dine, mp. 149C ﬂ? Yi el d,
32.0 g (89%. For C7HIRNAG3 (200.2) cal cul ated 42. OQMC, 6. 04%H, 27. 99%\;
found 41.94%C, 6.35%, |27. 75%\. Mass spectrum 201.P ¢MH). NVR spectra were
identical with thos he racem c co nd. The ture of this conpound
(32.0 g, 0.16 rrm)I),eNtritII chlori de (.ngg 0.5MNml )| and

4- di met hyl am nopyri e g) in pyridpwidingo0 wag_stirred 24 h at 80C
and 25 poured sTrbiN'y ulder irring to water ;L) "NThe gl urry was stirred
for I h, decanted, and, affer gtirring with fresh portipn of water (2L) it
was filtered and washed w t h™\&t exgoTThe precipitate was [
chloroform (2 L), dried with SO, evaporated and codi sti W th
toluene (3 x 200 nL portions) OH vacuo. The resulting gum di ssolved in
m ni nrum vol une of ethery and dropped, under vigorous stirring, to petrol eum
ether (2.5 L).' 30 The pr%@ﬁ@pt"ggéoi)(@b"%/h‘@'éred, washed with petrol eum

ether and air-dried ovelni ght.+ Drying in vacuo gave 99.5 g (69% of
6-(S)-[ 2- hydroxy-3- (triy 2. @) pr opoxy] - 2, 4-

NH, NH;
N7 - 1. MesSiBr  NZ |
)\ 2.H0 )\
H,N N 0 HoN N "o
0_POXOPT), O_-P(OXOH)

Tr ...(CsHs)ac
Ts ... p-toluenesulfonyl
iPr ... isopropyl ‘
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"bis(tritylam no)pyrimdine. For C64H54NAO2 (911.1) cal cul ated 6. 15%\; found
5.96%N. This trityl derivative (99.5 g, 0.11 nol) and diisopropyl p-
t ol uenesul f onyl oxymet hyl phosphonate (42 g, 0.12 nol) in freshly dried

t et rahydr of WO 03/ 002580 PCT/ Cz02/ 00038 (600 ni) with
60% NaH ( 14. 9%9/0023&36 nol). The m xture was stirred at a\r%gi%ﬁﬁﬁd“%erature

for 3 days, filtered over celite pad and the filtrate was treated with
et hanol ( 2qa)2,3-Didthinos6:|(RS)8-hydeoxyt2-(phpsphoabmeshoxy)peopxylpyeiniidinedue

over ni ght at oSN REERDGAe GmeHEL S ARReE (132 B, date NS [ ered,

washed w t hecﬁﬁ%edmiahyﬂr@mrﬂ 200 wad ddded d&*oﬁwie@fnto gvipRadied eNAH(0/ACUA.

V\ater (700 3) g_ {1 the m xture was extracted with ether (4 x 200
The. a U blBSSTAATRGRLA0 s Ehemibre ey et CQhAsalyHoR 8 DY & Dowex 50

X 8 col ym dﬁéﬁﬁommdrapyﬁﬁh&lh@awarg onm&mememhs&anv&Q % aqueous

met hanol till the drop of acid bsorbance and then eluted with
2. 5% anmoniréflyxgd undgr ﬁmaefu@wsom@mmheqe for7izeh apdnguizalized with acatisarid- el uat e

was col | ectyg, (sxu?em@wmd W&Qeg\pyggaayggofu%g@ tlll'lE k’@ggﬁgo gb‘:‘%tcﬁ%i{i{?ﬁésgl ed

with ethanol (3 x 100 niL)’ an vernig
Acet oni t ri lievceoOPprificationiona sitics g4l nelumn|(300 mibldin cBOraform gavecafiedded and t he

m xture wag, r,l edilzatish ﬁgrﬁgﬁ,ypgc%{amﬂ romeém Ay%gﬁhnﬁz E‘&hﬁé@gq - After

evapor ation the vo es I n acua, wa "Was  a to the
resi dudof o|dxmwymmamy]pmumm15 mmmmlad,tm (g 68.6%)e Foe @6dH, @00; Thi s

X5 col umn (UG REy s AR Sbe R i, T8N faund 45 4Rac R B Ry armom

el uate was Na§pectamn241B (MH?at}(I) NVR &mjb%,m&?%l §§pdn\deld33 4)3 HgH,um

anmount of water and al kal | ze %4(rrrmn| a his sol Uti oh was

applied ord-B ddoi 3 P@élf5rﬁL¥(BB§)v@x3 H-Xbx 4Qdd éHeJ@oﬂa?-‘r? Ghefgeanadid wi t h

of the el ulre SR 13 R IR TR L0 T2 e T W BT8O 2

each) . e Waki A elisrmygl £ Gl o8, TEFR &0, 11 (HBUSORbS, ¢ he
' f
vt er gave B 4opatbt SINER. T AR sHep,Ras 1o sl sb Ul ata@n Trom

pr opoxy] pyri)ri6aRa¢Ccay; . a@@aymm&(c S, $02406 (C3)8 168240816613 iand 1 FEHd | es,

mp. For 2 6P. H20 (312.2) cal culated 30. 78%C, 5.49%H, 17.94%\,
9. 920p; ( ol CLEH

This compound (14.4 g, 60 mmol) in 0.25 M H,;SO4 (250 mL) was left to stand

20 overnight at room temperature. The mixture was neutralized by saturated barium
hydroxide solution, filtered, and the filtrate evaporated to dryness. The residue gave on
recrystalization from 90% ethanol (ether added to turbidity) 2,4-diamino-6-(2,3-
dihydroxypropoxy)pyrimidine, m.p. 160°C. Yield, 10.0 g (83.3%). For C7H,2N403 (200.2)
calculated 42.00%C, 6.04%H, 27.99%N; found 41.84%C, 6.24%H, 28.06%N. Mass

25  spectrum: 201.2 (MH"). 'H NMR (CD3SOCD;): 3.40 d, 2H, J(3°,2")=5.4 (H-3"); 3.72 m,
1H (H-2°); 4.01 dd, 1H, J(1'b,2°)=6.2, J(gem)=10.9 (H-1'b); 4.10 dd, 1H, J(1'a,2’)=4.4,
J(gem)=10.9 (H-1’a); 4.73 br s, 1H and 5.02 br s, 1H (OH); 5.09 s, 1H (H-5); 5.99 brs,
2H and 6.07 br s, 2H (NHy). *C NMR (CD3SOCD3): 63.14 (C-3); 67.16 (C-1°); 70.28
(C-2%); 76.64 (C-5); 163.19 and 166.27 (C-2, C-4); 170.62 (C-6).

30 The mixture of this compound (8.0 g, 40 mmol), trityl chloride (36.4 g, 131 mmol)
and 4-dimethylaminopyridine (2 g) in pyridine (160 mL) was stirred 15 h at 50°C and
poured slowly under stirring to water (2 L). The slurry was stirred for 1 h, decanted, and,
after stirring with fresh portion of water (2L) it was filtered and washed with water. The

precipitate was taken up in chloroform (600 mL), dried with MgSO4, evaporated and
-47-



"31.00%C, 5.70%H, 17.79%\, 9.75%°. Mass spectrum 295.0 W. NMVR spectra were
I dentical with those of the racem c conpound. WD 03/002580 Exanple 13 H2N
N "C HCCH3 H NI H30+ HZN\N OOH INS TrHN N NaH THE H2N

PCT/ CZ02/ 0 gosOCH2P(OQ) (O Pr)2/NaH 2. H3O + OH Tr .. (r%g Ts ...
p-tol uenes&ggg:r’\/y % I Pr ... isopropyl TrCl OH pyridine O—lplgl I aoﬁéN N OH

0,, ,,P(O(GPr)2
codistilled with toluene (3 x 100 mL portions) in vacuo. The resulting gum was dissolved

in minimum volume of ether and dropped, under vigorous stirring, to petroleum ether (1
L). The precipitate was filtered, washed with petroleum ether and dried. Yield, 33.4 g
(91.5%) of 6-[2-hydroxy-3-(trityloxy)propoxy]-2,4-bis(tritylamino)pyrimidine, m.p. 138°C.
5 For CgHssN4Oz (911.1) calculated 6.15%N; found 5.96%N. This trityl derivative (27.3 g,

30 mmol) and diisopropy! p-toluenesulfonyloxymethylphosphonate (15.75 g, 45 mmol) in
tetrahydrofuran (300 mL) was treated with 60% NaH (5.4 g, 3.5 equivalents). The mixture
was stirred at ambient temperature for 3 days and neutralized with acetic acid. The solvent
was stripped off in vacuo, the residue dissolved in ethyl acetate (800 mL) and extracted

10  with water (3 x 200 mL). The organic phase was evaporated to dryness and the residue
refluxed in 80% aqueous acetic acid (300 mL) for 30 min, cooled and evaporated in vacuo.
Water (300 mL) was added and the mixture extracted with ether (4 x 100 mL). The
aqueous phase was freed of volatiles in vacuo and applied on a Dowex 50 X 8 column (200
mL) in acidic form. The column was washed with water till the drop of acidity and UV-

15  absorbance and then eluted with 2.5% aqueous ammonia. The UV-absorbing ammonia
cluate was collected, evaporated to dryness in vacuo, the residue codistilled with ethanol (3
x 100 mL) and dried over P,Os in vacuo overnight. Acetonitrile (100 mL) and
bromotrimethylsilane (30 mL) were added and the mixture was left to stand overnight
under exclusion of moisture. After evaporation of the volatiles in vacuo, water (200 mL)

20  was added to the residue, followed by conc. aqueous ammonia to an alkaline reaction. This
solution was evaporated to dryness and the residue deionized on a Dowex 50 X 8 column
(200 mL) under essentially the same conditions. The UV-absorbing ammonia eluate was
taken down in vacuo, the residue was dissolved in minimum water and alkalized to pH 10
by ammonia, This solution was applied on a column (200 mL) Dowex 1 X 2 (acetate

25  form) prewashed with water. The column was washed with water till the drop of UV-
absorbance of the eluate and then with linear gradient of acetic acid (0-0,3 M, 1.5 1 each).
The main UV-absorbing fraction was collected, evaporated in vacuo and the residue
codistilled with water (2 x 100 mL). Crystallization of the residue from water gave 2,4-
diamino-6«[(RS)-3-hydroxy-2-(phosphonomethoxy)propoxy]pyﬁmidine as monohydrate.

30  Yield, 3.8 g (40.6%), white needles, m.p. 213°C. For CsH,sN4O¢P.H,0 (312.2) calculated
30.78%C, 5.49%H, 17.94%N, 9.92%P; found 30.98%C, 5.52%H, 17.99%N, 9.82%P.
Mass spectrum: 2950 (MH"). '"H NMR (D20 + NaOD): 3.48 dd, 1H, J(P,CHb)=9.8,
J(gem)=12.1 (P-CHb); 3.59 dd, 1H, J(P,CHa)=8.9, J(gem)=12.1 (P-CHa); 3.61 dd, 1H,
J(3'b,2")=6.8, J(gem)=12.9 (H-3'b); 3.70 m, 1H (H-2"); 3.71 dd, 1H, J(3’a,2")=3.6,
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1. Me SiBr 2. HHOH INS 2NN O HH O,,,,,,P(O (042 W 03/ 002580
PCT/ CZ02/ 00038 2- Am no- 4- hydr oxy-6- 12 (phosphononet hoxy) et hoxy] pyri m di ne
4- Hydr oxymet hyl - 2, 2-di met hyl - 1, 3- di oxol ane (15 nL, 0.12 nol) was added

dropwi se oug§ oRbb58on to @ stirred suspension of NaH (60% gi-$@9h5do48 | N
paraffin oil, 4.8 g, 0.12 nol) in tetrahydrofuran (250 nL). After 1 h

stirring at roomtenperature, 2-amno 5 4,6-dichloropyrimdine (16.4 g, 0.1
mol ) was ad(geuh)—'o!m (b2’ ajiolt dd el gl b,at)=5.0f J(gem)=1 &fid+12k)14.84 ddjiH, | t he

starting n LG i L o] ; :
syst em met #3"‘*1?3? f"b mjl@g)a%aﬁée &F‘S‘?@e m&@#@%ﬁ&wpgkﬁ%d by
adgi tion of3t), 6568 (C>19068403 d,UNR, e)=ad9d\(BJC)p'£ﬂa63t(€-5)\1vg$de, J(\P,CDFlIr(])ﬂt(Camy,dr of uran
and evapor in, v r.esi s decanted twice with ether (100 niL
each), di s?éf-g% q@éﬁl(&%%ﬁml?ﬁdg?ﬁt&m and filtered through a shf)rt .
silica gel colum (washing with I L chloroform. Thefiltrate was
evaporated in vacuo and the residue was dissolved in hot eth acetate; an

equal  vol (WekbPianiners-[(B):3-hydroxys(phosphgremethoxnprepexyipy 'PGm f ol | owed
by DL 01 040y £ Sinet{ by e 3 FOCIBNHE L0 Yo ey et gesl in a

refrigerator, 'was co fratlon her/ petrol eum
et her mi xt U5, éﬂllaqprmhdﬁml%mamtq} and distiladen uacusz@n@wgs {dﬂg%irowsemto a

