WD 03/ 002580 PCT/ CzZ02/ 00038 5 6- 2-( PHOSPHONOVETHOXY) ALKOXY! PYRI M DI NE
DERI VATI VES HAVI NG ANTI VI RAL ACTIVITY 10 Background of the Invention 15
Fi el d of wibeslomssnti on Acyclic nucl eoti de anal ogues cont aipaiTnzophasphonat e
groups are disclosed for exanple 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 nunbers 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
WO 96/ 33200. The teachings of these patents include conpounds in which a
phosphonate group is linked to a defined purine or pyrimdine base,
generglly at the 1- or 9-position of the pyrimdine or purine bases,
respectively, by way of a 2-(nethoxy)propyl group, a 2- (nethoxy)ethyl
group, a 2-met hoxy- 3-hydroxypropyl group, or a 2-nethoxy-3-fluoropropyl 25
gr oup - khO\RHOS RHON MR THPEY \ALESX\RRNPRIMINENE HRRPVATTYES PRI ANNE/IGAL PAQTINLTH ne
conpounds. These conpounds exhibit antiviral and cytostatic activity.

Dal uge et al. (34th Interscience Conference on Antim crobial Agents and
Chenot herapy, Cct. 4-7, 1994) discloses carbovir derivatives in which the 6
posi tlbon of the purine is substituted with cycl opropyl am no,

N-cycl opropyl -N-nmet hylam no or N 30 aziridinyl. Chlar et al.,

"Antim crobial Agents and Chenot herapy" 39(1):117-124 (1995) di scl ose

N6- am nohexyl - PMEDAP. Holy et al., "ACS Synp. Ser." 401:57-71 (1989) and
Holy, "Kem 1Ind." 38(10):457- 462 (1989) describe the antiviral activity of
certain N6-substituted nucl eolgagieoraidl FkERvempnAddi ti onal

phosphonat e- substituted pyri m di ne anal ogues are di sclosed by Holy et al.,
"Col l ect. Czech. Chem Conmun." 64:242-256 (1999), Eger et al., "J. Med.
Chem "™ -1 WO 03/002580 PCT/ Cz02/ 00038

15  Field of thé 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 N0-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 NO-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."”

-1-



37:3057-3061 (1994), Wornstadt et al., "J. Heterocyclic Chem" 37:1187-1191
(2000), and Franchetti et al., "Nucleosides & Nucl eotides" 14(3-5):607-610
(1995). TWemmoxser three publications have a phosphonat ePCOnrtZap/mnioag

side-chain linked via a 6-N substituent of 2,4- disubstituted pyrimdine. 5

Obj ects of the Invention It is an ob} ect of this invention to provide
conpound$713857-866 h(kIPY), Vaormstadt of aly 'J. Heterpryeli¢ Ehemy” 3dgldi8istl 9 RKA08), ania

viruses mhgﬁ ek%lV "N'd@n\éoaaes'@ﬁucléona&"qa(3asi)ded7t@mh9m 96k 14tRr Hfr@é“ de

conmpounds use preparation, of ion . exchangé resins or_chiral
medi a. | ﬁ)ublscaaovmatVﬁ@rphem}@e@tetcemﬁmw Hee- FW%P%“E‘& Vag @g -N sebstieRRfL-4-or

maki ng sq@ubstg@t@@?ﬁ[mgimérhese and other objects will be nore fully

undergt ood by further reference to the disclosures herein. 15 Sunmary of
the Invention In accordance with the invention, novel conpounds are

provi ded having formula (1) RZO‘Réctstt:hehRentxbﬁ( *O,,,,,- P(O(22 R3 25
where RL is H

hydroxy. prot gtcl é'ﬂagﬁygf’ of Thik MCEHJ)I{ [}M‘!}Vlfigefz,%ﬂlﬁmgg mf\;lﬁ% ntn?n?ah ?ctlwty( Bo) 2,

particular against RNA or DNA v1ruses such as HIV, HBV or HSV.
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)
R2
R4
=
20 "
/l\
R4 N X
H*/O\/ P(O)(Z),
Rs

25

where
R; is H, amino or methylsulfanyl;
R, is H, methyl, halo, -N(R5);, hydroxy, protected hydroxy or a group of the
30 formula (Ia)

*

—X
R, P(0)(2)2

35 (Ia)

R3 is independently H, methyl, hydroxymethyl, halomethyl or protected
hydroxymethyl;



XPOZ R3()()2 35 (la) R3is independently H, nethyl, hydroxynethyl,
hal onmet hyl or protected hydroxynethyl; -2 W 03/002580 PCT/ Cz02/ 00038 R4
is Hor habe3osBndependently is oxygen, sul fur or a bondpPCTEZond@pgndent |y
is hydroxy, an ester or amde; R5 is independently H Cl-Cg alkyl or a
protecting group; and 5 * designates a chiral carbon atom and salts and
sol vat es t her ®)yfis Howdalobj ect s al so are acconpli shed by a nmethod for

R N R A L LA
above; 20 codpndependentlgachydngxya anestproarrathidd; fornula (11) R2 R4
Rs is independently H, C;-Cg 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 (I)

10 Re o
4
NZ |
)\
R4 N X
* O\/ P(0)(2),
15
Rs
@)
where
R1, Ry, R3, Ry, X, Z, Rg and * are defined above;
20  comprising reacting a compound of formula (II)
Rz
Rq
N7 I
; pe
R; N XH
ay
where
R and Rj are defined above;

30 R is H, methyl, halo, -N(Rs),, hydroxy or protected hydroxy; and

XisOorS;
with a compound of the formula (IIT)

35

%k
Y-CH,CH(R3)-O-CH,P(0)(Z),
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N 25 RL N XH where R1 and R5 are defined above; 30 R2 is H, nethyl, halo,
-N(R5) 2, hydroxy or protected hydroxy; and XisOorS; with a conpound of the
formul a (WDI0B/002380 Y- CH2CH(R3) - O CH2P(O (2)2 -3 WD 03/ 002%80/(207/0€@392/ 00038
(~) where Zis an ester or an amde; * designates a chiral carbon atom 5
R3 is H nethyl, halomethyl or protected hydroxynethyl; and Y is a |eaving
group in dipolar aprotic solvent in the presence(ld) a base to obtain a
conpoundygf,f ormula (1) where Z is ester or anmide; (b) one or both Z
groups optionally are converted to produce the conpound of fornula (1)
where at | east ipaeeseraf apgB¥e8y. 10 I n anot her enbodi nent of this

i nvention, a melkfigshtésa ¢HiAYtatbeh htom;t he preparation of conpounds of
| ndeptndent 1 v R Horry B RRURS oL bniE e R ot o cotea ) 15
hydr oxynet hyl Y R4 leavirtg grouhal o X i s oxygen or sul fur;
in dipolar aprotic solvent in the presence of a base to obtain a compound 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
R3 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;
Rjs is independently H, C1-Cg alkyl or a protecting group; and
20 * designates a chiral carbon atom
comprising reacting a compound (IV)

OH
NZ |
25
RH\N X
* O\/P(O)(Z)Z
Rs
30 (Iv)

where

Rj3 is H, methyl, halomethyl or protected hydroxymethyl;

XisOorS; and

Z is amide or ester;

35 with N(Rs5) 2. One or both Z groups optionally are converted to the compound of formula

(I) where at least one Z is hydroxy.

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



Z independently is hydroxy, an ester or amde; R5 is independently H Cl1-Cg
al kyl or a protecting group; and 20 * designates a chiral carbon atom
conpri si MyorgaexsBng a conmpound (IV) OH N~ 25 R1 N X * 0PCT/GZ02/0008¢ O) P2

R3 30 (IV) where R3 is H nethyl, halomethyl or protected hydroxynethyl;
Xis O0Oor S, and Zis amde or ester; 35 with N(R5) 2. One or both Z groups
optionally are converted to the conpound of formula (1) where at |east one
Z is hydroxy. In another enbodi ment, a nmethod is provided for preparation
of conpounds of formula (VY(Rsk WO 03/002580 PCT/ CZ02/ 00038 N(R5)2 N 5 |
Of/ P(O(2)2 H2N N X R3 where 10 R3 is H nethyl, hydroxynethyl,

hal onmet hyl or protected roxynmet hyl; R5 independently is H Cl-Cg al kyl

or a protecting group; 0 P(0)2),
™ %*
Rs

V)
where
10 Rj is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;
R;5 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

N? |
£ O
. N )\N x/\( ~_- PO
Rs

(IVa)

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)



X is oxygen or sulfur; Z independently is hydroxy, an ester or am de; and

* designates a chiral carbon atom 15 conprising reacting conpound (IVa)

C iJ * vbfesoexs8) (2)2 X 20 HZN X R3 (I1Va) 25 with N(R5PRTICroanégsir ous
solvent, al kali hydroxide or al kali carbonate in aqueous solution and Zis
optionally converted to the conpound of fornula (V) wherein 1 or 2 Z groups
are hydroxy. In another enbodinent, a nmethod is provided for the
preparation of conpounds of berula (VI) -5 WO 03/ 002580 PCT/ CZ02/ 00038
NH2 NS 5 R | NY Of/ P(O 2 R3 10 (M) where RL is H, amno or

met hyl sul fanyl; R3 is H nellfiy hydr oxynmet hyl , hal onet hyl or protected
hydr oxynmet hyl ;  Z i ndepende tIy'is hydr oxy, an ester or am de; and 15 *
desiggates a chiral carbri atN onprising reacting a conpound of fornula

(M 1)
kf/o\/ P(O)(Z)Z

R3

10 (VD
where

R; is H, amino or methylsulfanyl;
Rj3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;
Z independently is hydroxy, an ester or amide; and

15 * designates a chiral carbon atom;

comprising reacting a compound of formula (VII)

NH;

=~

20 l
R1)\N Cl

where

(VID)

R is H, amino or methylsulfanyl
25  with a compound of the formula (VIII)

*

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

30 (Vi)
where Z is amide or ester

in the presence of a base. Optionally 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 (XII)



NH2 20 R NC (M) where RLis H amno or nethylsulfanyl 25 with a
conpound of the formula (VI11) HOCH2CH(R3) OCH2P(O (Z2) 2 30 (VI11) where Z
is am de WD 03®0280 i n the presence of a base. Optionally omeTarZoboads Z
groups are converted to produce a hydroxy. 35 In another enbodi nent of
this invention, a nethod is provided for the preparation of conpounds of
formula (XI11) -6 WO 03/002580 PCT/ Cz02/00038 R2 5N RLNOOf/ P(O(22

Y* YR3 10 (XII1) where Rl is,@ am no or methylsulfanyl; * is a chiral
carbon atom R2 is H chloro, hydroxy or amno; 15 R3 is H, nethyl,
hal onet hyl or hydroxynethyl; a Zis amde or ester;
N
5 /I\ |
Ri

N 0]
K*ro\/ P(O)(2)2
Rs

10 (X1
where
Ry is H, amino or methylsulfanyl;
* is a chiral carbon atom;
R, 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)

Ra
20
Nl |
)\
R{ N Cl
IX)
25  where
R is H, amino or methylsulfanyl;
R, is H, chloro or amino;
with a compound of the formula (X)
30 Ra
>*__\
Re OH
X)
35 where

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

* is a chiral carbon atom;
Rg is hydroxy or protected hydroxy;
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conprising (a) reacting a conpound of the fornula (IX) R2 20 N Rl N Cl
(IX) 25 where RLis H amno or nmethylsulfanyl; R2 is H chloro or am no;
with a cowpoatneksed the fornula (X) 30 R3 R6 OH (X) 35 woercroRsonss H,

met hyl , hydroxynet hyl, hal onmethyl or protected hydroxynmethyl; * is a
chiral carbon atom R6 is hydroxy or protected hydroxy; -7 WO 03/002580
PCT/ CZ02/ 00038r Rg ran&R6amljoRﬁadzwa q'yo]immdtalbyr laetﬁi)p@btbﬁtu@C@bl@i or ketal

bt esence Ioieattce thaloiSe RUBRE e osn R Frerthisiihabier Phehlip s 5 ra
N R N @cmmpbm@i-bf Iﬁan(IIXI()(I) wher e

R
5 1
N7 |
)\
Rj N o}
OH
10 %
Rs
(XD
where
15 R1 is H, amino or methylsulfanyl;
* is a chiral carbon atom,;
Ry is H, chloro or amino; and
R3 is H, methyl, halomethyl or protected hydroxymethyl; and
(b) reacting compound (XTI) with a compound of the formula (X1II)
20
Y-CH,P(0)(0Z),
(XII)
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 (XIII); 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
R1 is H, amino or methylsulfanyl;
R3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;
35 R4 is halo;
X is oxygen;
Z independently is hydroxy, an ester or amide; and

* designates a chiral carbom atom;
b



15 Rl is H amno or nethylsulfanyl; * is a chiral carbon atom R2 i
chloro or amno; and R3 is H, nethyl, hal onethyl or protected

hydr oxynmewbyB/oozsd (b) reacting conpound (XI) with a compomrazoahomsse

formula (XI1) 20 Y-CH2P(O) (QZ)2 (XI1) where Y is a |eaving group;
is amde or ester in the presence of a base_in dinethylformam de or
t et r ahydrcomprising (3 geastiog a cempoenskafdbatormple V& nul a (X1 11); and (c)

opti onal lWheydrol yzing Z group in conmpound (XII1) to produce a conmpound of
formula (V)

ere 1 or 2 Z groups are hydroxy and X is 30 oxygen atom In
enbod\ifﬂéﬁ » RO ‘?tﬁi’}@‘ﬂfﬁ%ﬁ, a nethod is provided for the
preparation ®&;j icHr,rpmthﬂ&ydfox&meﬁ:yl,&a(oh)ethuher proRttadshydroxamiethyl; or
met hyl.sul fanylz'ing%elﬁieqﬂg igg}% géfér‘ alJ;l(i,/droxyrret hyl , hal onet hyl or protected

anot her

S

hydr oxynet hyl

s H,

25 Z

X'i's oxygen; Z independently is hydroxy, an

ester or am dé&;desiguates a chizil gachorgtom;chi ral carbom atom -8 WO 03/ 002580
PCT/ CZOZ/&@Péénerﬁarﬂaﬁdogr%h %ﬁ] glknrssﬁfeﬁﬂ 9 riusOMeGHpshrloftthenfp (Il @ (V1)

where R1 1s H_am no

10

15

20

25

30

35

| sul fanyl ;
Optionally one or both Z groups are converted to hydroxy.

Further objects of this invention are accomplished by a method comprising
administering a therapeutically effective amount of a compound of formula (I) to a patient

in need of such treatment.

Detailed Description of the Invention

As used herein, and unless modified by the immediate context,
alkyl means branched, normal or cyclic saturated hydrocarbons and includes methyl, ethyl,
propyl, cyclopropyl, cyclobutyl, isopropyl, n-, sec-, iso- and tert-butyl, pentyl, isopentyl, 1-
methylbutyl, 1-ethylpropyl, neopentyl, and t-pentyl.

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

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

R, 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 (25) configuration.
Halomethyl generally is fluoromethyl.

R 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
other Ry 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
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-



R3 is H nethyl, hydroxynethyl, halomethyl or protected hydroxynethyl; 5 Z
I ndependently is an ester; and * designates a chiral carbon atom wth

el enent alwbaBogzsso i n an inert solvent to produce a conpourdTafZop/ovossil a (1) .
Optionally one or both Z groups are converted to hydroxy. 10 Further

obj ects of this invention are acco I shed by a nethod conprising
adni ni st énvalgeda Alhthabisegededas hpt ﬂﬂﬁg@bﬁtwelﬁﬁﬁ@?ﬁ regioved uedBeSEP BY for nul a

(1) to a %ﬁéﬂqﬁt wﬂ1§1 fesd d@glreﬂuﬁ)ﬂi it ﬁﬁﬁs 'ﬁ%ﬂ%})paﬁﬂt 8h h@@re@@ﬂcg‘rblﬂfdb @reafbet he

| nvention”15 As use | at e cont ext,

erej.n, unl.ess
al kyl medeadilydgicanragd bw%@nwy PETIMENtS: g? Wreé‘ﬁgﬁl%iéﬁ?réd’épﬁgﬁg Ha U He! udes
rre:jh%/I t Q%b?ﬂtect t}ﬁrpmyﬂhonmmlydmxmgyﬁups agaihsd bikylationi sopropyl, n-, sec-, iso-
an r uty i sopent :
neopest yl, aNPg‘b% ﬁ%/rvf: Tgdin é fu%czjfllpflﬂﬁ%gg‘lhg&%y* amjrde tsr?%(rh?\ﬁg% Ic‘lln"evg br on,
fl uoro, cfrom duquhomoﬁzatet ppitdde pgodng astecﬁr oraamidgges mttonallx arecsglgcted based on

ggt P%ljzgle}fﬁ%g}rﬁ)ls rhtk s;gec'ﬁ@ltylw |eEtl3fa9és ana%r gé‘rﬁgiﬁebt‘{ddsés &R Yo IS)e,r fouﬁlﬁ &ﬁhmz wher e

t b
be hydr ox«yﬂwhyne p(rqcypioeaydrylyelsys %ﬁﬁ(ﬂ gB?Rgie éf?nt @abéfanw <M of ? Lemy
(R enanté &9 is QhkdbW ) BBE WYl scradita plufahfyﬁdﬂimbleoﬁdé‘laiambhw thls mN’@flen ably | S
Hal ort b n)ng;,ﬁw&ea?#v bl SHPSHRRD e P g Ru b hirdf Rorf B p ik on, 25
| over ( Clof@} pabiphbndte neamivitabadiivitns OangesyallyAslects cmnpph@ds the e (Lbedd i nfra,
Z1s sui t@ggdy%ﬁ%r ﬁ%ﬁ:ﬁfgz?& ccgmgit&ﬂgtl@?}f s‘?ﬁ@l@q ﬁ}ae‘ﬂg)?\ép%lh ug gHﬁzﬁldVUeH BeftGbROt | de

phosphona Qrdlnarlly
is H (i.eand (iti)iaes hyylcolpsed)in the ceBreptoninem andior .‘gstedﬁ*ﬂcwvla?wlac@qf?ﬁnﬁ Wither

al t hough 24 %Hleﬂart@llﬁstfs%es Qfe%él% t$Re R fly lﬁ?&uﬁ@fs&lﬂht@ﬁ@re‘iéb’sécﬁﬂ oegdmer us e aS
protectlng gr oups or tionalities

pr ef eabl §us¢eptiple tyajtar g%fﬁ’ “ég?reffncé‘? 1} pigeHQh &8 ‘i“ttf“? gasa 8§ r?%fdpﬁesufﬁ? (ﬁg%st t he
conpoundscaghblé Bfﬁydrdiil‘gl/ﬁlin e livagabthst infeotiess, e.gdCMB&ot Hivioptionaltyeame t he obj ect

'S topr Ot\r/éa%ie% a pre\(/:{n)égr l%ratolg cﬂ‘opyze& aral
substantially the same rate and to substantially the same degree in all tissues. Assays
known in the art are suitable for these purposes, including intestinal lumen stability, cell

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, W098/04569 and EP 481214 Al. 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.¢, 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 compounds to be used directly for antiviral purposes, 1.e.
such compounds are employed without any requirement for hydrolysis in vivo of the ester
or amide.

Protecting groups for hydroxyl include acetals, ketals 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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35 compound. O herwise, Zis OH The esters or am des are useful as
protected internmediates in the synthesis of conpounds of this invention
where Z =WOR3bms8hi s enbodi nment, the sel ection of ester oPCTArd@0IRY nOt
be i nportant, depending upon the nature of the reaction -9 WO 03/002580
PCT/ CZ02/ 00038  involved. All that is needed is that the Z substituent not
be removed untlhp cempounds ef the inveption asjusefl fapihectreatmens of yiryessi oteadd, and i f

L hi s Id s ﬁlﬁ%mﬁsldih@ésﬂﬂ&he‘}i}eﬁd?ﬁﬁ{:n%ﬂsﬁéﬂ ccgﬁpwﬂd§ E)Eenﬁﬂﬂ'y%a% rn@e%@bhytodﬁt er mdnefl

y rudi nent a or, .ex arti.cul ar e use 0
pr ot ect rﬁ@teé)ﬁﬁ Qﬁ? °ﬁ§‘bﬁCBR&PI‘¢%‘/3€E ?’H’c"indﬁc “@e "P\?F(SHOIZS serves
as a prodausgd bubNA onthAt yirusehsich s herpesvxmmsc(@M\é HSVG\;H&N B BBVO fromthe
phosphon a | r ected
Pased on sl T dbnBifis VY] W REGhy Rl AL 12T RlRhyE, T BHVELE T o0
expect ed Peplip@atiowasi(HR Y Bipgs 1 S8lingluding cacispgerie HBW)}'@@I‘I‘OW% gndledingsi r ed.

To the extgsw fév@ﬁ%rﬁshﬁﬁ%ﬁ%kxfiﬁ&fe%‘r \H’xfus bhE 35 aREE KABSDhh B KR WhayRE&sWM | |

screen a pI ur.al |\} nucl eoti d al oigues of .thi's invention O.until the
desired $kpldingt ngﬁb‘%%nrqqaﬂwn?@ RS HrES)vin yengg ViEtss (WREs A10m t he
appear ang&rovirusds(HEV Ah ISP M6/ - rHHmum sml Fed o4, IFYV] YoM3W), g@emefzﬁhhdey

I I
s, EOPRCHEE bRl By, LR B BB gL v Y
hydr ol yz &dpatitis theruseand E@H@pvlas)ngastwentengystrm ¢Noiwadly Ivuusee,rrotaSn'uwe);s with
cells fr‘BHﬁtE@F&sb& af'i&Eaah 'vﬁ%ébe?olgfﬁaﬂﬁﬁdp%pgvh\qﬁﬂéé ?MP%%%? Bﬁful'éﬁ'zta are

rel eased 1 n orga susc rget_vira I nfection,
e.g. in tHES tya§~°e1 6frabie§érfus ;wsetratpgownefrl gyus &Ié%\ébmép%mswws@w@ £ad t he
liver. OE’]Qﬂidﬂh@fhﬁ@t ions, e.g. CW or HV, optionall y are treated with a

th d b t t
Clbstant1 al I'y ProfEreliirE Al e s SeRtioy b Sae FeaBEntyd Remsoirusth JeEingr ¢ ar e
sui t abl eVirosesmhéHémeqhom whickc Ry e Nigp, |Ry1=eNH2rmthH U)ﬁErO sndBy FiHyr cell 20
t t A These
Pesaye. iy tler IATHAERANTISIGRRbinb b ioP ul: APRich A0 LublatndPSRRpd "o
pr ecur SoBesay vflmttmal WXy veisg enzyses ighibiivg aamy@télsswlﬁurmsnm, griwap Z are

found i nmAiBPaELE AR the MBI G4 BY uAddstbEd B hdidsidlied AMde ZEL €7 Or am de genus

or specil es
88 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 1on 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 group 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
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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
hydr oxyl w0 oBoodss@are ester and/or am de, i.e, typically 2PoT/Qr2/[A0038r oups
are hydroxy. In general, when neither Zis OHthen one Zis anmide and one
Is ester. Amdes with naturally occurring am no acids and a esters with
phenyl | i'ifl@dﬁbk%ethy ng to fheegateir bbmmknl usiig cofaleun linkirgcdgdntZ hgrefps

genera are led w l.n neral, Z is hydroxy in
conpound$PPEnHaY éfbl 1‘&}?1?%8‘(6%}5?‘1?85"‘ b\?#?’bpigﬂr( ‘8’2@ i . e. suchycorrpgunds
are enpl oyed Wit dompowtaig olqumnvemtmﬂalsfocnre nsedfulcls waiss- lmkemovspagerStime ester

o ki{“' d/‘ip{%ﬁgggffﬂg sfLgbRh, &%CQQ/Qg B¥dsed %%H&Fon%&gte&sadfﬁxg;ﬁﬁbf% iSs fdr sE1- CB

am no con ent i onal
pr ot ebt i ragngted mpéle@r@eﬂmg\mrag@pbﬂr ddgsompoylds herepy @ﬂné@tl Rmaulipliityofi n

Organi c , t -10
VO 03/ 00%%%1'85,%@%2%% Su}t%%éls g‘%ﬁ;@:ﬁ@é M?{ﬁ(\l/gg)t%?agﬁédtalru(amulsgfs ul for

the treathBYRtigRalye Hik é@mtéfrrea&gntﬁ At rapRes, I?eﬁ 6% AHRAMESFZERCHt such
conpoundsirudsxgitthaliie td ihadluble fsﬂﬁstnafee S Theselisolubilezeti eeagentstace dneplopsit ied for

suscept i I|t 0 CO S_invent [ I used b
oA o ROV st G B Rsrerpea e dREE R PR he, oBghiERgmIgR sed BY
vari del | andoﬂteelmpmrcus [VZ\/] bOVI d herpesw rus type 1, equid herpesvirus

type 1, HiNzBes & %Jﬂﬁq %ﬁéib‘il"rk%ﬁ%n%)ﬂ?\é gy&%ﬁ 1 p& Porhd G HHi v ek oh S RGN C

HPV) , fl avi vi ruses ever virus, African sw ne fever
vi rus andadgrapasaiionefcapyias iﬁpmspf\?ihf‘%s) t ogavi ruses (i ncludi ng Venezuel an

equi ne encephg}, aye binbb&méntsUf )s ndt Iih%&dé thavihe¢sepolndspdshidirekntion be
retroviruses | V-1

adenovi r FEE-linged f"y‘B&ut\i{e Qjaterb"tsx \}J o ﬁéaégp € \/thi%?% be V?(?/E?sl;‘:rllk\%’r?wgewgy ruses