1550 For “UPPCNRE(TBE) ) kit Qopfr) MERE G ¥R ™ P
16. 189010 f @udh@4-dleninsHehlGopysiniling B630840125 me) wa9edded. HThaveact 1@@3@@3@3 1.28
i3y sl b gl o =,
J(1 =@cid, Thé san? whi ﬁ&eréd;l—wa%héﬂl)%tlﬂte&ﬂl)d&ﬁnﬁﬁan@uﬁe filtratecevaporatéd o,
oeri =1 %nﬁpé( e e St s B, 2
(C-C ?4) ; 170 %Eta(lﬁatgc;r) froffl 4thBacefated) petrblanfhdrQ, £-d)amidSE(D Y2 2@ idpthyl G2~ 95
dloxofan 4-ylmethoxy)pyrimidine. Yield, 46.0 g (76.6 %). This compound (43.3 g, 0.18
mol) in 0.25 M H,S0, (800 mL) was left to stand overnight at room temperature. The
mixture was neutralized by saturated barium hydroxide solution, filtered, and the filtrate
evaporated to dryness. The residue gave on recrystallization from 90% ethanol (ether
added to turbidity) 2,4-diamino-6-(S)-(2,3-dihydroxypropoxy)pyrimidine, m.p. 149°C.
20  Yield, 32.0 g (89%). For C;H,2N403 (200.2) calculated 42.00%C, 6.04%H, 27.99%N;
found 41.94%C, 6.35%H, 27.75%N. Mass spectrum: 201.2 (MH"). NMR spectra were
identical with those of the racemic compound.
The mixture of this compound (32.0 g, 0.16 mmol), trityl chloride (140 g, 0.5 mol)
and 4-dimethylaminopyridine (3 g) in pyridine (500 mL) was stirred 24 h at 80°C and
25  poured slowly under stirring to water (5 L). The slurry was stirred for 1 h, decanted, and,
after stirring with fresh portion of water (2L) it was filtered and washed with water. The
precipitate was taken up in chloroform (2 L), dried with MgSO4, evaporated and codistilled
with toluene (3 x 200 mL portions) in vacuo. The resulting gum was dissolved in
' minimum volume of ether and dropped, under vigorous stirring, to petroleum ether (2.5 L)
30 The precipitate was filtered, washed with petroleum ether and air-dried overnight. Drying
in vacuo gave 99.5 g (69%) of 6-(S)-[2-hydroxy-3-(trityloxy)propoxy]-2,4-
bis(tritylamino)pyrimidine. For CsHs4N4O2 (911.1) calculated 6.15%N; found 5.96%N.
This trityl derivative (99.5 g, 0.11 mol) and diisopropyl p-
toluenesulfonyloxymethylphosphonate (42 g, 0.12 mol) in freshly dried tetrahydrofuran
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"The m xture of this conmpound (13 g, 50 nmmol), DABCO (12 g) and K2C03 (21.5
g) in water (300 nL) was stirred 3 hours at reflux tenperature. After
cooling to the room 25 tenperature, Dowex 50 X 8 (acid form was added

portion W S0y stirring to pH6, to deconpose the cap

neutralize DRB%%E &I(')he suspensi on was then slightly alkali zedﬁgé/ a%I ng
conc. aqueous ammonia, filtered, washed with water and the filtrate was
evapor at ed (600 mBcwss. tréated withsi0f Nald (t%g,sﬁﬁﬁrﬁd@i Thre mlixburé ods {tiite@@) aqueous

anmmoni a ered .and e,resi h boi I'i ng
nater (4 x 3B mpereikehofd dRR pliige S oOuERAagd R hista WS B, Vicuo
T.hehbo';] Ih refﬂiadleEOTMD .€Thi sobdnhyas snmi:leSbffltﬁ aicu@nheMeilbuabﬂmlm ﬁ(ng ext L act ed
wi th chl orof orm e sof . ed wt

chl or of or maﬁ'fft?“%%g? B%‘S%Jﬁﬁr@'ﬁ#a F’td lgg fQﬁtMr?VgﬁIPE@ B fe%{“mg%'rpei%‘ﬁe m).
Thi s maser iTak cmllaepfddeamme&awashwwm% h&ficatif ah@t}ﬁmlwt@w m and the
product was eluted with chloroformrre anol m xture (9: %:rystalllzatlon

from et hanSV3ROBISER vas. WFErdTB0 DL ya F@M@@@éwea@aeﬁrw ithsither ¢ )

gave 2-ami @?xéo@ﬂﬂb OF e Kb f%aﬁ'v%tcbﬂdenéatgd'iq'v9£€B|aﬁH'aﬁ‘phed on a Dowex 50
yl) met hoxyg)grl m di ne, mp. (68% . For CloH15N304

(241.2 ooluma (2 Nenbingcidis. fne%ﬂM@mms washed|With\20 Yeaquepuas. 459C,

5 46%—I 13. , 0

A 5%%{%31 tll&%@ d%%@ﬁgm&ﬁf%@?@%%&dg@ana@é% 1@4*%? %Hﬁ hiNEs, 4@@:?%33)

é g gem &9 4|20%a31ubt)us mettenokl dThe 1FY -absogbing 2nmerda Guate g etsd,@vmraechtp 4 05
1H, J

S a1 Gopes it Pt Gt LRRAILT 3“}?&9‘@}@“ cB *Sob’%m?naﬁ%@%s Yoo 3

(H (2 ); _4vasuwomvetnight I—A&)tom&xlﬁ(mblmls) an@btofkrid)ethylGlane7(50mls), wetd-hddbthnd 13C

NMR ( CD3S

25. 54 nd 2 -1 ;. 73.63
Lo ) o0 taghingur s 630 iand pyerpiplyhiider eiglusish drvmptsrbs! 4y fapdrafidhge
Exanmpl e 14 tl?eﬁintn&-zﬁv&o?m(ﬂatbﬁ(gw 1Y wabadded b the residue followed by conc. aqueous
onyl met hoxy) et hoxy] - 4- hydr oxy ﬁjl m dine. 15 A n xture of

2-am nd»4- GRMANA @ atkzbweﬁ@war b?ISBWB%WWPPﬁﬁtﬁ%W@FWMWF‘Wﬁ dine (5.7
g), DABCO (g8iofized oﬁ@@o%@@@)&@c&uﬂﬂ (250 ¥uder (deBficalbondishs, TR vaed 150 min

under stirring, cooled and acidified by addition of Dowex 50 X 8 (H'
form . The 2bipspiag amenniasiiats was talrendawiiin racee it reddurasasdissaivehina and, after

5 mn minimum amount of water and alkalized to pH 10 by ammonia. This solution was applied

on a column (250 mL) Dowex 1 X 2 (acetate form) prewashed with water. The column

20  was washed with water till the drop of UV-absorbance of the eluate and then with linear
gradient of acetic acid (0-0,3 M, 2 L each). The main UV-absorbing fraction was
evaporated in vacuo and the residue was codistilled with water (2 x 100 mL),
Recrystallization from water gave 2,4-diamino-6-(S)-[3-hydroxy-2-(phosphonomethoxy)-
propoxy]pyrimidine as a monohydrate. Yield, 13.8 g (40%), white needles, m.p. For

25  CgHisN4OgP.H;0 (312.2) calculated 30.78%C, 5.49%H, 17.94%N, 9.92%P; found
31.00%C, 5.70%H, 17.79%N, 9.75%P. Mass spectrum: 295.0 (MH"). NMR spectra were

identical with those of the racemic compound.
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'stirring, filtered and the resin washed wi th 50% aqueous net hanol (200 nL).
The filtrate 20 was evaporated to dryness, ethanol (50 nL) was added and
the m xture evaporated to dryness. The residue gave on chromat ography on
silica gel @ 025850 nL) with chl orof orm ethanol gradi egpipEzo¥mbads! 1 Ne
2-am no-6-[2- (diisopropyl phosphonyl nmet hoxy) et hoxy] - 4- hydr oxypyri m di ne,
mp.154C in 78% yvyield. For CL3H24N306P (349.3) calcul ated 44. 70%C, 6. 92%H,
12. 03%N, 8.37%; found 25 44.58%C, Exaniple 13 1. 95%\, 8.53%. 1H NMWR
(Ccb3sccp3): 1.24 d, 6 Hand 1.23 d, 6 H J(CH3, =6.2 (4xCH3); 3.74 m 2
H(H2),; 3.76 d,C]J(CI-lz-P)=8.3 CH2-P); 4.19 m (H1); 459 m 2 H

(P-CCH); 4.75 s, H(HD5); 6598, 2 H 2H (NH2 10.45 s, IH (OH). 13C
NMR (CD3SOCD3) :NZ3. §7 d, , P) =44afy and 2401 9, 2C, J(P,O)=3.9
(CH3); 65.03 d, JJ =164. eX(P-O) ; 65T C 1)L 70437 d, 2C, J(P,O=6.3) .
(P-0Q 70.8HA IOHaEL. CHLC 2" ) COHANS-OTNT L 68 (C-4); 164.25
(G 2); 171.0i (C-6). This product was treated with brornotrinethylsilane (10
m.) in acetonitrile (80 nL) overnight, evaporated,in \'gcgo\‘g,nd t he residue
treated with water (50 nL). After 10 m n, conc. afueous anmpni a was added
to alkaline reaction and the nixture evaporated. The -53 @O PS02580

PCT/ CZ02/ 00038 resi dye was dei onized on a colum (100 nl) OfmﬁpV\éX 50 X 8

and t he UV-absor bi
di ssolved in mni
acidified by cony.
with water, etha
am no- 6- [ 2- (#@ipNSop

anmoni a el uate was evaporapdd to dryness. It was

hot water by addition of cpnc. aqueous ammoni a and
to pH 3-3. 530The preciyg e was col |l ected, washed
d dried in vacuo, to affjord 5

pyr@hosphonyl nmet hoxy) et h -

?z)droxypyri m di ne.
Yield, 0.7 g, mp. 227C. For C7H12N306P (5. 16) calcul ated 31. 719,
4.56%, 15.85%\, 11.689R pd 31.55%C, 4.62%1, 16.\5%W\ 11.51%°. WO
03/ 002580 5 PCT/ Cz02/ 00038 HOP(O (O P)ON P(O (G Pr)a 10
e o e N
- 3
pyridine CHj
OH H
1. TsSOCH,P(O)(OiPr)z/NaH
NZ | 2. H30* NZ |
)\ /K
TrHN N HoN N
OTr OH
OH O P(O)OIPT),
1. MesSiBr
2. HoO
H
Tr..(CgHs)C NZ
Ts ... p-toluenesulfonyl )\ |
iPr ... isopropyl x
p Py HaN N No
0_-P(O)OH)
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R4 = hal ogen 15 HzN' "~ O HQP(O (OHh 20

2, 4- Di ani no- 5- br ono- 6- [2 (phosphononet hoxy) et hoxy] pyri m di ue

2, 4-Di am no-6-[ 2- (di i sopropyl phosphonyl nmet hoxy) et hoxy] pyri m di ne (4.3 g,
12.3 mmol ) wigesldyssg 40 L) was stirred with brom ne sol utllqjvf,df1 Dafebdsg (0.3 M
50 nm.) for 3 h at anbient tenperature, alkalified with triethylamne and
evaporated. The crude product was purified on silica gel colum (150 nli)
in the systkmmim-éflt}'ﬂmxyr&[k@hmbnmdhoxwmay]pylénﬁcﬁﬁefrom ethyl acetate -

petrol eum et her . [ er . Wi S treated
with bronotri rret%ﬁ#' n%h’?'%%'é%%%“‘?"{rg@ke‘%‘%“f ﬁ%ﬂ’@# 'Hﬁl)) Wﬁg‘ﬁ]%\f"\ght ,

evapor at ed drnpwmacm 3amin Mmpdmmﬂemwnm(aewmgersmﬂfm piiraffini odln4 834 i on on
Dowex 50 ( . . C t he, resid 0 el uat e urlfled
by Dowex. 1 GLmepif RiRuran S0ER0G AReb b i A R CleGpeTalt it cer | ¢
acid (0-5, 54,6Adichlokopstiaiidine (ﬂba 8101 ind1) wad ddded 3 themiainre keptak fdiurnd
crystalllzed from wat of the title conmpound, -55

r.to
Exanpl e 15 FRPHEWFH Enﬁé?fsﬂ%@g mztenafe;enn'a(l1yfisamamd\£@~é@p@d@ssel plates;
PCT/ CZ02/ 00% %&hﬁ\%ﬁ@lloﬁﬂimc?b)lzﬁfem% x('z?sdc%ol@ neﬁﬁﬁlfz'éh 8y aduifsh oxl %<,
3.53%1, 23.299%Br, 16.33%W\, 9. 03%; found 24.56% 5504, - 23. 519Br
16. 0794\, 8.3veugacidyfiltered oxericplite, washedoysithteahydrafyran and evaporated in vacuo. The
2-am no- 6- [133151'16 @Me@ﬁﬁédﬂm%&%a (f@%@é&éhﬁhﬂ?&%& ift chISEBORY Q)00 nffTydi ne to

afford t he 5-hal ogen anal o
10  and filtered through a short 5111ca gel column (washmg with 1 L chloroform). The filtrate

was evaporated in vacuo and the residue was dissolved in hot ethyl acetate; an equal
volume of ether was cautiously added to the warm solution, followed by petroleum ether
till turbidity. The product which crystallized in a refrigerator, was collected by filtration,
washed with ether/petroleum ether mixture (1:1) and dried in vacuo. Yield, 20.5 g (79%)
15  of 2-amino-4-chloro-6-[2,2-dimethyl-1,3-dioxolan-4-ylmethoxy]pyrimidine, m.p. 152°C.
For CyoH4CIN30; (259.7) calculated 46.25%C, 5.43%H, 13.65%Cl, 16.18%N; found
46.45%C, 5.46%H, 13.90%Cl, 15.95%N. 'H NMR (CD;SOCDs): 1.28's, 3H and 1.33 5, 3
H (CH,); 3.71 dd, 1H, J(3°b,2’) =6.1, J(gem)=8.4 (H-3"b); 4.05 dd, 1H, J(3’a,2’)=6.6,
J(gem)=8.4 (H-3'a); 4.22 dd, 1H, J(1'b,2")=6.3, J(gem)=11.2 (H-1'b); 4.28 dd, 1H,
20 J(1’a,2’y4.5, J(gem)=11.2 (H-1'a); 4.35 m, 1H (H-2"); 6.10 5, 1H (H-5); 7.08 br s, 2H
(NH;). >C NMR (CD3;SOCD3): 25.48 and 26.76 (CHs); 65.82 and 66.84 (C-1°, C-3°);
73.35 (C-2"); 94.48 (C-5); 109.05 (Cipr); 160.21 (C-2); 162.95 (C-4); 170.48 (C-6).
The mixture of this compound (13 g, 50 mmol), DABCO (12 g) and K,CO; (21.5
g) in water (300 mL) was stirred 3 hours at reflux temperature. After cooling to the room
25  temperature, Dowex 50 X 8 (acid form) was added portion wise under stirring to pH~6, to
. decompose the carbonate and neutralize DABCO. The suspension was then slightly
alkalized by adding conc. aqueous ammonia, filtered, washed with water and the filtrate
was evaporated in vacuo. The resin was resuspended in diluted (1:20) aqueous ammonia
(300 mL), filtered and the resin subsequently washed with boiling water (4 x 200 mL). The
30 filtrate and washings were evaporated in vacuo. The both residues were dried by
codistillation with ethanol and extracted with chloroform. The semicrystalline solid was
filtered, washed with chloroform and adsorbed from methanolic solution on silica gel (50
mL). This material was applied on a short column (150 mL) in chloroform and the product

was cluted with chloroform-methanol mixture (9:1). Crystallization from ethanol (ether
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"The antiviral activities of conpounds herein were determned in accord with
the general procedures disclosed in J. Balzarini, et al.
" 9- (2- phosphonyl net hoxyet hyl ) adenine 10 (PMEA) effectively inhibits
retrovirus on in vitro and siman i munodefi ci enc
|nf ection |Wﬁgg2§§d nonkeys" AIDS 5:21-28, 1991 and J. Bal iz'(%ir‘/}f%(fz?‘bﬁ(gts al .
"Differential antiherpesvirus and antiretrovirus effects of the (S) and (R
enant i omer saddéd toauxbidlitb'):gavudl-maé-déxthhmss—ﬁ#[(ﬁﬁﬂmmthyﬂdt.,‘tadlbxamMseI ective in

vitro andl VIVO trow ti, Vv

(R - - (2- pi¥ PEpAST e e ) koo @442 a1 Agent s
15 and Chematchafeanys,zs%t 33@%33613 63%%?9 161i89:N; qs&ﬂdtﬁs @mmu@ Bgﬁ;fle | a,
where greater Qotenc i s i ndicated | ower ' absol ute val ues. 902580

PCT/ CZ02/ 00353 7e. g5k epeptruny; 2{?5@%+H)Thﬂ NYR(CRsSGEDNEY,27 18 Y/Hiapdd. 32 s(H V-1)
t | —£ st h
boen deser F‘é?ﬁ&‘?ﬁ%’.‘%ﬁé”ﬂi}z’?aﬁ‘?n?@*'””@% PRp A Th QAT Dave

CI ercq et algem)e.46H-33:4.054d, 11i K1°b,205.1, 42emBdd 058k 'bY;g710 dd, Bjber i nk et

, Proc —Aga 7 Nys ] vi ral
Ghem  cnomst eS8 sl AR A d0ah, il D1 08%).
H V-1(111B)2°), 478 sHW(H(Sp;@)? lmsoaH:(NHe); £0.4Dbms, AHANE) oHC NMB(EB SOED;)of
virus-infe IS 1 P n primry
M M whose%ﬁ%e%&?‘ggféﬁae&égyt%?I)e§?'g§ (yfll’E%?@ZC%EE@%QQH{)}H{&%OC bef ore
use. ChHr adCey)j H4i252andf155.69 ¢C-2sC&ks used for this study were 2.1 x 108
Hl V- RNA genones/m (corresponding to 35 ng of p24 antigen) and 5, 000
tissue culture infectious doses 50% per m (TCIDso/m) as assessed by virus
titration in other primary MM cul t BxasnpléHet i sol ation and characterization
of the clinical 15 H V-1 isolates L1S, L6S and L6S/ PMEA has been reported

(Thormar et al., Proc. Natl. Acad. Sci. USA 93:3283-3287, 1995; Van
Laet hem et Aal. S, 15: 553-561, .20 The 1/L1S clinical isolate
was deri veaf'l ?'?’%%Bﬁ SeRTOPHE °%Hh85§)'§zft%xﬂftmﬂ -4-hydrogy, Q?SElFB €reverse

t ranscrispt ag eixtireiofRtaaing- 4tho{>é\15’42«@d1ﬁo§fubylpm&shduymah6xy9 he sel ective

pressure of any. drugs. nt ai n I ous_mut ations that

are char act&ox¥ipypmidipe QF?T@» Dép%alﬁ\@ 391’ Ka@@d(%%gl ‘érYf%ef (OmB) vas i s a
clinical isghe@ 156 R Gnddk biftrihg, 2BORE add Wi EEHS) addition of Dowex 50 X 8 (H'-

form). The suspension was alkalified with conc. aqueous ammonia and, after 5 min
stirring, filtered and the resin washed with 50% aqueous methanol (200 mL). The filtrate

20  was evaporated to dryness, ethanol (50 mL) was added and the mixture evaporated to
dryness. The residue gave on chromatography on silica gel column (150 mL) with
chloroform-ethanol gradient crystalline 2-amino-6-[2-
(diisopropylphosphonylmethoxy)ethoxy]-4-hydroxypyrimidine, m.p.154°C in 78% yield.
For C 3H24N306P (349.3) calculated 44.70%C, 6.92%H, 12.03%N, 8.37%P; found

25  44.58%C, 7.02%H, 1 1.95%N, 8.53%P. 'H NMR (CD;SOCD;): 1.24 d, 6 Hand 1.23 4, 6
H, J(CH;,CH)=6.2 (4xCH3); 3.74 m, 2 H (H-2'); 3.76 d, (CH,-P)=8.3 (CH2-P); 4.19 m,
2H (H-1"); 4.59 m, 2 H (P-OCH); 4.75 5, 1 H (H-5); 6.65 bs, 2 H, 2H (NH,); 10.45 s, 1H
(OH). '3(; NMR (CD3SOCD;): 23.87 d, 2C, J(CH3,P)=4.9 and 24.01 d, 2C, I(P,C)=3.9
(CHs); 65.03 d, J(P,C)=164.6 (P-C); 65.04 (C-1); 70.37 d, 2C, J(P,C)=6.3) (P-OC); 70.87

30 d,J(P,C)=11.7 (C-2"); 79.95 (C-5); 155.68 (C-4); 164.25 (C-2); 171.01 (C-6).

This product was treated with bromotrimethylsilane (10 mL) in acetonitrile (80 mL)

overnight, evaporated in vacuo and the residue treated with water (50 mL). After 10 min,

conc. aqueous ammonia was added to alkaline reaction and the mixture evaporated, The
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cultured without the selective pressure of any drugs. As is characteristic
for NRTI-treated patients, it contained S68G K70T, V751, F77L, F116Y and
QL51M nmutations inits RT. HV-1/L6S/PMEA is the clinical isolate
HIV-1/L6S g4 ?s? been isolated after culturing the vi r E9d20d0ks PASSages
in the presence of increasing concentrations of PMEA (adefo w?‘{ 25 It
gained, in addition to the nutations nentioned for H V- 1/L6S, also the
PVEA char agsidué ws deidffided offatcdtunon(100miL) ef Dewe:r SﬂaXtSramd slertahmbi(ngeT) .

Radi ochem cal s. th th Ci d iQactivity 4 i / mol e),
[5- 3H uri ermeme%gb@.“%/ﬁsevm(&m‘@egrvﬁsyﬁ%%d nglmg i[‘%x‘?teg | euci ne
(specific addtbnQAesnc/ bcﬁdéoud_)&mﬁbﬁlm ae)dlﬂansy ddms iHCido bH@3 Mhs ham Phar naci a
Bi ot ech 30 (Bucki nghanshire, FolJ owi n wds wer e

used in t hpicigitatgyas qollegth,_\msgeﬁ ‘M’(Sh gatfrz et?xanoq and dried in vac to affor
( phosphgnoppiRex he)(]ai &Bﬁmﬂywbéﬁﬁbﬂm&}xo@mﬂm&]mk@a}dsts)pﬁnﬂnd{nz Y097 g

phononet hoxy) et sul fanyl }pyri m di ne; 4-am no- 6-[ 2- (phosphonomet hoxy)
-57 WO 03/ ﬂmiaﬁ@@‘&cméwazﬁ tﬁ)xyl]cmyuedm dl%éJ 4.86%H, 15.85%N,

2- am no- 4- hydr oxy- honorret hoxy) et hox pyrim di ne; 5,

2- am no- 4- hyd%%kyfomt{}lzﬁ(%ﬁ &%Holmﬁ%ﬂﬂ)%fy | 1sul fanyl} pyrinidine; 8,
2-am no- 4- di net hyl am no- 6-[ 2- (phosphononet hoxy) - et hoxy] pyrimdine; 7,
2-am no-4 cycl opropyl am no- 6-[ 2- (phosphononet hoxy) et hoxy] pyrim -di ne; 8,
4-am no-2 5 net hyl sul fanyl - 6-[ 2- (phosphononet hoxy) et hoxy] pyri m di ne; 9,
2-am no-4-net hyl -6-[2- (phosphononet hoxy) et hoxy] pyri m di ne; 10,

2, 4-di am no-6-(S)-[2-(phosphonone- thoxy) propoxy] pyri m di ne; 11,

2, 4-di am no-6-(R)-[ 2- (phosphononet hoxy) propoxy] pyri m di ne; PMEA,

9-[ (2- phosphono- net hoxy) et hyl ] adeni ne; (R)-PMPA,

(R -9-[(2-phosphononet hoxy) - propyl ] adenine. 10 In vitro antiviral assays.
The activity against H V- 1- and H V-2-induced cytopathicity was exam ned
in M-4 cell cultures at day 5 post infection and based on the

determ nation of cell viability by trypan blue dye staining or in CEM cell
cultures at day 4 to 5 post infection and based on the m croscopi cal

exam nation of virus-induced giant cell formation. H V-1 and H V-2 were
added at 100 CCI D50 to the cell cultures. 15 Peripheral bl ood nononucl ear
cells (PBMC) from healthy donors were isol ated by
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"density centrifugation (Lynphoprep; Nyconed Pharma, AS Diagnostics, OGslo,
Norway) and stinmulated with phytohenmagglutin (PHA) (Sigma Chem cal Co.,
Bornem Belgium for 3 days. The activated cells (PHA-stinmulated bl asts)
were washeg, &pS and viral infections were done as dgsg y the
Al DS clini caq%%rl al group protocols. Briefly, 20 PBMCs (2 X {i%@ﬁ%g wel |)
were plated in the presence of serial dilutions of the test conpound and
were infected with H V stocks at 1000 CCI D50 per 'nmL. At day 4 post-
infection, 125 pl of the supernat ané fﬁh&)l nfected cultures was renoved
and repl aced with 150 pl of fresh B ntai ning the test conpounds at
the appropriate concentrations. At 7 days after plating the cells, p24
antigen was detected in the culture supernatant by an 25 enzyne-|inked

i mrunosor bent assay N, Paris, France). Human prNH;ary macr ophages (MV) .
were prepared and purfified as follows. Peripheral d nononucl ear cells
(PBMC),5 obt ai ned f eal thy H V-1-negative dg e separated over a
Ficoll gradient an ed in 48-well plates at|1.8 106 cells/well in |
m of RPM 164Q ¢ 20% heabalegefct i vat xi n- and 30

nycopl asna- f r edi2let al bov8ne serum(Hyc oneﬁﬂﬁbor origs, Inc., Logan, UT),
4 mMML- glutamne (Life Teghnologies), 50 Um penicil Nn and 50 pg/ m
streptonycin (Life Technoldgies) (hereinafter referred o as conplete
nmedi un). Five days after plgin @ﬁgiprﬁul turing the PB t BE(QiRr)a

hum di fi ed at nosphere enriche?w th 5% C02- adherent -58 03/ 002580

PCT/ CZ02/ 00038 cells were carefully renoved with repeated washings with
war ned1®PM - 1640, |eaving a nonol ayer of adherent cells which were
finally incubated in conplete medium Cells treatpd uBi8iMéhese conditions
have previously been shown to be >97% MM as deter . by
cytofluorinetric analysis. Macrophages were treated for 30 mnutes with 5
t he conpounds, then challenged with 300 TCI D50/ pf H V-18.L. Two hours
after virus chal Lenge, M M were washed to renove the viral inoculum

conpl ete medi um cOAT gﬁﬁ t he appropriate conmpound concentrations was
repl aced where requested, and the MM were then cultured for the duration

of the experinments. Each conpound concentration run in triplicate
while positive controls were run in sextupli cate./Therp@I ore,
N
)\ l
HaN N ii\]
P(O)OH
oM NOH);

20  2,4-Diamino-5-bromo-6-{2-(phosphonomethoxy)ethoxy]pyrimidine
2,4-Diamino-6-[2-(diisopropylphosphonylmethoxy)ethoxy]pyrimidine (4.3 g, 12.3 mmol)
in DMF (40 mL) was stirred with bromine solution in CCls (0.3 M, 50 mL) for 3 h at
ambient temperature, alkalified with triethylamine and evaporated. The crude product was
purified on silica gel column (150 mL) in the system chloroform — ethanol and crystallized

25  from ethyl acetate — petroleum ether. Yield, 3.9 g (11.9 mmol) of the diester which was
treated with bromotrimethylsilane (20 mL) in acetonitrile (50 mL) overnight, evaporated in
vacuo and decomposed by ammonia-water. After deionisation on Dowex 50 (100 mL '
column), the residue of the ammonia eluate was purified by Dowex 1 X 2 column (100
mL) chromatography with a gradient bf acetic acid (0-0,5 M, 1 L each). The main fraction

30 was evaporated and crystallized from water to afford 3.1 g (84%) of the title compound,
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"10 compounds were replaced each time of nedi um change. Supernatants were
collected at day 14 after infection for assessnent of virus production by
anal ysis of H V-1-p24 antigen. For the anti-FlIV assays, 105 CFK cells
were seededy@f$sossdg el | tissue culture plates. Cells werg.cul with 2
m of culture rregl umwel |l containing 2.5%of fetal calf fgzserz)rdﬁ;o?ﬂ t he
presence of various drug concentrations. The assays were carried out in
triplicate.mp fZl@"CaFc;r BANERPI (948, ealaﬁate&zﬁms Cﬁ&d%nw@ biE ected with
FIV. Virus V\gs |¢yHcl(b)ntajg?5 v&thm;?he cultures ? day, aftér which

t he medi um m%m,m ammhmmmm;dmmmaem%mrng cm/m w/ﬁprl ate drug
concentrations s added., After res e of FIV p24 antigen
was exam ned bywﬁ‘l‘ﬁrﬁ?ﬁm@é%r%%‘iwl@gg@ﬁ&? g@d‘ ﬂﬁh%?kl%‘y effect of the

t est conpoumesioNethdRY]-4HdERYpyrinfime @F 4TFrd &8 5qaloghtt dnaRgdrdr yo fi brobl ast
C3H 3T3 cell cultures was exam ned m croscopically at day 6, post
infecti oh. MBV was added at 75 focus-for ni ng units to the cell cultures.
The detailed procedures for the antiretroviral eval uations has been

described in detail before (Balzarini et al., AIDS 5:21-28, 1991;
Bal zarini et al., Antinicrob. Agents‘immpﬂﬁtltﬁer 37: 332 338 25 1993 De

Clercq et al., Pro 37.. 590- ti
cttvity i vivo Thestrimiahie: Srepuppaids petfnvere it i pccpRvis &
initiation ﬁnemeadmaﬁcbmh Jf Bl Faiini QﬂalaDQZ%ﬂbSﬁhM@lm&ho%ﬁMyl)ﬁ&ﬁMbat ed
mce were @ val uatﬂ% VI ously desgrl bed ( Bal zar| ni , et & Proc. Natl.
Acad. gtV “i%@’”%&l&’ﬁmﬂ ingjtrognd S‘@P%H’““WF ICIgCYd.  Sci .