(pol i16vi rd¢sectapregoups3n pfipusng koleble dtngp@&tmtrc@ewtsw rus, and ECHO virus),
gastroenterit Il\?et\ﬁo& URF §ro§;§\lﬁ{ﬂ¥m& hsﬁ{% Eﬁéssﬁﬁstltﬁé?ltt @1?6??9 ?(ﬁl?l}l n tﬂ%ac'al‘rg) hﬁd&scffs

(Hantaan virus onmavi r ﬁ avi ruses, novi r uses rai nfl uenza
vi rus typhbis idvestion albl\’eeél 1V‘iOfV\msmt eFpi F%tteéipryﬁéﬂ)haﬂiphi?m‘?@@d(@g%d tofIBht i ti s

Viruses Ayel with 836hols or amides with amines. Similarly, the amino, halo, hydroxy and other

reactive sites 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 compounds 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
P y P

-12-



E, and the like. 15 Preferred conpounds of this invention for the treatnent

of herpes viruses, hepadna viruses and HV are those in which RL = NH2, R2

= NH2 or WB,03%02580®© and R3 = H or nethyl. Qher antiviral Pagtdzoeness of

conpounds of this invention are determ ned by routine assay of antiviral

activity, using enzynme inhibition assays, tissue culture assays, ani nal
maaie vi

model as$EPEC thitke gtber ingredisats of ths, 1orawlation andens delefgriopgte the t he

art. 20 Téupiatvel conpounds of this invention also are useful per se or as

intermediatesdn,. th reparation of pol ts hayin wi de var,iety of
di agnostic, t HJEF 5?3@['!‘??@%&%“1%‘83@%’ P ese%tf’”&fq ?‘?lgé?sag%@r@@ﬁ'gd’&ﬁé(d’f of this
i nvent i oprepareddyiangbf theasethorsevalEdioatnds thoarpofpmrmaaf T geheral thddsor pt i on

di ac<b : ' . ' . . I Di 25
cormounaq. gttt ot Gy R N UERE R, URGeibh FORE e

fashi on aegrediem @vith igyidgarrieans 9e finelyidavidesolid spmigrs ordottn pad thepsifi t uents, e. g.
phosphonat&s&iry, 3Rapis thefppsduekanpl e, the phosphonate group of the conpounds

herein are coyalently baund to  insoluble rix and. free Rl ami no
substituents ﬂn?‘ﬂét“ﬁ@togﬁﬁc@fﬁ?epbmﬁgﬁt@nsg@‘r@geﬂ& qr%ﬁ‘gmé‘%étﬁaé’r?é‘énas}’lrgees.
Al t er nat puesénted ashdisdrete enteyichias clymakes anathats grtabiptsicact ¢dikding @ thehmat rix 30
and e 0 | useful in the ghromat.ographic
Absol ot BrEiRRRSE ARG IRt et iRB Iwdef of BEmigh AT RORB TR i men s
of the céwpermesinaraguepusdiquid efngn-dquequsrliquid; ngaparsibimwateeliguid enzynes to

whi ch t hemaRGVHAAFateLint & ﬁc}didi“éﬁms.id?ln THEBY i i3 edfenPmal Ega%ggfetserg&%se i ns
(see G h Sui tabl e nmet hods of 1 ncorporation” of the conpounds of

| ar, suypra).
this i nvé%?‘“ér?lfg%‘l‘ PhRHfubl e 35 matrices such as pol yneri c resins will be
readi | y appar ot et@naligfestiodsl f thedyleios ather dternaCpewE sndigh ehdiske@hde

aroups + SN e eI s b PR R R S B AR sP TR S PR ogHe on ar e

i ncor por ingeetli¢ntfspin ansamharink ef, fersixampley 01675 th 2096 e (netirding/aativet he

phospho nﬁ{gﬁecﬂé PinX raflge Betwdd § 34003289, ﬁqﬁér%gﬁl{s 09839, \&JWQ{%&?%W(#‘%W R3

group to the nmatrix or-resin using coval ent I NK1 Ng agents eretotrore

known. SWVebi@ Wivhielhdymerlhodia tal &6 deyeandimeest F}ﬂ?lf@i?lﬁ Oax to(194pway.. When
formulated in an ointment, the active ingredients may be employed with either a paraffinic

20  orawater-miscible 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-ethylhexyl
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The conpounds of this invention also are useful as cross-linkers or spacers
in preparing affinity absorption matrices (as opposed to functioning as
af finity wWoioedzss80 per se 5 as noted in the precedi ng par 2gratAez»oo3qThe
conpounds herein contain a nultiplicity of functional groups that are
suitable as sites for cross-linking desired substances. It is_ conventional
to |ink &primitte yThesamanbs ussdcalonpsorip combiagtiomdapendiag on sha prepdaties, enzymes,
drugs, apghuie. Autkﬁlaii@e1¥,r}ﬁ%1 #eltRg pehss lipalks 88ch BENASR doRspkifah khd/eHlige@gent s

S

are enployed.in nown ? hion to absorb substances from manufact ured

pr epar at PRI of offsideneral Qs eande us§y ang other inpure mixtures. Sinilarly,

i mobi | i zed eFopthwatiGisasuitstdel fdraopgieal fadmimistedtiah yé the eyoalseimladeeyeidtdps f aci | e
separati f: fr ' Sa it 1 ecessary
hat £ he s RS meRRRE Rlibrvsh 8 ARERERPF MRl agids, e

mat er i al gqudous sexentidicthe ad¢ieie ingmdioet. (leact e inredicanisityniedltippreserdén ect abl e

groups i Budl RRANIaRGhsSIAlaHBhE&nHhaONE56.0 £ 1d BPYBYWRightet hods for cross-1i nking
usi ng the substituent gro;{ﬂ% found i.n the co ounda}gof .this invention are

wel | known i nFeraulatiens seipbleformasal admistiation yhsrrie thecarier & 3,009 Ui m
ﬁséer S V\/iatcga@é Shddrhadingarpaciede viké ?)ramm@' 8§in ﬁierﬁiﬂ@dOytg 500 eniavh$ o, hg: o,

ydr oxy an ther ..reacti.ve sites, fou Q e.pyrim.dine are.sui.table. O
cour 8 DiPGtBinkapicly S & rahd-GRott B tsPy Sl By R LS BERR i
assenbl i soch dss30oniwsmns) 3 Ningulonss ey rvthicH i adeumdsteted by mapid inhakatipn deoeginthounds
are used L ki 2 | : -am no
gr oups of Q%/a}%éhﬁ@%%%qgcgﬂaﬁ%?w%ﬁggg%@hal@%@ ?1?/?%%}1%%(?%? th{éﬁégﬁ gﬁé‘?{ ¢ fsﬁdi ng
par t ner  atlisuishi §or admominestion as Jer exaeple praselprayTEsnAdl dropsndudeiaiseison. For
te>r<]arrpl e %ﬁfﬂl{: §61u@¢ﬂ§dif][ﬂ1%t ahcmé Eﬂg?édii&H.CFoﬁ@éaiogl%@%i@ibﬁi 19 L BIRBE adfidstfionf i ed to

e phosphonic acid o is invention a en.this co ate is

o531 T RRSCPeTRGHIGH <R HRET SRYFBEAGH rEayiady 2nt gan v shvaiet PHEBHFAt e
fSephar 0S eheryfvatie byentdwach anphithmidac fot geament of pabiaocysds pduheniachem stri es

or conjugation ar | 1. kn - ' :
"Enzyme- | mruncl):(églslaf}gor\(,ged}l&? 8 %@é‘g‘%%ga“?&%ﬁi&{;ﬁ? P%@g_rgéen(r_?\%de%s pce PTed t her ein.
30 Phar miarepariscarcaripigals) pastesnfoamy eesprayrfoounlabons contdining iy additiamtodhel t hei r
physi ol 0giGHl thyreAchtRIcARhSicRAslfe Rifvn DGhY &t BSbd AprGRfater col I ectively

referred to as the active mgredl ents) are formul a[tgd for
20 Formulations 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
(Iyophilized) 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
one active ingredient as above defined together 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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adm nistration by any route appropriate to the condition to be treated. The
conpounds and fornulations preferably will be sterile. 35 The active

I ngredi erve oane2spd aced i nto pharmaceutical fornul ati ons. Po&/CZoepenas ati ons,
both for veterinary and for human use, conprise at |east one active

I ngredi ent, as_above defined, together with one or nore acceptable carriers
therefor and &9mnenads Rerejnoationalyersised icantigiledrelense pharmaceuiicali er (s) must

be " atccgfi&ﬁbhﬁmn? Eoﬁtﬁ?ﬁﬁgﬂﬂ%@tlﬁ in eaiént/@feofrlxﬂ&aa&@ve%tﬂ;{éaﬁ&d d@diéh theei ng
conpatl e .ot her real ents. o on. an

ol B er | GO 0F fedcufe ety s SonEoe e Tl PP Csing o5 s ent ed
in unit dofagevé thephamthcokineticor tpriefippedildbyf agiyeroforhprainde fingasralghe known
in the arf ﬁ%uriﬁa J@d&%iﬂls{ e&ﬁ&ﬂ %htr&[é% relehf's ?HE&E El?&haseiﬁee{nﬂflﬁﬁ%?%by

uni formy and I ntinat 0 assoc ngr edi ent
with i q@d4420 e16:Ss Peﬁenﬁ ﬂ%& ﬁpvth@é@pt@@ﬂsm WSrhatant 4,740,366 0nU.akdtenhen, i f

necessar ¥,14318pi Mk behd?§ KAUabwn AR Mélsaftid forAbe hé€INPr €sent i nvention
suitable for oral adm nistration may be presented as discrete units such
as capsul es, cachets or tablets each containing a 10 predeterm ned anount
of the active ingredi ent; as arlmmt»dﬁﬁcﬂdmjmamubﬁs as solution or a
suspegsion in . N S

oi | ﬁ -wat er S“Qﬁtﬁg Tt ?ﬁJfPIéa(?)}Hln(I)SIIra{IO CR{&G KiB 0| ‘%{all nas%“'éopw:ﬁ lsncr(?)lrdlmgT he active
i ngr edi ervculagpuedat andombingwad)y veginalsind aalboﬂewé (lnelluémguabgptmogmst e. For

exter naI 11'1t9«In’?Lfs ﬁlQPﬁTtPJvu}J&‘ﬁs el){ﬁ:'a\}%ﬁo&t ﬁﬁfad%a‘? rlﬁ'l%thédaﬁﬁﬂfeeﬁn&rﬁ fputh and

ski n, orrful ations are preféraply | cal 0|ntrrent or

cream corweafﬁlmdr@uteﬁé aﬂeltlm%atwpﬁailéiap@ﬁiﬂ{p@p e conitions e Rﬂtlentf the texigifp| e

0.075 to oZQPé)dMﬂ{doﬁhd‘@ﬂdlﬁb RHe afinkd¢Con, BN HRA Erisiderations kavdge tddeween 0. 1%

and ig%l increments of 0.1%w w such as 0.6% ww, 0.7%w w, etc),

typi ¢al | Y18t 0 15% w/ w and nost typically 0.5 to 10% w w. Wien

formul at ed i nFaneawhrotf Mbove-lmhaat&d therapaugicenidieations theyaniweme raghiogeal ani t h

e Lher 2 sBAARLcRcf A0 B0y AL BT RFLM Ghof W HIRRL oPASE:s HhIERATS veLY.
th 4

t he actlvelng I en rmul a I'na creamwt -1 n-wat er
cr eam bagseverity of the condltlon to be treated the 1nfect10us agent, whether the use is prophylactlc

or to treat an acute infection, the site of infection or pathology and other factors ultimately
20  at the discretion of the attending physician or veterinarian. In general, however, a suitable
dose for consideration by the clinician will be in the range of analogous
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 1s 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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| f desired, the aqueous phase of the cream base may include, for exanple,
at least 30%w w of a polyhydric alcohol, i.e. an al cohol having two or
nore hydrweyw3gexssps such as propyl ene glycol, butane 1, 3Pdiraizo2/neasit ol ,
sorbitol, glycerol and pol yethyl ene glycol 25 (including PEG 400) and

m xtures thereof. The topical fornulations may desirably include a
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suitable for nasal adm nistration wherein the carrier is a solid include a
coarse powder having a particle SyafedioMeigP! € in the range 20 to 500

mcrons 10 (includin ticle sizes 1n range hetween 20 and 500 m crons
in iRdBr erreng S C@mpgum?scfgﬁ{xpg w1thei\n the formula (61 are synt?lesmed by alkylating the

corresponding 6-hydroxypyrimidine base with dialkyl 2-chloroethoxymethylphosphonate

(or its analogues yielding other R3 groups) in the presence of NaH, CspCO3 or DBU (1,8-

diazabicyclo[5.4.0]Jundec-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 (I) 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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such as 30 mcrons, 35 mcrons, etc), which is adm nistered by rapid

i nhal ation through the nasal passage froma container of the powder.

Sui t abl e WOrog002886 ons wherein the carrier is a liquid, fecTamenessration
as for exanple a nasal spray or as nasal drops, include aqueous or oily
solutions of the active ingredient. Formnulations suitable for aerosol

adni ni st this preedursconsistbia the fymeten efcthe raauived O6-ismsr@mly. oRk seleetiondfs and
may be dejd éﬁ%ﬁ@ swtﬁéhc%rbé‘erdumfeﬁaeﬁ&%l the ABEAbITHPOHe AeRERIR hfiginé or
treatment. of pneunpcysti s pneunp Forrmul ations suitab or vagi nal

adni ni st dgaYavenssd e %?@E%H’c S pessaries, tanpons, creans, gels,
pastes, foans Gb&np%nﬁ@yoﬁfemmh@m canbe slenblethinedby the reabtiohiof d 4t distbisttutect i ve

K 0
g e e Sy AP OB by R PRRLREA AL 020
non- aqugoessncetofNale Thyj stating matasialstaroprspated by traatmenorfithe nppxmrialm‘n dants,
buffers, gro?%ﬁhhﬁ&hﬁ%ﬁth Eﬁ%h‘& GRprofeieh d{cﬁ 'ilijﬁhre p&&%néélfﬂ%a@é ion isotonic

with the reci pient aqueous .and non- aqueous

sterile sus per%inmﬁ’smmfcfﬁnﬂ‘&? §an hﬁ@r@ars?%wa?%y sHpsHiuEion ghVEIRT ckeni ng
agents. TasitibA mh@pyxﬂﬂﬁhmngo ETHUs e BLHRLb deRivitivds-canBe obtained by ireadtises 25

cont ai.ners, for e oul es and via and may be stored in a
f reegtg dr"t’lgﬂeleI(‘F‘};é%qge%?ﬂgy Eglﬂﬂ‘?q{) TN PEatheri |r?|a§h8¢ﬁ y the Zlddl tion of the
sterile |iqui & graup amides boesterx argploavertwdtte hydroxylibyjhydtalysiss, | medi at el y

) I _ : b
prior 10 Use. NiloeMBRrA0eaHs ab QB i th%odleég&ér%ga @R SEEP PhERSSIERY D

prepared from S, granules an lets o reviously
descri bedy tratmest We@i 111 m@rcssvdg@ 1zidenin| YIF dAsHalye "Symdlesisd 9B a3 i3 a daily
dose 30 Qi 9{;? J.t dai |y sub-dose, as herei n above recited, or an appropriate
fraction t% eo of an active.ingredi The present invention further
provildes veter“}lh‘é}m‘o%ﬁ‘ﬁﬁpﬁﬁﬂ}ﬁg‘c@ ¢ l?3h"§ Ut"%Ceast one active ingredient
as above defi mad ihwaabheill be ntvrafillgtuadérs@od by asfedence tohke ffllowing Vet eri nary
carriers are terials for adm nistering the conposition and may be solid,
l'i quid 35€X6‘F‘P§§-seous materials which are otherwise inert or acceptable in
the veterinary art and are conpatible with the active ingredient. These
veterinary conpositions may be adm nistered orally, parenterally or by any
ot her desired route. -14 WO 03/002580 PCT/ Cz02/ 00038
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Compounds herein optionally are used in controlled rel ease pharnaceuti cal
formul ati ons containing as active ingredient one or nore active conpounds
i n whi ch wbhe3/emBease of the active ingredient is control lpea/Gaeososgul at ed
to allow |l ess frequent dosing or to inprove the pharnmacokinetic or
toxicity profile of a given conpound. In general, the 5 conpounds are
adm ni stered fromcontroll ed rel ease systens such as the inplant of WO

92/ 14450 or U.S. Patent 5,098, 443, Exarhple hatrices of U S. Patent 4,740, 365
or U S Patent 5,141,752. Many others are known and are suitable for use
herein. Therap ic Adm nistration 10 Suitable routes for adm nistration

i ncl ude oral, fal, nasal, topical (including Nbeul ar, buccal and

subl i ggual ), inal and parenteral—timtl udi ng sibcut aneous,
|ntranuscular i njravitreous, intravenous, intiademmal, intrathecal and

epi dural ). ef er r ed OOUt?§@|C?gH]nIStrat on will depeeﬁbgggsxép§¥

condi ti oy paigen 2of ,t ﬁ
i nfection, anDng ot her consi derations known2 o the 15 clinician. For each

of the above-indicated therapeutic indications the amunt required of an
active ingredient (as above defined) will depend upon a nunber of factors

i ncl udi ng the everity of the condition to be §ﬂbg the infectious
agent, whether tlhe use is prophylactic or to't n acute infection, the
site of infection or pathology and other factors ultimately 20 at the

di scretion of the attendi ng physician or veterinarian. In general, however,
a suitable doseyfpr consideration by the clinician will be in the range of
anal ogous met hokyphosphonates (see supra), taking into account differences
in potency in tro testing, generally 0.1 to 250 ng per kil ogram
bodywei ght of ient per dose (including active ingredient(s) in a
range between and 400 ng/ Kg/dose in increnents of 0.5 25 ng/Kg/ dose
such as 2*5ﬁhg/N§/do§%1 3.0 ny/ Kg/ dose, 3.5 ng/Kg/dose, etc), typically in
the range 0.5 to 50 ng per kil ogram body wei ght per dose and nost usually
in the range 1 to 300 ng per kil ogram body wei ght per dose. The desired
dose is adm ni stiered at appropriate intervals in unit dosage forns,

usually with a nelatively higher induction dose and |ower, |ess frequent

mai nt enance doses. 30 The conpounds al so are used prophylactically, for
exanpl e, by adm|ni strati on on about

I’

NH,
)l ’T A
A N
L_o_Poxocs, L o_Porom,
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from1l to 7 days before viral infection. HPV tunors or growths and herpes

| esions often are treated topically, either by local injection or by

t opi cal gwb93/0as8¢ mrents or the |ike. The conpounds of thePCEGAOLH@AS
optionally are enployed in conbination with other therapeutic agents for
the treatnment or prophylaxis 35 of the infections or conditions indicated
above. Exanples of such further therapeutic agents include agents that are
ef f ect i véa)od-Dismino-&i2-(phrasphonqineshpyy)ethoxylpyrimidine and ¢Digmino-1-these

i ncl ude | L he | 5 3" -azi do- 3' - deoxyt hym di ne

(zi dovud?ﬁﬁe‘fsiE‘W‘?thﬂ&%@@?&%‘?ﬁﬂeﬁw ane, (3T0),

2", 3' - di deoxyA2mijxBuredif dghdiamitdg-hydiorgpyfiBddine (2.5 gV¥D Matol)) 2&shiin

> 3 S GBI OB edtaempliis daciiuamamias0 s atiopd 39migat 80°C

di deoxyi agg bkl 1-chhsRRAS Ry Foshopb dSORICY ARl WikCaded! Thd abi ne)
3'-azido-2',3" - dideoxyuridi ne, (y -5-(2-bronovi nyl )-2'-"deoxyuri di ne
(BVDU), mishirowes irreddédxatd@rosnilterad flomeplinf Brenfjitriate, WS- thkanatovariaci |
S-tri 1 udrame Ry SOy Dol RER B Sick Psoiom @op migegth dipeamy o

met hot r e Xk @lutibh ig@veprpdust mdi ctewaslerydtAlizediefoony ethyt Adetidé Opettoleum ether to

- (3-D-arabi nosyl ) - 5-1 odocyt j di ne FI AC), tetrahydroi mdazo(4,5,1
jk)-@p,4Pﬁ56h&é§KH§%ﬁvﬁf%ffﬁwwmpﬁf e (TIBO or other non-nucl eoside
reverse tg: | o rani 1y Ry i rens,
Gapar vi (R Phag ook leoh gL R, o C ol L OR, (83
ritonovi ralcalaeddA®3l4C, 7a23¢0H 016 083N &89%P2found#4.89%IA, IASPH,ELMB0A¥Xy pur i ne

o abi nos S Misthseckufic e SR WdBon2ES UURT L35 By L R acy e ovi T,
penci cl oyisﬁser*ﬂy'gi. g m%cmtggmizm,d, 88y &id £24UC4 HQLIIﬂ'DGH% @Hp)eimues such
as HPMPC, PMEA, PVEG, PMPA,  PMPDAP, FPMPA, HPMPA and HPVPDAP, (2R

5R) - 45[ t é#xGih)dt-84 8L 2Fh 3N ATt HEGH P82y} 438 ami2hb(H+ 2R4.59 dh, 2

ant i vi rats Tt har ag C PGP a PRER D L A ST B o BABEII, 1 i e
t uber ci di2xNEYr 'i%tNMRa(OmSSDK]Dg):EKBl&i d, JtCHgREAE0Rk@HG) 120,99 d)e@H dMediln,
Synt nesi $ONERTORRE - Eon i de EERIRsAd (G A o RERPCr D ie-on
synt hesi zgedshy j@b kydatg @824n%6.35 (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 C7H,;3N4OsP (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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correspondi ng 6- hydroxypyri m di ne base with dial kyl

2- chl or oet hoxynet hyl phosphonate (or its anal ogues yielding other R3
groups) iwotobeoxssesence of NaH, Cs2C0O3 or DBU (1, 8- PCT/CZ02/00038

di azabi cycl o[ 5. 4. 0] undec-7-ene) in dipolar aprotic solvent, usually DV,

optionall y fol | owed by deprotection, wi th bromotri net hyI si,l ane and
subsequef?H ﬁ}@ﬁé (92903 There dataz &1 g*"'tsPFétrP@P'Pﬁﬂhﬁ fan?2, ‘i‘él"‘&%‘b'gpani ed by

formatio un rr ,

Do sl Binhih %ﬁo?p%%dn%’%iﬁéiy)%?ﬁ’f?? DO SRR S €2 1 e
r enoved DYCHAIP 88 (CH,BR By 745 2 tH (1 g1e=4 (HRYS4.23 ¢t QIHQI(IT,ZY)#MQ(H 1°);

bronmotri net hyl sil ane treatnent. Another nethod of aration ({acorrpounds

of t he f orm & H @- 5b(§rﬁ§r‘?%3§{ fk0-0Bbs, 2L ks x HYHAt i (B2Q)i3
4-chl § S{fcﬂg%:f;@ PRSI ROXMIBLIOHYIPM! 2 dﬂ‘! P, 5d§5'r/ﬁt(ﬂfﬁs '(@ths R3

anal ogue Yy reaction WI th primary”or secon amines in dnhydrous
sol vent s (Pg0)y 6980 k@ld); /0. %I&d{@HhEﬁlédeéH@P) aB. Qéldl, J(@ébeirﬁ)al(@ 20; Vhdkr .

an advandaed T n 6GE8S | BB A ek Bndio VA Bastion 8t C3 SPanps
opt i onal lsynafig tﬁmnsdmy&@bterema ﬁe@§5h§s'§>h9ﬁ£é§t(5 6B 158ty |6§'3|Oafé§pécf1@él§' nt and
hydr ol ysi s. Conpounds of fornmul a can be "al so obtained by the reaction

of 2, 4- dllm;t%@ﬂth@tttbejPM@rmup@ﬁeln&psim thcdxpigan apgm fat €efdi um al koxi de of di al kyl

2- hydr.oxyet hykﬁ nat or its nal Q | di ng _qthe roups)

foll g\{)\ed by © R aelILR shkititd e Cglﬁre“na“%\%/"a?sm‘}‘ééag%g 5B Boo5n0

PCT/ CZ02/a8{d8sHdus 2 thﬁmﬁfr@CBgu(cﬁlsemgylph&phdsnymhethtmy)mm |pyrirafdidehst 1 Hp-ahié r ed