USA 88: 4961V1ﬁ%§15fect%%9&rhe§@§rﬁé‘ﬂlde?§" ﬁbs%|21~283999q%ﬂm]§={19i?rm fRgants Chenot her.
37:332-338, 1993 Briefly, mce were each inocul ated

subcut aneou@x;fenentwtl aetihegresvirspad n@tgewvuxms n@msmf éhet(Sbmde(B) enagtipmprsof t oneal | y
W th a si ”gécgcﬁ’c%%‘e%gé @%sg@?}gg;ﬂa@n%d%elgc@re u?cmbqaaf irg\H% ﬁﬁ%b&% (day 1)

fol |l oned by conmpoun

doses wer e smvxtlzﬂqf (R3-9-(2-phosphonomethaxyRpp g, 6f<bammepm'hlo\/
adef ovi %@!w %q(eg&; f909 WO 03/ 002580 PCT/ Cz02/ 00038
PVEO- 2, ?G%Z a 3 PMES- 2, 4-di - NH2- Pyn) and 11 (designated

(R - PI\/PO 2 4- dl’FHEIrEsuRym)e shiNen inORabls tay whers grebteepotady isinditdted by Iplvest dose of

t he test The appearance and growth of MSV-induced tunors at the
site of vi ra:ggluyevalue
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“inocul ation, as well as survival of the mce for up to 30 days post
i nfection, were recorded 5 daily. Cytostatic and antinetabolic effect of
acyclic nucl eosi de phosphonates in vitro. The assays to exam ne the

i nhibition ell growh by the test conpounds have dees! | bed
: oﬁ% : 038!
previ ousl y‘?%a zaral%nl et al., AIDS 5:21-28, 1991). The 50?0 cgtﬂgst atic

concentration (CC50) was defined as the concentration of conpound that
reduced the 10 nunmber of living cells by 50% To neasure MI-4 cell toxicity
of the test conpounds, 5 x 104 MI-4 cells were incubated in the wells of
96-wel |l mcroplates in the presence or absence of different concentrations
of the test conpounds for 5 days atpgdplelf’e, CC50 was then cal cul ated from
t he nunber of living cells counted under a mcroscope by the trypan blue

excl usi on net hoWirngés. Theeorigimscof MS Gt HIY typef 1 (HiWt1) ¢$tradiHlsrapdBaildHIV-3H| uri di ne
d [3HLI ' j t | -] I | |.on. I
moasur b | (areoR) Y (o BARRira) Ve R sl Sifoust Brbianh 3, 51 B0
(0.25 CG) oD§se2he8,-1961;tDe/Bletbiqreeal., PibcpSaxl EXpl Biol. Miedl. 137:598+3p4rli9@1;ne and 19
| (1.0 G 4,5-3H | ' d ' f f th - d.
The ceii s febeinkierdndion Botr tatr S 40 B 00s5 TR et o Riiff T oa co2
20 control ]lgme?]xacml | {53(1)3(')—&9,| 1;99% FoRevioEt all.R’ScieﬂcélQZlg?’ﬁ-wO, fbeszi).o?t;vxltm?) |
contents of the wells re, prought onto_25-n; i her filters
(type A G 2usbHRE(ROR):stpckssyere Q%\l\g'}edﬁéf)ﬂ?’ S‘*%Fmﬂa‘,“s&f ywmmﬁ}#@ﬁ%iwe |lipore
3025 sapp! icieurbRHML ) vARRApAAEEin hififan blimbGM/MRIHDse WehatinfsWepe Wi th col d
PBS (phosphate-buffered saline), twice with cold 10%trjchl oroac&a%ﬂlﬁc aci d,

twi ce wit hcelbctedpBiared ad) starehate B0 bedore uscorfaragieristics of wralstoskiosed iy 25
once with gal &38}‘ \ngrc'Z.lTp?OsfHIIV.t-ﬁfﬁ féﬁ&ﬁesﬁﬂ?@or@sﬁ&\ﬂﬁ% th 85 dE ¥f ﬁﬂran@i?erm n at
ye or l uene-b | I ant.

60C and assa radioactivity 1n a toluene-based scrnti !
Ant i - HI V- 1 aad §,000 tissue tultury inféctioysydosesi S@Vansr ml (TEPsi/mb ap BessysrbPaYiEIsanal ogues

o CEmC A AT R bR gt 1
an am ¢ grHIVp! Bolaes L1068 and LESMPMEA Has biben teporfed)(Thormear byads Brogl Ngk oup at
€ RTG530 e, MBS ),
ranked bet waegn)/D186tida isdlale Wasterivédifédin @ patient wovireated)with PRI @uelesidec.
g 32}) 8 B p g DS p%\?ﬁs,%ér’aagﬂnéagee inﬁ{bﬁgres)ngrem&;’s gnd%lu turgct] X'ltﬁorﬂt e sg{ectﬁr\%tprr]é/slsurg of any
drugs. Therefore, it contained no obvious mutations that are characteristic for NRTI- or
20  ANP-treated patients. HIV-1/L6S is a clinical isolate from a drug-treated individual
cultured without the selective pressure of any drugs. As is characteristic for NRTI-treated
patients, it contained S68G, K70T, V751, F77L, F116Y and Q151M mutations in its RT.
HIV-1/L6S/PMEA is the clinical isolate HIV-1/L6S that has been isolated after culturing
the virus for 11 passages in the presence of increasing concentrations of PMEA (adefovir).
25 It gained, in addition to the mutations mentioned for HIV-1/L68S, also the PMEA-
characteristic K65R mutation in its reverse transcriptase (RT).
Radiochemicals. [MethyI-’H]thymidine (specific radioactivity 42 Ci/mmole), [5-
*H)uridine (specific radioactivity: 26 Ci/mmole) and [4,5-*H]leucine (specific
radioactivity: 52 Ci/mmole) were derived from Amersham Pharmacia Biotech
30  (Buckinghamshire, UK.).
Compounds. Following compounds were used in this study: 1, 2,4-diamino-6-[2-
(phosphonomethoxy)ethoxy]pyrimidine; 2, 2,4-diamino-6-{[2-(phos-
phonomethoxy)ethyi}-sulfanyl}pyrimidine; 3, 4-amino-6-[2-(phosphonomethoxy)
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-60 WO 03/002580 PCT/ Cz02/00038 4 (i.e. compounds 6, 9 and 7, respectively)
resulted in conplete annihilation of the antiretroviral activity (Table
1). Thioether derivatives were, as a rule, 5- to 10-fold less active than

the corresRegdi st her derivatives (i.e. conpare conpoungc %C%g,ﬁoﬁorrpound
1), or even conpletely inactive (i.e. conpound 5). Interesting

antiretroviral activity 5 of the novel pyrimdine ANPs showed nmarked

enant i ospeethoxylpyrymidinet #ed-smincdi-hydroxg6i@gphospliodorethbhyeth&yy] pyriidine; S,
rimdine_deriv e 1 mar kedl y nore i tg.th ruse

Phan "t he  carruusaratigy bl E Ry R by dineof Sramitp S

resi dual a'ﬂirh&hﬂithm@%ﬂﬁ a/spﬂ&{oﬁfémfo )-dikty] pPrinfi@imB7, olBfindthght be due to

7
t he contam nation enantloner originatin T’romthe chiral starting

mat eri al ( Eysglogropylamipes6-[2r(phosplionomethexyiethenydi yrimidine; 8, f-amino-¢yt ot oxi ci ty

compound 4 HepuRaE B e o pvtiyiathelo M. rhibo imhAaRta. 07, | 01
6- PMEO- 2, 4-(phosplldmopytrhoxur)cthm]mumldlae,|1092 t-dianmuu6dSiR2-(phosphendme- CC50 of 11

gg/ nmL for Mcells orre hng thioether anal ogue 2 and
the (R)-6- péopfx&}pyﬂq ‘bey} ?ﬁ?ﬁ‘é“"&%@giﬁ ve 11 had CC50 val ues around

60 15 g/ nl (pHospianothpthoky)prepaadpyniaidine;tHMEA, Sbf(mpbethmwat ive of 1 was active

against HV-11n cel | t t t 100 gg/ m.
it her compmaletpTatsns: GOy L SRR Brors i eistar s o

[ 3H dThd, [ 3H Ural visdathnltisirhi ﬁ'day'smfbrdaﬁﬁ@fdg@mst HIVLD a]i@mvmsmhudwe CEM cel |
material within a 12 hour i ncubation perio PNVEA and

(R) - PMPA weY©PaBicity was saminad in MTrf eelbruliuess aﬁ%ﬁs}vﬁ&lﬂ@gﬁ@ aatdbﬁﬁdsma%g 20
concent rat 'daanﬁﬁkaﬁ&, JreEN $ﬂ9ﬂw9b tﬁ%ﬁ blﬁ@ﬁf’é)gfdlﬁli’@ oamtcEMtcxu ShluRsHE Hayd

pyri m di ne nucl eosi de pho anal ogues in several virus/cell systens.
The 6- PVMEOtel 8 postanfestion and amdqnﬂxcmc@sqomal expininatioreef imsfingueyd giantgelli ¢ he

R) - 6- PMPO t h tivit
S not - sevamaio 7 e PV 20 pdeRh Bhdo i cunipioned MRl Y, 81 1LY
antivirgl acti vipeNphérdl Bed dfonbMR1dasells FBMOY 6 hEﬁluiydioﬁ&Es vd&e\&sdlét&dﬁﬂ?») in

CEM cell cultures Table 1) matched ve cl ose the antiyv activity
val ues foumnqlwew&sm%ymphowqu%? Aﬁy Diagnasfics, Os ‘OnﬁWaX ) cel |

cultures, agg sfihMated withlgh fifeih (P g!a‘"r‘éfnac@lllén%cal CU‘%rnénh%eFéiﬁQ) fopl ues
of corrpoun?alsfor aﬁ Vlr gﬁ ween 0. %

3 days. The activated cells (PHA-stlmulated blasts) were washed with PBS and viral

infections were done as described by the AIDS clinical trial group protocols. Briefly,

20 PBMCs(2x 10°/200 well) were plated in the presence of serial dilutions of the test
compound and were infected with HIV stocks at 1000 CCIDsg per mL. At day 4 post-

infection, 125 ul of the supernatant of the infected cultures was removed and replaced with
150 p! of fresh medium containing the test compounds at the appropriate concentrations.
At 7 days after plating the cells, p24 antigen was detected in the culture supernatant by an
25  enzyme-linked immunosorbent assay (NEN, Paris, France).
'Human primary macrophages (M/M) were prepared and purified as follows.
Peripheral blood mononuclear cells (PBMC), obtained from healthy HIV-1-negative

donors were separated over a Ficoll gradient and seeded in 48-well plates at 1.8 x 109
cells/well in 1 ml of RPMI 1640 containing 20% heat-inactivated, endotoxin- and

30  mycoplasma-free fetal bovine serum (Hyclone Laboratories, Inc., Logan, UT), 4 mM L-
glutamine (Life Technologies), 50 U/ml penicillin and 50 pg/ml streptomycin (Life
Technologies) (hereinafter referred to as complete medium). Five days after plating and
culturing the PBMC at 37°C in a humidified atmosphere enriched with 5% CO-adherent
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“for compound 11 between 1.3 and 3.0 g/nL. These val ues were close to those
observed 30 for the reference conpounds PMEA (adefovir) (EC50: 0.96-2.0
gg/m.) and (R -PMPA (tenofovir) (EC50: 0.36-0.52 g/nm). Wen the 6-PVEO
and 6-(R)- %93/5{)9 jvati ves were eval uated against H V-1 | cel I s
[HV-1(1111 n L and H V-1(Ba-L) in nonocyte/ macrophages @Wﬁ
antiretroviral potency was even nore pronounced. -61 WO 03/002580

E&Tg cz]gzg 086713318 vdg&gtmcﬁuu yaenipesdneith fepéutedl vishinghwith mgnédlkﬁl\lﬂnﬂw ,leavinBla at an
o] an ecti re 1.9 0. 33
p. g/ nL for MeBolpyer %&”é’ﬁ&’émcﬁﬁ%ﬁﬁ‘r‘fg Fﬁ\%&him“ba(%nﬁm{ °ter'i’?8d’BmP % and

(R) - 6- PMPO ggiiddvkibrmBese WBrditiché Have e dousbdeh Eiywh fo®eioY% WNBa-L) in MM
as al so observed for PMEA and (R)-PMPA. As a rule, the %)ounds proved
t

| ess cyt ot ostgterminedy cytoflyarimesrip apadysis M@mhe&qs WETE BERtE BRtes it 0o g/ i
in cyt sly t F{MEA and
(R) - PI\/P% exﬁ{ g&%’ E’%?’g%gﬁ% Chéll&'?&wvgh ? Ee;&@ég? IVI gﬁ‘gg&hgﬁ% %Sndg%f% oney
sarconma Vi r gsalleAde\MM/Mrvdioivashee td remové the @iralriflocuhueiyizompleté mediutnfvontainitg

6- PMEO and (R)-6-PMPO derivatives were al so eval uated for % in vitro
activity agHIeBRTOREALE CmRAYRY FRneentrations wagFeplaced wheps roqyested, i Bli‘eth@lv agai nst
MSV- i nduced weRfth&Rultuled mﬁ@wﬁldnmnhemperﬁﬁ&& VEdch 6mpaund cdficeh@ifions
0.05-0.15 .tg/nmL_ (Table 2). Effect of natural nucleomd&ﬁ nd nucl eobases
on the ant|WNW“&M’IPPF%WWMQP?F@W%@%‘PFUCW‘F%S&?‘WB 197 | EEG'E phosphonat e
anal ogugs | @orﬁgtiuln?sc\%rﬁ‘r'é ced Each%n’/@cif'mehﬁiﬂ’l‘@hanéc’f’ Shpthathtte wefticotiédied aact i vity
of pyrimdi ne nucl eosi de anal ogues such as 3'-azi do-3' deoxythym di ne (AZT,
zi dovudi ne) damnkt az’ter ifectiprl fay rssesment mlwaa@du%@ncbwaw%?f H&f{lwﬁ af f ect ed
(i.e. dimnigl in the presence of natural nucl eosides such as dThd and
dCyd (Bal zari |' et al., Text book of AIDS Medicine, chapter 49, Broder, S.,
T.C. Merigan, aerrﬂbeantBBI\b@sm; 10°€UEK colly werasesded Wtozﬂwgelltsauetquﬂtmee

Maryl and, 772

Chre?/mf1 Eer p@“f“\%gjﬂsﬁﬁb °‘1]l1§'5 . Eﬁ hg} r@k g'lm% gé)le“%h'eu “t%mam}]g %‘?,Q, he pr esence
of natursal saried mahd mnmwmmb@memmm The bsseysoeert karriad but-itdl V

2]? ]E Ie\é![ ! gf Ofslﬂﬁltti‘g‘% (rxjf\t/e?la lqnf 1r|1\éE|(J)atlon pcglcla at637?é/P qlé3 xere mfd cted wqﬁ rF'I‘y a{lllr\ﬁéa vsvas

left in contact with the cultures for 1 day, after which the medium was removed and new

medium containing the appropriate drug concentrations was added. After 6 days, the
presence of FIV p24 antigen was examined by an antigen capture assay.

20 The inhibitory effect of the test compounds on MSV-induced transformation of
murine embryo fibroblast C3H/3T3 cell cultures was examined microscopically at day 6.
post infection. MSV was added at 75 focus-forming units to the cell cultures. The detailed
procedures for the antiretroviral evaluations has been described in detail before (Balzarini
et al., AIDS 5:21-28, 1991; Balzarini et al., Antimicrob. Agents Chemother. 37:332-338,

25  1993; De Clercq et al., Proc. Soc. Exp. Biol. Med. 137:590-594, 1971).

Anti-MSYV activity in vivo. The inhibitory effects of the compounds on the
initiation of MSV-induced tumor formation and survival of MSV-inoculated mice were
evaluated as previously described (Balzarini et al., Proc. Natl. Acad. Sci. USA 86:332-336,
1989; Balzarini et al., Proc. Natl. Acad. Sci. USA 88:4961-4965, 1991; Balzarini et al,,

30  Antimicrob. Agents Chemother. 37:332-338, 1993). Briefly, 2- to 3-day-old NMRI mice
were each inoculated subcutaneously in the left hind leg with MSV and treated

~ intraperitoneally with a single dose of test compound at 4 h prior to virus infection (day 1)
followed by a single dose of test compound at days 2, 3, 4 and 5. Drug doses were 50, 20,
8, 4 and/or 2 mg/kg/day for tenofovir [(R)-PMPA], adefovir (PMEA), 1 (designated
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concentrations of the pyrimdine nucl eosides thym dine (dThd) and

2' -deoxycytidine (dCyd), the purine nucl eosi des adenosi ne (Ado) and
guanosi ne (@uo), and the nucl eobase 25 adeni ne (Ade), were exam ned (Table
3). None o ural nucl eosi des and nucl eobases had bl e
I nfl uence gwaﬁﬁ@%%hti-Hlv-l activity of the test conpoundeﬁﬁﬁ%E &€e|
cultures. In all cases, the antiretroviral activity of the conpounds was

fully prespmeml2 4-@NHYEY)| 3 (ekighateBMESR,4-dhNH; Pyai) and #1 (esipeatsd(R)-PVEA,
(R - PMPA and PMEG (Table 3). Eff ,cac%B Q‘;rc? acyclic rim di n{e nucl eosi de
phosphonat EMPSh&ASNEL-Ryan; ANortoxdgity s Quserye rf‘lﬁ*ﬁé"’ﬁ%ﬁ? B newbor n
NVRI- m ce. chHﬁquﬁd.Wﬁ%@W&téhHgrolvtﬁBFjMSiV‘;ﬁldﬁd%H%h&QEat e ditOgueug, and the
(R)-6-PWMPO derivative 11 were evaluated for their inhibitory effect on

MBV- i nduceinoculatinn, poverhes vival of thedwes r up teR0days pest depiion WK recorded ce
(Table 4). d@yEA (adefovir) and (R)-PMPA (tenofovir) were included as
reference - WO 03/ 002580 PCT/ CZ02/ 00038 conpounds. O the novel 6-PMEO
and (R)-6- PMPO Gytostatic and antimetabolie effect pf anyelic nucleasidephosphomptes jrevitro n

preventing - | . rafQr ' | orn
NRI i co° (YRRTRy Sesyhg BRinthBRL! CMARH RSRASY Biedy EGRp LA by BUNK

f or mat i on deschibedyprevidislyn@akagrinizat dl. ,t ADSr o228 1881 )niThe SOWenytastatiel oped t unors
survived for 5 nore thagl 30 qag/ Pg st infectiog. At a %)arsﬁe S |t](1)W as 2

mg/ kg, conmBBFSREration £ s) weas et °§ fencepaionof porpayaf thah redisediths 1o ni ce
and af figrd Yoch-0n0 - VA idi h@tcggm,ﬁaﬁ{ds,es,abi lity
to pre\}gnt %?ﬁ%ﬁf?@@%&%ﬁ@% ggg%isfﬁlgg[gﬁﬂﬁg’fl&tgggt h as P and

(R) - PVPA ( TabMa-413ells werecinoubatedtin thelveslls of 9@ weh mdemplates irothe pessenceler i vat i ve 2
was unable to prevent tunor formation at all doses testeg o ag&ﬁit af f or ded
20% 10 | ong@bseacenisifferens sprcentratipngafise st eprppundy/ fRyS depsat 445G e CCso ¢ he
(R) - 6- PMPO _der,i vat, vie t . f | ' d death
was i nterr‘rg‘éﬁsg}egc l&‘t‘\%@%r&%@f Bﬁrﬁ%@&?\l}{e’fég? %l}s @gﬁg%ﬁ ge%ﬂgﬁgc%ggn Ig drugs
del ayed MSWrypardblaeekclusionrméthodrati on in a dose-dependent manner. Conpound 1

had an inhibitory effect .tha ar.gbl esym th. t 3 R) - and

PMEA. Gdnpound The RSrPPIAHRR Pt‘i”’%’%@%ﬂﬁwi m&'ﬁ@mg 39 ngi) lljﬁ%uﬁl@ 'f%(;{ﬁ y showed

a pr on](c)u nc%t%bﬁ%ls?lﬂblé wmf céIDf 406N Has alsd "?asg&ﬂeﬁ aficroplates)/ Ko :e}cl&sveﬁgt ed for

tunor formation,  delay of associated ani eat s _al.so Q in a

dose- depend¥e addgd h FEMg s'éoqrﬁiwr(gzg ”Q/g‘:"f&’f‘e‘? égﬁg@“}é‘feﬁ P@P‘E‘ﬂ{al%n

del ayi ng degiiflofsHjuline ah&1$P@E1 @10485) [4,5-H]leucine, and a given amount of the test
compound. The cells were allowed to proliferate for 20 h at 37°C in a humidified, CO,-

20 controlled atmosphere. At the end of this incubation period, the contents of the wells (200
ul) were brought onto 25-mm glass fiber filters (type A/G; Gelman Instrument Co., Ann
Arbor, MI) mounted on a Millipore 3025 sampling manifold apparatus. The filters were
washed twice with cold PBS (phosphate-buffered saline), twice with cold 10%
trichloroacetic acid, twice with cold 5% trichloroacetic acid, once with cold ethanol, and

25  once with cold ether. The filters were then allowed to dry for 10 min at 60°C and assayed
for radioactivity in a toluene-based scintillant. _

Anti-HIV-1 activity of acyclic pyrimidine nucleoside phosphonate analogues in
CEM cell cultures. A prerequisite for potent antiretroviral activity is the presence of an
amiﬁo group at C-2 of the pyrimidine ring together with an amino group at C-4

30  (i.e.compounds 1, 2, 11) or a hydroxyl group at C-4 (i.e. compound 4) (Table 1). These 6-
PMEO and 6-PMPO substituted pyrimidine structures resulted in an anti-HIV activity with
an ECso that ranked between 0.80 and 2.0 pg/ml, Lack of an amino group at C-2 (i.e.

compound 3 or 8), or the presence of a dimethylamino or methyl or cyclopropylamino at C-
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"PMEA and (R)-PMPA. Sensitivity of mutated H V-1 strains towards acyclic
pyri m di ne nucl eosi de 20 phosphonate anal ogues in CEM cell cultures.
Compounds 1, 2 and 11 were evaluated for their inhibitory activity against

H V- 1 (11 LJAs contai ning the nonnucl eosi de RT i nhighi
( NNRTI )-sp@??é’%ﬁf@om . KLO3N, Y181C and Y188H nutati ons iP%lr{‘%re"z’Ws Al

t hree conpounds retained full activity against these nutant virus strains

L i ot y D T B e Dbt 1 | oB TIPS and
ry effect on the clinical.isolates, - | V- S an
HI V- 1/ L6S/ pirstrqviralactivity (Tapleda MB%P!)&PWN%F@- 2§ ey dele 1§'sr%(défsér ence

conpounds. aSRERMNTEE dorfeSioRliMEEHRE BGHNARY. S Bbmirt 8dmAdint 2iviith corfpdimtst T he
three virus strains. C)C(Szgrii)_oungsufZ3 and par Sll cgf’rgyl. EJ)1nll shgoﬁe\gm(ﬁ ear.}nmg
decr eased 1her ¢vencomplstelyinactivedi.o-compound §). Pivtsestingly othe antiretravirakAcvibVEA and

(R) - PMPA. ok L - At on. . |
F77L, Fl 1 5“%3&“&?&1‘%‘“‘%@%‘°&’8§ RRHGH arit ooty }"f:tﬁﬁg?ﬁmﬁé st V1!

pr esent dl 2 HIHVBI-. th&&)é—@MB Cdépyt:midinermrika;gb}l afas mtkedb'heoramhiihillonauo these ency of
conpoun an -, . 03, - LN ‘ i

oot bnai vei Ytk MR e pamesbibdink Gt PUBC i hE ARk AR illeny. TRRLS,

03/ 002580 REBLEIZARYAQGilaloted fdr the ESrenantiontet mAght be dig/to theE@mBRation HSV- 1

CcwvzV TK- 1 V-1 HSV-2 VMAD- TK+ TK+ TK- TK- Cod G 1837169
Davi s (AKAW%E%-P%MWW% fieg.the 5}4;%%%.8 g%l.aﬁg( 3)1( 2)1. 12.5

1. 60. 03p0. 80. 43F&k R 6£%hd 2ohPounds, poor, if any cytotoxicity was noted at a concentration

of 100 pg/mL, with a striking exception for compound 4 (CCsp: 2.5 pg/mL for CEM cells).
The antivirally most active 6-PMEQ-2,4-di-NH; pyrimidine derivative (compound 1)
showed a CCsq of 11 pg/mL for CEM cells, whereas its corresponding thioether analogue 2
and the (R)-6-PMPO-2,4-di-NH; pyrimidine derivative 11 had CCsp values around 60

15  pg/ml(Table 1). Interestingly, the 5-bromo-derivative of 1 was active against HIV-1 in
CEM cell cultures at 2.5ug/mL, and not toxic at 100 pg/mL. Neither compounds 1 nor 2,
nor compound 11 were inhibitory towards [*H)dThd, [*H]Urd and [*H]leu incorporation
into TCA-insoluble CEM cell material within a 12 hour incubation period at 200 pg/mL.
Also, PMEA and (R)-PMPA were not inhibitory to macromolecular synthesis at this drug

20  concentration (data not shown).

Anti-retrovirus activity of acyclic pyrimidlne nucleoside phosphonate
analogues in several virus/cell systems. The 6-PMEO derivatives 1 and 4, the 6-PME
thioether (6-PMES) 2, and the (R)-6-PMPO derivative 11 were evaluated for their
inhibitory activity against several in vitro retrovirus models (Table 2). As arule, the

25  antiviral activity values of the test compounds found for HIV-1(Illg) in CEM cell cultures
(Table 1) matched very closely the antiviral activity values found for HIV-2(ROD) in CEM
cells, HIV-1 and HIV-2 in MT-4 cell cultures, and FIV in feline Crandell kidney cells,
Thus, the ECs values of compound 1 for HIV ranged between 0.29 and 0.80 pg(mL, and
for compound 11 between 1.3 and 3.0 pg/mL. These values were close to those observed

30 for the reference compounds PMEA (adefovir) (ECsqo: 0.96-2.0 pg/mL) and (R)-PMPA
(tenofovir) (ECso: 0.36-0.52 pg/mL). When the 6-PMEO and 6-(R)-PMPO derivatives
were evaluated against HIV-1 in primary cells [HIV-1(Illz) in PBL and HIV-1(Ba-L) in
monocyte/macrophages (M/M)], the antiretroviral potency was even more pronounced.
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"H 340829>8048>50>507. 5720 151.705.53.0 2.11.4
11- 3415>80>80>80>50>50>50>50>50 >50>40>100>100 20
H 3418>16>16>16>50>50>50>50>50 >5012. 6*>100>100 7.6

H 3427>400> 50>50>50>50>50 >50139>100>100 2511
H3435240>8‘g§%§6@ 50>20>50>50 >50>40>100>100 PCT/CZ02/00038

H- 3444240>400240>50>50>50>50>50 >504. 2656. 780 300. 7537.934.6

H 3445>40034000 4085505
95h 345354 S oA B aE d e T e e e b AL iCag of 007 and 0.12 gL,

I5-|- 3(5)68;?0;8@13&@1»8@3‘@8%&&%&5139 2806331 pg/3t Mmesmnmmmww 96. 3
. 70. : 6 > 80
PCT/ 2021 oD A (14 £ RS A (g e e e d et ol M GHR L)
%}r |1 mi di g e lr(Ba-ILc)tnsMaM agdiasghisenved fos PMEA—&M(R)—PMMtAda @Eewlthpedompoundsm es |
b proveg less ‘%&Rmc 1dl\'ﬁy5 Iarpcgmgaereg %M cells, and not toxic at 100 pg/mL in

monocyte/macrophages.