06-i sonmer_onl g $The sel ection of the suitable syn procedur e depends
i

on the. 2B Dabi SRYhiG Ve EiHBinaRe e By MR hﬁ6nb97°@ema@sa% (3320 6 a
Feact i on "aro8 S e IR R0 PN, i BleBo A TR S, 1
p-t ol uenmkédlrwdsdeyarﬁteﬂfbmhoébisomam ePurificttien ofnheéﬁabed wixthztdn Didweexst art i ng
e B e 6 P S o LR G S BHRBY B e
of formulge§ds) of2A- cﬁ’zﬁnlfnblfltfﬁ(ph@ﬁﬂx@h&ﬁ&h@%y)&ﬁg%yﬂnﬁﬁir@f(1H'9-to€lb \fﬁ‘bSEZSO%
ggf :f,l;[ InggS(jgy;tfer)egre;}ptQp Iangrd(lhnHil\rIJOr;g H,0 (282 2) calculated 29. 79‘;:(3I \5/%6!%\116381908%&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;): 3.59d, 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");
4.61s,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-17); 70.41 d, JCH,-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’ (8 45.15) indicates N-substitution. Two signals of NH; groups (&
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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10 with el enental hal ogen or by hal ogen ani on exchange reactions. Z group
am des or esters are converted to hydroxyl by hydrol ysis. Mnoesters are
easi |y awaDloalbdxssd rom t he diester or a m xture of di- andPoorZesve@ss by
treatment with lithiumor sodiumazide in DV (A Holy, "Synthesis 1998"
381-385 (1998)). 15 All citations are expressly incorporated by reference.
The invention will be nore fully urkdrasplsod by reference to the foll ow ng
exanpl es. -17 WD 03/002580 PCT/ Cz02/ 00038 Exanple 1 NH2 NH2 5 OP OGCH
O()( 372 P(O(OH2 HNN H2N N H 3404 NH2 H2N N OH NH2 NH2 H2Ni N H2N
N OOPO(§C3H)2 O/P(O(CH2 -18 WD 03/00 "0 PCT/ CZ02/ 00038 (a)

2, 4-Di am no- 2- (phosphononet hoxy) et hoxy] pyri mdine and 2, 4-Di am no-|-[ 2-
(phosphono tho y) et hyl ] pyri nmi di ne=6(PH) - one m Xt ure of

2,4-diamn - bydr pyolm_&ogoiC2HAZ 9, 20 ZAgceskum B _caPox@iCeH)3. 25
g, 10 nheV) iM di@veMg«m)g% (ajfg m) wheNsti 7 0d030 M n &t 80C

o |

Cl OH
Nl\ i
|
H2N/l\N/ OH H2N/kN/ O/\/O\/P(O)(OH)z
l H-3574
Cl OH
N™ ™ N X

H,N™ N7 S0
K/O\/P(O)(OiC3H7)2 K/O\/P(O)(OiCsHﬂz

HoNT N7 0
O.__P(O)(OH),

(a) 2-Amino-4-chloro-6-[2-(diisopropylphosphonylmethoxy)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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and diisopropyl 2-chl oroet hoxynet hyl phosphonate (3.5 nL, 23.4 mmol) was
added. The mxture was stirred 16 h at 100C and filtered fromsalts. The
filtrate wavsesen down in vacuo and the residue chronat egramoedooss silica
gel colum (300 nm.) with chloroform The elution gave product which was

crystallized frometh acetate - petroleumether to .10 afford 1.2 ¢
(17.29% efirred 16 th}ﬁq]é.agd [z volatiles removed by evaporation at 50°C/2 kPa. The residue

(509 “CAHRIRFOOHSTELORO S, i BTy fon e BB (g ="
7. 28%, ZII&e &&ﬁ&d,us waslOR¥PextiMated vaffectloroform34 . B fibHhd doa)ine@Hiragisvidre 2 x
I1Pr211( g) gn (%6) 127”16133“ Basgﬂ%%g?gd élelgngaHNFn I%Wm%%olur%nééodhLa H and

J(CH25 P) cﬁ}o?of(n%'% 1or&ko§a%efﬁlan&lg:£&%ﬂ avs 2-4mdf-Mehlofo-64f2- J(CH P) =8. 2,
J(CH CH3) = 2% CH) 585 bs, 2 H and 6.00 bs, 2H

( 2XNH2) . (d@pmmmmm;hoxmtmybynwdm ylnaldcﬂé"/( mor89)’C. F9r 99’ d,

3558, %) b GG P Sl lipB. B30t SR TRe 40 6HRE 7032
ol ) s rent ot A b B ol N () et an e ] o) oarn Ght.
The. bol vaMITGEPe BB SRRoF b 0 b 33 b i d Bt BT 1 Bl i

ol Ut on v T P o T R (e eoa BB Vacuo,
The resi @EHWaED6apPIH @85); 1050 8HINE DI UEINMMROEIBSOCED):(A38Y .86, L) Dowex

o0, O el L5 SRS AR KBt [ %ﬁﬁ“&% the

el uate at;’R94.38m 26f1(9rc2y&sr7qvabcpf70tsae1 PEUI(P&)=W7 200Y; lou g (ctfr)awo o the
col um was el uted Wt 5% aqueous ammoni a and the UV-absorbing fraction
was col | dEtBid162.97 (kad);tldREA (€ in vacuo, redissolved in water (20 ni),

brought to pH 0, oL g i . 70 nL
Poved 1 X 2" 30 L RS AL o R A R i T
wat er gavie[2((aitdpromyilstivsplasnylmghaci)ethyNirinii dine&( 1H)-pae,atidld 524%, mop9%it.er to
afford24d|amno P ( osphon t ) ol 'd'n 0 0
5. 30 . HopC1ovgO A £167: BB onasg 2 4oy CebeAabone Sl % Bk e
31. 83%C, ﬁf&ﬁlﬁz 24 %1%@22%113[ 97 &%cﬁ PIJS‘@% N3 5. 57296, Nés&ép&krm%%(%%\l
11. 539%. Uv-spectrum [ Amax (Emax)] (pH 2): 276 (9100
(MH")(100). '"H NMR (CD;SOCD3): 1.20 d, 6 H and 1.22 d, 6 H, J(CH3,CH)=6.1 (CH»);
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,). 3C NMR (CD;SOCD3):
23.84 d, 2C, J(CH3,P)=3.9 and 23.97 d, 2C, J(P,C)=3.9 (CHz); 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-(diisopropylphosphonylmethoxy)
ethoxy]pyrimidine (5.7 g), DABCO (3.6 g) and K,CO; (9.0 g) in water (100 mL) was
refluxed 150 min under stirring, cooled and 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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-19 WO 03/002580 PCT/ Cz02/00038 (pH 7): 265 (7500). These data agree with
the UV-spectra published for 2,4-diam no-6- nethoxypyrimdine ((?nmax 263
and 275, wep/0)258H NVR (CD3SOCD3, 40C): 3.58 d, 2 H, J(@d1/d202/80038 ( CH2P);
3.74 t, 2 H J(2', I)49(H—2)423t2HJ(1 2')=4.9 (H1"); 5.07
s, 1 H(HD); 586s 2 H and bs, 2 H (2 x. NH2) I(—)INNR%DZO) 3. 69
d, 2H, 5 (gl(sep}?pﬁphgsp#omm@ﬁ)oxmt@ryhﬂ hzﬂ%mzm}ldm& @Ep R4Q iy %yielf. 5 45

55,35 a, oot Flend Bt eI haN 1R T e s ey
c;j'4 and @468%Q, GGl ISk N| S63%P. d=1|waa(cmaﬁoca3gria24 i, 6 Itllaecll (D-ZBsioﬁgr S

i 1 1 S . 0. i i i t
Chat St he Hhufi iR CURRARS £ b p 30032 962, BERR LA Ve ol it on
D 4t A O e Bhosohororl Sot fotes S AL ]E(%Hr d, 108 1RnouS
i - one” (o, M (LDl B f 2 e ot @%yq\/ﬂ@ Ome 157c
H
T o 5 TR e e 11 b omond e o
0- i soner 4, ._F(lH'r(E)H tat(Cel);am. qsr(e: ﬁ)e§515 68 (C-#); 6415 (6¥2)DbTEN (C-55 col urm
5311? :c g'; |dog \3'15t h /éucg?v\é(sat ate w1t b‘?@rhgth Vgtahylsﬂr e El%l | L{&dacfetrogltnmg(? mLS0

2, 4- dpanioReml ghE %véﬁ&?@t%@ ENRYB L) Edifue thdavddi Wikt BRr (SBRAE P N&fterMORnin228C
(water). Eup 0.90. For CrHL3NAOSP. H20 (282.2) cal cul ated 29. 79%, 5. 36%,

19. 859\, conQ APSTPS ahmonis W TEULto @kamweaczon and/e nigtueerapontass Twect r um

349. 2 t ?
() | (s Nes el ol Cobtbar chex L8 b spd W U ViarRE ™
coi nci desammdnina élbgte wak eeapoudid ﬁ)hfrsinefsﬂ Mt was dlssolved in mlnlmum hot water by

24d|am o-1 - net hyl pyri m di ne-6(1H) (b r}? CD3800D3) 3.59
d, 2 H, 2ddippobyong. %ﬂue@wmogla@adﬁmd@eﬁ y gppe. HGL t9 EE 3I3<SHT@6) 3.96 t, 2
H JG&' 6 bs 2 H
(2 X(I%HZ rgﬂll)@tlaﬁﬁe}R »(f%'s" [g%)ll%:cted 4y dite d&wnﬁ Qﬂteﬁ"ﬁt%l %dg ? &I—IZJI;;) aﬂgld gﬁjg,

J(1', 2" ) mbp220PE. ]Fo)rC7IflI1:(MO?5P (24, lﬁ)(calculateti)3:1:571%C( H-ﬁ"/}H,BSS)i%NSIMS%PH

H5 1C 1 41 d, J(CH2-P)=154.7 (CH2P); 74.09
c(j, ?1(2 : ”ﬁgg?%%)ﬁéé oH §6§)§A’ !5)5?‘9559. 73, (166. 79)and 168.(04 ()c-z, C 4
and C-6). The wupfield position of CG1'" (5 45.15) indicates N-substitution.
Two signals of NH2 groups (5
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6.61 and 5.88) which are observed in 1H NVR spectrumin DMSO excl ude the
substitution at the exo-positions 2-NH2 and/or 4-NH2 and are consi stent

wi th the wompanozseo substitution 30 at N(1). -20 WO 03/ 002P80/(207/0@392/ 00038
Example 2 Q1 OH NN HNNO,,,,, P(O(G C3H7)2 H2ZN N O/\i O
P(O(OCH7)2 1l OH NN H2ZNNOHH2N N O ~ P(O(OH2 H3574 C OHIN N
HZNNOHRNNOOPO(GC3H7)2 OP(O(GC3H7)2 OH N H2N N O

~0 -~P(Q(OH)2 (a)

2- Am no-4-chl oro-6-[2- (dii sopropyl %%%TB%%% met hoxy) et hoxy] pyri m di ne and 2

5

am no-4-chloro-1-]| Z-é-di i sopr opyl phosphonyl nmet hoxy) et hyl | pyri m di n-6(1H) - one
2- Ani @) 44-Diamme-6-(Hy - @hppphranemethnxy, pyxlpsrimidms (hrdi6p) was

éodisill d wt 3 X5 ' t he resi due was treated
Coch =k o SRRy RSB bAGabi

2- chl or 0€2$1Dxy6Cinmol PiRdEMFqAah) (was atided aE96°Criod stiredwaistur bf YD d3HR62580
PCT/ CZ02/ 00038 sti ré{ied 16 h St 100C and tH% vol atil es renoved Eg/

evapor at ioodExyBFensling0 mpeal), RME(4R mL) and DBU (10.6 mL, 60 mmol). T

reaction mixture was stirred at 100°C 24 h and evaporated in vacuo. The residue was taken
in chloroform (200 mL), filtered and washed with saturated NaCl (100 mL). The aqueous

10  wash was extracted with chloroform (5 x 50 mL), the combined extracts were dried with
magnesium sulfate and evaporated. Separation on silica gel column (150 mL) in
chloroform by chloroform-ethanol gradient gave the main product (O6-isomer) as an oily
residue which was dried in vacuo over phosphorus pentoxide overnight. Acetonitrile (80
mL) and bromotrimethylsilane (20 mL) were added and the solution was left to stand

15 overnight in a stoppered flask. The volatiles were evaporated in vacuo and 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

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
CgH;sN4,OsP.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 (DO + NaOD): 1.26 d, 3H, J(3°,2’)=6.4
(H-37); 3.51 dd, 1H, J(CH,,P)=9.4, J(gem)=12.2 (CH,P); 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). *C NMR (D,0):
15.84 (C-37); 66.99 d, J(CH,-P)=149.9 (P-C); 69.68 (C-17); 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

-24-



was taken in chloroform (200 nm.), filtered and washed with saturated Nad
(100 m.). The aqueous wash was extracted with chloroform (5 x 50 nL), the
conbi ned wptisaexss8o were dried with magnesi um sul fate and @capaav@ds
Separation on silica gel coI um (150 nL) in 5 chI oroform by

chl orof or mr et hanol gradi ent gave_2-am no-4-chl or

(dii sopr @ﬁ%t“%ﬂﬁ%ﬁﬁ?ﬁl%%@x ot Resher wiork-wp énllosy edﬁh%wfﬂc%dpr?%scﬂt?eﬁl InggC. For

o 400 b, B g PR G S0 FR il SO, hot O N

Mass- s ped296.22) cal8latd 32M4%)C,10TR%H L H8. SIRN( ccmm).md 3232%€, 5608tNd 1. 23

((jH- g' ? : jggHﬁ ?ﬁoﬁg /t]PHEl gﬁ@”%"‘. x> ﬁhg SPFC%% ar tlcagwéig@’se {drﬁg‘i &85 7. 05

bs, 25H (hFdlomet3C NVR (CD3SOCD3): 23.83 d, 2C, J(CH3,P)=4.9 and 23 97 d,
2C, J(P,O0=3.9 (CH3); 65.00 d, J(P,C=164.1 (P-O; 65.15 (G 1'); 70.35 d,
2C, J(P,0O=6.7 (P-0OC); 70.52 d, 2C, J(P,O=11.7 (C2"); 94.46 (C5); 160.12
(CG2); 162.97 (C4); 170.56 (C-6). 15 Further elution and crystallisation
from et hyl acetate-ether gave 2-am no-4-chl oro-

1-[ 2- (dii sopropyl phosphonyl net hoxy) et hyl ] pyri m di n-6(1H)-one, yield 52.4%
m p. 95C. For Cl13H23CLN3O6P (367.77) calculated 42.46% C, 6.30% H, 9.64%
G, 11.43% N, 8.42% P; found 42.28% C, 6.22%H, 9.65% d, 11.50% N, 8.27%
P. Mass-spectrum 368.4 (MH)(100). "H NWMR (CD3SOCD3): 1.20 d, 6 H and 1.22
d, 6 H J(CH3,CH=6.1 (CH3); 20 3.69t, 2 H J(2',1")=5.5 (H2"); 3.76 d,
J(CH2-P)=8.1 (CH2-P); 4.06 t, 2H, J(1',2') =5.5 (H 1'); 4.55in, 2 H
(P-CCH); 5.67 s, 1 H(H5); 7.60 bs, 2 H(NH). 13C NWR (CD3SOCD3): 23.84
d, 2C, J(CH3,P)=3.9 and 23.97 d, 2C, J(P,C=3.9 (CH3); 40.29 (C1"); 65.03
d, J(P,O=164.1 (P-O); 69.01 d, 2C, J(P,O=11.7 (C2"); 70.41 d, 2C
J(P,0)=5.9 (P-OC); 98.28 (C-5); 155.73 (C2); 157.87 (C4); 161.48 (C6).
25 (b) 2- Am no- 4- hydroxy-6-[2 (phosphononet hoxy) et hoxyj pyrim di ne A m xture
of 2-am no-4-chl oro-6-[2-(diisopropyl phosphonyl met hoxy) et hoxy] pyri m di ne
(5.7 g), DABCO (3.6 g) and K2C03 (9.0 g) in water (100 nL) was refluxed
150 m n under stirring, cooled and acidified by addition of Dowex 50 X 8
(H+ 30 form. The suspension was alkalified with conc. aqueous anmoni a and,
after 5 mn
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stirring, filtered and the resin washed wth 50% aqueous net hanol (200 niL).
The filtrate was evaporated to dryness, ethanol (50 nL) was added and the
m xture ewvaponexsed to dryness. The residue gave on chr omeCogrzaphyo3vn
silica gel colum (150 nL) with chloroformethanol gradient crystalline
2-am no-6-[2 -22 WD 03/002580 PCT/ Cz02/ 00038

(di i sopropyl phosphonyl net hoxy) et hoxy] - 4- hydr oxypyrim dine, mp.154C in 78%
yield. For C13H24N306P (349.3) calExdmpkd444. 70%C, 6.92%H, 12. 03%\,
8.37%°; found 44.58%C, 7.02%d, 11.95%\, 8.53%°. 1H NWVR (CD3SOCD3): 1.24 d,
6 Hand 1.23 d, 6 H J(CH3,CH=6.2 (4xCH3); 3.74 in, 2 H(H2"); 3.76 d,
J(CH2-P)=8.3 (CH2-P); 4.19 in, 5 2H (HI1"); 4.59 in, 2 H(P-OCH); 4.75 s,
1 H(K5); 6.65 bs, 2 H 2H (NH2); 10.45 s, 1H (OH). 13C NWMR (CD3SCCD3) :
23.87 d, 2C, J(CH3,P)=4.9 and 24.01 d, 2C, J(P,0=3.9 (CH3); 65.03 d,
J(P, 0 =164.6 (¥-O); 6?.04 (GI1"); 70.37 d, 2 J(P,0=6.3) (P-OC); 70.87

d, J(P, O =11. ZI( C 2' ¥ 79 85 e@®B)cH155. 68 (I 4); 164.25 (C-2); 171.01
(C-6). This was—tTeated—wtt—bro ritet hyl silane (10 L) in
acetonitritéﬁézo m.) 10 overni ght, evaporbted inayaqgg/ﬁmd t he@)@rt,due
treated wiN er~gtp0 ). After 10 niRs cXgaQueous a nia was added
to al kaline reaction and the m xture evaporated. The residue was deioni zed
on ajgolum (100 nL) of Dowex 50 X 8 and the UV-absorbing ammonia eluate
was evaporated to dryness. It was dissolved ijn m ni mum hot water by

addi tion of conc. aqueous anmmoni a and acidifiled bys&me, HCl to pH 3-3.5.
The 15 precipitate was coll ected, washed wt maQeHZOet%anol and dried in
vacuo. Yield, 0.7 g, mp. 227C. For C7H12N3(Q6P (265.16) cal cul ated

31. 719%C, 4.56%d, 15.85%N, 11.68%°; found 31¥55%C, 4.62%d, 16. 15%\,
11.519%°. -23 WD 03/ 002580 PCT/ Cz02/ 00038 Exanple 3 (a)

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

Di i sqgropyl (S)-2-(4-toluenesul fonyl oxy) propg¥.oxymet hyl phosphonate (25.7 g,
63 mml) in DMF (40 nL) was added at 90C to stirred m xture of

2, 4-di am no-

NN
o~ oo
HNT NT s

H-3408
20
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6- hydr oxypyrim dine (60 mmol ), DWF (40 nL) and DBU (10.6 nL, 60 nmmol). The
reaction mxture was stirred at 100C 24 h and evaporated in vacuo. The

resi due v osab=g0 i n chloroform (200 nmL), filtered and weshatzonpaoas
saturated NaCl (100 nmL). The aqueous 10 wash was extracted with chl oroform
(5 x 50 ni), the conbined extracts were dried with nmagnesiumsulfate and
evapor at d-Diamiap-£ti2dphesphonometheyyjetbysulfanyllpgvimidine n  chi or of or m by

chl or of or m et adi ) th i Qi ent; j I an oily
Fesi due whi o SaEPEE B o o e e B o it

Acet oni t hithe) (BOMFUY naloiov dsr tosatedrwittesddying hiydode (( 285 5) 2 wamel,£dded and t he
solution was |eft to.sta 15 overni ght ..in stoppered, flask. The vol atiles
wer e evabpPersiog ip Havgs%ﬂﬁin%u?%ésﬁl@gd{%lo @byb’rl%ﬁf%ijg\ﬁth water (100 ni)..
Af t er 510 cHiofoethiRPmethd ‘6%&%&@1@ RII2 1 M2smAeD e Thé thiRukeAvhsRirred 8acitigofcand t he
m xture was evaporatéd. The residue was deionized on a colum (100 nL) of
Dowex 50 fike@ddhrgugheslity/patandrayeparatadvpracao e Thatasiduadn ellaredorat was t o dr yness.

Thi q . . ‘ e .
and appl POk G SR TR R gl 4O AT fo PR AIMEAMIRY 0
\(Motg \g/at 61:[.2-(Eiiwpi@y#pﬂots;bhonyxmri]ahoﬁyﬁﬂth}dmﬂﬁnjgypyrimﬁdmef(gt)@l Bevt), mp. BeE€i ¢ aci d
-0, 1.5 L eac ave the in - r bi | |
evapor at 697 CuahlesN&%P é&%ﬁhﬁaicgkpﬁ?eé&%%%%% Q’%Q&%%%O%%ysw%’
crystglli o/ TYI 0 0 , dr at
ot R0 L B a0 B B B B T S, D O D ound
25 32. 67%G] asd 8394, 6 10 JAUIACH®. 5OUER); 3.H MR, (028 )6 KB ); 3.686 28, 3H,

J(3',2)=26,,4, (H3 ) I b.P) =9, 4, =12 P);, 3.60
a0 1n) JeekaBrdy: g s (CHRER 4t M GEBEEDGs o bl Btk 3,
J(1'b, 2' )555.65 brd( DEMhE G0orB, AHKNILD) ; 4. 14 dd, 1H, J(1'a,2')=3.7,

J(gem =105 (HIl"a); 5.41 s, 1 H (H5). 13C NVR (D20): 15.84 (C-3'): 66.99
d, J(CH2- P) =14%iscopmopnd inspetomitrits (90 L) meas treatgd withobropptrmetbylsidans'(§ . 30
76. 84 .( C-5)y Ay 17 - B): :
222 B3y oy fgrt At fcolact Bl ehdofied hiboble e digud b peated with -
enant i onevatevd $0(pmEpaAddr Ehmlimgons lagudons kxarvpiacw S al)led tooatkalpepeaspyh and

2. 4. i e WO AR XSy B EoE M HRET S AISDED P80 (I OF ROBRE (70

nL). The §p8ag8kh@the1?¢-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 C7H3N404PS (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, J(2°,1")=6.8 (H-2"); 5.70 s, 1 H (H-5); 6.32
brs, 2H (2-NH,); 6.48 brs, 2H (4-NH,).
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WO 03/ 002580 PCT/ CzZ02/ 00038 mi xture was stirred at 100C 24 h. Further

wor k-up followed the procedure described in Exanple 4. Yield, 24% not

mel ti ng uwoes/o@38C. For nonohydrate CBHL5N4A05P. H20 (296. PRY/ZakouwBat ed
32.44%C, 5.78%, 18.91%\, 10.46%°; found 32.54%C, 5.90%d, 19. 109\,

10. 65%°. 1H NWMR and 13C NWR spectra are jdentical with those for the (S)- 5
enantiomer. -25 WO 03/ 002580 PCT/ CAO®mpE38 Exanple 4 5 NH2 NH2

S ~OP(O(OC3H7)2 NNPO(OC3H/)2 H2N N SH H2ZN N S 10 1. BrSi Me3 2.
H20 15 N2 INl /O~/P(O(OH)2 H2N N S/ H 3408 20 -26 WO 03/002580

PCT/ CZ02/ 00038 2, 4- Di am no-6- [ 2-(phosphononet hoxy) et hyl sul f anyl ]

pyrim di ne As suspension of 2,4-di am no-6-sul fanyl pyrim di ne hem sul fate
(2.616 g, 13NH, mmol) in DVF (40 nL) was treated with sodi um hydride

(1.0855 g, 2 mmol, 60% NH;

L —

l\N/ O/\/O\/P(O)(OiC;;Hﬂz kN/ O/\/O\/P(O)(OH)z
T H-3418
NH,

N7 X

L
N OH
NH, NH,

N NT X
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di spersion in paraffin oil) 1 h under stirring, followed by diisopropyl 2 5
chl or oet hoxynet hyl phosphonate (9 nL, 17.2 mmol). The m xture was stirred 8
h at 80C wofmsloxmsed t hrough celite pad and evaporated i n PaTWZ02/00088 r esi due
in chloroformwas purified on silica gel colum (150 L) in

chl orof orm et hanol (49:1) to afford 2, 4-di am no-

6-[ 2- (di i sopr.opyl phosphonyl net hoxy) et h sul fanyl ] pyrimdine (4.0 g, 80%,
mp. 109c-A map-ﬁdgs(mmzlw%h% elﬂ})"YYﬁ’I"Hmdd{“‘e@ %885%@* [2¢phospheno-15. 389

N 8. 50% 8% C. 6.94%H, 15.50% N, 8.63% P, 9.01%
S. "HN f%@%@i@pﬂ’%gﬁ‘%ﬁé é and 1.25 d, 6 H, J(CH3, CH)=6.1 (CH3):
3.17 t, 2H J(4Anfh)-66y6roki2isu)fan@p@imidinedB) g) i Wiliag pthénd (304-8L) was3. 77 d,
J(OH- D P 5 95 brs, 2
o GG S5 esadaindsy gtrkipiy i RAey N b R tting oo (rphs et TR seBepsiont T et o
Wi th bronpid filfRedwhaé hmﬁe bReci gi@te%héﬁ’ﬁhﬁ Ihghéthm (30EmE AL the GRraner €

evaporated in vacuo. The residue was treated with water (100 nL). After 10
mn, con cevaaQr@@dLﬁ@ d@ﬁﬁﬁ@n The vesislug afferde on srystaliization &em sthanch fether afidedrip xt ur e

Th g 0 50
yes. SvePOURED SRR R ARION £ 2% TG (ORI, Cl R
pro;:luc'sj lmllma)?tlcdﬁfﬂl%zgmo {TLWH 37 .R206MN) €ouligd 46?4&2/&,&4]68?@53&0&%@3 an;:lh
ied on a colum ace Wi
o orlD €1 Mironeut i UACHEL Lol FONER (GSPERsH bk So4aber PR (Nekeh
(0-0,5 M~ i7§ 1|H [ P)llgl"i“b‘?s hgomi n UV-absorbing fraction which was

evapor at ed, ‘due codistill’'ed with water (3 x 50 nL) and the residue
was cryst al I |”Elasjccﬁmpnmvk/a3 é1g, 33v6 eindgl) ih BMF (79188) wasttretiteamvnioNeH [( 236 g,

(580, bay "EoERL0T SibisrooeE ks s SiBie pd GaoRoeA T aa0m, f ound
30. 279, Aﬂ&@%bxyrﬁ&hﬁ &bhoh@teQB%RnLLﬂo Sh]) whb Mad (PROmix tiva Wi} st1r35d18t

2H, J(1',2')=6.8 g i 56 d, 2H, J(CH2,P)=8.7; (CH2P); 3.68 t
J(2' 1P ) Shat §09Co )tere@thrwg@ celitepag pndpvapgraged inpaguo. SFhq resikppip; chbrmt'enms 2H

(4- NHZ) was) uWBeﬁ%Qﬁx%?Q& ﬁ%&%ﬂﬁ 99)90%@11@%@%&?(95.5.%ff0rd6d 4-amino-6-
[2-(diisopropylphosphonylmethoxy)ethoxy]pyrimidine which was crystallized from ethyl
acetate — petroleum ether. Yield, 3.0 g (26.8%), m.p. 112°C. For C13H24N304P (333.32)
calculated 46.84%C, 7.26%H, 12.61%N, 9.29%P; found 46.69%C, 7.38%H, 12.45%N,

20  9.40%P. 'H NMR (CD3SOCD;): 1.22 d, 6 H and 1.23 d, 6 H, J(CH3,CH)=6.1 (4xCH3);
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, 1 H (H-5); 6.62 bs, 2H (NH,); 8.07 s, 1H (H-2). °C
NMR (CD3;SOCD:s): 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. aqueous 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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NH2 N be N P(O(Q C3H7)2 NP(O(OH2 H3418 NH2 INl N OH NH2 NH2 LN, LO
\' 1 A\ NOOPO(GQGC3H7)2 OP(O(OH 2 -28 WO 03/002580 PCT/ Cz02/ 00038

4- Am no- 6WPp230m3es phononet hoxy) et hoxy] pyri m di ne and PCT/CZ02/00038

4-am no- 1-[ 2- (phosphono- meth oxy)ethyl] pyrimdin-6(1 H)-one

4- Am no 6- hydr oxy- 2-sul fanyl pyri m di ne ésg g). in boili 3? et hanol 300 m.)
was &@@@@@r@m&oxmmxmgnw@nemﬁe At CrHpNeOsH 4Pl bcq%at ed al

di Sappea3§@4"/ﬁ‘% " YN VBE4 701 ﬁﬁcf'ﬂ‘@i%@ LA %E&%Bo ,'1@'§8%1f washed
0388

with hot ~ethandl and the trate evapor at & ryness. The
resi due af f or Fedharelwronstfahd ¢rude reactldnrmrxnae haxidica geltdmhnnmmtbdhtomofonn-

For _CarkBBIOIITY) 807 Bap BT it ba2 2P yiehoonimeyiny ? ound 43, 409
4. 65%;, 3513/(]% 98¥nidl8l 6MBDSonSRAGER WaS drlé’eﬂn(vm'b) Yélﬂ' NM%% 5. 4.97 s, 1H
(H5): ts, 2H (NK2): 7.77 s, | H (H2); 11.41 (OH). This

conpound cp@peung www@twl) bﬁomme@ybllﬁ@)(lova@)tm é%qt@utrdp (Wrnbh (1 36 g,
34 mol , o) r
di 1 sopr oSyt BREEAERpLARE! bl Qafbehortin i iesitlyh Wl BledO . - dea:
The m xt wager\(B80 wL).r AGer Ibméh, hom agous ﬁmhtoaraadastdddacughalkﬂinetreacpamiamhd
evaporated i n vacuo. The residue .i.n chlo r siljca gel;
o Ut on THTIRE SSestpratha b opigbe Basitutedon cabaht o a Bowex 5
[ 2- (dbi 59@8 me'életaasaﬂhpw&fretﬂeqmmmwdrmg w&t&m@amagbramsmewest alli zed
fromethyl acetate - petroleumether. Yie g F 112C For
C13H24N30&Rlue388 cagfallized from 70% aqueous ethanol (ether added to turbldlty) Yield, 2.8
(91%) 4-amino-1-[2-(phosphonomethoxy)ethyl]pyrimidin-6(1H)-one, 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 (CD3;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 s, 1 H (H-5); 6.45 brs,

2H (NHy); 6.90 brs, 2H (P-OH); 7.98 s, 1H (H-2). '°C NMR (CD;SOCD:): 44.44 (C-1°).
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cal cul ated 46.84%C, 7.26%H, 12.61%N, 9.29%°; found 46.69%C, 7.38%,
12.459%\, 20 9.40%°. 'H NWR (CD3SOCD3): 1.22 d, 6 Hand 1.23 d, 6 H,

J( CH3, CHw6.0/00268CH3) ; 3.78 brt, 2 H, J(2' ,1')=4.5 (H 2' PCTRZD0a)38
J(CH2-P)=8.4 (CH2-P); 4.31 brt, 2H, J(I 2')=4.5 (H1'); 4.59in, 2 H
(P-OCCH); 5.67 s, 1 H(HD5); 6. 62 bs NH2) 8.07 s, 1H (H2). 13C NWR
(CD3SOCD3): 64.42 (C-1'). This corrpEmnp treated with
bronotrinmethylsilane (10 nlL) in acetonitrile (70 25 nlL) overni ght at room
tenperature. After evaporation in vacuo, the residue was treated wth
water (100 nlL). After 10 mn, conc. aqueous ammoni a was added to al kal i ne
reaction and the g xture was evaporated. The residue was deionized on a
colum (100 nl) Dowex 50 X 8 and the @bskar bi ng anmoni a el uate was
evaporated to dr ss. This product in watler (20 nL) was made al kaline by
conc. saqueous a nijla and applied 30 on cohum (150 nlL) Dowex 1 X 2

(acetateforrr) (e hed with water. EIutlion with wa f d by linear
etiaciQl(0-1 M 1L eap e b(iWFp( t))@\f!f) bi ng

"

gradi ent ofH
fraction which was evaporated, the residue codistilled with water (3 x 50
nm) and the residue was crystallized fromyatery Yietd, 1.8 g (80%
4-am no-6-[2 -29 03/ 002580 PCT/ Cz02/ 0003

(phosphononet hoxy) et hoxy] pyri m di ne, m p. 2?30. For C7H12N305P (249. 16)
cal cul ated 33.74%C, 4.85%1, 16.86%\, 12.43%°;, found 34.02%C, 4.80%,
16.88%\I 12.58%°. Further elution of the crude reaction mxture on silica

gel lum with ch {;@form et hanol (95:5) g@& the oily
ﬁ Byl phosphonyl met hoxy) Hyl ] pyri m din-6(1H)-one

4- am o-1-[2-(dii

whi ch was dried iwvacuo. Yield, 4.6 g (41 A99. This conpound was treated
wi th bronotri methyl iIane(le—m_—)»ln acet n|trile(70 m_) overnight at
room t enper at ur er evaporation in vasdyo XA he eS| Oiep,pd W th
wat er (100 HelN. ANer QM nin, conc. adla ia dded to al kal i ne
reaction and the m xture was evaporated. The residue was applied on a
colum (100 nL) of Dowex 50 10 X 8 and eluted with water. The main

UV- absor bi ng fracgi on was evaporated and the residue was crystallized from

70% aqueous et hangl (ether added to turbidity). Yield, 2.8 g (91%
4- anitho- | - [ 2- (phoSphononet hoxy) et hyl ] pyri m di n-6(1H) -one, mp. 233C. For

N(CH3)2 N(CH3)2
AN
I
20 HZN)\ Hzm/k o)
O\/P(O)(OIC3H7)2 O___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-



C7H12N305P (249.16) cal cul ated 33. 74%C, 4.85%1, 16.86%\, 12.43%°; found
34.029%C, 4.80%1, 16.88%\, 12.58%°. 'H NMR (CD3SOCD3): 3.56 d, 2H,
J(CH2, P) B0®30@88P) ; 15 3.64 t, 2H J(2',1')=4.9 (H2'); BCIAZ02/BH3S
J(1',2")=4.9 (H1); 5.06 s, 1 H(H5); 6.45 brs, 2H (NH2); 6.90 brs, 2H
(P-OH); 7.98 s, 1H (H2). 13C NVR (CD3SOCD3); 44.44 (C-1'). -30 WO

03/ 002580 PCT2&mnmoobobigrag-dgiosymriopdie apaphydrate (o Q-g) was sifrepwith 3RPo

0,111 ) o clhehinfle in oG st Bn LIRS bt Gk BB alne
QS ara i b b e o e e

5 AT o AT P ARG 6 PSR MO B ORE Bt ARt JOSET En € €ar) - one
-31 WO 03¢ QP F8PCRETNGB QR8P PB38IcutedisBas ¢ 657,04 G314, 0K YouHd 46, 380p €

nmonohydrate (5.0 g% was stirred with 30% di methyl am ne in ethanol (180 niL)
at 100C iGh 663%Ht o 68%aNf B-NMR (CDRQCIRDYEBAE) GHhEN-Gigdtiet s\vaEH D)t er ed,

rashed, it A ASFAIRG, aifegpend o4 0 vacuo (o aifordz
4.3 g 5 (81% Thiswonfpolidd M0 gf %ﬁnﬁb'f))arﬂ&llesiuﬂnau‘aﬂﬁ)ndﬁ.(@a%gCB tntedPinHDMB6. 34%
?I N- fcﬂg;] d (équ gi??erejc_qqr?epfag%édc t%? 1 8a.nO/(zl lgiisopl;tpNyW-cﬁm oro«estl?oc)g%zéthy%phsc)%pgdnag%
10 mL) was added. The 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 and
purified by chromatography on silica gel column (200 mL). Elution with chloroform gave
2-amino-4-dimethylamino-6-[2-(diisopropylphosphonylmethoxy)ethoxy]pyrimidine as a
thick oil (4.6 g). It was treated with bromotrimethylsilane (5 mL) and acetonitrile (50 mL)
15  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. 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)ethoxy]pyrimidine, m.p. 168°C. For CoH,7N,405P (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(CHz),).
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-CHy); ~40.0 (C-1’, overlapped with
30 DMSO0); 36.93 (N(CHai)y).
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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6.18 brs, 2H (NH2); 9.75 brs, 1H (OH). This conpound (4.0 g, 26 mvol) and
cesium carbonate (4.22 g, 13 nmol) in DMV (60 nL) were stirred at 100C for
1 h and dwo0poxspy| 2- chl or oet hoxynet hyl phosphonate (8 1®cCEiQzoxvas3added.
The m xture was stirred at 100C for 24 h, filtered while hot and evaporated

in vacuo. The residue was extracted w th hot chloroforn1(100 m), filtered

and  pur ith BQdwss savs Ineysigiliaptgn %Wné’th“rr@aa‘@‘@P 4cmethylamng-1m2y (Phespheresn wi t h
chl orof orp thyl] m.p. 235°C.

2 am no- 4 et g g T 2 o R S Nt Boz g ST by i i di n
e as a t30R@iI.8C4HL1Y) 1% N 1va8%Pr fomne d7 Wb Yok, Hroaerdd rh%%%iyllﬁd@ﬁié (5 m)

cvapor at | BV G50 oo, B Gl ko Eel@ES) TS Tl Doe They 2 o0

10 m B3, QqQxg-2’ ﬁgtsesquaHaumpp):x 8HS (RAUBY 2t93 ﬁBHGINéGHJZ}?a‘éC'MVIRG(WS@Pe
m xture was evaporated. The residue was 100 nlL) of

Dovex.  5OBR 98, K ka1 L00- 5608 55 gne o30S v A GG g B 2
d b b
amon; & anh B Re b B0 T LI E MY (G BBOE R Cactiate Torm

pr ewashed W|th water. Elution with water foIIowed 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 nL) and the
residue was crystallized fromwater. Yield, 1.1 g

2- am no- 4-di net hyl am no- 6-[ 2- (phosphononet hoxy) et hoxy] pyri m di ne, m p.
168C. For C9H17N405P (292.23) cal culated 25 36.99%C, 5.86%d, 19. 17%\,

10. 60%°; found 37.05%C, 5.80%, 18.98%\, 10.51%°. 'H NWR (DMSO): 6.69 bs,
2H (NH2); 4.69 s, IH(H5); 3.98t, J=6.0 Hz, 2H (2xH1"); 3.61t, J=6.0
Hz, 2H (2xH2'); 3.59 d, 2H, J(H P)=8.3 Hz (P-CH2); 2.89 s, 6H (N(CH3)?2).
13C NWVR (DVMSO): 162.37, 161.94 and 154.67 (G2, G4 and C6); 75.79 (CG5);
69.82 d, J(C, P)=10.3 Hz (C2'); 66.76 d, J(C P)=158.7 Hz (P-CH2); -40.0
(CG1, overlapped with 30 DMSO); 36.93 (N(CH3)2). Further elution of the
silica gel colum wth chlorof ormethanol gradient afforded

2- am no- 4-di net hyl am no- |

-[ 2-(dii sopropyl phosphonyl et hoxy) et hyl Jpyrim din-6(1 H one as a thick oil
(2.0 g) which was treated with bronmotrinethylsilane (5 nL) and acetonitrile
(50 nL) overnight and worked up simlarly. After Dowex | chromatography,
-32
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WO 03/ 002580 PCT/ Cz02/ 00038 the product gave on crystallization fromwater
2- am no- 4- di met hyl am no- 1-[ 2- (phosphono- net hoxy) et hyl ] pyri m di n-6( 1H) - one,
m p. 235CGV0Me00ByHL7NAOSP (292. 23) cal cul ated 36. 99%C, 5P86AGA02/0@34 7%\,

10. 609%°; - found 37.15%C, 5.92%, 19.28%\, 10.66%°. 'H NVR (DMSO): 6.03 bs,
2H (NH2); 5.20 s, 1H (H5); 4.26 m 2H (2xH1"); 3.74 m 2H5 (2xH 2');
3.58 d, 2H, J(H,P)=8.8 Hz (P-CH2); 2.93 s, 6H (N(CH3)2). 13C NWR (DWVSO):
169.93, 164.91 and 161.92 (C- 2, C ‘4gpMpfe$); 75.02 (C5); 70.89 d,
J(C,P)=11.4 Hz (G 2'); 66.96 d, J(C P)=160.7 Hz (P-CH2); 64.28 (C1');
36.95 (N(CH3)2). -33 WO 03/002580 PCT/ Cz02/ 00038 Exanple 7 5 ci HN H2N~-N
OH 1 H2NN 010 H 3435 HN."A HN 15 H2ZN-N OH H2N - kN

O--,LO,_ ,,P(O(OC3H7)2 20 HNHN jCL I—E& HA--~ O ~, OP(O (OH) 2 25
LO PPO) (O C3H7) HN

2- Am no- 4- cycl oprlopyl am no- 6-[ 2- (phosphonorfet hoxy) et hoxy] pyri m di ne and 2-
Am no- 4-cycl op am no- 1 -[ 2- (phosphono xy) et hyl ] pyri m di n-6(1H) - one

p
-34 WO 03/ 0055)@ PT/ CZ02/ 00038 B

10 l T H-3435

A A

HN
| A l A
15 N)\ ~ P(O)(OiC3H
HzN)\N/ oH Hy N O/\/o\/ (O)(OiC3Hy)2

20 /A N /A

HN
N AN
— l
N/l o HzN)\ 0
e . O._P(O)(OH),
25 O P(O)(OiC3Hyr)2

30

2-Amino-4-cyclopropylamino-6-[2-(phosphonomethoxy)ethoxy}pyrimidine and 2-
Amino—4-cyclopropylamino-1-[2-(phosphonomethoxy)ethyl] pyrimidin-6(1H)-one
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2- Am no- 4- chl or 0- 6- hydr oxypyri m di ne nonohydrate (5.0 g) was refluxed in

et hanol (150 nL) with cycl opropylamne for 12 h. The m xture was evapor at ed
in vacuo,wome@dzsed | | ed with ethanol (3 x 50 nl), adsorbedPCrarroetodsinol on
silica gel and applied on a colum of silica gel (200 n) in chloroform
Elution with chl orof ormrethanol gradient 5 afforded crystalline_ product

whi ch was fi | 2eha#nor4-ghioe-prbydignypyainpidine mpnphydratet(s. 0.0 s gefhuxed in

S ono SR SET RO EroBis AR o T 8 %5 iiingifpyafbBldhn dad?, o0
g (2) g%b rHS cB@isthlldrbwith ethhhd\aRx (S?AMHQ) iis@rb_?ea fmng meﬁﬁxll@@:)n s,lhcga. @gm{aﬁappﬁaﬁ gﬁgﬂ b 40

T o (el ltsayget G0 it ietbtiiny Eiipa M isipG sty edebirol ) and
cesi um C%ff@fﬁéatc@sfaﬂl&%rgdu&whmés filRerddMrorh efhefhad cﬁ?e%l tﬁtvhézfoec@ affordl£0C for 1
h and diisopropyl 2- chloroethoxynet hyl phosphonate (6 was added. The

reaction amlm-énwclmgpslawrr%@ha@roxmlﬂ@p, mp. R € Vﬂ‘éiﬂeﬁ ahfarC7HotNEnd
evapor at e er eic}i) VafciRted S0S0RLE 9'6?"/"1@5339?( &&d"ggt@"/ Ok 289 197 9§ @QM 100

filt concentrateéd i n vacuo an chr oimat ography 15 on
Si I i ca géH NMRUDMEQ): >972{16}smlH(OH) Ut 5 5003, QHt(NH)M 08 bfsozm(glm)a 4266a8)11 HO- 4-

Chi ok of RE-Dr280 gy IH ey o 'em%sﬁhﬁﬁéf;&eﬁp?m’ﬁfQ?TéLEVE%mnfi Yand

acetqpitril e (e nmet)ure MBI B ﬁﬁ?@”ﬂ@rﬁ%?%ﬂ&@és@um%&ﬁb%hat@%@@@@aé ion in
vacuo, the residue was treate Wat er 00 mL Af ter m n, conc.

aqueous anmmlr)llraDi)ﬁ’s@anﬂe)clwascstmeﬁati@%crfeabhlaoﬁdamrwl 2he m xture was

evaporat e e resj s dei e X 50 X 8
and the ﬁg‘[ 5%@6 ogatglg Lé Wv@é§9%?5‘a§@‘r65?"e°a‘ 8“5&%1“’%5 st a§ pr oduct
in wat erlo()‘ZOfdm)t h\/\ﬂﬁereael@ulalhlsadndrwawat@@mf:vacaauenel&smm&msaxmca\omll ed on
a colum (150 X 2 (acetate form prewashed with water. El ution

with wat dpt %1)1108%&(199 mIm Wéfd?d GPBesniAted éf varpe pngd puaiied pchsomatoraphy each)

th d
gg‘é?é?l | ggilﬁaggl' wat er E)Z(gg()é Egﬁngmloagv Y}ﬂéhﬁfrgs @Eodrnﬁ%:@&st al |el ;2ZI flrjgm
wat er . chgé1dproﬂ1y1@mg1026-@2F(chmoldropylphonphomﬂnaﬂmmy))eﬁxo{cjz]pwmuhphzmm)thlck oil

th di 04. 24 | cul at ed
0. agot (1828 Shpas gaigaonh oot yIg e (SBTo S Bl Uzl oon,
10. 11%. olbiniirat &Q%Qelﬁgéﬂ@m ‘Affbr 2¢hapofatiodlth 8ido0th8 Pedidue vl thebteddin 2. 53

in, 1H (N-CH)
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;7N,40sP (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-CH); 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-17); 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.

-35-



30 J(CH2iP)=8.4 (CH2P); 3.91 in, 2H (H2'"); 4.32 in, 2H (H1"); 5.61 s, 1 H
(H5). Further elution of the silica gel colum w th chl orof orm et hanol

gr adi ent wbfoonaseo (after crystallization from ethanol - et ReT)CAp2DHI038Y

2- am no- 4-cycl opr opyl am no- 1-[ 2-

(diisopraopyl phosphonyl net hoxy) et hyl ] pyri m di n-6(1H)-one (1.6 g) which was
treated WiROWEY g%lirpmﬁ@wm the peodpgs %aé)ehaﬁfhwafz &agaiiangd FY@OE%@? fpvycuo.

over ni ghty WO E)].:,§tia j - D, .03/.00 2/ 680038 On
Dowex 50 ch%?%rlr(};{? &lé?g%ﬁy, tﬁ’ezglgérlo argtéa\%/ars e ﬁ{oggg%g%gg&;%@gén evapor at ed

i N vacuo (phospeonoesthing)etieVipyomidini2sire] hotzadliingurideo 2900EL rield, 0.90 g. For

ot ol I NG ORbaD asd 308840 SRYRH TN A0SR PRI cal cul at ec
39. 48%€, 3979868 5.788,14 28 9%N; 1BIF%Pf BadMR GROABUODY 17871 170876A4N,
10. 329%%. 13C NVR (D20+NaCD): 173.71, 170.07 and 165.53 ’Sé-z, G4 and G6);

78.75 (Cl89:5318-23E-Hand)C6)FJ8. 5 (bS58 BB 1(dCIE.F) = 193+ €-29( €. B d, ¥KCPA9. 4 Hz

031 00o550° et e BBFabE BRI D Bl e P P RE Y ronmi o
OP(O(OC3H7)2 Fi2NNO\ ~\/ ff// 10 CH3 CH3 H2NN OH H2NN 0-'~-,/0
\/P(O(OH)2 15 H3453 20 H CH3 H3
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i~N\ ~HNNOHNNO ~0UP(O(GC3H7)2 ~O, ,P(O(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 - | -WD-opbassphononet hoxy) et hyl ] pyri m di n- 6( 1H) - one P8T/0a2/083902580
PCT/ Cz02/ 00038 Dii sopropyl 2-chl oroethoxynethyl phosphonate (15 nL, 62.5
mmol ) was added to a m xture of 2-am no-6-hydroxy-4-nethyl pyrimdine (6.25
g, 50 mmol) and cesium carbonate (11.3 g, 25 mol) in DVMF (70 nlL) which has
been prior to addition stirred at @?ﬁgfﬁ% 1 h. The reaction m xture was
then stirred at 100C for 14 h, fil P le hot 5 and evaporated in
vacuo. The residue gave on extraction wi th chlorof orm and subsequent
purification on silica gel colum (250 nL) 2-am no-4-nethyl-6-[2
(diisopropyl ph E'Qhonyl met hoxy) et hoxy] pyri mi di n€Hahi ch was crystallized from
et hyl . acet at e petrol eum et her.—¥retd, 5.75 mp. 72-73C. For
c14Hzé|\Bo:E4\r 35) calcul ated 48.41 9% 7|7 4%y, 12.109%\ 8.92%; found
b,

48. 70%C, 7.60% 12.32%¢ 1 ) ' H NI\/{Rj\( 13): 5. g, J=20.6 Hz
(H-5); 4H 5 4\7%(9?1(, %,7)234@1 ) 2776 Ny R %Pﬁéﬂg’.'éﬁ@
(2xOCH (iPr)); 4.42 m 2H (2xH1'); 3.90 m 2H (2xH 2'); 3.82 d, 2H,

J(H, P)=8.2 Hz (P-CH2); 2.26 d, 3H, J=0.6 Hz ( ); 1.34 d, 6H J=6.2 Hz
and 1.33 d, 6H,| J=6.2 Hz (4xCH3 (iPr)). 13C NWR|(CDC13): 170.36, 168.27 and
162.48 (G2, G4 and C6); 97.03 (C5); 71.17 d, J(C P)=10.8 Hz (CG2");
71.080d, J(C, P)[F6.8 Hz 15 (OCH (iPr)); 65.99 d, vJ(C P)=167.6 Hz (P-CH2);
64.60Y(C1"); 24.04 d, J(C P)=3.9 Hz and 23.90 d, J(C, P)= 4.9 Hz (4xCH3
(i1Pr)); 23.61 (CH3). This conmpound was treated with bronotrinethylsilane (5
m.) in acet oni t BHge (50 niL) at roomtenperaturcé"3overni ght and the

vol atil es were évaporated in vacuo. The residude was dissolved in water

(100 n), coiit agueous ammoni a was added toJTil Kal i ne
H,N

o)
N o HoN N \ P(ONOH),
15
H-3453
20 Hy CH3
fi ——
HNT N N H,N” “N” o
k/OvP(O)(OiC3H7)2 K/O\/P(O)(OH)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
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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-absorbing ammoni a el uate was

evapor at eaotog/oadsgmess. This product in water (20 niL) wasPocadzo2ahdsasi ne by

conc. aqueous amoni a and applied on a colum (150 m.) Dowex 1 X 2

(acetateforn@grewashed with water. Elution with water followed by |inear
a

gradi ent of PRIOBY] %1cl(lerosth@xmetﬂlpé%hynﬁ%‘(ﬂé mh&%mmq!&/wzsa%é?? Bi ng

f t 2D er (3 x 50
iy and AL ot R R EL 4 hRyDERpIdR: (5.2 S0 i) 4hd st

2- ami no- 4arbendty (1163 £25 mpleb)sip AIVIB (EQ mbx yhathHex iv]:qrypmontdadrhtllcimn;tmemgc gor
C8H14N30 | | ted 36.51%C 79 oun
36. 659, ﬁEO%E%Q ]hl)T Hegagrion frigwagsvas Wi&ﬁgé&% filtered w z’i/fPhE’H 5) :

4. 39 51 2hd evapbrated in Ve The rébiddaddednlextrdotion with shlordkbrmdrd sm)se%ué:ntHZ
(P-CH2); 2.26 s, 3H.( CH3}5 13C NWVR D20+NaCD 173.63, 172.80 and 165.50

(G2, C »usfieptongp:silyg gp cqlens)(250713 b@raannqm@qﬂ}s&@ 2 Hz (C2'); 72.06 d,

1 oh odt SRR g R IER R e i d shlc B ciif ARG S the
pglt Ir gl) elerelathﬁrpegaleamk-tm Tﬂu:ldﬂ, smtgq%m PR CB&“oV\DlﬂﬁéIOﬁ%f&MPBH)/ C%OFZ)/ oggeés
tor O BB R AL TSR LE ML BRI, B %éﬁw b i 3aBhbe.

o R0 ey SRR, INGBRUCDCLS. PRI 10 R (s OUE R . TOR kb [ T2 ©
(2xOCH (TELP)=7. 61’HZ@n¢hI( H)t@x HZE(Z&Osiﬁ (@r@ow nz,HI{ (22>z<H $))3.98 ni 2Hd 2xHH,

208000, P Sl s e iR A AR T 0352 1
and 156. 3id ( B33, 68; A= Hz C4L0H; (AP). 22C WR)(CDIB3)8870136 J(sstzl?)ana 16274$'|Z
(P o) : (63 6 g 6o 585G 1 T B s i 531 86 T CFCEBIE 4. 0 1
L Ik L L S T L
chr omat 0gB &Pkl J(EIP)=e9 Hel(éxﬁllzledPr)heiétéildﬁiHﬂ xture on Dowex 1 X 2 and
crystallizati Hi sfcro(r)nq)]oun b8 treate([n with bromm"atrlrr%é{hyi]'sﬂaile (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
20  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-
25  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-
(phosphonomethoxy)ethoxy]pyrimidine, m.p. 245°C. For CgH,sN30sP (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
30 d,2H, J(H,P)=8.5 Hz (P-CH,); 2.26 s, 3H (CH;). '>*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-
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(phosphononet hoxy) et hyl ] pyri m di n-6(1H)-one. Yield, 2.3 g, mp. 283C For
C8H14N305P (263.19) cal cul ated 36.51%C, 5.36%d, 15.97%\, 11.77%; found

36. 409%C, Wb 03/0@38¢1, 15. 77%N, 12.00%°. 1H NVR ( D20+ NaQD): PEBIKZ0/N0034 (H-5) ;
4.18 t, 2H, J=5.3 Hz(2xH—1)382t2HJ53H2(2XH—2)350d 2H,
J(H, P)=8.7_ Hz (P-CH2); S, 13C NVR (D20+NaQD) . 169. 48,

168. 32 ar(élllSPethzlphe@hznylmeah%mfﬂwlh’ynml 5 4D)-ene.§)2 g)yn. pﬂ% cFory. 7255 d,

pCT) Croz s R o bedpaiR g ag 2a iR 19%% ¢ RG, ?%‘ %‘3@%@ Bs N
ono \o{J Ppoca)ze,m) 2. 3ez>%N 9N8Y:PLO' I—INI\/B{\I(GDCH) S qyHR, NH2.8 FRHEBSDS.69 [CRBIS N O 3
2 At no- SNEEH AR P S B AR e At RO 280 AFRRE O o hy!