Since it has been previously shown that PMEA and (R)-PMPA exhibit pronounced
inhibitory activity against murine Moloney sarcoma virus (MSV) in both cell culture and
newborn mice, the novel 6-PMEO and (R)-6-PMPO derivatives were also evaluated for

10 their in vitro activity against MSV. Compounds 1, 11 and 4 were highly inhibitory against
MSV-induced C3H cell transformation. The ECsq values were as low as 0.05-0.15 pg/mL
(Table 2).
Effect of natural nucleosides and nucleobases on the anti-HIV activity of the |
acyclic pyrimidine nucleoside phosphonate analogues in cell culture. It is well known
15  that the anti-HIV activity of pyrimidine nucleoside analogues such as 3’-azido-3’-
deoxythymidine (AZT, zidovudine) and 2’,3’-dideoxycytidine (ddC, zalcitabine) can be
affected (i.e. diminished) in the presence of natural nucleosides such as dThd and dCyd
(Balzarini et al., Textbook of AIDS Medicine, chapter 49, Broder, S., T.C. Merigan, and D.
Bolognesi, eds. Williams & Wilkins, Baltimore, Maryland, pp. 751-772, 1994; Balzarini et
20  al,, Antimicrob. Agents Chemother. 37:332-338, 1993). Therefore, to estimate whether the
presence of natural nucleosides and nucleobases could influence the anti-HIV activity of
the novel 6-PMEO and (R)-6-PMPO pyrimidine derivatives, the effect of subtoxic
concentrations of the pyrimidine nucleosides thymidine (dThd) and 2’-deoxycytidine
(dCyd), the purine nucleosides adenosine (Ado) and guanosine (Guo), and the nucleobase
25  adenine (Ade), were examined (Table 3). None of the natural nucleosides and nucleobases
had any measurable influence on the anti-HIV-1 activity of the test compounds in CEM
cell cultures. In all cases, the antiretroviral activity of the compounds was fully preserved,
as was also the case for the reference compounds PMEA, (R)-PMPA and PMEG (Table 3).
Efficacy of acyclic pyrimidine nucleoside phosphonate analogues against
30 MSV-induced tumor formation in newborn NMRI mice. The 6-PMEO derivative 1 and
its thioether analogue 2, and the (R)-6-PMPO derivative 11 were evaluated for their
inhibitory effect on MSV-induced tumor formation and associated death in newborn NMRI
mice (Table 4). PMEA (adefovir) and (R)-PMPA (tenofovir) were included as reference
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" CC50 Code Analog | 2YZ(pg/m ) (lag/m) Nunber ofH V-1 (CEM (CEM 1
PVEDAPNH2ZNH20OHO. 8011 2 PMEDAPNH2NH2SH5. 564 3 PMEAHNH2OH>100>100 4
PVEGNH2OHOH2. 22. 5 5 PVMEGNH20OHSH>100>100 6 PMEDAPOH>100>100 7 PMEDAPNH2

N( CH3) 2 OH NH2NH- Cpc 8 PMEASCH3NH2. 0H>100>100 9 .

PVE. &) v LRI 0D VRP NHEN 2OGI5 L2100 10 (S) - PNPDRETEE200038

(R) - PMPDAPNH2NH20CH31. 862 Ref erence Drugs PMEA (adefovir)0.9616 (R)-PMPA

0. 36125 (t eompaunds.) Offhe Yokl l6eRMEQand (R)eRMPOX decinatives, comppmdridprovedaent r at i on

required t Pe Imrclagtl &}iéier']_t"ir\x/ i:re%t{t{nlg%év-induced tumor formation and associated death of
newborn NMRI mice (Table 4). At least 80% of mice were protected from tumor
formation at 50 and 20 mg/kg, and the remaining mice that developed tumors survived for
5 more than 30 days post infection. At a dose as low as 2 mg/kg, compound 1 could still
prevent tumor formation in 5% of the mice and afforded 15% long-term survivors.
Compound 1 had a comparable ability to prevent tumor formation and associated animal
death as PMEA and (R)-PMPA (Table 4). In contrast, the corresponding thioether
derivative 2 was unable to prevent tumor formation at all doses tested, and it afforded 20%
10  long-term survivors at a dose of 8-50 mg/kg. The capacity of the (R)-6-PMPO derivative
11 to prevent tumor formation and associated death was intermediate between that
observed for compounds 1 and 2. All drugs delayed MSV-induced tumor formation in a
dose-dependent manner. Compound 1 had an inhibitory effect that was comparable with
that of (R)-PMPA and PMEA. Compound 11 was inferior to compound 1, and compound
15 2 only showed a pronounced delay in tumor formation at a dose of 50 mg/kg. As noted for
tumor formation, delay of associated animal death was also afforded in a dose-dependent
manner, and compound 1 was at least as efficient in delaying death as the reference drugs
PMEA and (R)-PMPA.
Sensitivity of mutated HIV-1 strains towards acyclic pyrimidine nucleoside
20 phosphonate analogues in CEM cell cultures. Compounds 1, 2 and 11 were evaluated
for their inhibitory activity against HIV-1(Illg) strains containing the nonnucleoside RT
inhibitor (NNRTI)-specific L1001, K103N, Y181C and Y188H mutations in the RT. All
three compounds retained full activity against these mutant virus strains (data not shown).
The same compounds were also evaluated on their inhibitory effect on the clinical isolates
25 HIV-1/L1S, HIV-1/L6S and HIV-1/L6S/PMEA (Table 5). PMEA and (R)-PMPA were
included as reference compounds. Compound 1 retained pronounced antiviral activity
against the three virus strains. Compounds 2 and particularly 11 showed clearly decreased
activity against the HIV-1/L6S/PMEA isolate and so did PMEA and (R)-PMPA. Thus, the
multi-NRTI resistance mutations (S68G, K70T, V751, F77L, F116Y and Q151M) and the
30 PMEA-characteristic K6SR mutation present in HIV-1/L6S/PMEA did not markedly affect
the antiviral potency of compound 1 and PMEA (~ 3.6- to 4.5-fold increased ECsp) while

more extensively decreasing sensitivity to the other ANPs (Table 5).
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"induced cytopathicity in CEMcell cultures by 50% b50% Cytostatic
concentration, or conpound concentration required to inhibit CEM cell
proliferation by 50% 10 cCP, cycl opropyl. -65 WD 03/002580 PCT/ Cz02/ 00038
Tabl e 2. Angiy, irus activity of 6-PMEO and (R)-6-PWP ﬂﬁ@" hyes in
di fferent leblom{){?%ﬁés Cmpd EC50aad Code (pg/m ) No. H V- ?C I %/(5’@1?%1
HV-1 HV-2 HV-1 (ROD) (BaL) FIV MV (MB) (ROD) (MB) (1B) (C3H)

(CEM (CEM (MT-4) (Mr-4) (MM (CrFK) PBL 1 0.90.40.660.190.340.030. 29
0.074.02 0.0020.001 0.250.010. 160. 04Table la

5 Antiviral Activity
(ECso pg/mL)
HSV-1
TK- CMV VZV
10 HSV-1 HSV-2 VMW AD- TK+ TK+ TK- TK-

Code (KOS) _(G) _1837 _ 169 Davis OKA YS 071 YS/R MSV HIV-1 HIV-2

H3404 65 24 96 >50 >50 12 11 25 1.6 0035 08t 043
00020 032

15
H-3408 29 >80 48 >50 >50 75 7 20 15 170 55+ 3.0+
2.1 14
H-3415 >80 >80 >80 >50 __>50 >50 >S50 >50 >50 _ >40 >100 >100
20
H-3418 >16 >16 >16 >50 >50 >50 >50 >50 >50  12.6= >100 >100
1.6
H-3427 >400 >400 >400 >50 >50 >50 >50 >50 >50  139: >100 >100
25 11
H-3435 240 >80 240 >50 >S50 >20  >50_>50 >50 _ >40 >100 >100
B-3444 240 >400 240 >50 >50 >50 >50 >50 >50 426+ 56.7+= 80+
30 075 379 34.6

H-3445 >400 >400 >400 >50 >50 >50 >50 >50 >50 107& >100 >100
: 10

35 H-3453 >400 >400 >400 >50 >50 >50 >50 >50 >50 894+ >100 >100
37.6

H-3560 >80 >80 >80 >50 >50 >50 >50 >50 >50 6.1 51 33

40 H-3567 16 __ 48 9.6 >50 >S50 38 59 63 S7 005 19 13

H3574 96 9.6 9.6 14 16 11 _ 09 0.6 008 >0.8

45
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'2 4.63.13.01.42.50.32.9 - - 0.970.401.70.9 11 1.90.51, 30. 43. 00. 41. 60. 6
0.120.01 0.0050.0 0.660.140.050.01 4 1.40.71.41.21.90.42.1 - - -0.080.03
PMEA 0.960.241. 91.11.31.11. 9 0.550.41 0.006 0. 460. 190. 620. 27 (R)-
o 360 240 60. 0060. 52 0. 090. 03 0.0030. 001 0. 131.4

.C,, 4‘3§ 4&@ ?bNg/m) CEMMT- 4PBLM MCr FKC3H 1112. 0467. %E%%@f%oll>40
(200) 2649. 8210042>40 (200) 11622521009. 62. 5>100>100>40 ( 200)
42.50. 2102. 2216 PVEA169. 128121, 70. 4>10018>40 (200)

(R) - PNPAlZSI%Ielzmwﬁ@afamuPogaﬁtaac it of stlicipriending ldedsiden, or

conpound  ChespRbRaAds!if BIIVECiHiccRd CEM téMtultlfes HI V-1 nduced cytopathicity
(giant cell formation) in CEM and MI-4 cells, or p24 antigen production in

PBL and MM or MsV-induced C3H cell tﬁansformatl on by 50% b 50%
Cytostatic concentration, or conpound cphcentration required to inhibit
cell proliferation 10 (CEM or to redyke cell viability (M-4, PBL, MM
by 50% c¢ Mninmal inhibitory concent fogy, or conpound concentrati_on
required to cause a microscopically |gisidlle alteration of cell morphol ogy.
The symbol ">" means that no visi bl 27 Tkt could be recorded at the

i ndi cated concentration. The val ué¥ between parentheses indicate the

conpound concentration at which phol ogi c@l toxicity was observed. 15 d
Data are the nean ( SD) of 2 tou4t s paraéeeperlmants Data without an SD
value are the result of a single ep?peﬂ carried out in duplicate.
OH
z
5
a
. ECs0 b
Compound Pyrimidine (ug/ml) CCsp
Code Analog
Number of Y z HIV-1 (Mg/ml)
Ry ) (CEM) __ (CEM
1 PMEDAP Ny, NH, O H 0.80 11
2 PMEDAP NH; NH, S H 5.5 64
3 PMEA H NH; 0 H >100 >100
4 PMEG NH; OH o H 2.2 2.5
5 PMEG Ng, OH S H >100 >100
7 PMEDAP NH, NH-Cpc (o) H >100 >100
9 PME-6-Me- 0] H >100 >100
MAP NHj CHj :
10 (S-PMPDAP  \p, NH, o) CHj 51 >100
1 (R)-PMPDAP gy, Ngp O CHs 1.8 62
Reference Drugs
PMEA
(adefovir) 0.96 16
(R)-PMPA
(tenofovir) 0.36 125

50% Effective concentration, or compound concentration required to mhxblt HIV-1(IlIg)-
induced cytopathicity in CEM cell cultures by 50%.

50% Cytostatic concentration, or compound concentration required to mhlblt CEM cell
proliferation by 50%.

10 cCP, cyclopropyl.
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"Table 3. Effect of natural nucl eosi des and nucl eobases on the antiviral
activity of 6- PMEO and (R)-PMPO derivatives -66 WO 03/002580

PCT/ CZ02/ 00038 Cmpd Code No. ECSOaa (P9/m ) Upon addition of as suchdThd
dCyd Ado 0O PVM(1 mV) (400 PM (10 pM (100 pM

10. 770. 258@8@%"? 550. 350. 630. 290. 650. 210. 260. 16 PCT/CZ02/00038

21.90. 751.40.212.11.74.42.81.90.493.33.2

111.20. 250. ¥e 35Mﬁe§3ﬁnﬁ(bct7ﬂ OTEQ’N@Q 335912)16ZPMP0 derivatives in different cell

41. 40. 711. es2.4d: 1. 91. 40. 931. 90. 921.

PMEAO. 940. 241. 40. 42. 10. 191. 60. 41. 00. 81 91 3

(R) - PMPAO. 302607260230 A4 g 01616
PVMEG>0. 05>835>0. 25>0. 05>0. 05>0. 05 5 a SPOEf fect i ve concentration, or

compound coggcentration required to inhi b(H&MdVv-1 (MB)- induced
cytopat hi Tty 1 rl-HVl:]IVI CEV2CUl IV ES. HIVIAL agREDT €Seliv.] ne mean ( SD) of at

| east 2 or 3 sep te RODY i RoNYO 0 2580(E3G)/ CZ0ZP0038MmEgbl e 4.
Anti-MSV acti vi t a(QBM) cwgﬁfpj na) nugﬁ%gm degvpy s ph@oFkgs | @3ngwbor n

1 0.9+04 0.66+0.19 0.34+0.03  0.29  0.07+0.02  0.002+0.001 0.25+0.01  0.1640.04

2 4.6+3.1 3.0+14 2.5+0.3 2.9 - - 0.97£040  1.7+0.9

11 1.9+0.5 1,3+0.4 3.0:04 1.6£0.6 0.12+0.01  0.005+0.0  0.66+0.14 0.05+0.01

4 1.4+0.7 1.4+1.2 1.9+0.4 2.1 - - - 0.08+0.03

PMEA 0.96£0.24 1.9+1.1 1.3£1.1 1.9 0.55+0.41 0.006 0.46+0.19  0.62+0.27
(R)-
PMPA 0.36+0.24 0.43+0.41 0.46+0.006 0.52 0.09+£0.03  0.003:0.001 0.13 1.4+0.9

5
Cote | s
No. (Hg/ml)
CEM MT+4 PBL M/M CrFK C3H
1 11£2.0 46+7.4 2.2:0.8 >100 11 >40 (200)
2 64+9.8 2100 . - 42 >40 (200)
11 62+£25 2100 9.6+2.5 >100 >100 >40 (200)
4 2.5+0.2 1042.2 - - - 216|
PMEA 16+9.1 28x12 1.7404 >100 18 >40 (200)
(R)-PMPA 125+26 72+12 >100 >100 >100 >200

3 50% Effective concentration, or compound concentration required to inhibit HIV-induced
cytopathicity (giant cell formation) in CEM and MT-4 cells, or p24 antigen production in PBL and
M/M, or MSV-induced C3H cell transformation by 50%.
50% Cytostatic concentration, or compound concentration required to inhibit cell proliferation
10  (CEM) or to reduce cell viability (MT-4, PBL, M/M) by 50%.