2- hydsoxyey, ByJorhOFP(BMRDY; §.94 3, BH, KA, FEB6)HA (P £40 dTBH MBSH& eetgd at
OCwth N?H 10 60%2|s ersmannmraffln@g:ﬁl ?tjll’l’lng

at 0C, 4 18326k Job R HTzome. 12 bt TSGR B (R né? W%@Dczb 1&% B) was
added i n 10993RQ1 45897 (C-2, C-4 and C-6); 102.22 (C-5); 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 (2xCHj3; (iPr)); 23.64 (CHs,).
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
CsH4N;05P (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-CH3); 2.12 s,
3H (CHs). 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-CH>); 45.60 (C-17); 25.43 (CHs).
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The m xture was stirred 16 h at 100C, evaporated to dryness in vacuo and
extracted wwth hot chloroform (300 nL). The extract was evaporated in
vacuo andwoha/002580 due was treated w th bronotrinmethyl sil @c&/qZbQoek§ i n
acetonitrile (50 m.) at roomtenperature overnight. The m xture was
evaporated to dryness in vacuo and the residue was deionized on a 10 col umm
(100 m.) of Dowex 50 X 8 and the LME§M§DRb9ng ammoni a el uate evaporated to
dryness. This product in water (20 nL) was dissolved by addition of conc.
aqueous anmmonia and acidified by HO to pH 3-3.5. The precipitate was
collected, washeggwith water, ethanol and dried in vacuo. Yield, 0.8 g

4- am no- 2- net hyl u?fanyl-6-[2- (phosphononet hoxy hoxy] pyri m di ne, m p.
210-211C. For 4N305P (263.19) I5 calcul ated . 549C, 4.78%, 14. 23%W\,
10. 49%°, 10.86p&; found 32.42%C, 4.93%H, 14. 0%\, )10. 629%°, 11. 049%6. 1H NWR

D20) = 5.68 s A1 5. 436 ORbIq-R 1'); 3.94.m H XH-ZA\ .72 d,
(£20) 5 5,68 o ity 9 4085 moRdchany 1) I3 o4 m 24 (@it
172.13 and 167.93 (G2, C-4 and C-6); 84.82 (C5); 73.53 d, J(C, P)=10.7 Hz

(C-2'): 70.01 d, 4J(C P)=156.3 Hz (P-CH2); 69.20 (CG-1'); 16.02 (SCH3). 20
- 41 WD 03/ 002580 | PCT/ CZ02/ 00038 Exanpl e 10 0,/ O'l - ~P(O) (G C3H7) 2

O, ,,P(O(OH2 |O\,- P(O(OC3H7)2 N N O O./P(O (OH)2 H2N N ff/ H 3444
OHHNN2 OHO-|0,,,~P(O (O C3H7)2 0 P(O(OH)2 HWXXNHNN 2 02 O
~O-P(O) (O C3H7) 2 ~O0P( O) ( OH) 2
NH,
10
AN

P

CHsS~ "N~ “OH

15
NH, NH2
AN X
A X
CHys” N No CHgS "L/O
20 L_o_roxoics, O AFONOH)
H-3415
25
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H 3445 5 -42 WD 03/002580 PCT/ Cz02/ 00038 2- Am no-4, 6-bis

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

(phosphorwomtilmsyg) et hoxy] - 1- [ 2- (phosphononet hoxy) et hyl | py PCRiGHopo@34. H) - one
2- Ami no- 4, 6- di hydroxypyri mdine (12.7 g, 0.1 nol) and cesium carbonate
(27.8 g (85 mmol) in DVF (200 nm) were stirred 1 h at 100C and dii sopropyl
2 5 chl oroet hoxgmet hyl phosphonate (30 nlL) was added. The m xture was

stirred HeAming-2-mgbyisulfanyld-Bd(phiesphonenethexy)ethexydputimiding vacuo. The

srrord 2.6 o oibkERbroRieihodhon ISR DR HAR) DO e R A eede?
bronot ri mEOOrGNvEth Mﬁb(l(O?g,rﬂo% dispeasioh anpdraffineil) 204, mkter DY etiftinghit 0°Cle residue
aguegus anmoni s added. t o

di | ved
\Qﬁm 'ﬁﬁi‘%fré&@lcﬁw é nafﬁégi MM%}?@%&&% > gvaametlayas a%ﬁé@%wemét%s
dei oni Zeq@mhi@nueOeRirkelO® Hd)1009C, PNt éygesﬁmigvcyc]ﬂg ahlY e RPR AR RY

ammoni a el uate was evaporated to dryness. Thi s product was codistilled
wi th et hdwbthlenetbrin (30@mdg. fThe wxieadtamekyapwras¢diy vcup gldzthamsntuemastreated

(405" 25 ELHERPERARSYI 0 R M U e Ui o P osbrhgc
4.87%, e 24i%re s é&p&&%@ to dk&ﬂ&bﬁn(v@é@@x}d the Eb‘§1dlae wakldéidhitd o®a 36 S 1H
(H-5) 4.29 m 2H (2xH I in, 2H (2xH2'): 3.58 d, 2H, J(H, P)=8.6

H (D m@ylunma(@@w&) @@D@@)ex 597>i839d the. UY-abgorbing amzom@elwezyapome@@ (C-5);
70.70 d, 9&’(“9 f)nﬁ% hdhid nﬁgo t?eﬁgzofﬁ? &8s ngfoK'%lﬁ)eﬁiﬁﬁponzochg E)uegﬁig 64. 81

(CG1). er e tlono ca ge nm gave t (48 )
whi ch vvaammcema&mﬂ acimﬁwl bnHON conpl] 3k et Tk pneblmtete(\lea@ collgctédy wasleﬁomt}t ri I e (70

nmL) overni fed in he.re assed t hrough
Donext 50 5 SBGkAG e A SRt S 2ot YA el ST ed w ¢ h
water. Af IWS{)H@x%Hie%x?)&h&xQﬁ)yhﬁﬁﬂﬁ@%% @m @ﬂOct FRr PLRONGO | %@qei) w th
retention. fracti oh wasS eva rated he residue stirred

et haidl - gelevlated 33i 404fr.¢t. (806, 1423061 10. 49%8 WQ%S\] ohngpBD42BL, G\IQ§%H | tered,
washed ""'A%ﬁtﬁ%& C1"1 @k, Z?Il{lh/ﬂi@? 0): ?593 1H (H-5); 4.36 m, 2H (2xH-1°);

2-am no- T phosphdnonet hoxy) e
3.94 m, 2H (2xH-2"); 3.72 d, 2H, J(H,P)=8.5 Hz (P-CH,); 2.48 s, 3H (SCH3). >*C 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-CHy); 69.20 (C-1’); 16.02 (SCH3).

20
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(phosphononet hoxy) et hyl ] pyri m di n-6(1H)-one, mp.108C. For CI OH19N3010P2
(403.22) calculated 29.79%C, 4.75%d, 10.42%\, 15.36%; found 29. 90%C,
4.87%1, IWOD4M83580 15. 649%°. 30 -43 WO 03/ 002580 PCT/ CZ02/ 00038 ZBNaempes e 11
NH2 NH2 5 ~NM~ | HOCH2CH2OH N H2ZN "N Cl NaH or tBuOK H2N N 0- OH
TsOCH2P(O) (O Pr)2 10 NaH NH2 NH2 N 1. BrSiM3 NH2 NNNO2, p 2N N O
P(O (CH2 OP(O (G Pryz 15 O-/ (afxample 10

2, 4- Di am no- 6-[ 2- (phosphononet hoxy) et hoxy] pyri m di ne Sodi um hydri de (60%
suspension in paraffin oil) (2.4 g, 60 mmol) was cautiously added

portionwi se to redistplled gl ycol (50 nmL) under e n of
moi sture till ZQASéb 8(E%(I:Z-P%an‘inOGChl ol @Hg g,

opyrT ingt ' n
nol ) was then pdded in one portion_and the m xture was stirred 6 h at
80C. The reaqf‘I m xture was cool ed, dilute '

h water (200 nL) and
passed tg_g;?\\ks ol utm (200 EL )KCEIQ HDo‘e)g\/\lex 50 8 Ijn acid cycle. The colum
was wash 1 3 In wa u O m) .
Thi s sus i on vvassjr’r/a\(d\e/al aline with cobzN aqeru@Mé/Hl I)(t.o?r)ée)d and
the 25 resin washed with boiling water (1 L). The conbined filtrates were
evaporated to diyness and the residue was crys lerff d fromwater to
afford 2, 4-di am|no-6-(2- hydroxyet hoxy) pyri m di ne, . 190C. Yield, 2.3 g
(79.4% . For ColHi ONAO2 (170.18) «calculated 42.34%, 5.92%d, 30.37%\, found
42. 09%C, 5.89%| 30.63%\. Mass

OH

P

HN" N~ “oH

o _\_-O_P(O)OiC3H7), O/\/O\/P(O)(OH)Z
1 X1
HoN HoN N

0
k/o P(O)(OiC3H7), bo\/P(O)(OH)Z

H-3445
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spectrum 171.3 (MH). "H NVR (CD3SCCD3): 3.67 br q, 2H, J(CH2, CH2)-
J(CH2,0H) 30 =4.8 (OCH2); 4.10 t, 2H, J(CH2,CH2)=5.0 (O-CH2); 4.79 t, 1H,
J(OH, CH2)wo.03/0038) ; 5.05 s, 1H (H5); 5.89 br s, 2H and ®Coiczoe/06038 2H
(NH2) . This conpound (4 25 g, 25 mmol) and diisopropyl p-

t ol uenesul f onyl oxynet hyl phosphonate (8. 75 g, .25 nmol |n 50 nmL) was
treated AfMingAgsiai2-@hosphonomethexy ﬂmyémrsmld"rﬁén '%FHP@' s stirred at

ar opui s P TREaphEHR et AL TpRIHOR G foRDletniihy gl iy B0ae
PCT/ €202/ 00OSQ-W-#,bdihﬁ?)ggmmidinaﬁﬂédg L Linobhd bofoneartShae (azbgion
Crystal | IGarP rfFdEag mi) G famed Tt ol ARl Brspdrepbly-

2, 4- disarricmn&ﬂli tng@;%&gmh@ 90 19 Wk HRALI0 XDk ey by S tigigat M p.
159' C. Yiel 49 For C13H25N405P (348.3) cal cul ated 44. 83%C,

7. 23%H, 11@0 %lteresl \Blgbfa%lot an@emomedaefmww Tiwopsidueswasipyxified bysilea gihss

t C&ZB,’%} th that
Zggg“rge e’I!:'?Q:%fgwép\){'sﬂ(b90n@onver g%?% &%fg%rrp undhﬁo&’gl%gwo?%am \rllmo 6- [2531
( phosphom&ﬂhnﬁybrembm&thylmilamed‘v frel) i@ scepnitrids (FodnEpsentigiad ITheassidlescr i bed

d i dent | th thi th
Imr;t E)r( ?g}olvgaé(gleﬁsa v Pn? Wg { ﬁﬂ%‘ o Og%njﬁ%ll& a?ngml)]glg)wa\émadded tola?ka?lge re%QtEAnC

2, 4- Dpamipauls 1{1&1&9 lm ROSOSHES. hm%ﬁhtﬂéwa &H&ﬂlﬁ@cﬂdd‘ﬁcﬁﬂﬁnr(ﬁﬁ%nmﬂf Was

perforrred essentially as described under (a) except that NaH was
r epl aced Rowax) X Srand tlpd HV-absorbing arimpuia ghigieuvastayaporhbigd md@aeSSYTéisd of

Femi nod TG Geer Bt WY D e B BmsBhty I SR AR
/(" OH bis[2-(phosphonomethoxy)ethoxy]pyrimidine, m.p.127°C. For C1oH;9N30;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  15.64%P. 'H NMR (DMSO): 6.55 b, 2H (NHy); 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

20  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.

25  Yield, 1.8 g 2-amino-4-[2-(phosphonomethoxy)ethoxy]-1-[2-
(phosphonomethoxy)ethyl]pyrimidin-6(1H)-one, m.p.108°C. For C;oH9N30;oP; (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.

30
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N + OONaH THE H2ZN N C H3IC CH3 HZNN O ,~~o0 H3O + O CH3 CH3 NHIr

NI TrdC

TsOCH2P( QyO@3Me2520 NaH 2. H30+ NH2 NH2 N 1. Me3Si Br

O CH OH

NL ~ pyridine TrHN NOHZN N OOIr OH OH CH 1.

0~P(O (G Pr)2 O'/P(0)(OH2 Tr ...(CBH5)3C Ts ...

p-tol uenesul fonyl Pr ... isopropyl 5 -46 WO 03/002580 PCT/ CzZ02/ 00038
2, 4- Di ami no- 6- [ ( RS) - 3- hydr oxy- 2- ( pEaeptadntet hoxy) pr opoxy] pyri mi di ne

4- Hydr oxynet hyl -2, 2-di met hyl -1, 3-di oxol ane (13.2 g, 0.1 nol) in freshly

10

15

20

25

30

35

NH2 NH2
NZ HOCH,CH,0H N
s | g P | OH
HNT N7 ~Cl NaH or tBuOK HNT SN Yo7
TsOCH,P(O)(OiPr),
NaH
NH, NH2
N 1. BrSiMes N |
A S
H.NT N (I)\ 2. H,0 2 \‘

NS

(a) 2,4-Diamino-6-[2-(phosphonomethoxy)ethoxy]pyrimidine
Sodium hydride (60% suspension in paraffin oil) (2.4 g, 60 mmol) was cautiously added
portionwise to redistilled ethylene glycol (50 mL) under exclusion of moisture till
dissolution. 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
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 C¢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 (CD3SOCDs): 3.67 br q, 2H, J(CH,,CH,)~ J(CH,,0H)
=4.8 (O-CH,); 4.10 t, 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 br s, 2H and 6.01 brs, 2H (NH>).

This compound (4.25 g, 25 mmol) and diisopropyl 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

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

-44-
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redistilled tetrahydrofuran (100 nL) was added dropw se into a supension of
NaH (0.2 nol) in tetrahydrofuran (400 nL). The m xture was stirred till

di ssol utiwp oateks8) 4 5 di am no-6-chl oropyri m di ne (14.46 gPCO/CIZoDI0Bs was
added. The reaction m xture was refluxed under stirring in an argon

at nosphere for 12 h and neutralized with acetic acid. The slurry was
filteredangihsrendys extracted patheiseloran Tha geachen prodpetayas nupifisd by fidiga 8¢
dryness . Sl . ol 0 N

Chl or of o op g B Ay S S TV AR AL S P i

et her, 2gethedi am no-6-[2, 2-dinethyl-1,3 10 di oxol anyl - 4- met hoxy] pyri m di ne,

in. p. 128C.. Yiel , 0 66. 6% . For CloHI6NA03 . (240.3 | ated
46, 0%, 26 FaONRo-S 1A P pRPR oK SR PR 304 P @i@%xg@cf rum
241. 3 : (348 A : 9o, p3. 68
ad, 10 (5 SPOLRACTIRRERL s Db RGP S SRR

J( gen) =8 faund(44-88%(, 7. 13%H, 16121%N, 9185%PaMassispeotraal; 3498 (MED). b FPNMRS. 0,

J(gem =11. 0, ( H 1. b); 3.4dd,..1 1'a, 2:)=5.0 .J(gem=11.0 (H 1" a);
4.30 in, Slﬁﬁi“ﬁ‘ﬂ(#’%goé%’%‘ss‘,geﬁtﬁaﬁﬁ@ﬁa% é?%ﬂb%dr‘)“s‘?sxamé’nl? nd 6.06 br s, 2H
(NH2) . 13C NVRohGRESRGE®s cRbpdbdasnd,s2BafiholB) ; 65.72 (C 3'); 66.22
(G1'); 74.00 (CG2'); 76.58 (CG5); 109.06 (G.pr); .163.23 and 166. 38 and
170. 11  (®hogphanomethoxyjethoxyjpyrisnding wias performed gsseptialihas deseriped i Example soq
(250 ) - i: T . m xture
e At ot 21 Grpb AP BR BD Bl iR HIEPRALAL R BB .10 e
filtratenmsspmacabed to dryness. The residue gave on recrystalization from
90% et hanol (ether added to turbidity) 2,4-diam no-6-(2, 3-

di hydr oxypr opoxy) pyri m dine, mp. 160C. Yield, 10.0 g (83.3%. For
C7H12NA0 9 { 29Didhind: 8|S RIsBlofomORYE e froR HirindiinROIN  found 41, 8496

6. 249+, . G694\, Mass 25 spectrum 201.2 ( ). 1H NVR (CD3SOCD3): 3.40 d,
2H, J(3',2')=Fhargaetign yvas gerfarmed essentipl{yHaszteyeribad ondatda) exepptiiat NaHpwys=6. 2,

J(genk=10, Ehl'b). 4.1 1H, l'a 2. )=4.4.. A10..9 (H- L' ; 4.73
or o151 e ea vy 4Rt ctef oo g ogfurk 7 uBipe: Y ARG Palinbtb i &L € 07
br s, 2HhiyiNoRyethd3ipyNMRAERRSETNS) Furthdr frcédurdrehiaied. uhohdrged.' ) ; 70. 28
(CG2'"); 76.64 (C5); 163.19 and 166.27 (C2, C4); 170.62 (C6). 30 The

m xture of this conpound (8.0 g, 40 mmol), trityl chloride (36.4 g, 131
mmol ) and 4-di met hyl am nopyridine (2 g) in pyridine (160 nL) was stirred
15 h at 50C and
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poured slowy 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 wod3mesked with water. The precipitate was take®Cuzopo@is or of orm
(600 nL), dried with MpSO4, evaporated and -47 WO 03/ 002580 PCT/ Cz02/ 00038
codistilled wth toluene (3 x 100 nL portions) in vacuo. The resulting gum
was dissolved in nininum volume ofExémpe lahd dr opped, under vi gorous
stirring, to petroleumether (1 L). The precipitate was filtered, washed
with petroleumether and dried. Yield, 33.4 g (91.5% of

6- [ 2- hydr oxy- 3- (triN#,0xy) propoxy] -2, 4-bi s(trityl anNhg) pyri m di ne, mp.

138C. 5 For C64H54N402 (911.1) c ated 6. 15%\; found 5.96%N. This trityl
derivative (27.3 nd\ di i@dpr opy!l 7

p-t ol uenesul f onyl hofate (MNgH5 g, 1) in
tetrahydrofuran/(J&§ was t ted w ty®H0% 5 , 3.5 equival ents).

The m xture HYNMS stNire CatkgnbiaantenperatHQN f orN3 da@s and neutralized
with acetic acid. The solvent was stripped off in vacuo| the_residue

di ssolved in ethyl acetate (800 nlL) and extracted 10 with (3 x 200
m.). The organic phase was evaporated to dryness and| the residye refluxed
in 80% aqueous acetic acid (300 nm.) for 30 mn, cool Qnd g rated in
vacuo. Water (300 nL) was added and the nmixture extfacted with &Her (4 x
100 nmL). The aqueous phase was freed of volatiles in vacuo an@kbpplied on
a Dowex 50 X 8 colu 00 L) in acidic form The colum was washed with
water till the drop acidity and U/ 15 absorbanc®Hend then eluted with
2. 5% aqueous annoni/, The UV-absorbing ammonia el yate was col | ect ed,
evaporated to dryr@Ss ijp vacuo, the réglldue codi d with ethanol (3 x

100 nmL) and dried pver [P205 in vacud*gﬁ%ﬁnéght. cetghitrile (100 nm.) and
bronntrinethﬁlﬁ' ) P‘ ) were add and t he-fmixt
er exclu

was |eft to stand
over ni ght und sioff of noisture. Afté&hNevapbtati of the volatiles
in vacuo, water (200 ni)

added to the residue, fqllowed by cone.
aqueous ammoni a to an al kal ™Yle r@d¢tion. This solution evapporated to
dryness and the residue deionjzed on a Dowex 50 X 8 colum\ (200 ni) under
essentially the sanme conditi 4. The UV- absor bi ng ammoni a @Hiate was taken
down in vacuo, the regsid I lved.i,n mnimumwater and al kalized to
pH 10 by ammnia. T ié-ﬁﬁFﬁﬁﬁéﬂtQQQ#ZE&Fﬂéd on a colum (200 nL) Dowex 1 X
2 (acetate

2. H,0"
NH, NH;
N7 | 1. Me;SiBr NZ |
)\ 2. H,0 )\
H,N~ N~ Yo H,N~ "N~ o
0_P(OYOIPr), O_P(O)OH),

Tr (C6H5)3C
Ts ... p-toluenesulfonyl
iPr ... isopropyl
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25 form prewashed with water. The colum was washed with water till the
drop of UV- absorbance of the eluate and then with |inear gradient of
acetic acwoog0e388 M 1.5 1 each). The mai n UV-absor bi ng PCrazop/o003svas

coll ected, evaporated in vacuo and the residue codistilled with water (2 x
100 n). %/stal i zation of the residue fromwater gave 2, 4-

di ani no- 63 H-&BianingehRS)-Thydrxs Phahesrh cnemethroRpsoprRylDyFmidine as

hydr at 9 F
BrnsNt06p o Sk Spetsi At g iifolfe IPEELI PR AME 505 ¢ ound
30. 98%C, r&digibdd tetfahyS@%adan 0L0B2HE) wadvakled dpppetiselintio 2@pefsi¢grvbiyaH (02 NVR ( D20
3( P oy 21bin (5 uidssh faqdmbryee mighUGHS siined abydisgbon aaPBe” S gon -12. 9
(H3' ) ; ddanfiflo®-chldfopyFimidine (34.4% od0.1 IAchi)wAé Ed&dZTheBeaénon A MR W3/ 002580
PCT/CZOZ/00038 J(gem=12.9 (H3%a);4.11 dd, 1H, J(I"'b,2')=5.0, J(gem =10.7

(H1' b); rafluxed @aderﬁwnngnp@nar@n)afmowhe@(fgém kand rzel{tﬁhlzech\)vith o3 asid. 1H

S(Hp‘“’)q L U R B RSP, BB o8 Bl
B v
(Fc,)e 2, gdﬁpﬁ@? rﬁ?ﬁmﬁ %‘%{Mfﬁ%tﬁw I?elim%p ﬁ‘iﬂ Zft %agl%f)p F%ilﬁ%rxrp I3 Ies'hll gcuo
P ale iyt e mendo BhaRRpK, b AoRRC Y ERNTE O (BR%E Rt CptiNia)
t2 et4 r Slhgl(rjn KMO%HSLOI@W 491.99%Th@& 7 ok, 08.82%dg fmdr@@;i%m M%Beigzaﬁﬁ%Nr action
m xture SP%’F‘T“HB(%YB%MJ) n% &%éﬁ#%ﬁg ggjﬁ gﬁé@’é’?’ ((Jcilish and
neutral i ze6k W 4 a8e, m-f 8CjEem)H3e G-91)Ya ¥R &a, Fiit tRB%dz A’i@égggén%é.'?

tetrahydrofuran and the filtrate evaporated to yness' in
Purifi cat(Hoﬁa)oﬁ 1@ 8, AH G3-1¢@) 4cld) ddyH( 0 b, 210)56.9 nf(gmh)ﬁrld)ﬂ)dﬂﬁ ‘bave 13 dit er

2 4 dpam For Py T T S By 4 B0 JLEERSES TP el O3 1 B e,

Yield, 4@HJar@ 6?)6 st %H (NTI&)S”CCNMRJG@IMSG)EI%) gzs is zﬂrﬂ 261911 (X3H3 1 3. 250V H2SO4

(800 niL verni room t m xture was

ot T 20605 ChiIer 20 60 st Vot ST D 008 Bk Toa 23 166 28 et 4 D
filtrate (C-6, C-2, C-4).
This compound (14.4 g, 60 mmol) in 0.25 M H,SO,4 (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;,N405 (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 (CD3SOCDs): 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 brs, IH and 5.02 br s, I1H (OH); 5.09 s, 1H (H-5); 5.99 br s,
2H and 6.07 br s, 2H (NH,). >C NMR (CD3;SOCD;): 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 MgSOs, evaporated and
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evaporated to dryness. The residue gave on recrystallization from 90%

et hanol (ether added to turbidity)

2, 4- di amWO0-08/002336 ( 2, 3- di hydr oxypr opoxy) pyri m di ne, mp. PCICZ0200038 el d,
32.0 g (89% . For C7H12N403 (200.2) cal cul ated 42. 00%: 6. 049, 27. 99W\;
found 41.949%, 6. 35%d, 27, 75%\. Mass, spectrum 201.2 (MH). NWR spectra
were i derfisullgd with flaensdd xo00ml ppRicBR iR vaditp J@ﬁdeswm gunx way dissplvadni s
conpound if 32nithush Mﬂ@omn fo Adﬁ % s 91 TR

4- di met hyll arrllnnopy?ll ul ne © CM %5 n go %ﬁ r%éto%érorredeta%qh at 80C
and 25 pdyr dle pte@mnytetm@dilte&'@d rWaS]lIﬂ}]l w1¢h matoée;un@ Bthep andTdrieds Yieldy33vhg stirred

SN I DL AT R R AT
chl or gf orpg C%}%%Nmf@?ﬂ 161 BERA 59 W, G6bo RN Ok gﬁ%hbé%ﬁg ¥4 3

tol uene (3 X portions) in vacuo. The resulting m was |sso:g</ed I n
m ni mum \a8Inumel) ghd éumorafhu tdlluolmseﬂony&nmethmlmj@smma@t(lﬁ 75 igg45 tnmadleinr ol eum

et her (2. pr | d hed trol um et her
and air- é?tf%%id{‘)’v Fﬁqmﬁ)&”% e‘% %gé{iﬁ%g&d“ e%ulz'%ylg'a);sl) %em 1xture

6-(S)-[2 mdflﬁwaﬁmﬁmntu&hp@wﬁw ngﬂﬁirsa&d‘heu@al%ﬂ wlﬂ)ydcem AQd PYRé §B1eknpe. For
C64H54N402 (911.1) cal cul ated 6. 15%\; found 96%N. This trityl derivative

(99.5 g, V@Sf?ﬂpﬁﬁ‘l’)’ AR dagho, e prutiA dlffﬂl"teéI“Euéthélsa&P‘faEﬂ\@p@Wﬁthﬁf@phonat e
42 0. |
ber 9,0 bRt ?Ies’g%dd 5;;51\,\%29%59 St DR Ul @éﬁ?ﬂé@%&@&% ). The
m xt ure wefduxsdiim 84 aqt;eommbété:m:cid @lﬁﬁaﬂatfmrﬁ) far, caolddiysd e\faprta&:rded r\]zadx,ubr I t
it fi t t ed th . The sol ven
\?\gsl ste r Pp %t @Pb n?e[r? W/ae?&ﬁl ef%"@l? é‘é?@f?gext“\gﬁeﬂk”éﬁ q%?f“ %%l%g(ﬁ‘ﬁbd@eacet ic acid

(500 n) af@ous BhaseRvasdrdd belélatiRs i o Qt’{(?éﬂillgﬂ'tmﬁtD(fv@é%nﬂdR@%[ﬁﬁ{ﬁ)o 5 The
crystalline product was filtered, washed with 80% acetic acid and

filtrate Tadn agdigform: dhe columacwas, WaAh@CbWItb PGEEr mﬂll)thq\é@paﬂ @eiditpand UVe ni xture

was tr u was _concentr at ed
138 Micabenbl bits el Shuted ik 298 Wby SRR IBE AR ERERE o1 1 The
col um watuawasiamblletted, apdfated tedytesdti haono] tht rdsiduelteddingd with aghadl(y and
LTV- absor bance ar}ﬁ&@en eluted with 2. 5% amonia in 10 20% aqueous

met hanol X 1oV P Dnte Mpcroovemight nAsetepitrile ¢ QumLeadhor at ed t o

bromotnmethylsﬂane (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]pyrimidine as monohydrate.

30  Yield, 3.8 g (40.6%), white needles, m.p. 213°C. For CgH;sN;OP.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: 295.0 (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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dryness in vacuo, the residue codistilled wwth ethanol (3 x 100 niL) and
dried over P205 in vacuo overnight. Acetonitrile (200 nL) and

br onot r i meolglogdskane (50 nl) were added and the m xture wag/dzetrood® st and
overni ght under exclusion of noisture. After evaporation of the volatiles
I n vacuo, water 0 the residue followed bé conc. agqueous

15 ammoni/&Eey= &3 ééﬂﬁn@4éhé@,ﬂ(ﬂ)J(}fhizs)_é@bﬂlgP’@PrWa"é(Ié\}dﬁ&ét‘é kb dryness
dth

ent i caltoond: ¢ Ponepr A A EITE [BPTeR RN (200 My (G 1

vacuo, t38);68SBd0d’ nss. Odldssl(ﬂ Q)ard4914 (Pre)n76rtiBn(@H)LTEL8Dd, MBICHF1 (BhAC-ahkal i zed

t H 10 ' li ed I 250 nmL) Do

12 (addt g e apes (sl d R &7 The col um 20 vas vashed i th

waterstill the drop of UV-absorbance of the eluate and then with |inear

gradient of acetic acid (0-0,3 M 2 L each). The main UV-absorbing fraction
was eva[ib)éﬂdliammﬁréd(ﬁ) Thydnopg-2-hiosphoname thexy)propox ey nimidingat er (2 x

2,4t amGbre A AR A IRT Rk B0 e, 0 mol sl prased 890 e as a
nmonohydr at,ZES 6isbtopylldle8e-D-maal andh disﬁllditbmdlaem and Was dﬁdéd dbopGEddlibiy406P. H20
5709, SYSPPOVII CONP 3 T EUBEIIATAO L) VRS R N SbFA S0l
St e g Y S R
H3C CH 0 v@s rédluxediader stirring in an argon atmosphere for 12 h and neutralized with acetic
acid. The slurry was filtered, washed with tetrahydrofuran and the filtrate evaporated to
dryness in vacuo. Purification on a silica gel column (600 mL) in chloroform gave, after
crystallization from ethyl acetate — petroleum ether, 2,4-diamino-6-(S)-(2,2-dimethyl-1,3-
15  dioxolan-4-ylmethoxy)pyrimidine. Yield, 46.0 g (76.6 %). This compound (43.3 g, 0.18
mol) in 0.25 M H,SO4 (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;,N403 (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 MgSO, 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 CesHs4N4O; (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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OHCH3I N | H30+ N H2ZNNOH2NNO OHTrdl OH O-~CH3 pyridine CH3
OH 1. TsOCH2P(O) (G Pr)2/NaH N/ | 2. H3O+ NTrHN N~ O H2N O Ofr OH OH
=y, - POy 1. Me SiBr 2. H2 3 OH Tr ... (CGH5) 3CPNT/CZ0b/80038 .

ol uenesul fonyl I~ Pr ... isopropyl H2N H2N OHXH 0~,,-P(O(OH)2 -51 WO
03/ 002580 PCT/ Cz02/ 00038 £ ? [T

(phos phor%qpe‘lnﬁb)?’W ggq{@g(wtbyp /%Néﬁllﬁb‘i 4 g, O 36 mol). The mixture was stirred at

4- Hydr oxyaRfidhy en?pe?atﬁlr'er}qc?xt Mohys 16iide Jg(‘l ¥R IceRE ph pe g?%l—flﬁ?%g 3}({53 keaté@igdded

dr opwi se over mn to a stirred suspensi i spersion in
par af f i n ethiahol (20 &lg), The saxemolas srtmppteétOffaihy)dnrm theamsid@b@flmkgd in&¥er 1 h

ol ) e SRR SEHHG LS Bt IEER B <R aend Pt RPL e PR it et T
startsng mtcgrsta@hneq&sm& iwab kijteidd Seppeaved %%@eaa aéitl lah€ ehegfltratgvais es;

system net hanol -chloroform 1:9). The m xture was cool ed, neutralized by
addi t i on esaporated in vacuo. Water (700 mL) was added and the mixture was extracted with ether

(4 x 200 mL). The aqueous phase was concentrated in vacuo and applied on a Dowex 50
X 8 column (250 mL) in acidic form. The column was washed with 20 % aqueous
methanol till the drop of acidity and UV-absorbance and then eluted with 2.5% ammonia in

10 20% aqueous methanol. The UV-absorbing ammonia eluate 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 (200 mL) and bromotrimethylsilane (50 mL) were added and
the mixture was left to stand overnight under exclusion of moisture. After evaporation of
the volatiles in vacuo, water (3.00 mL) was added to the residue followed by conc. aqueous

15 ammonia to alkaline reaction. This solution was evaporated to dryness and the residue
deionized on a Dowex 50 X 8 column (250 mL) under identical conditions. The UV-
absorbing ammonia eluate was taken down in vacuo, the residue was dissolved in
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  CgHysN4O6P.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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acetic acid, filtered over celite, washed wth tetrahydrofuran and
evaporated in vacuo. The residue was decanted twce with ether (100 niL
each), diwemBmexssi n chl orof orm (100 nL) 10 and filtered tRCouHo2/800880r t
silica gel colum (washing with 1 L chloroform. The filtrate was
evaporated in vacuo and the residue was dissolved in hot ethyl acetate; an
equal vol ume of ether was cautiouExpmplddd to the warm sol ution, followed
by petrol eum et Er till turbidity. The product ||ch crystalli zed in a

refrigerator, collected by filtration, washed' with ether/petrol eum
ether mxture (4;1) and mWacuo. Yield, 20,5 g (79% 15 of

2- am no- 4- chl -[ 24 2-@di nefdvyl - 1, 3- gdigpxol an- 4Nﬁ t hoxy] pyrim di ne, mp.
152C. For C1QH14@IN303 ( .7) cal cm-at—ed 46. 2 %: 5.43%, 13.65%1 ,

16. 189N, NA6.45%,c0. 46ha1  13. 905 Q?\; NI\/R(CDBSOCDB) 1.28
s, 3Hand 1.33 s, 3 H(CH3); 3.71 dd, 1H (3b2 %J(gen} =8.4

(H3"b); 4.05 dd, 1H, J(3' a,2')=6.6, J(gerr) =8.4 (H 3 2 dd, 1H,
J(1'b,2")=6.3, J(gem=11.2 (HI1'b); 4.28 dd, 1H, OJ(I =4.5
J(gem=11.2 (H1'a); 4.35 m 1H (H2'); 6.10 s, (H5);0F r-s,

(NH2). 13C NWMR (CD3SOCD3): 25.48 and 26. 76 (CHS) 65. 82 and 283 (C— 1',
C3); 73.35 (COH); 94.48 (C5); 109.05 (G prbH 160.21 (C2)% 162.95
(C4); 170.48 (C|6). The m xture of this conmpound (13 g, 50 rrm)l) DABCO
(12 g) and K2QQ 1.5 g) in wa‘_|ed+(300 m.) stirred 3 hours at refl ux
tenperature. After |cooling to thelroom 25 t erdture, Dowex 50 X 8 (acid
form was n w se under stirring tR _pHl6, to deconpose the

car bonat e neutralfze DABCO The suspemsNon Was then slightly al kalized

by addi ng conc. aqueous nia, filtered, washed wfh ter and the
filtrate was evaporatey i nNOrbcuo. The resin was res ndgd in diluted
(1: 20) aqueous ammoni a 00 nmL), filtered and the resi\n subsequently
washed with boiljTrglwatef (4 x 200 nL). The 30 filtrat®a shi ngs were
evapor at ed i n vacpgidinehe both resi dues were dried by codicq.;3| tation with
et hanol and extracted with chloroform The semicrystalline solid was
filtered, washed with chl orof orm and adsorbed from nethanolic sol ution on
silica gel (50 nt). This material was applied onpashort colum (150 ni)

in chloroformang 'the pro h ch of or m net hanol m xture
(9:1). Crystallikation fr%&gggﬁg @’ﬁé’ 3/ 002580 PCT/ CZ02/ 00038

TrHN (0] HoN N 0]
S/\OTr H/\OH
OH O~ P(O)OiPr)
1. MesSiBr
2 H,0
OH
Tr...(CgHs)3C N =
Ts ... p-toluenesulfonyl I
iPr ... isopropyl A

HN™ N” o

.

O PO)OH),

-51-



added to turbidity) gave 2-am no-4-hydroxy-6-[ (2, 2-di nethyl -1, 3-di oxol an- 4-
yl ) met hoxy] pyri mdine, mp. 258C Yield, 8.2 g (68%. For CLOHL5N304
(241.2) walocwbzmsed 46. 25%C, 5.43%H, 13.65%C, 16. 18%\1; f eOMACZA5/06038/C,

5. 469%H, 13 90%31 15. 95%\I I\/ass spectrum 242 (MtH). 'H NWVR ( CD3SCOCD3) :
1.27 s, and1325 H(CH3), 3.67 dd, 1H,_ J(3'b,2") =6.2,

J(gen) =8 4Am<841il)vdrqulzj@h%phowthow)gthexndpynyp i8€) =8. 4 (H3' a); 4 05

Sgem =11 0 (FeryFoymrigErtienl-fislohme tHLGys bid yelldigge =) V40
§\| % (2&)3 ddopr8sesqvet BO gzh&) a stﬁrﬁi?subpens;onblﬂl\gaﬂé(g))% &g;)eﬂsiomglgm;%fﬁhi gflli{l-l)i-g, %2C63
() Pe2gath in Glreisaion 35 ) o et 1 BRIB e soorbisnpsrinesepd g |

Exampke Y%-dicRiStdpriftridine (16.4 ﬁ 0.1 mol) was added and the mlxture kept at reflux
[2-(dii sopropyl phosphonyl nmet hoxy) et hoxy] y r ox dine. 15 A mxture

of 2-ami Hemperaiiieopefilgh¢ startiigineaserrad gssepialy| 9n Slb@hﬂﬁlﬂ%il m di ne
5.7 , | d
150 rn S Metindl- B 3 Theihiie d‘%’%‘e%r et e oy Mo e s

(H+- f or apeticHo®d, Siltsfed Rseoselive svashddal it ﬁe&ahydrdfaranmnd ev@qmaedma \azwannTEe and,
after 5 min, stiryrin fi.ltered. an shed wi,t h 50%

met hanol T¢3H§ Was) ecarﬁ%d fipg Wik €th2’€)8\?/éé‘%e SE%&S@“@& f g dhigrpiarm (1 a @@nﬁﬁ (50
) wes %H@'%ﬂex%ﬂ‘i‘hrbﬂ?h mwlﬁca?@gahﬁhg@aélﬁng Wi 'TEILS&IorE?@m{ e%@‘ﬁﬁrﬂéve on

chr omat ography on siTica gel co m.)"wth chlorof or m et hanol
gr adi ent vscasym}mlratcd]ez @cmamd)thenfszdue was dlssolved in hot ethyl acetate; an equal

di i sopro hon Irrethox -4-h dro i.ne CcCin 78%
el 80P SRR s R b S AL s oty SRR S DBl e

8. 37%; ftl(l)ll«tﬂﬂmﬁ@ %eﬁﬁ%%ct WhitR® stalﬁzeﬁ%r(ec'_ééaf)dp -wastdolibted @ﬁﬁm,) 1.24
d, 6 Hand 1. J( CH3, § 3.74 m 2 H(H2 3.76 d,

J(CHz- P) f@staed(\uﬂzeqhyr/p%mi@mﬁthelzmxcm {1: )ami@@drw vacug. (BeldR)-5 g479%) s, 1 H

GO0 Sobdatned-Blof -G By Padtbine-fnihox Al EBHSHE) - 2387

J(P C) =164r 6 0([-134(§IN30§525©47)(c611:&Iaﬂed 43@53’&@432@{ 1]3(65%7031:66330/&1@ md 70.87 30
d, J(P, O =11, 4); 164,25 (C-2); 171.01

(C6). THﬁé‘Sﬁqcbdtﬁ?tM%‘a@ Qech 38 980, BT UNER [STlgPa | 3R L Homd 350
acet oni t i }&1§897{Thd, 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’)=4.5, J(gem)=11.2 (H-1’a); 4.35 m, 1H (H-2"); 6.10 s, 1H (H-5); 7.08 br s, 2H
(NH,). °C NMR (CD3SOCD3): 25.48 and 26.76 (CH;); 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 eluted with chloroform-methanol mixture (9:1). Crystallization from ethanol (ether
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overni ght, evaporated in vacuo and the residue treated with water (50 nL).
After 10 mn, conc. agueous ammoni a was added to al kaline reaction and the
m xt ure eweponersed. The -53 WO 03/002580 PCT/ CZ02/ 00038 PCELIZd60038S
dei oni zed on a colum (100 nL) of Dowex 50 X 8 and the UV-absorbing
anmoni a elg‘%ﬁ wgs evaporated to dryness, It was dissolved in m ni num hot

P T

wat er i) gevsricamBQuEBYROS b Zrdimmdhvd i 3domelntly conc. HO to
pH 3- 3. 5 mﬁox%pgﬁhﬁ#lhghﬁy"\gﬁ EONAEE [y (NBE 88 M HNNR, G541 8t hanol - and

dried |n acuo

am no- 6- [cdlc(diedSIoR54, I4BIsHN D353 WEL, N6 X BYAN; Hound 46143001 DA, il BIOJVITR,
Yield, O. 798 mp. 227C. For C7H12N306P (265 €19%)[)cal cul at ed 31. 710/£
4.56%, 1398k k Mass spepsatpr: 264 (M H1 %%@&ER(ED& 3kd:250a H and 53303 - 54 wo

03/ 00358 8 1 NH2 2 2y 275 agens H H2N N O
g (H %%@%ﬁ@g@%J ﬁo%% &2 %gé“.” %?gﬁwég)agoz %6@%4‘}%3: a%ﬁggfn NH2 15
AN H2N(an())=&4|PHQ 6OA)0S ddz(DH J(6,2°)=6.1, J(gem)=11.0 (H-1b); 4.10 dd, 1H,

2, 4- O am p; 350y omoe 62 127 { BRASPRONIELRONY) REAPNURY TP LN 30y=6.3 (11-
2°); 4.78 s, 1H (H-5); 6.67 br s, 2H (NHy), 10.47 br s, 1H (NH). '>C NMR (CD3SOCD):
25.54 and 26.78 (CHs); 65.83 (C-3°) ; 66.70 (C-1°,); 73.63 (C-2"); 79.99 (C-5); 108.94
10 (Cipr); 164.25 and 155.69 (C-2, C-6).

Example 14

2-amino-6-[2-(diisopropylphosphonylmethoxy)ethoxy]-4-hydroxypyrimidine.
15 A mixture of 2-amino-4-chloro-6-[2-(diisopropylphosphonylmethoxy)
ethoxy]pyrimidine (5.7 g), DABCO (3.6 g) and K,CO; (9.0 g) in water (100 mL) was
refluxed 150 min under stirring, cooled and acidified by 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;3H»4N304P (349.3) calculated 44.70%C, 6.92%H, 12.03%N, 8.37%P; found
25  44.58%C, 7.02%H, 11.95%N, 8.53%P. 'H NMR (CD3;SOCDs): 1.24d, 6 Hand 1.23 d, 6
H, J(CH3,CH)=6.2 (4xCHs3); 3.74 m, 2 H (H-2"); 3.76 d, J(CH,-P)=8.3 (CH;-P); 4.19 m,
2H (H-1°); 4.59 m, 2 H (P-OCH); 4.75 s, 1 H (H-5); 6.65 bs, 2 H, 2H (NH;); 10.45 s, 1H
(OH). “C NMR (CD;SOCD;): 23.87 d, 2C, J(CH3,P)=4.9 and 24.01 d, 2C, J(P,C)=3.9
(CH3); 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,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)
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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2, 4- Di am no- 6-[ 2- (di i sopropyl phosphonyl net hoxy) et hoxy] pyri m di ne (4.3 g,
12.3 mmol) in DVF (40 nL) was stirred with brom ne solution in CCl4 (0.3
M 50 nL)wbes/o®sB0 at anbi ent tenperature, alkalified w tRrCTrizerhgoam ne
and evaporated. The crude product was purified on silica gel colum (150
m.) in the systemchloroform- ethanol and crystallized 25 from, ethyl

acet at e Tesiybiervaselginnizedon a oplump (109 nl)pfDowex 33 8)andithe HY -ehseding  whi ch
was tre . : . . . . S )

over ni gh%\é\%o%lpgg g@g}é&ﬁﬂoﬁ%%ﬂ %kﬁd;% ggtcgfgr%(ggggzi\,éggngﬁmﬁmm aﬁj\é\;a‘{vgsl.(agf ter

dei oni satadditionnf &meeaqueduy didonda and etidifiell bytchec. HGlitd p#l HB.5t Mheanmoni a

el uate was purified wex,1 X.2 colu 00, .mL). chromat ogr gphy with a
gr adi ent pB?CP%@Et\V?,S c&?ﬁé‘&%’d’y ghed Wl‘tﬁfv e ?ﬂ("}a’%‘éﬂ%f’ﬁ A%, ‘Bi‘fg‘?{@o was
evapokat ehiRid-[S1(¥isdoptdpyBRdsihod ckioxg -1 Bydrok %lrﬁniﬁﬁfb%Yi@IH, bheg title
corrpound,%gll 1?6;5 [V\lg S%)?ogﬁ%o %{ Cz02/ 8)0038ﬂ m g Zlg};. For C7H12Br N%CBP
(343. 07) mpl a7P@1 Fdr C4HIAD PI263%6) calcdlaA&PEY.71%CH4.36%N, 19.80B%F; f ound
24.56%C, 3.55%H, 23.51%Br, 16.07%\, 8.89%°. This reaction is repeated with
2- ami no- 8-1[68%R; ifswndr A psA%0.06 p2f6Hy 16.156Nhdky ) BPhoxy] - 4- hydr oxypyrim dine to
afford the 5-hal ogeno anal ogue. 5 Exanple 16 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 replication in vitro and siman

i mmunodeficiency virus infection in rhesus nonkeys" AIDS 5:21-28, 1991 and
J. Balzarini, et al. "Differential antiherpesvirus and antiretrovirus
effects of the (S) and (R) enantioners of acyclic nucl eosi de phosphonat es:
potent and selective in vitro and in vivo antiretrovirus activities of

(R) - 9- (2- phosphononet hoxypr opyl ) - 2, 6-di am nopurine” Antim crobial Agent s
15 and Chenot herapy, 37:332-338, 1993. The results are shown in Table |a,
where greater potency is indicated by |ower absolute val ues.
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-56 WO 03/002580 PCT/ Cz02/ 00038 Example 17 Viruses. The origins of M8V, HV
type 1 (HHV-1) (strain Il1B and Ba-L), H V-2 5 (strain ROD) and FIV

(strai n P¥DaBuooE30 have been descri bed previously (Bal zari RCT&tZo2ab0038 Al DS
5: 21-28, 1991; De Cercq et al., Proc. Soc. Exp. Biol. Med. 137:590-594,
1971; Egberink et al., Proc. Natl. Acad. Sci. 87:3087-3091, 1990; Hart mann
et al., Antiviral Chem Chenot her 5:13-19, 1994; Popovic et al., Science
224:497- 500, 1984). HN-1(111B) %?\ﬁ-lg( ) stocks were obtained from
supernatants of virus-infected M- cultures. H V- 1BalLwas expanded
in human primary MM whose supernatants were collected, filtered and
stored at -80C before use. Characteristics of viral stocks used for this
study were 2.1 x 108Hjl V- RNA genonmes/ m  (correspomH,ng to 35 ng of p24
antigen) and 5,000 |tissue culture infectious dosgs 50%1)4per m (TCI D50/ m)

as asgessed by VI titration in other primary tures. The
i solation and cha act ization of the clini calk HI| 1 isolates L1S, L6S
and L6S/ PVEA has/ﬂsge orted (Tielogan et al ~Natl. Acad. Sci. USA

93: 3283- 3287, HiN95: Nvan Qaet hem et ar ., Al D32 -569, 2001). The

H V-1/L1S clinical isolate was derived from a pat| ent not treated with
NRTI s (nucl eosi de reverse transcri ptase inhibitors) or ANPs and cul tured
wi t hout the selective pres drugs. Therefore, o) @i no
obvi ous nutations that are c\ha'r t)@wg%lc for NRTI- or 26j qm(tr?atgg
patients. HV-1/L6S is a clinical isolate froma dyug-treated individual
CUHLI\ilR'eI'd w thout the selective pressure of any drugs. As is characteristic
for |-treated patients, it contained S68G K70[, iIWFJ?L, F116Y and
Ql51M nutations in its RT. HV-1/L6S/PVEA is the gl 3ol at e

H V-1/1, 6S that has been isolated after culturing |thée vitus for 11
passages in the presence of increasing concentratipns of PVMEA (adefovir).
25 It gained, in addition to the nutations nmentiongd for HV-1/1,6S, also
the PVEA char actgﬁ%;o?e,KGSR nutation in its reverSe transcriptase (RT).