° Minimal inhibitory concentration, or compound concentration required to cause a microscopically
visible alteration of cell morphology. The symbol ">" means that no visible toxicity could be
recorded at the indicated concentration. The values between parentheses indicate the compound
conccntratlon at which morphological toxicity was observed.

15 Data are the mean (+ SD) of 2 to 4 separate experiments. Data without an SD value are the
result of a single experiment carried out in duplicate.

Table 3. Effect of natural nucleosides and nucleobases on the antiviral activity of 6-
PMEOQ and (R)-PMPO derivatives
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" NVR

mce 5 Tunor ercent 1501984100 202080 ( PMEC 2, 4-di - NH2- Pynm) 100 81844

89 2205 15 25010020 2010020 (PMES-2, 4-di - NH2- Pym 810020 2800 1120102040c

PMPO 2 4 8201540 di NH P, -
WO 03/002580 PCT/CZ02/00038
,0
Cmpd ECs Oa
Code
No. (Hg/m))
Upon addition of
dThd dCyd Ado Guo Ade
as such (10 UM) (1 mM) (400 uM) (10 uyM) (100 pM)
1 0.77+0.25  0.35+0.07  0.55+0.35  0.63+0.29  0.65+0.21  0.26x0.16
2 1.9£0.75 1.4£0.21 2.1+1.7 44428 1.9+0.49 3.3+£3.2
11 1.2+0.25 0.83+0.35 1.1+0.51 1.5+0.70 0.77£0.38  0.35%0.17
4 1.4+0.71 1.0£0.3 2.4%1.9 . 1.4£0.93 1.9+0.92 1.7x1.2
PMEA 0.94+0.24 1.4+0.4 2.1£0.19 1.6+0.4 1.0+0.8 1.9+1.3
(R)-PMPA  0.57£0.26 0.43+0.0 0.53+0.26  0.46+0.23 0.43+0.0 1.6+1.6
PMEG >0.05 >0.25 >0.25 >0.05 >0.05 >0.05
5
%50% Effective concentration, or compound concentration required to inhibit HIV-1 (Illg)-
induced cytopathicity in CEM cell cultures.
Data represent the mean (£ SD) of at least 2 or 3 separate experiments,
10
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‘- 2- 21805 ym) ( - PMEA10010100- 20298994 8304477 420 535

(R) - PMPA5010100100 202892100 8276583 228031 a Indicated drug dose given 2
hrs prior to M5V infection followed by 4 additional daily doses during the
4 subseque ost infection. The nean day of tunor d in
control |V5\r%l g@( 8§d m ce was 4.5 days, whereas the nean ggy %ﬁ%ﬁ%“m
death in the 10 MSV-infected mce was 12.3 days. b At the indicated drug
dose (50 ng/kg), 16% of mce died prerraturel y (<24 days) likely due to
toxi city  ofTableed dAKE-MBY alivifiuitac P?mﬁfdn{eliﬁgl"cosﬁ&r pRbpHRatefn®Whothe deat h
was not t feRY hisk0 account to cal culate the percentage of l[ong-term
survivors. ¢ At the indicated drug dose (20 ng/kg), 50% of mce died
prematu§ely (<6 days) likely 15 due to toxicity of the drug and wi t hout

si gns of tumor—formattom: L N BEpunt to

cal cul ate the percentage of Iong terrgfwewsyd)rs Iqlu,ﬁ]e}ofm ceL hef ore day
6 likely due to toxicity of thpodrug. Ngmg of t em&@,tshomvo;sq@r

formati on bef or gofhgainh- (mg/kg) Experiments Developing a (>30 days)
Tumor (percent)

1 50 19 84 b
100

(PMEO-2,4-di-NH5-Pym) 20 20 80 100

8 18 44

2 20 5 8

15

2 50 10 0 20
PMES-2,4-di-NH,- 20 10 0 20
(PMES-2,4-di-NH;-Pym) 8 10 0 20
2 8 0 0

11 20 10 20 40°
(PMPO-2,4-di-NHy-Pym) 8 20 15 40
2 18 0 s
PMEA 100 10 100° d
20 29 89 94

3 gg 44 77

5 35

(R)-PMPA 50 10 100 100
20 28 92 100

8 27 65 83

2 28 0 31

? Indicated drug dose given 2 hrs prior to MSV infection followed by 4 additional daily
doses during the 4 subsequent days post infection. The mean day of tumor development in
control MSV-infected mice was 4.5 days, whereas the mean day of animal death in the

10 MSV-infected mice was 12.3 days.
b At the indicated drug dose (50 mg/kg), 16% of mice died prematurely (<24 days) likely
due to toxicity of the drug and without signs of tumor formation. Premature death was not
taken into account to calculate the percentage of long-term survivors.
© At the indicated drug dose (20 mg/kg), 50% of mice died prematurely (<6 days) likely

15  due to toxicity of the drug and without signs of tumor formation. Premature death was not
taken into account to calculate the percentage of long-term survivors.
d All mice died before day 6 likely due to toxicity of the drug. None of the mice showed
tumor formation before death. \
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Total Nunber Nunber of of Mce Used Nunmber of Long-Term Dose in the Mce
not Survivors (% Conpound (nPg)a Experinents Devel opi ng a (>30 days) WO
03/ 002580 PCT/ Cz02/ 00038 Table S. Inhibitory activity of acyclic pyrimdine
nucl eosi de ate anal ogues against clinical H V-1 |

Conmpound Co‘gég-ﬁ@g% Resi stancea Nunber HN-| /LI SbHN- 1/ LGSchﬁg)-C%ﬁ@g?sPNEAd
10.81.53.6 22.11.414 111.93.530 PVEA2.02.77.3 (R)-PUPA2. 31154 a Fol d
_resistance neasured against the |aboratory M/-1/1UB strain in CEM cell

“cul tures. | 8 €ali s j : ' ith NRTIs
or ANPs ang aai fllrggﬁ%%%%%@x%%gﬁgggﬁkggkﬂ{@ﬁ%ﬁéﬁ?ﬁ@ﬁaﬂe RT. 10 c
Cinical isolate derive roma drug-treated patient. The RT contains the
S68G, K¢OT, V751, F77L, F 116Y and Q 151 M nutations. d H V-1/L6S isol ate
cul tured i-r oA PNVEA—aRE—eotat o165 R—+m—addit+o 0 he

ot her NRTI - SBRPPFOEHS  ati ons as nmentioned under c. O 03/ 00258

PCT/ €202/ 00038 "WB°® aim 1. A conpound of -RoldbRésistangta (1) 5 10

HIV-1/L18° HIV-1/L6S° HIV-1/L6S/PMEA®
1 0.8 1.5 3.6
2 2.1 1.4 14
11 1.9 3.5 30
PMEA 2.0 2.7 7.3
(R)-PMPA 2.3 11 54

® Fold resistance measured against the laboratory HIV-1/IIg strain in CEM cell cultures.

b Clinical isolate derived from a patient not related with NRTIs or ANPs and not
containing NRTI- or ANP-specific mutations in the RT.

10  °Clinical isolate derived from a drug-treated patient. The RT contains the S68G, K70T,
V751, F77L, F116Y and Q151M mutations.

d HIV-1/L6S isolate cultured in the presence of PMEA and containing K65R in addition to
the other NRTI-specific mutations as mentioned under c.
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X a,,,," P(O(2)2 R3 (1) 15 where R1L is H, amno or nethylsulfanyl; R2 is
H nethyl, halo, -N(R5)2, hydroxy, protected hydroxy or a group of the
formula (la) 20 25 X * P(0)(2)2 R3 R3 is independently H, nethyl,

hydr oxymet hyly, o3gdsggret hyl or protected hydroxymethyl; Rq 4 1o 0'39' o; X
i ndependenly 1s oxygen, sulfur or a bond; 30 Z independently TS %ydroxy,
an ester or amde; R5 is independently H, Cl1-C8 alkyl or a protecting
group; and * designates a chiral carbon atom and salts and sol vates

t her eof . 35‘3@ k;me conmpound of Claim1l wherein RL and R2 are amino, R3 is
hydr ogen an g I's” oxygen. 3. The conpound of Caim1l wherein RL and R2 are
simul taneously amno, R3 is -70 WD 03/002580 PCT/ Cz02/ 00038 nethyl, X is

oxygen and t.he RBcsfpdunddf dif@hulay(R) . 4. The conpound of Claim1 wherein
R1 and are simultaneously amno, R3 is hydroxymethyl, X is oxygen and
the R3 configurationis (R. 5 Rz

" |\.ro\/ P(O)2);

15  where
Rj is H, amino or methylsulfanyl;
Rjis H, methy), halo, -N(R5)3, hydroxy, protected hydroxy or a group of the
formula (Ia)

%

S
20 |
\/I\O/\P(O)(Z)z

Ra
(Ia)

25

Rj is independently H, methyl, hydroxymethyl, halomethy! or protected

hydroxymethyl;

Ry4 is H or halo;

X independenly is oxygen, sulfur or a bond,;
30 Z independently is hydroxy, an ester or amide;

R; is independently H, C1-Cg alky! or a protecting group; and
* designates a chiral carbon atom; and
salts and solvates thereof. !

35 2 The compound of Claim 1 wherein Ry and R are amino, R3 is hydrogen and X is
oxygen.

3. The compound of Claim 1 wherein R and R are simultaneously amino, R3 is
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5. The compound of Claim| wherein RL and R2 are sinmul taneously am no, R3
is hydrogen and X is sulfur. 6. The conpound of Claiml wherein Rl is
am no, R2 is hydroxy, R3 is hydrogen and 10 Xis oxygen. 7. The conpound of
Caim1l whi ' stalline. 8 The conpound of Caim1l ' [
substanti alﬁg(%é?zggognantl oner at the chiral 15 carbon. 2%?%ﬁ@00§%rrpound
of daim8 whichis in the (R configuration. 10. The conpound of Caim38
which is in ﬁ’]}gﬁ :
2, 4-di am no- ‘2*?%88 45‘%3%@ ox;?)g“%é%@(lﬁ](%bri m di ne. 12.
2, 4-di am no- 6- (R) - [ 2- (phosphononet hoxy) pr opoxy] pyri m di ne. 25 13.
g 2mdn0 4- wdromeeorﬁga\ﬁ-dah@emnth éi@ )a@dh x&]smaltamaislye-.m] idd} R 1s 5

[ am n [ OX propoxy] pyrimdin :
2, 4-di ﬁ'gg L‘%’(‘%@? ?&V‘@ géﬁ%@nﬁﬁ%}ﬁfﬂ })xy) pr opoxy] pyr i mi d| ne. 30
16 2- arﬁ no- 4- hydr oxy- 6- [(R) 2- (phosphononet hoxy) propoxy] pyrimdine. 17.
2- i 0 4- 11 0¥e Gorhf Al oP LA %ercin B RASRY SR QIRIIBALL Y A B, i

pyri m di ne.

2- ami no- 4- H‘}’G’i"& 7f(s§j‘lf3r hydr oxy- 2- (phosphononet hoxy) propoxy] pyri m di ne.
19. 2, 4-di am no- 5 br onp- 6- [ 2- (phosphonomnet hoxy) et hoxy) pyri m di ne 20.

2amn05 ono (R WNELRO R \; é ﬁ g7l WO
03/ 002580 ?'C]'/ 02§§ Oum%ﬁfid}?&nclonpog?&qon clgnpﬁ)lglhgcgéa)l’%ér ce tlmclzal |y
accept a¥l e %jéaxyg®nt and a conmpound of claim1. 22. A nethod of
preparation of conpounds of formula (1) 5

7. The compound of Claim 1 which is crystalline.
8. The compound of Claim 1 which is a substantially pure enantiomer at the chiral
15 carbon.

9. The compound of Claim 8 which is in the (R) configuration.

10.  The compound of Claim 8 which is in the (S) configuration.
20
11.  2,4-diamino-6-[2-(phosphonomethoxy)ethoxy]pyrimidine.

12.  2,4-diamino-6-(R)-[2-(phosphonomethoxy)propoxy]pyrimidine.

25 13.  2-amino-4-hydroxy-6-[2-(phosphonomethoxy)ethoxy]pyrimidine.

14.  2,4-diamino-6-[(S)-3-hydroxy-2-(phosphonomethoxy)propoxy]pyrimidine.

15.  2,4-diamino-6-[(RS)-3-hydroxy-2-(phosphonomethoxy)propoxy]pyrimidine.

30
16. 2-amino-4-hydroxy—6-[(R)-2-(phosphonomethoxy)propoxy]pyrimidine.
17.  2-amino-4-hydroxy-6-[(RS)-3-hydroxy-2 (phosphonomethoxy)propoxy]
pyrimidine.

35 ‘ o
18.  2-amino-4-hydroxy-6-{(S)-3-hydroxy-2-(phosphonomethoxy)propoxy] pyrimidine.
19.  2,4-diamino-5-bromo-6-[2-(phosphonomethoxy)ethoxy]pyrimidine.