Radi ochem cal s 3H t hym di ne (specific radioactivity 42 C/nmmole),

[ 5- 3H uridine (speC| f| c radioactivity: 26 G/ mol and [4, 5-3H] | euci ne
(specific radioactivity: 52 C/mmole) were derivgd'?from Aner sham Phar naci a

Bi ot déh N/ R4

\/P(O)(OH)z

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 CCl4 (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 of 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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30 (Bucki nghanshire, U K ). Conpounds. Follow ng conpounds were used in
this study: 1, 2,4-diam no-6-[2- (phosphononethoxy)ethoxy]pyrim di ne; 2,

2, 4- di amwWo0-08/025B®2- ( phos- phononet hoxy) et hyl ] - sul f anyl } py PCRiGH02@)038,

4- am no- 6- [ 2- (phosphononet hoxy) -57 WO 03/002580 PCT/ Cz02/ 00038

et hoxy] pyri m di ne; 4, 2-am no-4-hydroxy-6-[2-(phosphononet hoxy) et hoxy]

pyri m di mep.258°C. Fard-i,BrMy0sRowy3 67] (2eulsibd 246 0% ABBHGK\2Be9MB] sul f anyl }
pyrimdine; 6, 2-am no-4- dinmethylam no-6-[2-(phosphononet hoxy) - et hoxy]
pyri m di 16;33%N,2.%Rdound34 b GPpCopy b %, 3d--6%4B2, {GOiBsNh8.88%2t hoxy) et hoxy]
pyrim -di ne; . 4-am no-2 5 nethyl,sul fanyl,- 6-[ 2- ( phosphongnet hoxy) et hoxy]
pyri m di ne; 9%‘?—rg?ﬁrgﬁ{}-1ﬁ{eﬁﬁﬁt%wﬁé-2[aégln?%yﬁ@§(§ﬁgﬂr8§8¥)ﬁ%%?@hoxy] pyri m di ne;
10, 2, 4- dﬁs’ﬁlﬁﬂx@%ﬂﬁm?g)ﬁkﬂ &&@bﬂsrﬂmmwfotmw)mmﬁwﬂmgdaﬁ di ne; 11,
2,4-diam no-6-(R)-[ 2- gphosp ononet hoxy) propoxy] pyri m di ne; PNEA,

9-[ (22phosphono net hoxy) et hyl ] adeni ne; (R)- PNVPA,

(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 MI-4 cell cultures at day 5 posExanipletlicon and based on the

determ nation of cell viability by trypan blue dye staining or in CEM cell
cul tures at day The angivBalaséivitiep péeampavndnherpiaseete determacdrincacsersopitl tie

i nat i fvirus-i . gi [ | ' | V- -
addod ot A0neaesai®s SENEEE BRlmlf b PR Hentpentp SR fhdtaRse car
?ﬁl I sg( Pwﬁ@mth?aypiﬁmbiﬁ@ﬂ?s\&raw;ﬁichtfm iﬁtvetgas fnd simlemsihm;{urmaa%criér{cygalt i ?nd

oprep,; . coO ar na, agnaostl CsS Q, IV ana Sstil nul at e
Wi %/prh;ct"é)‘le}éﬁﬁwpgg‘i‘ W%W?W%?'b%@h@aigwd JBBQﬁ \Na'IYgeql-gi um for 3
days. Thepg&ér_ B Q&i}feﬁ&égsir&fm-ﬁhkémkﬁ&@é%fé&saﬁftﬁé (343he (PERRGome B PBS and

viral infections were done as described by the AIDS clinical trial group
pr ot ocol scydbicineélegsid@phdephd@mtes 2poterit @54 2¢lectivelin yitngeand ip vavoemitiratrovines pr esence

of serial di.l.uti (o) he .t est ..conpou nd were i.nf.ected with H \ stocks
o S000° et oraR-onl s Sl trep ST St e ok A el aseals o
of the i nhechesotetdpyr ¥E331338,@pv3ed and replaced with 150 | of fresh

medi um contai ning the test con]lgounds at the appropriate concentrations.
The results are shown in Table 1a, where greater potency is indicated by lower

absolute values.
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At 7 days after plating the cells, p24 antigen was detected in the culture
supernatant by an 25 enzyne-|inked i mmunosorbent assay (NEN, Paris,
France). Woman03380 mary macrophages (MM were prepared anaCpuazot/eds as

foll ows. Peripheral blood nononuclear cells (PBMC), obtained from healthy
Hl V- 1-negative donors were separated over a Ficoll gradient and seeded in
48-wel | plates at 1.8 x 106 cells/well in 1 mM of RPM 1640 containing 20%
heat -i nacti vat ed, endotoxin- and 30 nycopl asna-free fetal bovine serum
(Hyclone Laboratories, Inc., Logan, UT), 4 mML- glutamne (Life

Technol ogies), 50 U i peni cillin &xdngfled/7M streptonycin (Life

Technol ogi es) (hereinafter referred to as conplete nediun). Five days after
pl ati ng and ™ituses.iThg mlgmsl@@MS&é;HBWtypcrl (HTVithri(itain Bh andBssh 80¥-2enr i ched

Femovad e FOROARLEY. e Eda il e et AR g P AR B A0 DT

of adher Q’ﬂDSC59|2|1&8Vm9931hD6(‘E1€rcf]IeﬂQl| IBtod SotiEipe Bidl MeanB7e3%0-50di 9mh;  Cel | s
treat ed under these condi ti ons have revi ousl%g ﬁa% shovvn t be >97% M M
c

as  det erigppidrk ¢yl chrosr Netbrigadt $al B a0, | mapRet e “W%lat ed for
30 m ”Ut tﬂeéo&@? CRIROYGYS, po@laeﬂ@ e?ﬁa'éc%géﬁzwé'hsé’@(bg@ 1 of

HI V- | BaL ours after Virus | enge, M were washed to renove the
viral inaad IHImZ(RGm)Ismcks werh Qmamcmfranrsupgnataﬂteoapprselpchmdd\d&m@diund
conCﬁBtrat' ons ﬁ?\z_ Iaced request ed /ﬁ;@ re t hen

cul t dPed Pivres-nE Vil pa la%ﬁx ‘é‘ Prmaly M éivé"ﬁ’s%%% c%?{?,ent ration

was run icgliédiéd hh@ﬁﬁ%na\/@ﬂoké%l 08040 B&fofQRt! Charat¥efiQics W viril skt ugddifeat e.
Therefore, 10 conpounds yere replaced each tinme of nedi um change.

Super nat 4his stud M@rQ:Z)ﬂ xeldr EJV aRNAoEVOIMS/ mi {corresnondingite A5 mgof pdd axigesht  of
T L e T
Cel | s wertRra€ith irLkBtﬁék erﬁiin/M caifuress | Theri ol anioh amﬂichmiabtedmtmi af ltlng:lﬁucﬁ% of
nesayS nciy-tRolesd 1SuLos fng P SERAER 55 peehapicited (HROImHE A PO NeRs o at
37C, cel | caltSE Uﬁfx%tﬁ@y@z@? 1@'9‘3’ V¥ LAShaifa st all, aTbSi13: %@rﬁﬁc,’fzoo&ﬁ)t frhé he
cul tures day, “after he nmedi um was renoved and new
HIV-1/L1S clinical 1solate was derlved from a patient not treated with NRTIs (nucleoside
reverse transcriptase inhibitors) or ANPs and cultured without the selective pressure 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/L6S, also the PMEA-
characteristic K65R mutation in its reverse transcriptase (RT).
Radiochemicals. [Methyl-3H]thymidine (specific radioactivity 42 Ci/mmole), [5-
*H]uridine (specific radioactivity: 26 Ci/mmole) and [4,5-3H]leucine (specific
radioactivity: 52 Ci/mmole) were derived from Amersham Pharmacia Biotech
30 (Buckinghamshire, U.K.).
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)ethyl]-sulfanyl} pyrimidine; 3, 4-amino-6-[2-(phosphonomethoxy)
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medi um contai ning the appropriate drug concentrati ons was added. After 6
days, the presence of FIV p24 antigen was exam ned by an antigen capture
assay. 20wOlwa/002sko bitory effect of the test conpounds on WBVAizZodowasl
transformation of nurine errbryo fibroblast C3H 3T3 cell cultures was
exam ned m croscopl cally at  day 6 post infection. M5V was added at 75

f ocus- f orcthoxyInyAmidine;#, 2raniseidrhydigxyt-Es (Phesphogamgthpsethox playaatidises br ¢ he

ot al " st SRR G 305 S BRS et SRl b B B S VAT e
37: 332- 3 WmeBHladitb36-[ DEpKdsphdidntthorly)-ethb%d pyripddine;Ex p- ath@J4- Med.

137:590-594, 1971). Anti-MV activity in vivo, The inhibitory effects of
the conpsysiaRrogplamine-64Ziehosphanemsthoypethoxyl Rauni-diner8, fmiae2on and

(Bal 231 A RS Bp Rl e P! R RS0 I BloRHP b Ragy D20,
et al., RpMphM&ﬁﬂeiho@&g%ﬂho@ﬂpan&@;eﬁm,Q%dlm% (P2i(ph&gphpasrhéeri et al ., 30

Antimcro Agents ot her 332-338 993). Briefly, 2- to 3-day-old
R T APPSR B I b Q@HE‘EH‘g'r@Bﬂkly inthe left hind leg with
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PMVES- 2, 4-cgtophinzifyywis caiflinkd if NEB Y gsldtelthirédRyt dafPbpostdnfection MdbaEdddn thilo
toxicity was observed for the highest dose of the test conpound. The

appear andisteammagpf ¢elloriaNey- hyméalqem stamning ote G celh culfyres af day 4
i nocul at i t09: \Bgé‘tsin%{n%n %‘?d dﬁiﬁé&' éc)jfzé ﬁ*e ﬁ%&%l@l ‘e“farﬁlﬂﬁt oft\fi’rué Qn(gﬁf@ gﬁﬂ <%e11

|nfect|0n re recor tatic and anti net ect of

acyclic rmusheial SEVPhasPHDNANASe addediat 100 CCTbg tasissees dutue¥ani ne the
inhibition of CEMcell growh by the test conpounds have been descri bed

previlédusl y ( Bdierighdral ble@d mononusjeBscAls TRBYKS) ﬁmghyalthyhien%%ecgltsobteétbm
concentra | 0 defl ned n hat
reduced t [E'(f(e C%’%%%atlon Ymehor?gﬁepc yylc gd ﬁﬁ%gy% ‘%‘g%nle s% ﬁfzes {Ep%gﬁy toxicity
of the t Qﬁﬁ sE@REdNsh pBytshemagglutin (PHA) (Sigma Chemical Co., Bornem, Belgium) for

3 days. The activated cells (PHA-stimulated 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 ul 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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104 Mr-4 cells were incubated in the wells of 96-well mcroplates in the
presence or absence of different concentrations of the test conpounds for
5 days atwB®aG00iBe CC50 was then cal cul ated from the numnipemr/cro2/00038 ng
cells counted under a mcroscope by the trypan blue exclusion nethod. 15
The incorporation of [nmethyl-3H thymdine, [3H. uridine and [3H]|eucine into
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C4 (i.e. conpound 4) (Table 1). These g PMEO and 6- PMPO substituted

pyrim di néngenuctures resulted in an anti-HV activity with an EC50 that
ranked bet Weerl*“é)? 1RO asgeggg{dﬂCrF*{ac%hs Qkrete Ul b BU-QMRA tRlucCuttute! - €
, Or the pres e o | or

conpound 3 or enc a di nethylam no or nethy
cycl opr opthtadriCetls avereCul eedWHtD 3 10 02 5&urPGIEADTORED 003 8ining Z.5%ef fetelngatfunds 6,
9 and 7, ul.ted in conplete hilation of. th

respectivel res ni e.
ant 1 18t PRI WEPIIPcs Ok THBAS Iy COPPOERRGT HIA 08 MACSCREFLONR a rul e,
e Sl R £ 810 ey SR A e
conpound 16t in ¢ontat eathithetylturestfor hdey, rager which the m ivmiwaﬁyremoved ;n\éene\(ﬂl <

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 vive. 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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5 of the novel pyrimdine ANPs showed marked enantiospecificity in their
action against HV-1. The (R)-6-PMPO pyrim dine derivative 11 was nmarkedly
nor e i nhiwoteny2s8@ t hese viruses than the correspondi ng PEXAEZIPNOGS
pyrimdi ne derivative (10) (Table 1). The residual antiviral activity

noted for _the (S)-enantioner mght be due to the contam nation wth
(R < enan@NRer 1 JradbTRg: (IematRe BRI S GINHEPID) #ilt B st et 10 For

most  of %69[%@%?3?12{?\Iovab%iﬁﬁ‘g%aﬂ%s‘éf\%éifﬁ thy hiVRSst HBLESE B 1edt

concentration striking exception tor conpound 4 (CC50:
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i m di der.i vat i 1) . 0 of.11 ..ig/nL f M
el 15, wimeuREoR s Wl - ERBIPh et BE B I Traslslecsipn g recdided™
(R) - 65PMae1¢, 4-di - NH2 pyrim dine derivative 11 had CC50 val ues around 60 15

gg/m (Table 1). Interesti r]gl1y, t he 5-brono-derivative of 1 was active
agai nst Hi V- 1 Gytostginand:antimeiabalie effent of acydlig nicleoside phesphosates imvitrpo0

/ L. ' ‘ . » i nhi_ i d
P9 drnl R & SRR S pfSiicn ot CERGATRAMA e YT Corhlillt BREDEHE T O
mat eri al debdribed previcisly@Balzarideat i AIDEL1-G8, H91P00hgs0th cytodlato, PMEA and
(R -PMPA were not inhibitory to macronol ecul ar_ synthesis at this drug 20

concent r Zenesatrainn (€ Grok Wahdsiimpd aptheiconeepiratiqny of copmpopnd that rdueedybe i ¢

N R M e S e R A e
(R) - 6- PVRQ? eris\ealid Were drcubaled iSR! willk o 9|6-we11t%§11§f%>1a2téﬂhitpé bREshc@st i Vity

agai nst several in vitro retrovirus nodels ( ). As arule, the 25

anti vi r alabagitcé ¥f different eBRetationsof B8 tesceorpsunnds for Sulagls A@7°6 The O0sh1 B) in
CEM cel | cultures (Table 1) matched very closely the antiviral activity
val ues f ovasdhdnonalculaedfreramhe nymiGENf livisgicslls ¢auyted vader a-Hnigroscppe urtha cel |

cul tures, andb#‘—'ll V i.n.felipe.Crandell kidney cells. Thus, the EC50 val ues
of compodE2 P FXILOY MENOd ot ween 0.29 and 0.80 g/nl, and for conpound

11 basween 1. Fhensbodpdatds.[mEHeseH MamigheEHurtlinsad [CHIbase iateste ved 30
for the reference conpounds PMEA (adefovir) (EC50:, 0.96-2.0 gg/ rrL? and
( R) - PMPA methanqbinsoiuble (sl fraction pyas;slsgymepsured Apdnicraplates. phorgach wg!l

{0 PRIy et st s commyngl Pt B 6910
ant i r et r pGiy of PHhtraliyandd® pea(l @) proidliacant, 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
pl) 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
amino 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 ECs 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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-61 WO 03/002580 PCT/ Cz02/ 00038 | ndeed, conpounds 1 and 11 inhibited the
virus in PBL at an EC50 of 0.07 and 0.12 g/nL, respectively, conpared with
1.9 and OwBd3pepsed. for the reference conmpounds PMEA and @PRIA20PH003The

6- PMEO and (R)-6-PWMPO derivatives were even nore inhibitory to HV- 1
(Ba-L) in MM as also observed for PVEA and (R -PMPA. As a rule, the
conpound$ (ge-sroweundsds 8 apg floxesnactively) mepulied imsomplgisaanathilegorpitheel | s, and
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acti vi ty acwai thst thewoirespohdiing ethyr daivatives (ié.rcompatddmponnd 2 twithceimpoond t ur e
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eval uat ed)fo5EVercromplstelyiIpAGHivE fies- gemp FIREHNG @&ﬁ%mmlsac_’ﬂ“m and 4

were Bi 9Bme'dabatﬁghﬁﬁmn@mowé@}ﬁam@leﬁ%og@éémw in kEaNShioh uRih@n. The

EC50 val ues were | ow as 0. 05-0. 15 Ef fect of natural
nucl eosi dHY- hnma{&){éeﬂﬂﬁwzymmdmhdeamtwcHﬂwaacmarkepdlynmte mhéntoasctpdhfpsc

pyri m di ne nuIe0|de hos t |
oun < 18T g Be ST RDRRONE DT PRk e DU ERs ) ST ogues
such as Zesidial &fiviral 801y hbeaifsh the () Ahdntiohhdd dvidEl Beeuead the contamination

2', 3" -di deOXﬁcyt i di ne (ddC, zalcitabine) can be affected (i.e. dimnished)

| n the pMd engftiomer Qﬂamaﬁ%&ff@@sfh‘él@@mé steringgnaiquiad (h‘ﬁcﬁ)dQ/d (Bal zarini et

EeXt book FQI' AL : c%n(f Jifids, y 0§E8 as yote onMﬁElJa and
D. éologne5|, q 7
1994; Baloz 200 [!g/nﬁl vl aaémkl Rk édpti6h qu} coﬁ@eﬂﬁcw Q)@ggolz bqrg/m37f018@ENB&$1s) 1993)
Therefore, to estimate whether the presence of natural nucl eosi des and

nucl eobadie agtixitailyimdst aesived- PMEChaﬂrdHNH/z pieinhidineydenfativeeompewaid 1§- PVEO and

(R -6-PMPO pyrimdine derivati the effect of subtoxic concentrafions
of the pyhewids ﬁ@sm‘tfc‘iléé%‘lﬂéeftgf &ﬁ%‘ﬂrn\éh%ﬁsﬁ&)"%ﬁ%?o? dingdbiegihst sngiqsue

hucl eobaett & BLBHLE A2 Nk RRE et A PRl o aw«ﬁﬁ%s“aﬁwfﬁ@ natural
5 i st s o e o e |1
antir et r @EMakll adtures aty2. ofg/mhearclorop taxiclat WALl | Nephmmpednds 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 pyrimidine 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 a rule, 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 ECsg 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 ug/mL. These values were close to those observed
30 for the reference compounds PMEA (adefovir) (ECsg: 0.96-2.0 pg/mL) and (R)-PMPA
(tenofovir) (ECsp: 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(Illg) in PBL and HIV-1(Ba-L) in
monocyte/macrophages (M/M)], the antiretroviral potency was even more pronounced.
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as was al so the case for the reference conpounds PMEA, (R)-PMPA and PMVEG
(Table 3). Efficacy of acyclic pyrimdine nucl eosi de phosphonat e anal ogues
agai nst 3WONBYeIss@uced tunor formation in newborn NVRI m ®ET/C0@3PNVEO
derivative 1 and its thioether anal ogue 2, and the (R)-6-PMPO derivative
11 were evaluated for their inhibitory effect on MSV-induced tunor
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PMEA. Conpasled).11 was inferior to conpound 1, and conpound 15 2 only showed

a pronounced delay in tunor formation at a dose of 50, kg., As ted for
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anal ogues_ i n CEM cel | | tures. .Conpoun 1, 2.and re.eval uated for

their i nmeaﬁwldaa(ﬁéﬁfgldagﬁﬂ@tan&?ﬁ 'g‘i%F?’?yﬁyt’@P? &1]‘1??3 \9@8@’&‘@"%{’? he

nonnucl eqgfeeled B%. 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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i nhi bitor (NNRTI)-specific L1001, K103N, Y181C and Y188H nutations in the
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7.6 19 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 K65R 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 ECsg) while

more extensively decreasing sensitivity to the other ANPs (Table 5).
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H 3574 9.6 9.6 9.6 14 16 1.1 0.9 0-Pap|88]130- 8 45 -64 WO 03/ 002580

PCT/ CZ02/ 00038 Table 1. Anti-retroviral and cytostatic activity of acyclic
pyri m di ne nucl eosi de phosphonates in H V-1 infected CEM cell cultures R2
N4j5J] ANR Y O1l1 HOi ~~O OHZ 5 a Conpound Pyrimdine EC50 b

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

H-3404 65 24 9.6 >50 >50 1.2 1.1 25 1.6 0.035+ 0.8t 043%
0002 0O 0.32

15
H-3408 29 >80 48 >50 >50 7.5 7 20 15 1.70 5.5+ 3.0+
2.1 14
H-3415 >80 >80 >80 >50  >50 >80  >50 >50 >50 >40  >100 >100
20
H-3418 >16 >16 >16 >50 >50 >50 >50 >50 >50 12.6x >100 >100
7.6
H-3427 >400 >400 >400 >50 >50 >50 >50 >50 >S50 139+ >100 >100
25 11
H-3435 240 >80 240 >50 >50 >20 >50 >50 >S50 >40  >100 >100
H-3444 240 >400 240 >50 >50 >50 >50 >50 >50 4,26 56.7+ 80*
30 0.75 379 34.6
H-3445 >400 >400 >400 >50 >50 >50 >50 >S50 >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 >80 >50 >50 >50 6.1 51 33

40 H-3567 16 __ 48 9.6 >50 >S50 38 59 63 57  0.05 19 13

H-3574 9.6 9.6 9.6 14 16 1.1 09 0.6 0.08 >0.8

45
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Code Analog (Pg/m) CC50 Nunber of R1L R2 Y Z (CEM H V-1 () (CEM | PMEDAP
N112 NH2 0 H 0.80 11 2 PMEDAP NH2 N112 S H5.5 64 3 PMEA HNH2 0 H >100
>100 4 PVBG3MHESOH 0 H 2.2 2.5 5 PMEG NH2 OH S H >100 >P00/CZ02/PMBOAP NH2
N(CH3)2 0 H >100 >100 7 PMEDAP N112 NH-Cpc 0 H >100 >100 8 PMEA SCH3 NH2
0 H >100 >100 9 PME-6-Me- NH2 CH2 0 H >100 >100 MAP 10 (S)-PMPDAP NH2
N112 0 CH3 51 >100 11 (R)-PWMPDAP NH2 N112 0 CH3 1.8 62 Reference Drugs
PVEA  (adedtdeilr )Agi-gsroyBal gnR)cyohRAC attiityfodacyclic pyd@idipenud@BdeEs f ect i ve
concent r ghosphpnaes dipo L ndected CEM call ¢udtarasequi red to inhibit H V- 1 (IHB)-
i nduced cytopathicity in CEMcell cultures by 50% b50% Cytostatic
concentration, or conpound concentratigp required to inhibit CEM cell
proliferation by 50% 10 cCP, cycl opropyl. -65 WO 03/002580 PCT/ Cz02/ 00038
Table 2. Anti-retrovirus activity of MEO and (R)-6-PMPO derivatives in
different cell types N

R4 Y
I
HO— T\/o
OH
z
5
Compound Pyrimidine ECs Oa cC b
/ml 50
Code Analog (Iﬁ%vr?l) (Mg/ml)
Number of R Y Z
R1 2 (CEM) (CEM
1 PMEDAP NH, NH, 0 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 0 H 22 2.5
5 PMEG NH, OH S H >100 >100
8 PMEA SCH3 NH, 0 H >100 >100
9 PME-6-Me- NH, CH, @) H >100 >100
MAP
10 (S)-PMPDAP NH, NH, 0] CHj 51 >100
11 (R)-PMPDAP NH, NH, 0 CHj 1.8 62
Reference Drugs
PMEA
(adefovir) 0.96 16
(R)-PMPA
(tenofovir) 0.36 125

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

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

10 cCP, cyclopropyl.
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Cnpd EC50a, Code No. (pg/m) HV-1 HIV-2 HHV-1 HIV-2 HIV-1 H V-1 (i B)
(ROD) (iB) (ROD) (111B) (BaL) FIV MBSV (CEM (CEM (Mr-4) (Mr-4) (PBL)
(MM (CrWweospe3s) 1 0.90.4 0.660.19 0.340.03 0.29 0. 070PO2/(020O®AS 001
0.250.01 0.160.04 2 4.63.1 3.01.4 2.50.3 2.9 - - 0.970.40 1.70.9 11
1.90.5 1.30.4 3.00.4 1.60.6 0.120.01 0.0050.0 0.660.14 0.050.01 4 1.40.7
1.41. 2 1.Jabla 22 Anti-retrovirgs ago/ity»>f SNEMEQ. and (R»4-PMPBQ derivatgres in differegt gi0. 41
0.006 0.4@®s19 0.620.27 (R) PVPA 0.360.24 0.430.41 0.460.006 0.52 0.090.03
0.0030.001 0.13 1.40.9 5 Cnpd CC50 b,c, Code No. (Ng/m) CEM MT-4 PBL
M M Cr FKCegH 1 112.0 467.4 2.20.8 >10 %goamo (200) 2 649.8 > 100 - - 42
ik

>40 (200%odell 6225 > 100 9.62.5 >100 > >40 (200) 4 2.50.2 102.2 - - -
> 16 PVMB%.169.1 2812 1.70.4 >100 18 >4 0) (R -PWMPA 12526 7212 >100
>100 >100 >200HTv&150%14-2 ect HINa1 COMHIEF r aHil'¥l, or HIwnpound concentrati on
required to in gt HRGD) ndu ) cYR@D)athi(ﬁjty (giasa) cel | Fiormat M8y in
CEM and MT-4 cglls, dCEBRR4 3 gen(MTdduct .0 i n ABIMpand (G4FK) or (C3H)
MBV- i nduced—€SH-—c€ as i 9y 9 0%-Cytostatte—eonreent+rati on,
or conpouRd ConGeNt I @kd ced doo BT T TTs@ 1°N0.1646.04 CEM

or tor 0%
2 4.6+3.1 3.0£1.4 2.5+0.3 2.9 - - 0.97+0.40 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 14207 1412  1.9404 2.1 : - - 0.08+0.03
PMEA 0.96+0.24 19+1.1  13%1.1 19 055041 0.006 0.46+0.19  0.62+0.27
nggA 0.36£0.24 0.43£0.41 0.4620.006 052 0.09£0.03  0.003:0.001 0.13 1.4+0.9

5
=
No. (Mg/ml)

CEM MT-4 PBL M/M CrFK C3H
1 1122.0 46+7.4 2.2+0.8 >100 11 >40 (200)
2 64+9.8 >100 - - 42 >40 (200)
11 62425 >100 9.6+2.5 >100 >100 >40 (200)
4 2.5+0.2 10£2.2 - - - >16
PMEA 1629.1 28412 1.7+0.4 >100 18 >40 (200)
(R)-PMPA 12526 72+12 >100 >100 >100 >200

2 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
concentration at which morphological toxicity was observed.

15 d 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-
PMEO and (R)-PMPO derivatives
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¢ Mnimal inhibitory concentration, or conpound concentration required to
cause a mcroscopically visible alteration of cell norphol ogy. The synbol
">" meanswODlawo2sso vi si bl e toxicity could be recorded at trhe/dzadvaased
concentration. The val ues between parentheses indicate the conpound
concentration at which norphol ogical toxicity was observed. 15 d Data are
the mean ( SD) of 2 to 4 separate experinents. Data w thout an SD val ue are
the result of a single experinent carried out in duplicate. Table 3.

Ef fect of _natural nucl eosides and nucl eobases on the antiviral activity of
6- PMEO &mipd( R) - PMPO derivatives -66 WO 3 )92580 PCT/ CZ02/ 00038 a, Cnpd
EC50 Codeoddo. (pg/m ) Upon addition of H dCyd Ado Guo Ade as such (10
PM (1 mdWo(400 pM (10 NM (100 PM (5 .25 0.350. 07 0.550.35 0.630.29
0. 650.21 0.260. 16 2190751402121174428190493332 11
1.20.25 0.830.35 1.10.51 1.50.70 0. 7Vporggidgiogsd. 17 4 1.40.71 1.00.3 2.41.9
1.40.93 1.90.92 1.71.2 PMEA 0,940.24 1.40.4 2.10.19 1.60.4 1.00.8 1.91.3
(R) -PMPA 0.570.26 0.430.0 0.5dbd26 0. 469423 0.48% 0 1.61G& PMEG Ad: 05

>0. 25 >0.25 >0.05 >6.50¢h >0. @0 u8) a 500 ect (40@ pdHncerft @) on, (100 pdHnpound
concentration required to inhibit HV-1 (I11B)- induced cytopathicity in
CEM cel |_cult ures. 0.67405a r @ps-nt 0.68-0Bdan ¢.680)2%f @65402dst @26:40.18
separat e experinents.

2 1.9£0.75 1.4+0.21 2.1+1.7 4.4+2.8 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 2419 ‘ 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 (IIIg)-
induced cytopathicity in CEM cell cultures.
Data represent the mean (+ SD) of at least 2 or 3 separate experiments.
10
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10 -67 WO 03/002580 PCT/ Cz02/00038 Table 4. Anti-MSV activity of acyclic
pyri m di ne nucl eosi de phosphonates in newborn NMRI mce 5 Total Nunber
Nunber ofwoaB/oddsee Used Nunber of Long-Term Dose in the WBCELZ0200038Ir Vi vor s
(% Conpound (ngy/ kg)a Experinents Devel oping a (>30 days) Tunor (percent)
1 50 19 84 100 b (PMEO 2, 4-di -NH2-Pym) 20 20 80 100 8 18 44 89 2 20 5 15

2 50 10 0 20

(PMES-2, 4-di -NH2-Pym) 20 10 0 20 8 10 0 20 2 8 0 0 11 20 10

20 40c (Fao42, AntHMIV2ctity)ofacrdic Pyritidin@ nidedids panEphond@s newdOrd - 20
29 89 94 NMRBthi¢e4 77 4 20 5 35 (R)-PMPA 50 10 100 100 20 28 92 100 8 27

65 83
5
Total Number Number of
of Mice Used Number of Long-Term
Dose in the Mice not Survivors (%)
Compound (mg/kg)a Experiments Developing a (>30 days)
Tumor (percent)
1 50 19 84 100°
(PMEO-2,4-di-NH,-Pym) 20 20 80 100
8 18 44 89
2 20 5 15
2 50 10 0 20
- 20 10 0 20
(PMES-2,4-di-NH>-Pym) A 10 0 %
2 8 0 0
11 20 10 20 40°
(PMPO-2,4-di-NH,-Pym) 8 20 15 40
’ 2 18 0 5
PMEA 100 10 100° d
20 29 89 94
8 30 44 77
4 20
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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2 28 0 31 a Indicated drug dose given 2 hrs prior to MsV infection fol |l owed
by 4 additional daily doses during the 4 subsequent days post infection.
The nean wWay3oeh2ssunor devel opment in  control MV-infect e®oncam2neass4. 5
days, whereas the nean day of aninmal death in the 10 MSV-infected mce was
12.3 days. b At the indicated drug dose (50 ng/kg), 16% of mce died
prematurely (<24 days) likely due to toxicity of the drug and w t hout

si gns of Tablers. f mhititbiyoactivity efratyaliepylaniklmevmislensitle phaspbondtaammleguedunt t o
cal cul at eyghier ghialcaEAIVAgEsdlate ong-term survivors. ¢ At the indicated drug
dose (20 nmg/kg), 50% of mce died prematurely (<6 days) likely 15 due to
toxicisty of the drug and w thout signs of tunmor formation. Premature death
was not —t=i AT} ccount to catculate the percentage of _long-term
survivorsk%ﬁg?whiﬁﬁgg di ed before day 6 likely due tp toxicity of the drug.
None of the M'C&Showed tunor fornation -B esistpRge h. - 68 WO 03/ 002580
PCT/ CZ02/ 00038 Table 5. Inhibitory activity of acyclic pyrimdine g

nucl eosi de phosphonate an es b agai nst | pigal H V-1

Conmpound. CO(F?iP Nﬁrrhpr - Fal %h&gﬂ! i$angpa HII_\I}S)‘LW b Hl \/- 1h£¥%2t€§/§§/léA

H V-1/L6S/PMEAd 1 0.8 1.5 3.6 2 2.11.414 11 1.9 3.5 30 PMEA 2.0 2.7
7.3 (R-PWPA 2.3 11 54 a FA&.8 resistance nedsured against thé |aboratory
H V-1/1UB strain in CEMcell cultures. b Cinical isolate derived froma
patient mpt related with NRTI2S1 or ANPs and niod4 containing NRI4- or
ANP-specific nutations in the RT.

1 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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10 c dinical isolate derived froma drug-treated patient. The RT contains
the S68G K70T, V751, F77L, F116Y and QL51M nutations. d H V-1/L6S isol ate
cul t ured wo w3hae2sps esence of PMEA and cont ai ni ng K65R i n addittdZen/00038 t he

ot her NRTI-specific nutations as nentioned under c. -69 WO 03/002580

PCT/ CZ02/ 00038 W Claim 1. A conpound of the formula (I) 5 R2 R4 INS
Rl NX 10 Y* 01~ ~P(O (22 R3 m 15 where RL is H, am no or

met hyl sulwaydim: R2 is H, nmethyl, halo, -N(R5)2, hydroxy, protected hydroxy
or a group of the fornmula (la) 20 X R3 P(O(2)2 (la) 25 R3is

i ndependently H, nethyl, hydroxynethyl, hal onmethyl or protected

hydr oxymdt hyl ;A Bmpaund ofthehfatmonlaXl)i ndependenly is oxygen, sulfur or a bond,
30 Z ikndependently is hydroxy, an ester or amide; R5 is independently H,
Cl-C8~al kyl or a protecting groupRzand

R
N7 *

PR |

Ry N7 "X

10 I\'*/O\/ P(O)Z),

Rs
@

15  where
R1 is H, amino or methylsulfanyl;
R, is H, methyl, halo, -N(Rs)2, hydroxy, protected hydroxy or a group of the
formula (Ia)
*

—X
20
\/I\OAP(OxZ»

R3

(Ia)
25
Rj is independently H, methyl, hydroxymethyl, halomethyl! or protected
hydroxymethyl,;
R4 1s H or halo;
X independenly is oxygen, sulfur or a bond;
30 Z independently is hydroxy, an ester or amide;
Rj is independently H, C{-Cg alkyl or a protecting group; and
* designates a chiral carbon atom; and
salts and solvates thereof.
35 2 The compound of Claim 1 wherein R and Ry 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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* designates a chiral carbon atom and salts and sol vates thereof. 35 2.
The conmpound of Cdaim1l wherein RL and R2 are am no, R3 is hydrogen and X
is oxygewo 3/00288€¢ conpound of Claim 1l wherein Rl and R2 aca/chioombisaneous|y
amno, R3is -70 WO 03/002580 PCT/ Cz02/00038 nethyl, X is oxygen and the
R3 configuration is (R). 4. The conpound of Cdaim1l1l wherein RL and R2 are
si mul t anemetbylyXasoxy@en Bid tte Rpgoafigumatied 5(R). X i s oxygen and the R3
configurationis (R). 5 5. The conpound of Gaim1l wherein Rl and R2 are

si mul taneously anmno, R3 is hydrogen and X is sulfur. 6. The conpound of
daimi vher eﬂ?hemmpgumm»lalm wlgrman@WRzlaaeslmuhmogglmnmm R319 Xi s
oxygen. i talline. 8 The conpound of
Claim1 -BE ?t"g%?n%“?ﬁge %Eu\r%emgér?édrﬁ?flg%m@ at the chiral 15 carbon.
9. Thé corrpound of Clal m 8 which is in the (R configuration. 10. The
conpound 5f G’I&ieféb wmccdﬂfa:lalmn vitlegeif B), a60 Rbiagd/gifult@ieousl®@mldo, Ry is

2,4-di am ng ’E d(Q E“%nonet hoxy) et hoxy] pyri m di ne. 12.

2. 4- di amitiyBrogey gyd [I%S"VE1 osphononet hoxy) pr opoxy] pyri mi di ne. 25 13.

2- am no- 4- hydr oxy- 6- [ 2- (phosphononet hoxy) et hoxy] pyri m di ne.

2, 4- di amgo- 6 h

2, 4- d: am no- g[h%?@ogm%gﬁé@é véﬂ%?é? ﬁﬁgqﬂ%ﬂ%{ﬁéfﬁg %@&%g&@%ﬂ%g‘ ne.
16. 2A0amiXo-okygyr oxy- 6-[ (R) - 2- (phosphononet hoxy) pr opoxy] pyri ni di ne. 7.
2- am no- 4- hydr oxy- 6-[ (RS) - 3- hydr oxy-2 (phosphononet hoxy) pr opoxy]

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
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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pyrimdine. 35 18.

2- am no- 4- hydr oxy-6-[ (S) - 3- hydr oxy- 2- ( phosphononet hoxy) pr opoxy] pyri m di ne.
19. 2, 4- owarmsnaes80 - br ono- 6- [ 2- (phosphononet hoxy) et hoxy] py PCEIGH2@00380 20.
2- am no-5 -brono-4-hydroxy-6-[ 2- (phosphononet hoxy) et hoxy] pyri m dine. -71
WO 03/ 002580 PCT/ Cz02/00038 . 21. A conposition conprising a

phar macedti cal SPraRasEioneMprisingianhampacgyically agspisdleracionépad an 1. 22. A
met hod otoppeRarsftclam 0f conpounds of formula (1) 5 RR R4 NR X N X 10
Y.- 01,,,- P(O(22 R3 () where RLis H, amno or nethylsulfanyl; 15 R2
is H nethyl, halo, -N(R5)2, hydroxy, protected hydroxy or a group of the
formul a @Ra) A kthPd Of peparati®BoPlnipoahds ¥Xormulaijependent |y H, net hyl,
hydroxynet hyl, hal omethyl or protected hydroxynethyl;

R,

R4
N |
PN
Ry N7 X
, k.(ov PO,
Rs
@)
where
R is H, amino or methylsulfanyl;
15 Rj is H, methyl, halo, -N(Rjs)2, hydroxy, protected hydroxy or a group of the

formula (Ia)

—X
\/l\o/\
P(0)(2)2

Rs
20 (Ia)
Rj is independently H, methyl, hydroxymethyl, halomethyl or protected
hydroxymethyl,
R4 is H or halo;

X independently is oxygen, sulfur or a bond,;

25 Z independently is hydroxy, an ester or amide;
Rj is independently H, C1-Cg alkyl or a protecting group; and
* designates a chiral carbon atom; and

comprising (a) reacting a compound of formula (II)

dn
35  where
R; is H, methyl, halo, -N(Rs)>, hydroxy or protected hydroxy; and
XisOorS;
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R4 is Hor halo; X independently is oxygen, sulfur or a bond; 25 Z

i ndependently is hydroxy, an ester or amde; R5 is independently H, Cl-Cg
al kyl or wopBmbmsei ng group; and * designates a chiral cacharzoavass and
conprising (a) reacting a conmpound of formula (I1) 30 R2 R4 N R( N XH
(1) 35 where R is H nethyl, halo, -N(R5)2, hydroxy or protected

hydr oxy; Witlda conp@wdf thezformapa@B)002580 PCT/ CZ02/ 00038 with a conpound of
the formula (I1l) * Y-CH2ZCH(R3)-O-CH2P(O)(2)2 5 (IlIl1) where Z is an
ester or an am de; * designates asxchiral carbon atom 10 R3 is H, nethyl,

hal onet hyl or protected hydr t ;. an I.5,.a | eaving group in dipolar
aprotic solvent in the prese%‘%%h@é&@%&@é nmet hod of C aim 22
furthér conprising isolating the resulting conpound of the I15 formula (1).

10

15

20

25

30

where
Z is an ester or an amide;
* designates a chiral carbon atom;
Rj 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
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.

25.  The method of Claim 22 where Z is (ORy4); and Ry is isopropyl.

26.  The method of Claim 22 where Rj is methyl and Y is p-toluenesulfonyloxy.

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

Ry
R4
N/|
PN
R7” N7 X
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24. The nmethod of Claim22 wherein Z is ester or amde and additionally
hydrol yzing one or both Z groups to produce the conpound of formula (I)
where at woeaswoxsse Z is hydroxy. 20 25. The nmethod of C &cCmiZza2wée8e Z is
(OR4)2 and R4 is isopropyl. 26. The nethod of Cl aim 22 where R3 is nethyl
and Y is p-toluenesul fonyloxy. 25 27. A nethod for the preparation of
corrpoundé”llﬁeforrmla () R R4 NS30ORLINX®™*O01,,,,,- P(O(22 R3 -73
WO 03/ 002580 MGTis BZ@a1ifd&3BethyleelfanyRl is H, amino or nethylsulfanyl; R2 is

-N(R5)2; R3 i sRi.rslc_iﬁ nfgd,ent ly H nethyl, hydroxynethyl, hal onethyl or
protected 5 hy?cITrc.)xgsl ?-’hyl; R4 is Hor halo; X is oxygen or sulfur; Z
i ndependent | y Risismydtpendentle bl erethyl, hydiodgmetRsl, hglomsthyphenpretecied H, Cl- C8
al kyl sor dgrxgﬁlt%ﬁl%.ng group; and 10 * designates a chiral carbon atom
conprisin eRc4_| Hg ah(lzorrpound (1v) OH 15 RN X * 01,,~,~ P(O(22
or halo;

X is oxygen or sulfur;

Z independently is hydroxy, ester or amide;

Rj is independently H, C;-Cg alkyl or a protecting group; and

10 * designates a chiral carbon atom

comprising reacting a compound (IV)

OH
N7 |
5 R1)\N X

. O _~PO)2),

Rs
20
av)
where
Rj is H, methyl, halomethy! or protected hydroxymethyl;
XisOorS; and
25 Z is amidate or ester;
with N(R5)s.
28.  The method of claim 27 further comprising hydrolyzing one or both Z groups to
produce the compound of formula (I) where one or both of Z are hydroxyl.
30
29. A method for preparation of compounds of formula (V)
35
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R3 20 (IV) where R3 is H nethyl, halomethyl or protected hydroxynethyl;
Xis 0Oor S and 25 Z is amdate or ester; wth N(R5)2. 28. The nethod of
cl ai m 27 worashezrsseconpri si ng hydrol yzi ng one or both Z growmeg/d¢zm2/opBEeduce
t he conpound of fornula (1) where one or both of Z are hydroxyl. 30 29. A
met hod for preparation of conmpounds of fornmula (V) 35 -74 WD 03/002580
PCT/ CZ02/ 00038 N(R5)2 N 51 0 P(O(22 HZN N X R3 where 10 R3 is H,
met hyl , hydroxynet hyl, hal or‘rq\j(raaéb or protected hydroxymethyl; R5
i ndependently is H, Cl1-C8 al & a protecting group; X is oxygen or
sul fur; Z independently is oxy, an ester or am de; and * designates a
chiral carbon atom 15 co risil g reacting c%rrpoundl:(l\ga C N

(O)(2)2

™ *
5 HoN N X/\( \/
R3

where
10 R3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;

Rs independently is H, C1-Cg alky! 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 |
x 0O 0)[Vv4
N x/ﬁ/ PO,
20
Rs
(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 (VI)

NH,

NZ |
30
RH\N

35
(VD)

where
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* G~ P(O(2)2 X 20 ZN NR3 (IvVa) wth N(R5)2 in anhydrous sol vent,

al kali hydroxide or alkali carbonate in aqueous solution. 25 30. A nethod
of preparwDioanoxsBo t he conmpounds of formula (VI) NH2 30 PCTRjZoM00OO3EX f/
P(O(Z2)2 35 R3 (VI) where -75 WD 03/002580 PCT/ Cz02/00038 Rl is H, am no
or nethylsulfanyl; R3 is H nethyl, hydroxynethyl, hal onmethyl or protected
hydr oxynet hyl R, i€H, asiéfeesrdréthylyulfamyhydr oxy, an ester or am de; and *

designates a i.r carban .atom .5 Y reacti .ompound of
Forml a (V1) Xonggb mRORE RO M SR 8P oS IR oShe oy
met hyl sul f any|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 2
PNy
R N Cl
10
(VID)
where
Rj is H, amino or methylsulfanyl
with a compound of the formula (VII)
15
*
HOCH,CH3(R3)OCHP(0)Z),
(V)
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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with a conmpound of the fornmula (M 11) 15 HOCH2CH2( R3) OCH2P(O) (2)2 (VI11)
20 where Z is amde or ester in the presence of a base. 31. The nethod of
Cl ai m 30 worilexssconpri si ng hydrol yzing Z group to produceca/CZa%o@asrpound
of formula (VI) where 1 or 2 Z groups are hydroxy. 32. A method of
preparation of conpounds of formula (XH) -76 WO 03/002580 PCT/ Cz02/ 00038
RR N 5RLNOOTf/ P(O(22 R310 (XIIl) where RLis H amno or

met hyl sul fanyl; * is a chiral bon atom 15 R2 is H, chloro, hydroxy or
amno; R3 is H nethyl, halonethyl or hydroxynethyl; Z is am de or ester
conprising (a) reacting a conp of the formula (IX) 20 R2 ~NRL NC

5 /‘\N o
H/O\/ P(0)(2),
R3

10 (XTI

where
R1 is H, amino or methylsulfanyl,
* 1is 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 R
NZ 1
)\
Rj N cl
25 (IX)
where

Rj is H, amino or methylsulfanyl;
Rj is H, chloro or amino;

with a compound of the formula (X)

30
Rj
>*_\
Rsg OH
(X)
35  where

R3 is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;

* is a chiral carbon atom;
Rg 1s hydroxy or protected hydroxy;
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25 (IX) where RLis H amno or nmethylsulfanyl; R2 is H chloro or am no;
with a conpound of the formula (X) 30 R3 R6 OH (X) 35 where R3 is H,

met hyl , worogxgased hyl , hal omet hyl or protected hydroxymnet IrgIT/CZ02/00088 a
chiral carbon atom R6 is hydroxy or protected hydroxy; -77 WD 03/002580
PCT/ CZ02/ 00038 or R3 and R6 are joined by a cyclic acetal or ketal
protecting gr e@uRj; ahan%heej@ﬁmemﬁ:yoﬁc &etﬂsekaﬁhltmouettmg)gmemt or in the
presence of, an a rot uce a co la (XI) 5
RN © i g MRt aSray ERtsobdat R M Re SO TR ol Sult any!
* is a clplraschllceaaompoumltofrfprrﬁﬂa(XI)H, chloro or am no, and R3 is H, nethyl,
hal onmet hyl or protected hydroxynethyl; and

5 R4
N7 |
)\
R N 0]
10 % ~OH
R3
(XT)

15  where

R; is H, amino or methylsulfanyl;

* is a chiral carbon atom,;

Rj is H, chloro or amino; and

R3 is H, methyl, halomethy! or protected hydroxymethyl; and
20  (b) reacting compound (XI) with a compound of the formula (XII)

Y-CH,P(0)(0OZ),
(XI)
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 (XIII).

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

34. A method of preparation of a compound of formula (I)

-78-



20 (b) reacting conpound (XI) with a conpound of the formula (Xl1)
Y-CH2P(O (Q2)2 (XIl1) where 25 Y is a leaving group; Z is amde or ester
in the preweenwoe2s8d a base in dinethylfornmam de or tetrahyacofanoan@3s o
produce a conpound of formula (XIH). 30 33. The nethod of Caim 32 further
conprising hydrolyzing Z group to produce a conpound of formula (XlI11)
where 1 or 2 Z groups are hydroxyl. 34. A nethod of preparation of a
compound of formula (1) -78 WD 03/002580 PCT/ Cz02/00038 R2 R4 N5 R N X
* 0L, P(O(2)2 R3 10 (1) whereRRlL is H, amino or nmethylsulfanyl; R3 is H,
met hyl , hydroxynet hyl , hal onet hyl ojRsprotected hydroxynmethyl; 15 R4 is

hal o; X is oxygen; Z independefit i s hydroxy, an ester or am de; and *
desigpates a chiral carbomatgm gonprising (a) reacting a conmpound of the
formuFa (V1) R; N X

K*(o\/ P(O)(2),

Rs3

10 D

where
R1 is H, amino or methylsulfanyl;
Rj is H, methyl, hydroxymethyl, halomethyl or protected hydroxymethyl;
15 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 (VI)

NZ
PN
R N
o P(O)XZ
25 |\‘V ~ (OX2)2
Rs
(VD
where
30 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
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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20 N2 N RN )"0 25 YO-~P(O(2)2 R3 (VI) where 30 RLis H anino or
met hyl sul fanyl; R3 is H, nethyl, hydroxynethyl, hal onethyl or protected
hydr oxy mewbyB/00258 | ndependently is an ester; and * desi gn®CELZa2/00038 al
carbon atom with elenental halogen in an inert solvent to produce a
conpound of formula &I). 35 35. The nmethod of Caim 34 further conprising
hydr ol yzi3fg z Aymethed ffer the berieentof aurb sieryioComprisng adpinisteeg 1 or 2 Z
groups  afgerhhettioNy effectl o MR 0PD EBFURE bF CIARY DROSFhtiedOin MdedBidiel for the
treatment of a vifal infection conprising admnistering a therapeutically
ef fecti va&eaMsMht of a conpound of Claim1l to a patient in need of such
treatment. 5 37. The nethod of Claim 37 where the virus is a DNA virus. 38.

The mgthag of 38l otHEHe33 Whedhé/firksts  LIGA LA Us or hepadnavi rus.

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