40 -

20.  2-amino-5-bromo-4-hydroxy-6-[2-(phosphonomethoxy)ethoxy]pyrimidine.
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10 A1,,,,-P(O (22 1).-- RB (1) where Rl is H amno or nethylsulfanyl; 15
R2 is H nethyl, halo, -N(R5)2, hydroxy, protected hydroxy or a group of
the fornmula (la) R3 P(O(Z2)2 20 (la) R3 is independently H, nethyl,
hydr oxymet hyl ., | thyl or protected hydroxynethyl; R4 | lo; X
I ndependent ?W@&Sgﬁen, sul fur or a bond; 25 Z independeﬂrﬁ%{&"ﬁéwﬁ?droxy,
an ester or amde; R5 is independently H, Cl1-C8 alkyl or a protecting
group; and21F desiduipdkition dofiptisind a Reuttdalihccaitable exdipiestianga( a) reacting
a conpound cof formg.l %II) B%ﬁBI? ere R2 igﬁh, met hyl ,phal 0, -N(R5)2,
hydroxy or SPBPHASEMd: oxy: and XisOorS, -72 WO 03/ 002580 PCT/ CZ02/ 00038
with a conpound of the formula (I11l1) * Y-CH2CH(R3)-OCH2P(O (2)2 5

22. A method of preparation of compounds of formula (I)

5
Ra
R4
NZ
A
T Vi
" ‘\.ro\/ PO)2),
Rs
M
where
R is H, amino or methylsulfanyl;
15 Rj is H, methyl, halo, -N(Rs)3, hydroxy, protected hydroxy or a group of the
formula (Ia)
*
——X\/I\ /\
& O PO
3
20 ' (Ia)
Rj is independently H, methyl, hydroxymethyl, halomethy! or protected
hydroxymethyl,
R4is H or halo;
X independently is oxygen, sulfur or a bond,;
25 Z independently is hydroxy, an ester or amide;
Rs is independently H, C;-Cg alkyl or a protecting group; and
* designates a chiral carbon atom; and
comprising (a) reacting a compound of formula (II)
30 Re
R4
| N X
)l\ =
R N XH
(i
35 where
Rj is H, methyl, halo, -N(Rs)2, hydroxy or protected hydroxy; and

XisOorS;
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"where Z is an ester or an am de; * designates a chiral carbon atom 10 R3
is H methyl, halonmethyl or protected hydroxynmethyl; and Y is a |eaving
group in dipolar aprotic solvent in the presence of a base. 23. The net hod

of C ai m 23y§4sbdisd, conprising isolating the resulting co he 15
formul a (va.V 24. glﬁ[?e met hod of Claim 22 wherein Z is este?ég,r‘&g%wgég and

additionally hydrolyzing one or both Z groups to produce the conpound of
formul a (| )withesompatind efthe faomela{lll)s hydroxy. 20 25. The nethod of C aim 22
where Z is (OR4)2 and R4 is isopropyl. 26. The nethod of C aim 22 where R3
is methyl and Y is p-toluenesul fonwl oxy. 25 27. A nethod for the
preparation of conpounds of fornul ) * P(O(2)2 RB mWD
03/ 002580 PCTI CZ02/ 00038 mhereYﬁHm)'éfﬁ%?Q}&?iet hylsul fanyl: R2 is
-N(R5) 23 R3 is independently H, methyl, hydroxymethyl, hal onethyl or
protected 5 hydroxymethyl; R4 is Hor halo; X is oxygen ofBulfur; z
i ndependentyperd S hydroxy, ester or amde; R5 is independently H Cl1-C8

. _ " . .
al kyl or a prot %gwgstg_roggghmladg;d 10 designates a chiral carbon atom

* designates a chiral carbon atom;
10 Rj3 is H, methyl, halomethyl or protected hydroxymethyl; and
Y is a leaving group
in dipolar aprotic solvent in the presence of a base.

23.  The method of Claim 22 further comprising isolating the resulting compound of the
15 formula (I).

24.  The method of Claim 22 wherein Z is ester or amide and additionally hydrolyzing
one or both Z groups to produce the compound of formula (I) where at least one Z is
hydroxy.

20
25.  The method of Claim 22 where Z is (ORg4)2 and R4 is isopropyl.
26.  The method of Claim 22 where R3 is methyl and Y is p-toluenesulfonyloxy.

25 27. A method for the preparation of compounds of formula (I)

30
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‘conprising reacting a conpound (1V) OH 15 ~0,,,/ P(O(2)2 R3 20 where R3 is
H nethyl, halonethyl or protected hydroxynethyl; Xis O or S; and 25 Z is
am date or ester; wth N(R5)2. 28. The nmethod of claim27 further

conpri sing %g}@y@hng one or both Z groups to produce thgcflﬁg@%%qu of

formula (1) e or both of Z are hydroxyl. 30 29. A ne
preparation of conpounds of fornmula (V) 35 WO 03/002580 PCT/ Cz02/ 00038 5
HEN P(0) (Z) #heleere 10 R3 is H, nethyl, hydroxynethyl, hal onethyl or .

prot ect ed hydrox telyl . i ntly is H Cl1-C8 al kyl or a protecting
group; Xis oxykggsfg’rdngﬁ u]??mgaﬁﬁgg}bendently i s hydroxy, an ester or
am de; and * de Rg“rrmm;a chiral carbon atom 15 conprising reacting

conpound (1Va) CRj#&Gnd¥pehdently H, methyl, hydroxymethyl, halomethyl or protected
5 hydroxymethyl;
R4 is H or halo;
X is oxygen or sulfur;
Z independently is hydroxy, ester or amide;
Rs is independently H, C1-Cg alkyl or a protecting group; and
10 * designates a chiral carbon atom
comprising reacting a compound (IV)

OH

: BN

Rs
20
Iv)
where
Rj is H, methyl, halomethyl or protected hydroxymethyl;
XisOorS;and
25 Z is amidate or ester;
with N(Rs)».
28.  The method of claim 27 further comprising hydrolyzing one or both Z groups to
produce the compound of formula () where one or both of Z are hydroxyl.
30 '
29. A method for preparation of compounds of formula (V)
35
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N/ P(O(2)2 25 30 (Na) wth N(R5)2 in anhydrous sol vent, alkali hydroxide
or alkali carbonate in aqueous solution. 30. A nethod of preparation of

t he conpounds of forrmula (VI) Of/ P(O(Z2)2 35 R3 where -75 WO 03/ 002580
PCT/ Cz02/ 0 is H amno or nethylsulfanyl; R3 is H,

hydr oxynet %ﬁ%s@azf%oﬁet hyl or protected hydroxynmethyl; Z iﬂrﬁiépye’%\/g@%%ly IS
hydr oxy, an ester or am de; and * designates a chiral carbon atom 5
conprising (a) reacting a conpound of formula (VII) 10 (VIl) where Rl is H,
am no or nethylsulfanyl wth F%&rrpound of the formula (V1) 15
HOCH2CH2( R3) OCH2P(O) (2) 2 (VI 1 | where Z is amde or ester in the
presence of a base. 31. The od of Claim30 further conprising

hydrol yzing Z group to produxe al 25 conpound_of fornula (VI) where 1 or 2
Z group% are hydroxy.

O P(O)2),
X *
HN z X /\l/ N~
Rs
where
10 Rj3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;

Rs independently is H, C1-Cg alkyl or a protecting group,
X is oxygen or sulfur;
Z independently is hydroxy, an ester or amide; and
* designates a chiral carbon atom,;
15 comprising reacting compound (IVa)

Cl

NZ |
» O P(O)Z
HzNJ\N X/\( ~ - FO2)
20 |
Ra
(IVa)

with N(Rs); in anhydrous solvent, alkali hydroxide or alkali carbonate in aqueous solution.
25
30. A method of preparation of the compounds of formula (V)

Kro\/ P(O)(_Z )2
Rs

(VD

NH,
NZ" |
30 - .
R1/|\N
35

where
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"32. 'A nmethod of preparation of conpounds of forrmula (XI11) WO 03/002580
PCT/ CZ02/ 00038 5 R® NOON,,,,,P(O(2)2 R3 10 (Xf) where RL is H, am no or
met hyl sul fanyl; * is a chiral carbon atom 15 R2 is H, chloro, hydroxy or
am no; R3 |§,d—63,051§§d1yl hal onet hyl or hydr oxymnet hyl ; ester
conprising (a) reacting a conpound of the fornula (I X) ZOSPWQ/O%B N Cl
10~ 25 (IX) where RL is H amno or nethylsulfanyl; R2 is H chloro or

amno;, with a c gnﬁt,o}n@ﬁ%gpmryp (X) 30 AH (X 35 where R3 is H,
a t

nmet hyl , hydroxy | one rotected ydrox ymethyl: * is a
chiral carbon at ,ﬁ , methyl, hydroxymethyl halomethyl or protected hydroxymethyl;
Z independently is hydroxy, an ester or amide; and
* designates a chiral carbon atom;
5  comprising (a) reacting a compound of formula (VII)
NH,
N cd
A
R N Cl
10
(Vi)
where
Rj is H, amino or methylsuifanyl
with a compound of the formula (VII)
15
*
HOCHCH2(R3)OCH2P(0)(Z),
(Vi)
20  where

Z is amide or ester
in the presence of a base.

31.  The method of Claim 30 further comprising hydrolyzing Z group to produce a
25  compound of formula (VI) where 1 or 2 Z groups are hydroxy.

32. A method of preparation of compounds of formula (XIII)
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"R6 i's hydroxy or protected hydroxy; -77 W 03/002580 PCT/ Cz02/00038 or R3
and R6 are. joined by a cyclic acetal or ketal protecting group; in the
presence of a base without solvent or in the presence of an aprotic

sol vent, t@vo@ﬁdﬁ?&éﬁe a conmpound of formula (XI) 5 Rl 10 1§C3gg%2%0*g—| R3 R1
is H amno or ylsul fanyl; * is a chiral carbon atom I'S"H~ chloro
or amno; and R3 is H, nethyl, halonethyl or protected hydroxynethyl; and
20 (b) reacting conpound (XI) with a conpound of the formula (XI1I)
Y-CH2P(O) (Q2)2 (XI'l) where 25 YRp,Ss a leaving group; Z is amde or ester in
the presence of a base in dinethyl formam de or tetrahydrofurane to produce
a conpound of fornula (Xl II).N 3. The nmethod of Caim 32 further
conpri sing hydrolyzing Z group|to oduce a conpound of forrmula (X1I1)
where 1lgor 2 Z groups are hydr A34. A nethod of preparation of a
conpound of forrmula (I) WO 80~ where + 01,/ P(O(2)2

o _PON2)2
Rs
10 (Xm)
where
Ry is H, amino or methylsulfanyl;
* is a chiral carbon atom;
15 Rj is H, chloro, hydroxy or amino;

R3 is H, methyl, halomethyl! or hydroxymethyl;
Z is amide or ester
comprising (a) reacting a compound of the formula (IX)

20 R2
NZ I
/I\
R; N cl
25 (IX)
where

R1 is H, amino or methylsulfanyl;
R; is H, chloro or amino;
with a compound of the formula (X)

30
Ra
’. * \
Rg OH
(X)
35 where

R3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl,
* is a chiral carbon atom;
Rg is hydroxy or protected hydroxy;
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" R3 PCTI CZ02/ 00038 RI is H, am no or nethylsulfanyl; R3 is H nethyl,
hydr oxynmet hyl , hal onet hyl or protected hydroxynmethyl; 15 R4 is halo; X is
oxygen; Z independently is hydroxy, an ester or am de; and * designates a

chiral car conprising (a) reacting a conpound of a (V)
20 NH2 25 B%gb—%é Z12 R3 (1) where 30 Rl is H amno O?ER&Z&%%O ul f anyl ;
R3 is H nethyl, hydroxynethyl, halonethyl or protected hydroxynethyl; Z

i ndependently i n er: . * i i . n atom wth

el enent al hal ogérnﬁ? ﬁﬁ;‘%ﬁ{rﬁ ogﬁéasbgla\?&ﬁ%%gﬁgéﬁﬁg@%&lé%gﬁd of formula (I).
35 35. The imthe pregenst ofn basswadthont solvientror inothe preseneg ohgmianseticzsolvgniztayr oup t o
produce a Fdaﬁpé)#m:)o@ﬁnaefﬁﬁh@la(kb where | or 2 Z groups are hydroxyl. -79
WO 03/ 002580 PCT/ Cz02/ 00038 36. A nethod for the treatnment of a viral
infection conprising adm nistering a therapeutically effective anmount of a
conpound of Claiml to a patient in ndggd of such treatnment. 37. The nethod
of Caim37 where the virus is a DNA vjrus. 38. The nethod of C aim 37

where the virus is a retrovirus or pj avi rus.
)\
R; N o)
Rs
(XD
15 where

R; is H, amino or methylsulfanyl;

* is a chiral carbon atom;

Rj is H, chloro or amino; and

Rj is H, methyl, halomethyl or protected hydroxymethyl; and
20  (b) reacting compound (XI) with a compound of the formula (XII)

Y-CH,P(0)(0Z);
(Xm)
where
25 Y is a leaving group;
Z is amide or ester
in the presence of a base in dimethylformamide or tetrahydrofurane to produce a compound

of formula (XII).

30 33.  The method of Claim 32 further comprising hydrolyzing Z group to produce a
compound of formula (XIII) where 1 or 2 Z groups are hydroxyl.

34. A method of preparation of a compound of formula (I)
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Ra
Ry
N/
Py
R N7 X
‘\.ro\/ﬂoxaz
Ra

where
R; is H, amino or methylsulfanyl;
Rj is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;
R4 is halo;
X is oxygen;
Z independently is hydroxy, an ester or amide; and
* designates a chiral carbom atom;
comprising (a) reacting a compound of the formula (VD)

NH,
'\[_/o\/r’(oxz{z
Rs

(VD)

N/

X

Ry

where _ .
R is H, amino or methylsulfanyl;
Rj is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;
Z independently is an ester; and
* designates a chiral carbon atom;
with elemental halogen in an inert solvent to produce a compound of formula (I).

35.  The method of Claim 34 further comprising hydrolyzing Z group to produce a
compound of formula (I) where 1 or 2 Z groups are hydroxyl.
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36. A method for the treatment of a viral infection comprising administering a
therapeutically effective amount of a compound of Claim 1 to a patient in need of such

freatment.

37.  The method of Claim 37 where the virus is a DNA virus.

38.  The method of Claim 37 where the virus is a retrovirus or hepadnavirus.



